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RESUME

On a tenu un atelier sur le thème "Besoins de recherche en
toxicologie" aux laboratoires de Chalk River en novembre 1987. Un programme
en protection toxicologique a pour but de permettre une meilleure
compréhension fondamentale et unifiée du comportement des agents toxiques
dans l'environnement et le lieu de travail et des effets consécutifs sur la
santé humaine. Une meilleure compréhension s'impose pour pouvoir évaluer
quantitativement et d'une façon réaliste Jes risques provenant de ces
agents. L'évaluation ainsi que la considération des facteurs économiques et
sociaux donnent une solide base pour la prise de décisions quant à la
protection de la santé. Où sont les lacunes que comportent nos
connaissances actuelles et notre aptitude à évaluer les agents? Quel genre
de recherche faut-il? Dans le procès-verbal de l'atelier, un certain nombre
d'éminents toxicologues du Canada et des Etats-Unis examinent ces
questions.
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Abstract

A workshop on the theme "Research Needs in Toxicology" was held at the
Chalk River laboratories in November 1987. A program in toxicological protection
aims to develop a fundamental and unified understanding of the behaviour of toxic
agents in the environment and workplace, and of the consequent effects on human
health. This understanding is necessary so that risks from such agents can be
assessed quantitatively and realistically. These assessments, together with
consideration of economic and social factors, provide a sound basis for decisions
made to safeguard health. Where are the gaps in our current knowledge and
ability to make such assessments? What research is needed? In these workshop
proceedings, a number of eminent toxicologists from Canada and the U.S.A. discuss
these questions.

Physics and Health Sciences
Chalk River Nuclear Laboratories

Chalk River, Ontario KOJ 1J0
1988 May

AECL-9718



- 1 -

TABLE OF CONTENTS

Title. Page.

Foreword iii
Acknowledgements iv

1. J.C.D. MILTON - Introductory Remarks: Overview
of Research in Physics and Health Sciences at
Chalk River

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

R.V. OSBORNE -- Coincidence of Needs in Radiological
and Toxicological Protection

H.B. SCHIEFER -- Pilling the Gaps: A Personal
Viewpoint

R.G. LIDSTONE -- Federal Regulation of Pesticides

J.R. HICKMAN - Toxicity Testing: The Needs of the
Regulator

A.E. ROBINSON -- Toxicological Information Needs in
Ontario from a Government Perspective

J.E. GIBSON -- Research Programs of the Chemical
Industry Institute of Toxicology: Addressing
Selected Research Needs

J. LEBEAU — Future Needs in Applying Pharmaco-
kinetics in Toxicology

G. GRANVILLE -- Problems and Opportunities for
Toxicology in the Petrochemical Industry

M. CAZA — Research Needs in a Natural Resource
Industry

S.R. HATCHER -- After-Dinner Remarks to the
Toxicology Workshop Participants

G. PLAA — Research Needs on Mechanisms of Action
of Toxicants

D.B. CLAYSON -- Carcinogen Identification and Risk

12

31

38

49

62

72

74

101

110

117

119

123
Assessment



- 11 -

Title Page

14. N.E. GENTNER -- Detection, and Impact on Cancer 139
Causation, of Persons Exhibiting Abnormal
Susceptibility to Carcinogenic Agents

15. K. WESTAWAY -- Polynuclear Aromatic Hydrocarbons 160
and Mutagens in the Mine Environment

16. J.F. BARKER - Organic Contaminants in Groundwaters 200
Affected by Landfill Leachates

17. B.R. HOLLEBONE -- Systematic Model for Toxicology 207

18. PANEL DISCUSSION 218

19. R.V. OSBORNE -- Closing Remarks 228

20. INVITED SPEAKERS 232

21. ATTENDEES 233



- I l l -

Foreword

RESEARCH NEEDS IN TOXICOLOGY

PURPOSE

A program in toxicological protection aims to develop a fundamental and
unified understanding of the behaviour of toxic agents in the environment and
workplace, and of the consequent effects on human health. This understanding is
necessary so that risks from such agents can be assessed quantitatively and
realistically. These assessments, together with consideration of economic and
social factors, provide a sound basis for decisions made to safeguard health.
Where are the gaps in our current knowledge and ability to make such
assessments? What research is needed? The aims of the workshop are to explore
the views, on these topics, of experts from industry, federal and provincial
government agencies, institutes and universities.

WORKSHOP DIRECTOR
R.V. Osborne

PROGRAM COMMITTEE
D.K. Myers, Chairman
D.R. Champ
B.R. Hollebone
S. Kacew
G.A. Leakey
K. Westaway

LOCAL ARRANGEMENTS COMMITTEE
A.M. Marko, Chairman
N.E. Gentner
D.J. TerMarsch
C.A. Yuke

CHAIRPERSONS
A.M. Marko, Assistant to Vice-President,

Health Sciences, CRNL
M.M. Werner, Research Scientist,

Radiation Biology Branch, CRNL
R.J.J. Cornett, Research Scientist,

Environmental Research Branch, CRNL
E.S.A. Lamothe, Research Scientist,

Dosimetric Research Branch, CRNL
D.R. Champ, Research Scientist,

Environmental Research Branch, CRNL

ACKNOWLEDGEMENT

The preparation of these proceedings would not have been possible without
the skilled help of Mrs. S. Sheridan-Cole and Ms. L. Morel, the enthusiastic
support provided by J.C.D. Milton, A.M. Marko and other staff at Chalk River, and,
most importantly, the contributions of the invited speakers.



- IV -

A/W 12

1 -
2 -
3 -
4 -
5 -
6 -
7 -
8 -
9 -
10 -
11 -
12 -
13 -
14 -
15 -
16 -
17 -
18 -
19 -
20 -
21 -
22 -

M. Filler
Kathleen Blackuood
Gwen Mi Iton
George Leakey
Norm Ctntner
Bruno Schiefer
Art Marko
Philippe Duport
Alun Jones
Lorna Chant
Elaine Isabelle
Roy Milkman
Ken Westaway
Doug Clump
Ann kobinson
Christine Yuke
Cindy Barnes
Douglas Boreham
Pierre-Yves Caux
Paul Unrau
John Pu1 and
Geoff f.ranville

23 -
24 -
25 -
26 -
27 -
28 -
29 -
30 -
31 -
32 -
33 -
34 -
35 -
36 -
37 -
38 -
39 -
40 -
41 -
42 -
43 -
44 -

Colin Brown
Karen Inch
Humayoun Akhtar
MacDonald Caza
Bare Gragtmans
Dave Lee
Doug Killey
Mary Werner
Jim Barker

Dave Myers
Heenan Boermans
Eric Leggatt
Stephen MacDonald
Richard Osborne
Joseph LeBeau
David Clayson
Janes Gibson
Roy Lidstone
San Kacew
John Jevcak
Don Morrison
Penny Chan



PHOTO OF WORKSHOP PARTICIPANTS



INTRODUCTORY REMARKS:
OVERVIEW OF RESEARCH IN PHYSICS AND HEALTH SCIENCES AT THE

CHALK RIVER NUCLEAR LABORATORIES

J.C.D. Milion

Vice-Presidetu, Physics and Health Sciences,
Atomic Energy of Canada Limited Research Company

Chalk River, Ontario

The idea of Chalk River providing a nucleus for research into toxicology
occurred to us about a year ago. To be precise, it occurred to Dr. Marko, and
it is a very logical extension of the kind of work that we have been doing
because indeed we have been doing work in toxicology here since the early
forties. It was a particular kind of toxicology, you might call it
radiotoxicology.

Basic research has been performed at Chalk River for well over 40 years
and so we have a long history of doing research in a number of fields; I
thought I'd like to take a little bit of your time this morning to romp through
some of those fields. "Romp" because it covers quite a broad range and I would
hope to just touch lightly on a large number of them in order to give you some
overall idea of what we do here at AECL. Many of you are probably not familiar
with AECL so I thought it might be worthwhile to tel! you briefly what AECL is:
It's a Crown Corporation owned by the Government of Canada, operated under a
Board of Directors. We now have a full complement of 12 directors and the
chairman is Basil Beneteau formerly of Northern Electric. The president of the
corporation is Jim Donnelly and the company is organized into four sub-
companies which are shown in Fig. 1. The one that most people think about when
they think of AECL is CANDU Operations. They're in Toronto and they design the
CANDU reactors, and in some cases, they build them (particularly if they're to
be built in a foreign country). There are two divisions in Ottawa, the
Radiochemical Company, which sells isotopes, most of them made in the NRU
reactor at Chalk River, and it also sells industrial irradiators. This is
quite a big business; they have roughly 70% of the world market for cobalt-60
and about 70% of the market for industrial irradiators. The Medical Division
sells accelerator and cobalt therapy units and the high specific activity
cobalt that is used in the latter. Finally, there is the Research Company.
The Research Company has two sites. Chalk River and Whiteshell, with
approximately 3000 employees, about 2000 of them are here and about 1000 at
Whiteshell. Of those employees about 800 arc scientists, engineers and
technicians and the rest are reactor operators, firemen, guards, tradesmen and
others needed to provide the appropriate "infrastructure" for nuclear research.
The other thing that might surprise you is thai CANDU Operations, Radiochemica!
Company, and Medical Products are all self-supporting. They get no money from
the government and in good years, they make money which can be funnelled back
to us. The Research Company, until 19X5, was almost entirely funded by the
Federal Government, but in 1985 the Government announced that it would no
longer be our sole support and that we'd better look to our own means. Thus
the Company was reorganized in order to cope with the planned cut in government
funding of one half of its 1985/86 amount. The new organization looks like



this (.Fig. 2). The President is Stan Hatcher, whom you will meet tonight. Then
there are four operating groups. They're called program responsibility centres
and they are. the hi-art of the Research Company. Each one of them operates at
both sites. Reactor Development does research that supports the existing & new
reactors. The work is roughly equally divided between the two sites. The
largest program in Waste Management is fuel waste management and that's done at
Whiteshell, but the low and intermediate waste management program, a much
smaller one,' is mostly done at Chalk River. The function of Radiation
Applications & Isotopes might not be so obvious to you. Their main job is to
develop accelerators for industrial irradiation purposes, to look at new
methods of separating isotopes (heavy water, uranium and the like), and to
develop new radioisotopes for use by the Radiochemical Company. Finally there
is Physics and Health Sciences, which I'd like to talk a little bit more about.

As I mentioned earlier, basic research on fission started about 1940 in
NRC Ottawa and the Montreal labs. It moved to Chalk River in 1944 when NRX
was being built and it has been going strong ever since. Not in every field of
course. Generally those strongly related to the reactor business such as those
listed in Fig. 3. I've divided them into two groups, the Physics group and the
Health Sciences group. We do not try to do everything. That's impossible with
a small staff, but we try to do what we do do extremely well. Nuclear physics
was one of the first programs at Chalk River, as you might well imagine.
Later, :he field of heavy ion nuclear physics was practically invented at Chalk
River j.jst after we received the world's first tandem accelerator in 1958.
Since that time we have tended to concentrate on it and now we concentrate
almost entirely on what's called heavy ion physics. We also more recently got
into a program which I've called astrophysical neutrino physics, probably
neutrino astronomy might be a better way to put it. Since the very early
fifties, we've had a strong program in condensed matter physics. In 1985, the
government gave us the responsibility for running the national fusion program,
and we've quickly learned to do that.

In Health Sciences, we've had programs in biology since before the end of
the war. Naturally, we had to have programs in dosimetry and environmental
sciences. When Chalk River started, almost nothing was known about
radiodosimetry and the behaviour of radioactive materials in the environment.
We have been environmentalists here long before the word was popular.

It's interesting I think just to digress for a moment here and to discuss
the notion that change is particularly rapid now, so rapid that we cannot be
expected to cope with all the changes. Recently we had the fortieth
anniversary of NRX. Today we're having the thirtieth anniversary (this is a
very busy day) of NRU. In both cases, these reactors were given historical
plaques by the American Nuclear Society. At the time of the unveiling of the
NRX plaque, some of the old timers were present and it was interesting to hear
their stories. Fission, of course, was the fundamental physics that started us
all off. It was discovered in 1939. The NRX reactor was conceived in the
summer of '44, it was committed in the winter of '44, it was designed and built
in '45 & '46, and commissioned by 1947, only 8 years after the discovery of a
fundamentally new, totally unexpected phenomenon. There was an investigation
held subsequently to find out why it took so long. This reactor was designed
and built by people who had never seen, or designed or built any reactor, who



had never talked to anyone who had designed or built a reactor. NRX is still
running. It only runs one day a week because we can't afford to nan it any
oftener but it can still do useful work. I think there's a lesson for us here,
but 1 won't say what it is.

I would like to say a few more words about each one of our programs now,
if you will permit me. The first one, heavy ion nuciear physics is based on a
very large facility called TASCC. It is in fact much our largest program;
TASCC is an acronym standing for Tanden: Accelerator Superconducting Cyclotron.
The superconducting cyclotron is the heart of the matter. It boosts the energy
of the particles coming out of the tandem by roughly a factor of ten and puts
us into a whole new area of research. The superconducting cyclotron was a
Chalk River innovation. It was conceived here, it was designed and built here
by our Accelerator Physics branch. When it was proposed, cyclotron experts
said it would never work. Now it's the standard for the industry. No one will
ever again build another conventional cyclotron in this energy region. H
started to operate about two years ago. Fig. 4 will give you some idea of it.
The large tandem existed, we've had it since 1967 and now we've added an
energy booster to it. The superconducting cyclotron, which as you can see, is
very much smaller than the tandem even though it enormously increases the power
of the facility. The purpose of the facility is to enable us to do essentially
any heavy ion nuclear physics experiment that is possible. TASCC is a unique
facility in Canada. There are three comparable facilities in the world, one in
France, one in Germany, and one in the United States. They're not identical to
this. The great virtue of ours is that it was built for a small fraction of
the cost of the ones in other countries, which is I think a Canadian
prerequisite. TASCC enables us to accelerate any ion so that we can induce a
nuclear reaction between any two elements in the periodic table. Therefore for
the first time we're able to choose a reaction which is right for the problem
we want to study, rather than having to take what nature gave us. Because the
superconducting cyclotron was a brand-new concept, it was decided by our Board
of Directors that we should build it in two parts. The proof of principle part
is roughly what you see here: the tandem, the means of getting the beam from
the tandem into the cyclotron for injection, and bringing the beam out of the
cyclotron through the big analyzing magnet. When you are able to do that, come
on back and we'll see if we'll give you the rest of the money. So we did that.
We went back a year ago February and said we'd done what you asked, please can
we have the rest of the money and they very kindly said yes. The rest of the
money goes to building the system that takes the beam from the cyclotron to
equipment in the target rooms. We have several very large, rather
sophisticated pieces of equipment, not all of which are shown here. A
temporary beam line was put in so that we could do experiments while the Phase
II, as we call it, was in progress. One such piece of equipment is a very fine
on-line isotope separator. It is unique in the world, it is characterized by
the fact that it has very high transmission, and for a separator, extremely
high resolution. In fact, the resolution is so high that it can be used as a
low resolution mass spectrometer. It is more or less accessible to the beam as
of this moment. Not shown is a large gamma spectrometer we call the 8-pi
spectrometer. It's a joint program equally funded by NSERC and by AECL and
built together with the Universities of Montreal and McMaster. It is a five
million dollar piece of equipment and unquestionably the best of its kind in
the world. We also have a large, very high precision mass spectrometer. The



beam cannot get to it at the present time. In January we will shut down for
six months to begin the installation of the beam transport system to distribute
the beam to where we want it, at the various pieces of experimental equipment
that we have. There is another proposal for a large device to help us do
reaction studies. We hope to be funded in the same way, jointly by NSERC and
by AECL. In this case we have a collaborative program with the Universities of
Toronto and Laval.

Going from our largest program to our smallest program takes us to
neutrino astronomy. Although this is a very big project, our role in it is
small but crucial. SNO is a multi-national collaboration of several Canadian
institutions (NRC, ourselves, and the universities, Queen's preeminently) plus
Princeton, University of California, and Oxford. The idea is to attack the
solar neutrino problem with which you may be familiar. The number of neutrinos
observed at earth coming from the sun does not agree with rather well
authenticated solar models. It's a big problem and people have worried about
it for a couple of decades. SNO could tell us whether neutrinos have a mass or
not, which is probably one of the most important problems in physics and
cosmology right now. It can tell us about another crucially important point i.i
particle physics, whether electron neutrinos have different forms and transform
back and forth between them. These are compelling reasons to be involved.
Another reason is that the detector requires 1000 tonnes of heavy water and at
the moment, unfortunately, AECL has a surplus of heavy water. Canada is also
involved because there is a nickel mine in Sudbury called the Creighton Mine, a
very modern, very deep mine that is in fact ideal for this work. Neutrinos
have a very, very small interaction cross-section, so in order to screen out
cosmic ray background, it's necessary to put the detector very far underground.
This detector will be put at the 6800 foot level in the Creighton Mine. The
mine is almost entirely automated, very clean, the temperature is rather low
for a deep mine. There is only one underground laboratory in the world which
is deeper. It's in India where the conditions are nowhere near as conducive to
good research as here. Just to give you an idea of what the detector looks
like, you can see that access from the shaft is obtained by what is called the
SNO drift. The cavern, when completed by INCO, will be the largest cavern in
the world at such a depth. It is quite an engineering feat to make a cavern
this large in the rock. The 1000 tonnes of heavy water in the detector, on
loan from AECL, is worth something like 250 to 300 million dollars. It's
enough heavy water to stock about two CANDU 600 reactors.

The program in condensed matter physics is nearly as old as the nuclear
physics program. NRU is 30 years old today, but it is still a very good source
of neutrons. It's no longer the highest flux reactor in the world, but it has
properties that make it very well suited for this type of work. Neutrons are
important in solid state physics because their wave length is right, that is
their wave length is about the same as the spacing of the atoms, and their
energy, being thermal, is just right for the excitations in the material. Of
course, condensed matter physics is a huge field and we don't do everything in
it. One of the areas that we do work in is the magnetic properties of matter
because unlike x rays a neutron has a magnetic moment. We also study the
structure of biological materials. One of the things we've done is to
determine the structure of cobra venom, so there's some relation to toxicology!
Properties of liquid helium is another area in which we have made very large



contributions. Again, the condensed matter program is carried out in strong
collaboration with universities. Just to give you some idea, Fig. 5 shows a
new spectrometer, actually two spectrometers, that we're building in
collaboration with several universities. It too is half-funded by NSERC and
by AECL. We hope to have that operating in a couple of years at most. It will
greatly expand our ability to do magnetic research and also it speeds up
structure determinations by roughly a factor of a hundred. Fig. 6 shows yet
another piece of equipment. Conceived at Chalk River, it's a horizontal field
superconducting magnet. It's entirely funded by the universities and built by
Oxford Instruments It's unique because it has a very lurge high horizontal
magnetic field with 360 degrees unrestricted access. If you think about that
for awhile you will realize that it is quite a trick. Fig. 6 also shows cne of
our triple axis spectrometers. You can see the monochrornator drum with Dan
Tennant standing on ii; the sample holder is at the center of the band of the
large cylinder (the magnet) in the center, the analyzer is the small cylinder
to the left, and detector is at the far left.

The final program that ! will talk about is the Notional Fusion Program.
There are three parts, the magnetic confinement program based on the Tokamak de
Varennes in Quebec operated by Hydro-Quebec. There has to be an Ontario one
too of course and it's on the materials and fuels from fusion and operated by
Ontario Hydro. Finally there is an important international program which we
run ourselves and which is becoming very important r.owadays, particularly since
it looks as though ITER, the big Russian/American/Uuropeau Tokamak, is actually
going ahead. Agreement has been struck and it awaits only the signature of
Gorbachev and Reagan. Canada has miraculous'y been able to get in on it.

I'm not going to say a great deal about biological studies because large
parts of it are the subject of this workshop and I hope you will learn more
about it during the next two days. 1 will just give you some idea of the
variety of things that we do. We work in hvperthermia, looking at cancer
promotion and the reverse. I would love to tell you about cancer screening. I
have some lovely viewgraphs here but I'm afraid I would be stealing Norm
Centner's thunder so I won't do that. It's very exciting. We do work, and
have done for a long time, in risk estimates in humans, broken down as you can
see, into effects of energy production on health, a study of radiation workers
(that's a retrospective study), toxicity of tritium, and a lot of work on input
to national and international standards on radiation protection. Work in
dosimetry could be very useful for non-radioactive toxins because of the
experience we have in calculating doses, developing metabolic models and the
development of instruments for measuring doses. Last but not least, of course,
we have environmental research and there we measure the movement and behaviour
of toxic materials in the atmosphere, in groundwater and in surface water, and
we develop models to predict this behaviour. We are very fortunate to have a
well characterized, very large exclusion area of 10 000 acres; you drove
through it as you came in. We can do things there that is the envy of people
who work in Europe and Japan, and we can do things there that it's difficult to
impossible to do anywhere else in Canada. It's a very valuable resource and we
hope that you will be able to make use of it. One of the things that has been
done recently here using the exclusion area is to study the dispersion of
tritium in fne atmosphere. The experiment was done last summer with
collaborators from France, Germany, United States, Japan and several other labs



from Ontario. It involved the release of hydrogen tritide when the wind was
blowing in the appropriate direction. A very large number of studies were done
with the aim of finding out what the conversion rate of the hydrogen tritides
to HTO (tritiated water) was, because tritiated water is as you know about
10 000 times more toxic than the gas. It's very important to know the rate of
transformation because if fusion reactors go ahead, and as more and more
tritium is separated from heavy water in CANDU reactors, there will be large
amounts of tritium around, particularly if an accident should occur. The
results of the field study are not entirely in but they say that the conversion
rate is very small.

I have taken all my time and I will stop. If there are any questions, I
would be happy to try to answer them. Thank you.
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COINCIDENCE OF NEEDS IN RADIOLOGICAL AND
TOXICOLOGICAL PROTECTION

R.V. Osborne

Manager, Environmental Research Branch
Chalk River Nuclear Laboratories

Chalk River, Ontario

The theme of my presentation is that research needs for radiological
protection and the research programs that have evolved to meet these needs
parallel closely those in the chemical toxicological field. I am going to
comment on the similarity of the needs - at least as perceived from the
radiological side, reflect on the framework for radiologically-related
research and outline the research programs and facilities at CRNL that have
developed within that framework. In AECL with its broadened mandate, we
have the opportunity to turn more to research relevant to protection
against chemical toxic agents. We see this workshop as a very valuable
input into ensuring that we exploit our resources effectively and usefully.

In the introductory notes on the program we included what is, in effect,
a statement of faith; namely, that quantitative assessment of risks from
toxic agents, together with economic and political considerations, is a
sound basis for making decisions to safeguard health and, at the same time,
promote needed technologies.

Some argue that attempts at such assessments are almost futile;
estimates are so uncertain that they tend to confuse and confound, so that
fewer and fewer people can understand and be involved in decisions made to
protect health. The undigestable size of environmental impact statements
allows one to have some sympathy with this view. Rather than despair, we
should recognize that there is a need for synthesis of information on
impact. This certainly applies in radiological protection; I believe it
does in toxicological protection.

It may be that we can never achieve a consensus on the relative
significance of risks to health across all activities and agents.
Quantitative comparisons of the risks from low levels of radiation,
cigarette smoking, mountain climbing, driving cars or just living at home
are so confounded by social and perceptual issues that they are generally
not persuasive. Nevertheless, within a single field - risks from toxic
agents for example - it seems worthwhile to strive for quantification, to
have internal consistency. A desirable end is that an effluent limit
placed on chemical X from industry A is logically consistent with the
concentration limit placed on chemical Y in waterbody B, and on the
limiting concentration of chemical Z in air at workplace C.

Obviously, it is difficult to do this - and I expect some of the
speakers during the workshop will note these difficulties. But without
quantification of risk, it is difficult to get any coherence into
regulation of safety - or even to justify non-zero limits on effluents for
example. This is particularly so for genotoxic agents for which it seems
reasonable to assume that any increment in level carries a concomitant
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increment in probability of deleterious effect. Since "zero" means "not
detectable" such limits ratchet down as detection sensitivities improve.

For carcinogenic and genetic effects there are similarities in our
concerns with ionizing radiation and chemical toxic agents in relation to
the natural environment. Our concern is with anthropogenic sources which
add to a natural background level. There are novel chemicals, just as
there are novel radioactive isotopes but when regarded in the light of
fundamental genotoxic mechanisms and repair processes, the impact of the
"new" agents may be most appropriately regarded as incremental insults on a
background of naturally-occurring damage.

In radiological protection we are evolving an internally-consistent
framework for protection that can be linked, now, to estimates of
probabilities of deleterious health effects.

The principles followed are quite general. One is to ensure that
individual members of the population are not subjected to unacceptable harm
or probability of harm. Specifically, we want to ensure that severe
effects that have a threshold (so-called nonstochastic effects) are avoided
completely and that the probability of deleterious effects that do not have
a threshold (stochastic effects) is below a lower limit of unacceptability
for risks to the individual. A second is to ensure that any potential
detrimental health effects in a population from any given toxic agent are
reduced to some low level. A third is to ensure that the potential
detrimental effects are justified by the benefits of whatever practice was
giving rise to the effects.

The phrase "potential health effects" is used deliberately. Based on
internationally-accepted estimates of risk per unit dose, the probability
of any detrimental health effects resulting from acceptable limits on
radiation exposure is so low that these potential effects cannot be
detected by direct epidemiological observation of exposed populations of
workers, let alone of the general population. It is a reasonable but
unprovable assumption that even very low doses of radiation produce a very
low risk of producing some effect, even when we cannot observe these
effects. The same concept is probably true for certain chemical agents.

To limit harm in an individual from a variety of toxic agents
necessitates devising some way of comparing different effects from
different agents. For radiological protection the combining is done at the
tissue level through the surrogate measurable quantity "energy absorbed"
(called dose). A limit on dose can therefore be used as a way of limiting
risk from all radiations and radionuclides in organs and tissues provided
that we can quantify:

(a) the shape of the dose-effect relationships,

(b) variations in the sensitivities of different tissues and organs to
a given dose, and •
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(c) variations in doses of different radiations to produce the same
effect.

For dose-effect relationships there are some data to support
quantitative estimates of carcinogenic risk and thresholds for other health
effects from medical experience, from the consequences of the nuclear
explosions in Japan and from the underground mining of radioactive
materials. Similarly there are some human data for chemicals - combustion
products for example. For genetic effects from radiation we have to rely
entirely on animal data; no significant genetic effects in human
populations have been detected in the children of persons exposed to high
radiation doses. In all cases we have to use data from animal experiments
to supplement any human data available. Meeting these needs has resulted
in research at the molecular, cellular, tissue and whole animal level at
Chalk River as elsewhere.

Secondary limits - on concentrations in air, water, food, or effluents -
should be consistent with the primary limit on harm. To ensure this in

the case of radioactive materials we need quantitative relationships
between:

(a) the dose in tissues and the amounts of material ingested, inhaled,
or absorbed through the skin, and

(b) the concentrations to which people may be exposed as a result of
release of given amounts of material from any particular source.

Meeting these needs has stimulated research studies on the biokinetics
and metabolism of radioisotopes in many different chemical forms, including
radiopharmacenticals, and on the dispersion and fate of such materials in
the environment.

Ensuring that detrimental effects in a population from any given toxic
agent are reduced to some reasonable level has come to be known (in
radiological protection) by the acronym ALARA meaning "as low as reasonably
achievable, economic and social factors being taken into account".
Implementation imposes further needs on research. Assessment of total
impact entails environmental predictions that extend spatially and
temporally. How far into the future, how distant, and below what small
increment in individual risk can overall impact be neglected are questions
that are not easily answered. The need here is to be especially cautious
in applying predictive models to scales (time and distance) way beyond
their validity. Accounting for the improbability of exposures to toxic
agents from particular sources is another need in any coherent protection
system but one which, again, is not easily accomplished. It is worth
noting that the differences in approach to protection against non-
degradable toxic chemicals in contrast to degradable toxic chemicals are
similar to those between long-lived and short-lived radionuclides.

Because of the importance of "ALARA" there is a continuing need to
explore ways of improving protection economically. Therefore to complement
the research on processes and the development of assessment models, there



is a need to develop instruments, protective clothing, methods of
transportation and analytical methods.

For those of you in the chemical t.oxicological field, I expect the
general needs that I have outlined abovo are familiar. Issues and
judgements needed sound similar. An importan' aspect of the set of needs
is that they are a set. The importance of any one can only be determined
in the cor,te:-:t of the overall set. For example in the radiological field
the highly toxic effects of a particular radionuclide if inhaled are
unimportant if conditions are such that that particular radionuclide is in
a form that it is virtually impossible for it; to become airborne.

The research programs here at Chalk River have evolved to meet these
general needs in radiological protection. We have had the advantage of
being multidisciplined both within the groups here and through the
collaborations with staff from various uriversities and agencies.

We are also able to take advantage of the expertise and facilities of
the more than 300 scientists and engineers throughout the laboratories here
at Chalk River (Figure 1). A brief look at some of the activities and
facilities will illustrate the point. The research in health sciences is
all related to assessing the risk to health; of being able to make the link
quantitatively between source and effect through all the steps as shown in
Figure 2. There are three aspects to the work, aspects that I believe are
common to chemical toxicology and radiological toxicology.

The first is the common need for research to understand the processes
that affect the dispersion in the environment and determine human
exposures, the metabolic and biokinetic processes that determine what
happens to contaminants after exposure, and the cellular and molecular
processes that determine the biological consequences. The second is the
research and development needed to allow contaminants to be measured in the
environment, including the workplace environment, to allow exposures to be
measured, and to allow the distribution and fate of contaminants in humans
to be measured. The third is the link that needs to be made between the
first two; the knowledge of processes and the results of measurements.
They need to be complementary; the results of measurements at any stage
need to be usable in predictive models built on the knowledge of processes;
the predictive models have to be designed to be used with measurable
quantities. I will show how the program here fits into this framework,
starling wirh the biological research.

A. general model f\,r biological effects is shown in Figure 3. High doses
of radiation result in acute leth.nl affects but the greater concern is with
genotoxic effects where the processes have much in common with those
associated with chemical genotoxicants. Much of the work here has been
concerned with repair processes and has involved experiments with
microorganisms, animals, and human cell cultures. In passing, I note that
studies with microorganisms have been aided by the development of a colony
counter (Figure h), an example of where expertise from elsewhere on site
has been enlisted into the health sciences area.
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Some of the work on mechanisms of initiation and promotion of cancers
has involved agents other than radiation, necessitating our development of
carcinogen handling facilities (Figure 5). Later in the meeting
Dr. Norman Gentner will be describing his group's studies of the variation
in individual sensitivities to carcinogens, work that is being carried out
with human cell cultures. It has been inevitable that much of our
understanding of the relation between exposure and effect has come from
studies with animals although it is realised that interspecies
extrapolation can only be tentative with radiation just as with chemical
agents. Causation of long-term effects in mammals is particularly
difficult to study. The experiments need facilities for handling many
animals for a long time. Examples of studies that we are currently
completing are of the acceleration of mammary tumours by different
radiation types (which needed individual metabolic cages such as shown in
Figure 6) and of the induction of myeloid leukaemia in mice. The latter,
which is involving 5300 mice for 3-4 years, is particularly interesting
since there have been very few cancer induction studies with tritium in
mammals.

Like many organizations involved with particular toxic agents we have
looked at the health of our own work force. Specifically we have looked to
see if there is any evidence for an effect from occupational radiation
exposures on the causes of death. On the basis of current risk estimates
we would not
expect to observe any effect and this appears to be the case. Figure 7
shows some of the results from this study.

I am turning now to studies of the relation between exposure to a toxic
agent and the "dose" that is actually delivered to a particular organ,
tissue or cell. We have been involved for at least three decades in
developing biokinetic and metabolic models for predicting the fate of
inhaled, ingested and percutaneously-absorbed materials, and for estimating
the contents in particular body tissues from direct measurements (which are
possible with some radionuclides) and from measurements of concentrations
in excreta. An example of such a model currently being revised by us is
shown in Figure 8.

The experimental work to support these modelling activities involves
tracer studies with animals and humans. One recent study (with hairless
rats) has been of the percutaneous uptake from surfaces contaminated with
tritiated hydrogen an occupational concern in any future fusion industry.
The autoradiograph in Figure 9 shows the distribution of organically-bound
tritium within the skin layers some days after exposure. The model
developed from this study relates the observed excretion of tritium in
urine to the amount and variation in time of the organically-bound tritium.

Complementing the studies of the processes that lead to doses from
exposures is the development of ways and means of measuring and of reducing
exposures. Protective clothing to reduce the hazard from airborne
contaminants has been tested here: indeed one of the first studies I
carried out at Chalk River Nuclear Laboratories was of the protection
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afforded by protective suits when worn by different individuals. Figure 10
shows suits used today.

For radionuclides and radiation there are obviously specific detectors
but the general principles of sampling and monitoring in the workplace and
in the environment are of general application. The emphasis in the
developments in the health sciences areas at Chalk River Nuclear
Laboratories has been in designing fer stringent workplace applications and
rugged environmental conditions. One of many devices is shown in Figure
11.

1 turn now to the environmental part of the program. We have a 4000
hectare protected area around the laboratories (Figure 12) that for over
three decades has provided the setting for detailed hydrological,
hydrogeological and meteorological observations and many contaminant tracer
experiments in air, water, and the sub-surface. The scope of the
experimental work is best described in the framework of a simple
compartment model of the biosphere as shown in Figure 13.

Our interest is in movement of contaminants within the compartments, and
between the compartments. The models needed connect a source of
contamination in any of the compartments to the exposure that would result
to an individual in any of the compartments. Developing and refining such
models, and building confidence in their validity, depends on understanding
the processes that occur. This is the drive behind our environmental
program. I will mention a few examples of current activities.

For the atmospheric compartment we have recently completed a study of
the dynamics of the rise and dispersion of a heated contaminant plume. We
have a cleared area, 300 metres in diameter (shown in Figure 14) for this
kind of local dispersion experiment. The same area has been the site this
summer of a tracer tritiated hydrogen dispersion experiment to investigate
the interaction between the dispersing plume and plants and soil. The
interest covers the micrometeorology, diffusion of gases in soils and the
chemical and microbiological interactions very much a multidisciplined
endeavour. This particular experiment brought scientists from Europe, the
USA and Japan to participate. Some of the setup is shown in Figure 15.

The Perch Lake basin (shown in Figure 16) also within our experimental
area has been the site of many of the hydrological and hydrogeological
investigations. Currently, in collaboration with scientists from the
Universities of Toronto and Trent, we are studying in part of this basin
the infiltration of precipitation through forested terrain, trying to
improve our understanding of the changes in chemical fluxes through the
forest canopy, litter layer and unsaturated zone, and the generation of
stream flows, with a vî .w ultimately to being able to understand the effect
of acidity changes in rain.

Also in the Perch Lake basin we have been able to exploit the
distributions of small amounts of radioactive contaminants from the waste
management areas to study the advection, dispersive and sorptive properties
of the soils and sands. In some instances the importance of microorganisms
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in facilitating transport has been very evident. Figure 17 shows the
vertical profile in a plume of cobalt-60 that has developed in the aquifer
beneath one of the waste management areas. Such detailed mapping enables
us to estimate not only the fate of the particular contaminants in the
areas observed but, by supplementing the observations with experimental
work in those areas, allows us to develop more generally-applicable models.
The field columns shown in Figure 18 are one means of varying geochemical
parameters in a controlled manner in studying the kinetics of sorption of
added radiotracers for example.

Radiotracers are used in many sites to examine physical, chemical and
microbiological processes. Tracer studies at one particular site have
already allowed us to develop and test detailed advection/dispersion models
for movement in the sub-surface over 40 metres (see Figure 19). We are now
preparing to extend the study to 200 metres and intend to include chemical
as well as radioactive contaminants. These experiments provide an example
of the application of computer technology to automating data collection in
the field. The distribution of radionuclides vertically was determined by
computer-controlled scanning (see Figure 20).

Another compartment is that of surface water. Our interest here is in
being able to know enough about the interactions between the sediments and
material in the water so that the long-term fate of contaminants can be
predicted. We have been able to observe the behaviour of radionuclides in
several of our lakes under natural and controlled conditions and, most
recently, we have been using radiotracers for toxicologically-important
metals.

In summary, I have illustrated the broad range of facilities and
research disciplines at Chalk River that we have developed to support
radiological protection. They span research on the processes underlying
environmental transport from source to exposure, underlying biokinetics,
and underlying biological effects. There are many common areas between our
activities and those involved with protection from chemical toxic agents.
The multidisciplinary nature of the groups have proved important, as has
the possibility for a scientist to be involved in a broad range of problems
- ranging from very basic to very applied research. All these research
activities are finally synthesized in the assessment of risk from exposure
to radiation. Some of us have also been involved in drafting documents
related to regulation; another feedback to helping to set research
priorities.

Now, with the opportunity to increase our efforts in research relevant
to chemical toxicology, we want to maximize our effectiveness. We are
looking for an increased involvement with university colleagues, we are
looking for opportunities to work with other government agencies and we are
hoping to contribute to resolving some of the long-term concerns of
industry.

It was with these thoughts that we posed the questions for the workshop.
Where are the gaps in our current knowledge? What research is needed?
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Figure 1: Chalk River Nuclear Laboratories on the bank of the Ottawa
River, about 200 km north-west of Ottawa.

Figure 2: The link from sources of a radioactive contaminant or
radiation and the biological effects.
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Figure 3: A model for the biological effects of radiation and other
genotoxic agents.
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Figure 4: The colony counter developed at Chalk River Nuclear
Laboratories. The device automatically counts and records the
number of colonies grown on a culture medium. (Hall, D.S.,
Baker, J.C., Unrau, P. and Davis, R.S., Advances in Laboratory
Automation Robotics: An Intelligent Colony Counter, pp. 591,
Ed. by Janet R. Strimaitis and Gerald L. Hawk, Published by
Zymark Corp., Hopkinton, Mass., 1986.)
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Figure 5: Carcinogen handling facilities at Chalk River Nuclear
Laboratories.

r



Figure 6: Metabolic cages have been used to study the excretion of
Lritiated water in rats and mice (Johnson, J.R., Myers, D.K.,
and Gragtmans, N.J., An Experiment Designed to Measure the RBE
of Tritium for the Induction of Myeloid Leukaemia in Animals,
AECL-9339, Radiation Protection Dosimetry, Vol. 16, No. 1-2,
pp. 161-164 (1986); and Gragtmans, N.J., Myers, D.K., Johnson,
J.R., Jones, A.R., and Johnson, L.D., Occurrence of Mammary
Tumors in Rats after Exposure to Tritium Beta Rays and 200 kVp
X Rays, Radiation Research 9.9, 636-650 (1984)) and to study
the metabolism of inhaled uranium ore dusts and of other toxic
agents. Other experiments in the Animal Facility have been
concerned with interaction of different agents that influence
the yeld of cancer (5 recent references are: 1. McGregor,
J.F. (with revisions by Myers, D.K.), Enhancement of Skin
Tumorigenesis by Cigarette Smoke Condensate Following K-
Irradiation in Rats, JNCI, Vol. 68, No. 4, April 1982.
2. Myers, D.K. and McGregor, J.F., Interaction of E Radiation
and 2-Anthramine for Induction of Skin Tumors in Rats,
Radiation Research 90, 228-231 (1982).
3. Gragtmans, N.J. and McGregor, J.F., Effect of Hyperthermia
on Epithelial Microneoplastic Cell Populations Induced by
Irradiation of Rat Skin, JNCI, Vol. 70, No. 5, May 1983.
4. Mitchel, R.E.J., Morrison, D.P., Gragtmans, N.J. and
Jevcak, J.J., Hyperthermia and phorbol ester tumor promotion
in mouse skin, Carcinogenesis vol. 7, no. 9, pp. 1505-1510,
1986.
5. Mitchel, R.E.J., Morrison, D.P., and Gragtmans, N.J.,
Tumorigenesis and carcinogenesis in mouse skin treated with
hyperthermia during stage I or stage II of tumor promotion,
Carcinogenesis vol. 8, no. 12, pp. 1875-1879, 1987.
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Figure 7: Causes of death in employees of Chalk River Nuclear
Laboratories. (Werner, M.M. and Myers, D.K., Mortality anong
long-term Chalk River Employees, Atomic Energy of Canada
Limited, Report AECL-9344, December 1986.)
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Figure 8: Model for the fate of inhaled materials. (Adapted from
Johnson, J.R. and Meloncoff, S., A comparison of excretion and
retention between the current ICRP lung model and a proposed
new model, Proceedings of the 26th Hanford Life Sciences
Symposium, Health Physics (in press).)
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Figure 9: Distribution of organically-bound tritium in the skin of a
hairless rat exposed to a metal surface contaminated with
tritiated hydrogen. (Johnson, J.R., Lamonthe, E.S. and
McElroy, R.G., Metabolism and dosimetry of tritium from
tritium-contaminated surfaces, Proceedings of the 3rd Tritium
Symposium, Tritium Technology in Fission, Fusion and Isotopic
Applications, 1988 May, Toronto, Fusion Technology (to be
published).)
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Figure 10: Protective clothing for work in contaminated atmospheres.



Fi p.ure 11: A portable "sniffer" for airborne radionucl ides. The unit
shown was designed at Chalk River Nuclear Laboratories and is
now available (as portable monitor 209) from Scintrex Ltd.(222
Snidercroft Road, Concord, Ontario).

Figure 12: Part of the protected natural area around Chalk River Nuclear
Laboratories.
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Figure 13: Compartment model of the biosphere.
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Figure 14: The experimental field at Chalk River Nuclear Laboratories.
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Figure 15: Part of the sampling equipment distributed on the experimental
field during the experimental tracer experiment with tritiated
hydrogen.

Figure 16: Part of the Perch Lake basin at Chalk River Nuclear
Laboratories.



Figure 17: Vertical section through a cobalt-60 plume on the sands down
the hydraulic gradient from a waste management area. (Killey,
R.W.D., McHugh, J.O., Champ, D.R., Cooper, E.L. and Young,
J.L., Subsurface colbalt-60 migration froa a low-level waste
disposal site, Environ. Sci. andTechnol., 18(3), pp. 148-157,
1984.
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Figure 18: Field columns being installed in an aquifer in order to ensure
that the geochemical conditions for studies of sorption
kinetics are representative of field conditions. (Champ, D.R.,
Moltyaner, G.L., Young, J.L. and Lapcevic, P., A downhole
column technique for field measurement of transport
parameters, AECL-8905, 1986.)



Figure 19: The dispersion of a radioactive tracer in a natural aquifer at
the tracer test site. (Moltyaner, G.L., and Killey, R.W.D.,
The Twin Lake tracer tests: Longitudinal dispersion, Water
Resour. Res., in press.)
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Figure 20: Automation of sub-surface data collection.
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Discussion

D.K. Myers:

Part of your presentation dealt with acceptable and unacceptable levels
of exposure. Could you tell us some more about these concepts? Who
decides what is acceptable?

R.V. Osborne:

To answer your second question first; the responsibility for setting
safety standards rests with our elected representatives. We, as
scientists, can try to quantify to the best of our ability the
relationships between amounts of toxic materials and the extent of, or
probability of, harm to the health of individuals. We can compare the
deleterious impacts on health of different toxic materials, of different
occupations, even of different lifestyles. We can try to quantify the
benefits that must stem from any activity, or use of a chemical, or use of
radioactive materials, or adoption of an industrial practice. I say "must
stem" because if there are no benefits in any particular instance then
there is no justification for any risk to health in that instance. But
deciding what level of safety -- what level of risk -- should be aimed for
is very much a social decision made, ultimately, by the politicians. We
have to make the technical issue as clear as we can.

The recommended approach in radiological protection is to set a lower
limit to unacceptable levels of exposure from radiation. That is,
exposures below such a limit are not necessarily acceptable. The
acceptable level is reached when the exposures are as low as reasonably
achieved -- the ALARA principle that I noted in my talk as being so
important in protection.
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FILLING IN THE GAPS: A PERSONAL VIEWPOINT

H.B. Schiefer

Director, Toxicology Research Centre
University of Saskatchewan
Saskatoon, Saskatchewan

Thank you very much for inviting me and giving me the opportunity to get
to know Chalk River. I must say, Dr. Osborne, that after your presentation
all you really need is to get a convoy of about six Brink's trucks with the
necessary number of dollars in them, and you are well on your way to doing
very wonderful things. What you have to offer here is most impressive.

Obviously, at this point, we have already identified the first gap:
money. Where does the money come from? I'm certainly not going to talk
about that, because I don't know either where it can be obtained. But,
there is another gap. Dr. Osborne has clearly identified the number of
beautiful tools that you have at hand in Chalk River. What has to be
decided is: what projects are to be done with the many tools and
facilities, assuming there was enough money?

Don Ecobichon wrote in 1984: "Each year, students present me with term
papers summarizing the toxicity data for a variety of high volume, widely
used chemicals. Of some 53,500 commercially important chemicals, only a
few have been subjected to extensive toxicity testing. No toxicity data
are available for about 80% of 49,000 chemicals. Each year, the students
are amazed at the paucity of information, the badly designed, flawed or
limited studies, and the absence of apparent concern about many of the
agents."

Given this abundance of "problems to be solved," who --in Canada --
determines the priority of research topics? There are many "stakeholders,"
to use one of the newer buzz words, or "interested parties and individuals"
in the older language. Before I try to answer this question, allow me to
put the spotlight on research in general and on one proven method to get
answers in such a situation: Systems analysis.

There is general agreement that there are at least two types of
research: basic and applied, as the overhead shows. On the left side is a
"cesspool," I might call it, of unfocussed basic research. That's what the
real scientists like to do. But, from time to time an idea comes out of
this pool, and travels -- like radiation energy - - in a particular
direction, and somebody might say, "hey, that might be a good idea that
could be exploited." However, it is a long way, 10 years or so, until the
idea may become a money-making proposition. Of course, the research
direction has to become focussed. First, it may be still very basic, and
there may be no benefit yet for those that are eventually the ones that get
to reap the benefit, if they fund such research. All this is not
unfamiliar to you, but I think it is very important to keep it in mind
becnuse of two things: 1) types of research, and 2) selection of research
topics.
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With respect to basic research, Gerhard Herzberg said (1980): "A
scientist, if he is a mature scientist, should not be circumscribed from
above as to where he should put his main effort." (That's what every true
scientist believes in, which is somewhat at odds with today's societal
needs).

Targeted research, on the other hand, is seen by some as being
symptomatic of unrealistically high political expectations of what science
can do. Some of these expectations are: Governments want to look good;
Industry wants pleasant results; Media want unpleasant results; the public
wants help, and there is not enough money to go around for everything.

With respect to selection of research topics, how do we go about this?
Obviously, one could apply the method of systems analysis, like we did at
NSERC earlier this year, and I had to do another analysis this year to
determine the limits and potentials of an international verification
organization in case of a chemical weapons treaty. I don't want to put you
through all the details, but in short, systems analysis is a logical
technique for solving problems by identifying, organizing and developing
ideas and information.

Systems analysis does not supply the decision-maker(s) with ready
answers to the decisions he/she must make. Rather, systems analysis
identifies and develops all the information needed to make an informed
decision. The emphasis is, therefore, on generating and organizing
(systematizing) information that will help the decision-maker better
understand the decisions to be made. There are two "teams" in a systems
analysis, the analysts and the decision makers, which means also: the
analysts will have to live with the decisions made. Hopefully, though, the
decision makers will adopt the ranking of the solutions provided by the
analysts.

Let's try to go through an abbreviated, simulated systems analysis with
respect to selection of topics for research in toxicology:

1. As far as the problem is concerned, the problem is a really "fuzzy" one
(which means, a lot of work has to go into defining the real
problem(s)).

2. The listings of alternatives and restrictions, supplied by the various
"stakeholders," might be a very long one. Some are listed here:

- - The Politician's Viewpoints might be

We need a "Cradle to Grave" management of chemicals, or much better: A
"Life-cycle management" of chemicals (because we are uncertain whether
"a grave" is really the final resting point of a chemical).

We don't need to create yet another doomsday prediction; let's be
positive and do something to solve problems.

We want to inform the public via information or education, which means



somebody has to work on issues, like: "The dose determines whether a
substance is a poison or not"; how to cope with media hype, e.g.:
"deadly" PCB's or carcinogen X has been found in parts per trillion, and
so on. Chalk RJ.ver has already done much to "demystify" radioactive
compounds, thus you are quite prepared for such a job.

We assume that Universities in particular, but also researchers in
general, do not understand real day-to-day neads and problems.

We need definitive information on magnitude and nature of risks, on
proper (preventive) handling of pesticides, waste chemicals, alternative
technologies, etc. (not just monitoring).

-- The. Industrialists' Viewpoints might; be (and industry has become much
more open and accessible with respect to data, rind most industries are
ger.uinly interested in finding proper solutions):

Industry, rightfully so, points out that "wherever wood is cut, you will
get sawdust," or, in more toxicological terms: "everything depends on a
proper risk-benefit assessment."

Industry points out that many chemicals are used by popular
("consumerism") demand, and that our standard and style of living would
change dramatically without those chemicals.

Industry wants faster, and cheaper, predictive models, instead of
animals -- a desire that meets with the approval of Humane Societies.

- - The Public's Messages are rather varied:

"I want to eat the cake, but I want to keep it at the same time," which
means: "We want to have all the advantages of a highly developed
society, but we do not want any risks."

The NIMBY ("Not in my back yard") syndrome.

Concerns for the environment rank higher than "progress" and job
security, as recent opinion polls have shown.

''We are starving for information" (because we want to be able to
participate in Lhe discussion).

Unfortunately, toxicology is often used as a scapegoat, e.g.: we find
problems masquerading as toxicological ones, when they are, in fact,
sociological, or basic ecological ones (example: Timber release through
use of herbicides).

3. What, then are the solutions (a rather important step in Systems
Analysis).

Assuming that we have looked at all alternatives, determined all
restrictions, and that we have eliminated all unsuitable alternatives,



the following general solutions or topics might be identified by a
systems analysis:

(1) Information/Education

Information from, and translation of, existing data (data are
information not "packaged" suitably for general consumption).

Educational programs/investigations that consider not only man and the
immediate benefits to man, but the whole ecosystem (= long-term
benefits).

(2) Canadian Data

Data specific to Canadian environmental conditions, e.g.:

Biotransformation/biodegradation/detoxification under (Canadian)
cold and/or dry conditions.

Threshold/tolerance under Canadian conditions.

(3) "Real World" Assessments

Data on multi-variable exposures.

Development of techniques in order to be able to obtain data on real-
world situations (the Chalk River facilities are certainly suitable for
such studies; I envy you).

Comparison of real world data with laboratory data on file.

(4) Methods to Solve Problems

Integration of toxicological studies with technical problems of
abatement/amelioration (interdisciplinary studies), eg.:

Innovative waste chemical treatment methods (involving engineers,
etc.).

Anticipation of problems and solutions by biotechnology.

(5) Finally, and I almost don't dare say this: please, do something
for basic research. We need:

Studies on mechanisms of action (with an eye on
amelioration/prevention).

Searches for (and validation of) "alternate methods," such as "non-
animal" models, to assess toxicity, or to predict longer-term injury,
including carcinogenicity.
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Hopefully, some space and time will be available for "play and learn"
activities, i.e., room for scientists to explore new horizons.

This brings me to tne end of my presentation, and I should give some
outlook and assess the opportunities. I would say:

There is, at" the present, a very limited political will to spend more
money on toxicology. The reasons are: toxicology has been too often
the doomsday predictor; many problems were identified/documented, but
little problem-solving work has been going on.

To change the political thinking, w« need information/education (in its
widest sense, and that includes getting messages across).

The Canadian economic situation dees not allow for the re-invention of
the wheel, nor can we cover ali aspects. We have to select solutions,
after applying a systems analysis, and really fill Canadian gaps.

The available (and to be mobilized) money has to be directed both into
basic research and into selected "strategic" areas.

Let use not forget that Canada does have a manpower problem: there are
net enough toxicologists. However, since toxicology seems to have
broken out of the small eggshell of traditional toxicology, and since
toxicology is now seen as a truly multidisciplinary entity, many
specialists/institutions can apply their expertise to toxicological
problems. A redirection of resources and reorientation of scientists is
underway; something that is, indeed, highly desirable and promising.
This gathering is a very admirable example, indeed.

I think the redirection of resources and reorientation of scientists,
that is on the way already, will greatly speed up the effectiveness of the
limited money that politicians can give us. But, that still does not let
us off the hook. We, each researcher and research institution, still will
help in selecting alternatives, making decisions, or helping the decision
mnker to make the right decisions. I think that today's and tomorrow's
presentations will be extremely helpful in shaping that thinking; to go the
first few meters of many more kilometers to be covered.

Thank you for your attention.

Discussion

P. Barry:

A comment rather than a question.

The speaker has mentioned shortage of money. I agree it will always be
short but n«ed it always be as short as it is? Consider current work on
measuring the flux of neutrinos from the sun. It is an expensive
experiment but research dollars are available for it, justified on the
basis of thirst for knowledge -- not in terms of how many jobs it will



36

create or what profit will it return. There's money there but it is its
distribution that is the problem. Seems to me we do not sell ourselves
very well. Toxicology and its hand maidens are required not as sciences
but as services. A completely different cost-benefit criteria apply to
services than to science research. To change toxicology from a service to
a science, a theoretical base must be developed in addition to the
traditional development of method and procedure. Not only is theory an
essential component of science, but it also provides leverage - a big
return in understanding on the research dollar. That is liked by the
controllers of the purse strings.

J.E. Gibson:

A comment: Basic research cannot be non-targeted and unfocussed.
Scientists have a responsibility to communicate the societal value of
research they're doing to the public, the politicians and the funders. Do
you agree?

H.B. Schiefer:

I agree fully; unfortunately, some scientists still believe that society
owes them a special place. That may be true within a limited budget, but
eventually scientists have to be responsive to societal needs, and have to
explain - in a manner that can be understood by lay people - what they are
doing and why.

P.-Y. Caux:

Please comment on:

1. Weight factor on consequences of alternatives.

2. Short term result syndrome is typically Canadian.

3. If that lengthy study/alternative is the correct route, I personally
find it sad monetary reasons are prime deciding factors.

H.B. Schiefer:

1. I neglected - to save time - to mention or comment on the important
step of "gathering information/data". During this step, a realistic
assessment of all sorts of details takes place, including the
weighing of consequences.

2. "Short-term result syndrome" may be typical for Canadians, but is
probably more characteristic for politicians at large.

3. Monetary considerations may well be a deciding, or limiting factor.
That is a fact of Canadian life, and I have no recipe what to do
about it.



37

D.B. Clavson:

What do you mean by test validation, a factor you mentioned in relation
to the Ames test? Do you mean numerical validation, a comparison of the
number of positives or negatives against one parameter or another, or do
you mean an understanding of why differences occur at the full scientific
level?

H.B. Schiefer:

The goal of validation of "alternate methods" is to ascertain, firstly,
whether the alternate methods produce results that can be compared to
presently used methods, and secondly, whether the results have the same
predictive value that is accorded to the currently used models. Obviously,
the final "acid test" is: How predictive are the novel methods with
respect to man?



FEDERAL REGULATION OF PESTICIDES

R.G. Lidstone
A/Associate Director

Product Management Division, Pesticides
Directorate, Agriculture Canada, Ottawa

I would like to thank the organizers of this workshop for inviting me to this workshop on
research needs ad toxicology. I hope that my presentation will make a useful contribution to
these discussions.

I work for the Pesticides Directorate of Agriculture Canada in Ottawa. The Pesticides
Directorate is the Federal Agency charged with the responsibility to administer the Pest Control
Products Act and Regulations. The Pest Control Products Act (PCP Act) requires that all
pesticides must be registered. Before a product can be registered, it must be evaluated
according to standard criteria of safety, merit and value. In other words, before a product can
be sold or used in Canada, the proponent of a product must demonstrate that it is safe to
human health, safe to the environment, and will control the target pest.

The key articles of the PCP Act are:

3. (1) No person shall manufacture, store, display, distribute or use any control product under
unsafe conditions.

4. (1) No person shall import into or sell in Canada any control product unless such control
product
(a) has been registered as prescribed;
(b) conforms to prescribed standards; and
(c) is packaged and labelled as prescribed.

In order to carry out our function, the Pesticides Directorate uses toxicology information
and advice in order to make decisions on product registration. The real world situation in
which we find ourselves, can be summarized by the following:

- The use of pesticides is not decreasing.
- Users are demanding greater access to pesticides.
- Public is demanding decreased dependence on pesticides.
- Industry is demanding greater efficiency in regulations.
- Provinces are demanding greater access to products, cheaper products and greater assurance of

safety.
- Scientific improvements are producing information on more subtle toxicity effects and chemical

analysis are now routinely in the PPB (parts per billion) range.

The business statement of the Pesticides Directorate is "to ensure the safety, merit and
value (including purity, potency, efficacy) and labelling integrity of pesticides offered for sale in
Canada." The key result areas are best balanced regulatory decisions based on risk management
processes and enforcement actions to maximize economic benefits, minimize risk to human health
and to the environment and to maintain food quality standards. Figure 1 outlines a typical risk
management process.

Before we get into a discussion of a the kinds of information or data that are typically
required to support a chemical, we should first lo^k at a product mix that we deal with. Of the
5,000 registered end-use products that we deal with, 39% are registered for antimicrobial uses,
13% are registered for fungicidal uses, 20% are registered for herbicide purposes and the



remainder for insecticide purposes. Of the approximately 1,4(X) insecticide products as an
example, about 44% have domestic classification, 44% have commercial classification, 1% are
restricted products and the remainder are for manufacturing use.

Today a new active ingredient would require extensive supporting data package. Such data
would include product labels, product chemistry information, toxicology studies, metabolism
studies, residue data on food, iced, a i j tobacco, environmental chemistry data, environmental
toxicology data, and efficacy dina. Figures 2 - 5 contain guidelines for pesticide toxicology data
and describe me usual kinds of data that would be assessed for tiit registration of a new active
ingredient. As well as toxicology data, ihere are other data requirements including
environmental chemistry, environmental toxicology as outli icd in Figure 6. As well as the
studies outlined in ihos-.: figures, data are required for product chemistry, food residue and
efficacy. The data ;;re reviewed by evalu:<tors in \hv Pesticides Directorate of Agriculture
Canada and by evaluator in Health and Welfare Canada, Environment Canada ;<nd Fisheries and
Oceans Canada.

Industry tells us that the cost of;: data package exceeds 7 million dollars per pesticide and
this does not include field research and dev.-kyment in a host country. Of this total, about 62'/T
of the dollars go to produce tovicology information, !?'/<'. for meubo'isin studies, 57c lor food
residue data, 11% for environmerit.il chemistry data and approximately 5l>l for environmental
toxicology data.

Ideally, the new active ingredient will have a complete data package: new actives with
incomplete data package.*, probably will not be registered.

However, what about active ingredients with incomplete or older data packages. The
quality of supporting data of older active ingredients is generally of lower quality than new
active ingredients simply because scientific standards and criteiia are changing through time.
Section 9. (1) of the PCP Act reads as follows: "... an applicant shall provide the Minister with
such further or other information that will allow the Minister to determine the safety, merit and
value of the control product." This article of the Act allows the Pesticides Directorate to re-
evaluate older active ingredients both if concerns arise and according to a formal re-evaluation
scheme devised in consultation with advisor agencies. The re-evaluation scheme is based on ihe
segregation of the 500 or so active ingredients (registered under the PCP Act) into clusters
according the their use pattern. Exampies of re-evaluation clusters of 3 insecticide groups are
included in Figure 7.

At this time, fonral re-evaluation oi' space and soil fismigants and of the corn herbicide
Atrizine are proceeding. Persona! insect repellants and the active ingredients used in broad
spectrum and cereal insecticides will be the next groups to go through the formal evaluation
exercise.

Theoretically, the outcome of a re-cv.iliui.on exercise of a given chemical should provide
us with the same kinds of information needed to make regulatory decisions or judgements
available lor ;» new act've ingredient. An analysis of the continued use of an active ingredient
would then be based on a risk-benefit type of analysis. Before 1 leave, I would like to show
you how pesticides cor.pare to other chemical substances to which man is exposed in the
workplace and at home. Figure 8 is a health hazard assessment of various substances (from U.S.
NAS tox;city testing, 1984) which shows the extent of the databases among pesticides, cosmetics,
drugs, food additives and commercial chemicals You can see that we know more about
pesticides that about a variety of other substances.

I would like to thank you again for the opportunity of addressing this group, and I hope
that my presentation h;;s made a contribution to this workshop.
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Discussion

M. Caza:

Is there replication of work already done by EPA in our system of reevaluating pesticides?
Is work already done by EPA used to prioritize efforts?

R.G. Lidstone:

We are continually liaising with pesticide regulatory agencies of other countries including
the EPA. We are aware of any concerns or regulatory actions that they are taking. The data
(e.g. toxicity data) used to satisfy the needs of one country is generally acceptable in other
countries. Therefore, there is no reason to duplicate data or studies, except for example,
environmental data where Canada's unique soil types or climate may have an affect on the
degradation rate of certain chemicals.

G.C. Granville:

Would the speaker speculate on the "rate of change" of pesticide clearance over time -
that is, how registered products seem to become less acceptable due to improving data
requirements, rather than the availability of unacceptable/problematic information?

R.G. Lidstone:

As time goes on, science is generating more information with which informed people can
ask more questions. Decisions made today are based on information available today. As time
goes on, if new questions arise, based on new concerns or new science, then we must attempt to
resolve these concerns or answer these questions. In this light then, there is no perfectly
"safe" pesticide.
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PESTICIDES DIRECTORATE

BUSINESS STATEMENT

To ensure che safety, nerit and value (including purity,
potency, efficacy and labelling integrity of pesticides offered
for sale in Canada.

KEY RESULTS AREAS

1. Best-balanced decisions based on risk management processes.

HAZARD
IDENTIFICATION

RISK
ASSESSMENT

BENEFIT
IDENTIFICATION

\

NET BENEFIT
ASSESSMENT

RISK-BENEFIT
BALANCING

DECISION
COMMUNICATION

CONSULTATION

DECISION ANALYSIS

IMPLEMENTATION

INFORMATION UPDATE

HEVIEW/REEVALUATION

2. Registration And enforcement actions to

n. maximize economic benefits,
b. minimize risk to human health and to the environment,
c. niintain food quality



GUIDELINES FOR PESTICIDE TOXICOLOGY DATA

Table 1

Technical Formulation Suggested
Species

Sex Comments

Acute Acute oral toxicity
and LD50

Acute dermal toxicity
and LD50

Acute inhalation
toxicity and LC50

Acute oral toxicity
and LD50

Actue dermal toxicity
and LD50

Acute inhalation
toxicity and LC50

Rat & dog M&F

Freferably rabbit M&F
(other species
possible upon
justi f icat ion)

Rat MJ.F

Primary dermal
irritation

Eye irritation

Dermal sensitization

Antidotes

Primary dermal
irritation

Eye irritation

Dermal sensitiziation

Rabbit

Rabbit

Guinea Pig

M

M

M

or F

or F

or F
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GUIDELINES FOR PESTICIDE TOXICOLOGY DATA

Table 2

Technical Formulation Suggested
Species

Sex Comments

Short 90-day Oral1

Term

90-day Dermal1'2

90-day Inhalation1'2

1 Year Feeding^

21-day Dermal

21-day Inhalation

Rodent MSrF
(preferably rat)
and Dog

Rat or Rabbi t M&F

Rat M&F

Dog MS.F May be cn
with ^O-day
study

1 Consideration should be given to including a recovery study in at least one of the 90-day studies
with the technical material. Duration of dermal and inhallation studies and material to be tested
should be decided after kinetic studies have been done.

2 Short-term dermal and inhalation studies may be acceptable if carried out for a shorter time,
e.g. 21 or 30 days.

3 Necessity for conducting 1 year dog study should be discussed with HPB prior to initiation.



GUIDELINES FOR PESTICIDE TOXICOLOGY DATA

Table 3

Technical Suggested
Species

Sex Comments

Long Term 2 Year Chronic Feeding Rat

Lifetime Oncogenicity Rat

Lifetime Oncogenicity Mouse

M&F Chronic feeding and oncogenicity

study may be combined

Mt-F

M&F



GUIDELINES FOR PESTICIDE TOXICOLOGY DATA

Table 4

oc

Technical Formulation Suggested
Species

Comments

Special Pharmacokinetic Studies
Studies!- - absorption, distribution

- excretion and metabolism

In vitro Mutagenicity
a) Point Mutation

- microbial
- mammalian

b) Chromosomal
Aberrations

c) DNA Repair

Teratogenicity

Multi-generation
Reproduction

Delayed neurotoxicity2

Appropriate to
route being
studied

Two species
(preferably
rabbit «• rat)

One of species
used for terato-
genicity study
(preferably rat)

Chicken (hen)

Details to be discussed

Positive results may
indicate the need for
in vivo studies

Exposure Studies

2 generations with
optional inclusion of
second litters*

Organophosphorous
compounds

Done at the time of
efficacy trials
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FIGURE 6

GUIDE
LINE STUDY SPECIES POINTS

420

430

621
621
621

621
621
622
622

623

631

631
632
623/632

METABOLISM

Metabolism (labelled)

Metabolism (labelled)
Pharmacokinetic (unlabelled)

ENVIRONMENTAL CHEMISTRY

Hydrolysis
Vapour pressure
Photodegradation

rat
goat
chicken
cow
plants

soil
aqueous
air

Solubility in water
Octanol/water partition coefficient
Mobility: absorption/desorption
Leaching - lab study (cold)

- field (labelled)
Soil metabolism aerobic

anaerobic
Soil dissipation study
or crop rotation study
Soil accumulation
Pond study (run-off)
Aquatic degradation
and persistance aerobic

ENVIRONMENTAL TOXICOLOGY

225
270
240
275
150
80

15
15
80
25
15
25
5

35
42
150
42
46

62
60
75

32

712W

713

714W
722

722/737
734
737

742/743

Acute oral

Sub-acute oral

Avian reproduction study
Acute toxicity

Acute toxicity
Toxicity
Toxicity: non-target
terrestrial invertebrate

Toxicity: non-target

mallard
bobwhite
mallard
bobwhite

rainbow trout
bluegill
Daphnia
bee

plant/algal
inhibition test

5
5
5
5

15
5
5

10
5

20

28
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FIGURE 7

Insecticides, Group 1-7

This group contains 11 chemicals for use on corn.

carbofuran CAF
chlorfenvinphos CFV
terbufos COY
disulfoton DIS
chlorpyrifos DUB
fonofos DYF
endosulfan ESF
fensulfothion FEL
isofenphos ISF
mevinphos (alpha isomer) MEV
phorate PHR

Insecticides, Group 1-8

This group contains 13 chemicals for use on vegetables.

aldicarb ADC
cyperraethrin CYM
deltamethrin DBR
demeton I DEM
fenvalerate j FEV
azinphos-methyl J GOO
methidathion MED
methamidophos MOM
oxydemeton-methyl ODM
permethrin PFL
pirimicarb PIR
phosmet PRT
parathion PTH

Insecticides, Group 1-9

This group contains 7 chemicals for use on forests.

acephate ACP
aminocarb AMC
Bacillus thuringiensis Berliner var. Kurstaki BTB
diflubenzuron DFB
fenitrothion FEM
nuclear polyhedrosis virus of red-headed NUL

pine sawfly
nuclear polyhedrosis virus of douglas-fir NUT

tussock moth
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FIGURE 8

HEALTH-HAZARD ASSESSMENT
OF VARIOUS SUBSTANCES

Category Size of Estimated Mean Percent
Category

Pesticides and inerts
in Pesticides

Cosmetic Ingredients

Drugs and Inerts
in Drugs

Food Additives

Chemicals in Commerce:
>1 Million lbs/year

Chemicals in Commerce:
< 1 Million lbs/year

Chemicals in Commerce:
Production Unknown

3,350

3,410

1,815

8,627

12,860

13,911

21,752

1Q 24 2 26

11 11

12 12

10 8

78

76

82

Complete
Health
Hazard
Assessment
Possible

Partial
Health
Hazard
Assessment
Possible

Minimal
Toxicity
Information
Available

Some
Toxicity
Information
Available

No Toxicity
Information
Available

Ref.: U.S.:;;S, i o v i c i t y Tes t ing , 1984
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TOXICITY TESTING -- THE NEEDS OF THE REGULATOR

J.R. Hickman

Director, Bureau of Chemical Hazards
Environmental Health Directorate

Health Protection Branch
Health and Welfare Canada

Ottawa, Ontario

Introduction

Modern society is increasingly dependent, on chemicals. It is estimated
that about 30,000 chemicals are in commerce in Canada at the present time,
and that about 100,000 may be in use worldwide. New chemicals are being
introduced into commerce at the rate of about 1000 annually, of which about
100-150 are introduced into Canadian commerce each year.

At the same time, society has become increasingly aware of the potential
influence of chemicals on human health and environmental quality. This
awareness has been translated into legislation that has required escalating
testing requirements.

Some classes of chemicals have been subject to pre-market toxicity tests
for many years. These include pesticides which by their nature are toxic,
and chemicals used as drugs or food additives because these are intended
for direct consumption by human beings. New legislation has extended the
requirements for toxicity testing to virtually all chemicals introduced
into commerce. However, this creates a dilemma because of the sheer volume
of new chemicals for which testing will be required.

Clearly, to undertake comprehensive toxicity tests on all substances
introduced into commerce would demand expertise and facilities on a scale
that is simply not available. Even if this were possible, the costs would
be such that the. investment involved for testing prior to marketing would
be such that few, if any, new chemicals would be introduced. In other
words, toxicological requirements would become a non-tariff barrier to
trade.

This highlights a major need for the legislator -- the development of
new methods in toxicology that can provide a degree of assurance of safety
at least as great as that provided by the present battery of toxicity
tests, while being quicker, capable of application at lower cost, and less
demanding in torras of expertise, and facilities needed to undertake the
task.

In order to pain an insight into the magnitude of the problem, the U.S.
National Academy of Sciences undertook a study in 1984 which served, among
other things, to determine the extent to which adequate toxicity data
exists for various classes of chemicals that would permit an assessment of
the risk to human health (Board on Toxicology and Environmental Health
Hazards, 1984). Based on a sampling of 675 chemicals, or about 1% of the
universe of chemicals traded in the U.S., the extent of toxicological data
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for assessment was estimated for several categories of chemicals (slide 1 &
2). It should be noted, however, that two categories (Pesticides and
drugs) included inert ingredients and excipients used in formulations.

As might be expected, the adequacy of testing is, in large part, related
to the intended use and regulatory history of the substance. Thus, while
pesticides and inert ingredients of pesticides, and drugs and excipients
used in drug formulations are the most fully tested substances, commercial
chemicals in general, which have hitherto been largely unregulated, have
the poorest record of testing.

In Canada (slide 3), legislation to control chemicals in general, as
contrasted with pesticides, drugs and food additives which have long been
subject to strict legislated control, dates from 1969 when the Hazardous
Products Act was enacted, and 1976 when the Environmental Contaminants Act
was proclaimed. Both instruments were in the nature of pioneering
legislation in their day for no other countries had enacted comparable
legislation at the time. Both acts place the onus of identifying hazardous
chemicals on the government. The Hazardous Products Act, which is focussed
mainly on consumer products, has proved a useful and workable piece of
legislation. However, the Environmental Contaminants Act, although useful
in many respects, had a serious flaw that severely restricted the
government's ability to require that chemicals be tested to determine their
potential for harm to human health or the environment. Clause 4(1) of the
Act, which is the section that enables the Minister to require that tests
be conducted, requires the Ministers (Environment and Health and Welfare)
have "reasons to believe that a substance ... will constitute a significant
danger to health or the environment" in order to become operative.
Clearly, this is paradoxical for it requires that the Ministers already
know the outcome of tests in some instances (how else can they gain the
"reason to believe") in order to require that they be undertaken.

In other jurisdictions, the powers conferred by new legislation has gone
much farther than the powers conferred on the federal government by the
Environmental Contaminants Act. Notably, in the United States, the Toxic
Substances Control Act (TSCA), which came into force in 1977, is founded on
the concept of placing the burden of proof of safety-in-use on the
manufacturer or importer prior to the introduction of the chemical.

Legislation is currently before the House of Commons that would achieve
a similar degree of protection for human health and the environment in
Canada. Bill C-74, an Act respecting the protection of the environment and
human life and health was introduced into Parliament on June 26, 1987 and
is currently referred to a legislative committee of the House for detailed
discussion of its provision. Although this legislation has much broader
provisions than those related to chemicals, I propose to deal only with
those sections of the Act specifically referring to toxic substances.

As currently drafted, CEPA will apply to a much broader range of
chemicals than the Environmental Contaminants Act that it replaces.
Notably, the definition of "substance" has been broadened to include the
products of biotechnology.
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New chemicals will be tested and evaluated before they are introduced.
Industry will be required to show that new chemicals can be safely
introduced. The actual toxicity and other studies that will be required
will be specified by regulations, and are intended to be consistent with
the OECD Testing Guidelines (OECD, 1987) in order that toxicity
considerations shall not create a non-tariff barrier to trade. It is also
intended that the toxicity tests required will be commensurate with the
perceived degree of potential exposure from environmental sources, and
whether or not the chemical is already accepted for use under other
jurisdictions. Slides 4-7 show the information requirements for substances
manufactured or imported in quantities exceeding 1000 kg/year or 5000 kg
totally that are neither on the Domestic Substances List, nor the Non-
domestic Substances List as defined in legislation. In effect, these are
new substances not previously manufactured or imported into Canada, nor
established to be. items of commerce elsewhere in the world at the time the
Act is passed. Data requirements for smaller quantities, and for
substances already in commerce outside Canada at the. time of enactment of
the legislation may have more restricted data requirements.

Research Needs

What research needs exist to assist the regulator in discharging his/her
responsibilities under the Canadian Environmental Protection Act? There
are three areas of research that come to mind:

1. safety tests for application to the products of biotechnology,

2. reduction in the use of laboratory animals, and

3. short-term tests for chronic manifestations.

1. Biotechnology

The new Canadian Environmental Protection Act will encompass many of the
products of biotechnology. Biotechnology will play an increasing role in
our lives and it is important that human health and environment benefit
from its unique potential without unacceptable damage being done
inadvertently. Products generated by biotechnology are used in the same
manner as traditional chemicals and need to be evaluated as to their risks
to human health and the environment.

Franklin (1986) identified three possible priority areas for research.
These are:

1. Identification, classification and strain history of microbes. Since
some jurisdictions are considering basing data requirements for
registration on microbial classifications, e.g., pathogenic/non-
pathogenic, indigenous/non-indigenous, it is essential that this issue
be resolved.

2. Reassessment of pathogenicity data requirements, in order that
guidelines for assessing the pathogenicity of organisms benefit from
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recent advances in immunology. In addition, the impact of intercurrent
infection and nutritional status on the pathogenicity of the product
should be carefully assessed.

3. Development of test methods for assessing genetic stability in the
environment.

2. Testing and Animal Welfare

There is a need to minimize the use of animals in testing chemicals.
This is an important public policy consideration for those concerned with
meeting the need to advance the evaluation of potential chemical risks
while responding to growing public concern about the welfare of animals
used for research purposes.

Some progress has been made already in developing alternatives to the
traditional LD50 study, and in introducing modifications to the time-tested
Draize tests for skin and eye irritation to make them more humane.
However, there are several areas of research that could not only result in
the development of test procedures that are more humane, but at the same
time would result in procedures that are possibly less expensive and time
consuming to carry out. These include studies into structure-activity
relationships, and the use of tissue and organ cultures as test subjects.
Much research along these lines has stopped short of validation of the
methods developed for use as routine testing procedures. Research into the
mechanisms of chemical toxicity must be further explored to enhance the
application of the results of this research in a more effective way in
regulatory decision-making.

3. Short-term tests for Chronic Effects

The introduction of the Salmonella/mammalian microsome test (Ames et al,
1973a;b) drew attention to the potential of mutagenicity studies for the
possible detection of carcinogens. The hope that such tests would
eventually replace the need for rodent cancer bioassays subsequently led to
the development of a large number of genotoxicity tests. Unfortunately the
concordance between genotoxicity and the results of cancer bioassay studies
has been less than initially thought, thus limiting the usefulness of the
procedures for regulatory purposes.

Nevertheless, the potential savings for society that might accrue from
the development of short-term tests that are reliable predictors of long-
term toxic effects is tremendous and this, alone, would indicate a need to
persevere with these lines of research.
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SLIDE 1

Toxicity Data for Assessment

Con.chenica Cosnetics Drugs Food additi Pesticides

Conp lete
No data

Partial

Category

ES3 tlininal Subnininal
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SLIDE 2

Toxicity data tor Assessnent

Con.chenica Cosnetics Drugs Food additi Pesticides

Category

Conp lete
No data

Part ial fl initial Subnininal



56

SLIDE 3

FEDERAL LEGISLATION REQUIRING TOXICITY TESTS

Food and Drug Act

Pest Control Products Act

Hazardous Products Act

Environmental Contaminants Act

SLIDE 4

INFORMATION REQUIREMENTS

1. - Chemical name
CAS Number
Structural formula, degree of purity of
technical grade product, known impurities
and their concentration, additives and
stabilizers and their concentrations
Material safety data sheet and label as
required for WHMIS
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SLIDE 5

INFORMATION REQUIREMENTS

2. - Physical and chemical data: Melting
pt.;boiling pt.;vap. press.; solubility;
octanol-water partition coefficient;IR- UV-
mass and nuclear magnetic resonance spectra;
adsorption and desorption data; dissociation
constants; hydrolysis data; particle size

Two acute toxicity studies, resprenting the
most probable routes of exposure

skin irritation and skin sensitization tests

mutagenicity tests

fish and daphnia acute studies

biodegradation test data

bioaccumulation test data

repeated dose toxicity test data from one
species, 28 days exposure

all other information and test data relevant
to environmental and health hazard
identification that is in the person1

possession or to which the person ought
reasonably have access.
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SLIDE 6

INFORMATION REQUIREMENTS

3. - Manufacture, importation, use and disposal
information, including estimated annual
manufacture, and expected transportation
modes for distribution.

Precautions and emergency measures

Anticipated emissions, and discharges to the
environment

SLIDE 7

INFORMATION REQUIREMENTS

4. - Analytical methods

5. - Identify other government agencies, either
foreign or within Canada, that have been
notified of the manufacture or importation
of the substance, and the purpose of such
notification.
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SLIDE 7a

Schedules

I . Domestic Substances List

I I . Non-domestic Substances List

SLIDE 7b

"In-Canada" List

Substances which were, during any of
the three years prior to a date
announced by the Minister, imported
into or manufactured in Canada in a
quantity exceeding 100 kg per
calendar year
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Discussion

M. Caza:

Does the Canadian EPA provide for cut-off for impurities?

J . R. Hickrran:

As currently drafted, the Bill would encompass impurities as well as the
primary product. A multistakeholder Consultative Committee convened to
recommend on the legislation agreed that "the Act should provide the power
to control the release or potential release into the environment of
contaminants arising from adventitious production and the presence of trace
contaminants in products" (Final Report of the Environmental Contaminants
Act Amendments Consultative Committee, October 1986).

H. Bruno Schiefer:

Re: minimum data package for CEPA. This is a very short list, and for
many chemicals these data are available. What's the value of this
"minimum" data package?

J.R. Hickman:

The data package will allow a first, crude assessment of hazard for new
chemicals. It will permit officials to determine whether additional
testing is required, and, if so, enable such testing to be better focussed.
The MPD data package is not intended to be required for existing chemicals.

P.-Y. Caux:

How does regulator "come to a consensus" on the assessment of regulation
on the products of biotechnology when the outcome is unknown?

J.R. Hickman:

Essentially, the process of assessment is similar whether a chemical or
biological product. With biological products, there are two problem areas.
One is knowing what may be the most appropriate best methods to estimate
potential hazard. The other is developing a suitable categorization that
can be applied in a regulatory sense to control only potentially hazardous
products while permitting beneficial applications.

R.V. Osborne:

What is the risk that concerns you? Are you interested in the risk to
individuals - in which case you have to consider even small volume
chemicals; or in the risk to populations - i.e., the overall impact is of
concern? How do you balance the two criteria?
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J.R. Hickman:

As a Health Department, we are concerned primarily with the risk to the
individual. It is true that the Canadian Environmental Protection Act,
around which I structured my remarks, will likely exempt small quantities
such as might be involved in, for example, R&D. On the other hand, we have
access to other legislation, including the Hazardous Products Act, where
the focus is on the health impact to the individual. I regard the two
approaches as complementary.

D.B. Clayson:

Toxicology is geared to determining the adverse effects of single agents
yet humankind is exposed to horrendous mixtures of these agents. Is there
a need to think about the toxicology of mixtures pnd, if so, how do we
proceed?

J.R. Hickman:

There certainly is a need to address this concern, but the toxicology of
mixtures is a topic that is not easily dealt vith, especially if one is
concerned about long-term effects. The concern is, of course, for
situations involving synergism or potentiation of the toxic effects of one
chemical by another relatively non-toxic one. In fact, this is a
relatively rare phenomenon. One must always remember that antagonistic
effects are also a possibility.
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TOXICOLOGICAL INFORMATION NEEDS IN ONTARIO

A.E. Robinson

Science Policy Advisor

Occupational and Environmental Health and Safety
Ontario Ministry of Labour

Toronto, Ontario

What is Toxicology?

Definitions are important to effective communication. Toxicology is a
word that may be used in many different ways - usually reflecting the user's
background/perspective. I will admit some prejudice in supporting Paracelsus
(1483-1541), who is quoted as saying "All substances are poisons; there is
none which is not a poison. The right dose differentiates a poison from a
remedy" although I have some reservations that all poisons are necessarily
remedies.

Sometimes, an adjective is added; this may be helpful but is not
necessarily explicit, for example, 'analytical' toxicology.

Toxicology, literally, is the science of poisons. My personal preference
is for a broad interpretation that encompasses the study of the interaction of
poisons with target systems. What target systems?

- man
- animals
- plants
- fish
- fowl
- wildlife
- domestic animals (pets or food)

etc.; and then, are the target systems the whole animal (etc.), a specific
organ, a cellular or a sub-cellular system?

What "poisons"? Almost any chemical (whether synthetic, or of animal or
vegetable origin), biological, or physical agent. The main thrust and emphasis
is always on poisonous or toxic, i.e. adverse, effects. Hazardous is another
word often used in this context. The 'poison' may be a pure substance, or
impure, in a formulation or in waste.

There are now a multitude of scientific activities loosely described as
'toxicology1. The subject has grown enormously in the last 20 - 25 years but
we should not forget that there have been well documented systematic studies
of poisons through the centuries.

What has changed has been the interest in a progressively diminishing
magnitude of the adverse effect. Our language has changed also. We refer
less often to 'poisons' but rather speak of 'toxicity', 'toxic' or 'adverse'
effects. This evolution has resulted from advances in and the progressive
sophistication of the experimental techniques, facilities and technology, as
well as from the improved understanding of biological systems that has
accrued. No longer are we dependent on direct observation of a gross effect,
such as the death of an animal, but now we seek information about more subtle
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effects that, if not arrested or reversed, could adversely influence an animal
(or other system), in a less dramatic manner, perhaps on a permanent basis.

Toxicological discussion frequently focuses on human health. We should
not forget that the same words may be used to describe effects on many other
elements of the total ecosystem.

As the subject has developed, so has the practical emphasis altered.
Rather than being seen as a means of establishing reasonable safety of a
substance in use, the emphasis is more often on the recognition and definition
of potential risk associated with use.

I have deliberately taken some time on terminology because I have found,
in discussing the needs of the Ontario government for toxicological
information, that there are almost as many different ideas as there are
bureaucrats.

There are examples in which the need for toxicological information is
explicit in a provincial statute, as in the Occupational Health and Safety Act
in Ontario. More often, I believe that the need is implied in the development
of legislation, which will define minimum standards for the protection of the
population or the environment from potential hazards. Toxicological data or
information may be needed also in support of enforcement of statutes,
including the Criminal Code.

What toxicological information is needed?
Where does it come from? Who pays for it?
Who assesses it?
Who generates it? To what standards?
What form does it take?
How is it to be used/applied?

There are some of the issues that challenge us on a daily basis, though
perhaps the biggest challenge of all is to communicate toxicological
information to our various stakeholder groups.

What Toxicological Information i.s Needed?

Using a little license, there are three broad categories of needs:

1. where there is a requirement for full detail of the toxicological testing
and evaluation of substance.

2. vhere summaries of pubJished toxicological studies, sometimes including
work that for some reason has not (yet) been published, are needed to
provide the basis of an assessment of a potential hazard.

3. where it is appropriate to provide analytical data to document
circumstances relating to possible, suspected or recognised hazards.
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Detailed Toxicological Testing and Evaluation

There are few circumstances in which details of toxicological testing may
be required under Ontario legislation. The most (potentially) exacting
requirements are in the Occupational Health and Safety Act. There are two
provisions in Part IV of the Act, the section that deals with Toxic
Substances.

Section 20 provides for an order to be issued by a Director to prohibit,
limit or restrict or impose conditions to control the presence or use of a
substance that is considered likely to endanger the health of a worker. In
developing the detail of an order under this section, the Director may require
submission of information. The Director has to state an opinion 'as to the
likelihood of the danger to the health of a worker, and his reasons in respect
thereof, including the matters or causes which give rise to his opinion1. It
is open to the Director to use any or all information that he considers
necessary to form an opinion upon which the order is based- Clearly, the
Director has discretion to make use of as much or as little toxicological
information as appears relevant. Where the employer, worker or a trade union
representative is aggrieved by the order, there is provision for appeal to the
Minister.

This section of the Act has not been used as much as might have been
expected since it is workplace-specific, the appeal mechanism is potentially
cumbersome and also because, in some ways, it is seen as counter-productive to
the philosophy of the internal responsibility system which seeks to encourage
cooperation between the parties in the workplace.

Section 21 of the Act requires that a Director be notified of the intent
to manufacture, distribute or supply any new biological or chemical agent or
combination of such agents. "New" means any biological or chemical that is
not listed in the Inventory adopted by regulation in January 1981 (the then
current US Toxic Substances Control Act list) or in use in Ontario before the
Act became effective (1 October 1979). Under Section 21, the Director can
require a manufacturer, distributor or supplier to provide information and/or
a report or an assessment at the expense of that party. The elements of the
information that may be required are contained in Section 28 (1) (1) of the
Act and includes:

'(iii) the toxicological effect thereof.
While the full opportunity that is provided by this section has never been
exercised (I have little doubt that it would be challenged/appealed), there is
nonetheless the opportunity to require a very substantial amount of
toxicological investigation - and at the expense of the manufacturer,
distributor or supplier.

In practice, notifications made under this section have been assessed on
the basis of available information, with limited additional information being
requested in some instances. A detailed set of forms, based on the
Organization for Economic and Co-operative Development (OECD) Guidelines for
Testing of Chemicals, is used to assist in the preparation of relevant
information in the notification process.



65

While I am far more familiar with the Ministry of Labour statutes in
Ontario, I would not wish to leave the impression that there are not other
legislated requirements that may or do call for access to actual toxicological
data. For example, under the Pesticides Act, the Pesticides Advisory
Committee has authority to 'inquire into and consider any matter the Committee
considers advisable concerning pesticides and the control of pests and
report thereon to the Minister.1 One has to remember, of course, that any
pesticide licensed for use in Ontario must first be registered for use in
Canada under the Pest Control Products Act. It has been customary to rely
upon the evaluation of the federal departments but there has been some
disquiet in recent years about the toxicological properties of some pesticides
and the adequacy of the information accepted in support of registration.

One of the problems has been that of access to 'raw' data disclosed under
provisions of confidentiality to federal departments. Though progress has
been made to relieve this pressure, one consequence could be a substantial
additional workload on the very limited professional resources available
within government or in the private sector. In connection with the
deliberations of the Alachlor Review Board, Ontario took the position of
accepting the advice of Health and Welfare in relation to the data that
supported the actions taken by Agriculture Canada, while reserving the option
of seeking further evaluation of the data, should the need for such action
become apparent in the course of the hearings.

Summaries of Toxicological Properties

These are required as a basis for advice about potential hazards,
particularly those to human health. The Ministry of Labour in Ontario
provides "health effect" advice to both the Ministry of Health and the
Ministry of the Environment.

The extent of the search for information, the detailed review and
assessment of published information and other reports will vary according to
the circumstances of a request or enquiry.

Advice is sought in a variety of circumstances, including:

- emergencies, such as where there is a spill, fire or explosion

- where there is a question about the potential hazard of an
environmental pollutant; the Medical Officer of Health, under Section 12 (2)
of the Health Protection and Promotion Act, can obtain information from the
Ministry of Environment, the Ministry of Health or Ministry of Labour in
respect of any matter related to occupational or environmental health (which
is in the possession of the Ministry).

- where there is seen to be a need for a numerical guideline value for
1 clean-up1 purposes

- where there is some question about the validity of information provided
on a material safetv data sheet
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- where a critical review is needed as a basis for issuing an order
(under the OHSA)

- to provide the basis for development of a control strategy that is part
of a regulation under the OHSA.

Quite clearly, the depth and level of detail that is needed will vary
according to the circumstances of the request .... and may be influenced by
the amount of time available for a response to be given. In all instances,
however, the response must be based on facts and a critical appraisal of
available material.

Perhaps the greatest attention to scientific detail needs to be allocated
to the preparation of critical review documents that are used as the basis for
the development of control strategies and regulations. There is a lot of
confusion - and quite a bit of clamour - about standard setting and the role
of the various stakeholders in the total process.

Clearly, this is not the forum for that debate. However, I believe that
the selection of an exposure value should be based on careful consideration of
all available toxicological information. The objective of the review document
is:

- to identify the toxic effects caused by a substance,

- to define the dose-response relationship and consequently,

- to assess/define the risk associated with a dose or defined exposure
levels.

The document should be scientific and, in particular, should not include
value judgments or comments beyond those appropriate to a scientific document.
It should include whatever has been published about the substance and its
effects (or alleged effects) on biological systems, including the whole animal
and gross and subcellular changes. There needs to be some evaluation of the
experimental protocol before the author's results and conclusions are
accepted. The reviewer's document should identify reasons for rejection of
apparently relevant information when the results or conclusions are found not
to be acceptable. Where a document has not been published in a (genuinely)
peer reviewed journal or has not been subject to an open critical review
process, the appraisal by a critical reviewer becomes even more important.

It is as important to identify what is known and to assess the quality of
the information as it is to identify the knowledge gaps about the properties
of a substance. Too often, in the past, there has been the silent assumption
that there is no effect - when there may not have been any relevant
investigation by which the effect of interest would have been disclosed.

According to the use to be made of the document, it may be appropriate to
seek peer review. By this I mean peer review by scientists, not scrutiny by
interest groups without the benefit of qualified scientific advisors.
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Examination by and dialogue with stakeholders (including interest groups)
belongs, I believe, in the process of public debate that precedes political
act ion.

The. wanner of communication of t oxicalogicai information, such as is
contained in many of the summary or review documents, is a key factor in
determining public reaction to a suspected or perceived hazard. There is an
apparent crisis of public: confidence in scientists in general and in
toxicolcgists in particular (regardless of whether they are bureaucrats). It
seems to me that until we spend more time collectively in getting our message
across in an intelligible and acceptable and authoritative form, we shall
continue to encounter the polarised opinions that are based on emotion and
rhetoric, rather than logic and fact.

Analytical Toxicological Data

It is with .some slight hesitation that 1 use this term at all - but then
perhaps I am being too pedantic. All sorts of analytical data are, of course,
needed in support of toxicological studies. 1 find that it is not uncommon to
regard almost any measurement made that relates in some way to a biological
system, or the effects upon it of a xenobiotio, as falling under the broad
heading of toxicology.

Accepting this broad and somewhat loose description, will bring us into
the ambit of discussion of a wide variety of needs to satisfy occupational,
environmental and public health practitioners, not to mention the work of the
forensic scientists.

Analytical data is required as a preliminary to the control of hazards
(i.e. the hazard needs to be defined) and sometimes as a component of the
information that supports enforcement of the law.

Such analytical data must he related to the relevant biological system,
i.e. in the practical context. It is not sufficient to focus on the
sensitivity, precision and accuracy of the analytical procedures, though these
factors are critical, but the data must be interpreted also.

Some examples at random:

- the investigation of :i complaint to a Medical Officer of Health about a
health hazard (Section 11 of the Health Protection Promotion Act) .... the
Medical off Leer of Health has to determine whether the alleged health hazard
exists or docs not oxist..

- the blood leac' concentration that is part of the medical code
requirements under the '..eacl Regulation.

- the pesticide concentration of well water used as a domestic water
supply.

- the interpretation c.V drug and drug metabolite concentrations in
autopsy specimens to assist the pathologist, in establishing the cause of
death.
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So-called 'biological monitoring1 falls within this category, also. It
makes sense, where there is exposure to, or contact with, a potentially
hazardous substance or agent to monitor the amount of the substance absorbed,
the distribution, metabolism and excretion in the body, and to try to learn
something about the halflife. Where thr hazard is present in the workplace,
it is critical to the development of a control program to know whether a
substance or a metabolite of a substance is accumulated during a work-week,
for example, or whether there is complete excretion between shifts, etc.
Often, this is not information that can be generated on a planned and
experimental basis. In extrapolating from animal data, however, more
attention needs to be given to pharmacokinetic data and the use of
physiologically based models.

The extent to which biological monitoring of workers exposed to toxic
substances is reasonable has been debated in recent years. It seems to me
that it is accepted with some reluctance where there is an opportunity for
positive intervention (and the prospect of reversal of any effects) but that
it is not seen as appropriate to simply monitor for change that will lead to
pathology or for change that is not specific to a particular substance. Thus,
there are objections to use of liver function tests, for example, that might
reflect a lifestyle preference - drinking alcohdl, which is not seen as a
matter on which the employer should exercise moral judgement.

Various analytical data are generated by provincial government
laboratories to monitor and document the presence of various chemicals in a
variety of plant and animal materials. Thus the Ministry of the Environment
has a major program to monitor dioxin levels in environmental samples, the
Ministry of Labour assays milk and environmental samples for various
radionuclides and the Ministry of Agriculture and Food is the Ontario watchdog
for pesticide residues in foods and ground water. (This list is not intended
to be comprehensive.)

Sources of Toxicological Information and Who Pays?

From what I have said, you will appreciate that, mostly, the
toxicological information needs relate to existing knowledge and whether it is
adequate to define a potential hazard so that a decision can be made on
whether and what controls or precautions might be needed - usually in the
context of human health. Sources are the published literature and various
documents made publicly available by governments. If necessary, where there
is limited or no information available, policy decisions on protection
measures must be made using best judgement based on current knowledge: a
contentious subject.

The toxicologist is in a unique position to provide an objective
assessment of factual information to assist public debate, understanding and,
ultimately, the acceptance of policy decisions. (BUT, there must be the will
and ability to communicate and to do so without bias.)

New information - mostly falls under the description of analytical data.
Part of the needs are fulfilled by in-house laboratory work. The Ministries
of the Environment, Health, Labour, Agriculture and Food and the Solicitor
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obligations and advisory functions. There are occasions when some analytical
work may be contracted out but this will usually be of a preliminary, fact
finding or information gathering nature.

Research work? Ontario does have a limited budget from which research
projects are funded. Discrete projects - not long term studies - may receive
support. Mostly, applications are submitted by research groups and arp
subject to a review process. Occasionally, an expert, in the field may be
invited to submit a proposal to plug a particular knowledge gap that Ivs been
identified as important to the Ministry. (By research, I'm using the term in
the fundamental sense - new knowledge - rather than in the sense of collecting
and collating information.]

Who pays? Government pays for the collection and critical review of
published information and other documents when the information is needed for
advisory purposes or for regulatory development. This could include appraisal
of raw data submitted to federal agencies should ways be found to provide
proper protection of confidentiality of such information. Government pays,
also, for the operation of the various ministries' laboratories. It provides
some funds for contracted analytical work and for research.

The employer pays if information is needed about materials used in the
workplace or in a manufacturing process or in support of legislated
requirements and obligations (OHSA, regulations etc.).

Who Assesses Toxicological Information?

1 wish that I could provide a one-word answer - toxicologists! However,
as in many aspects of the subject, various scientific and some clinical skills
are contributed by those who are employed in government. The problems of
basic training, of maintaining scientific skills and current awareness of new
developments and of assessing relevance to casework are topics for another
forum. As a personal view, I do not believe that the present arrangements are
adequate or reflect, in a realistic manner, the needs for government policy
dev/elopment on science-related issues. I have some concern, also, that there
be continued demonstration of acceptable scientific standards for data
generated by the laboratories. Sample handling, documentation, analytical
precision and accuracy, record keeping, report-writing all contribute to good
laboratory practice - a term that has well-defined implications in
experimental animal work.

Earlier, I referred to other questions - who generated toxicological
information, to wh.it standards, in what form and how is it to be used or
applied. I believe I have touched upon all those issues; if not, I will be
pleased to answer questions.

Summary

While arialyt. Tcil data contributes to the data base, the greater challenge
is to assc.sa the total information available to evaluate potential hazards to
human health and tut; environment. While many suspicions relate to chemicals,
we. should not no.fllect the need to assess products of biotechnological
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processes or physical agents. I believe that the magnitude of the task will
increase with growing public awareness and that there is a need for broad

collaboration (national and international, not just between the levels of
government) to set priorities and to prepare credible and objective summary
toxicological data for workplace and environmental pollutants.

I would not wish to leave the impression that there are not some such
critical review documents available. There are! 1 am aware of all sorts of
documents - both within and beyond our jurisdiction - and the quality varies
greatly. A collective effort to evaluate might be helpful. It would then be
possible to address public policy issues on a better informed basis.

Policy decisions, such as what action to take in respect of substances
that are demonstrated or deemed to be hazardous, because they meet the
criteria for identification as carcinogens, neurotoxins, teratogens or
mutagens, etc., should be determined - with public input by the appropriate
stakeholder groups - on the basis of what is known, what is not known and what
may reasonably be predicted.
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Discussion

Do you have a dollar figure for the incidence of the non-lifestyle toxic
related health problems in the occupationa] setting?

A.E kobinson:

Unfortunately, no. There is a major deficiency in the statistical
information available relating to occupational illnesses and diseases. The:
underlying problem is that the information is not there to be collected.
It. is comparatively rare for a physician co diagnose and document a work or
•workplace related health problem, when tho cause is other than a traumatic
injury. If such diagnoses are not made on a reliable basis, there is no
merit in seeking a notification scheme through which to collect data for
statistical purposes. The problem is not an easy one to solve since it
really requires a concerted effort by the entire medical profession.

H.Bruno Schiefer:

Creation of review documents requires scientists who have done research
themselves. Are such scientists available in Canada, and are the resources
available to pay for such scientists?

A.E. Robinson:

I agree with the premise and the implication that there is a somewhat
limited resource available in Canada. Some funds are available and
contracts have been let, for example, when a government department requires
a critical review document dealing with a specific substance. 1 am less
certain that funds are available to support personal initiatives of
individual scientists other than as part of sponsored research projects.
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THE RESEARCH PROGRAMS OF THE CHEMICAL INDUSTRY
INSTITUTE OF TOXICOLOGY

J.E. Gibson

Vice-President & Director of Research
Chemical Industry Institute of Toxicology (CUT)

Research Triangle Park, N.C., U.S.A.

The ultimate goal of CUT is to provide a scientific basis for
estimating the risks to humans from incidental and occupational chemical
exposures. Of the thousands of chemicals that could be the subject of
research, CUT focuses on the main building block chemicals of industry.
Data collected for these chemicals contribute to an improved understanding
of mechanisms of chemical toxicity, and, in addition, provide information
relevant to the safe production, handling, use, and disposal of individual
chemicals.

In order to achieve its goal, CUT has organized its work around several
toxicological issues called "public priority issues" and has identified a
number of specific technical goals to respond to these issues.

In all the deliberations concerning the issues, the overriding principle
has been the effective determination of the scientific bases for estimation
of risks to humans from chemical exposures. This mission constitutes the
primary commitment on the part of CUT management in the development of a
sound balanced program. The six "Priority Public Issues" utilized in
developing the "Technical Goals" are as follows:

1. Concern about developing cancer from exposure to traces of chemicals
present in air, water or food.

2. Concern about reproductive and developmental or other adverse health
effects from exposure to chemicals present in air, water or food.

3. Concern about major releases of chemicals resulting in death or
health impairment.

4. Concern about adverse health effects from occupational exposure to
chemicals or other agents.

5. Widespread disagreement and misunderstanding as to the significance
to humans of animals or laboratory tests for cancer or other adverse
health effects.

6. Emerging Issues: Concern about neurotoxicity and immunotoxicity from
exposure to chemicals. Concern about health effects from exposure to
recombinant DNA organisms or products.

Research programs at CUT have been effective in addressing
toxicological information gaps on many commodity chemicals. The dynamic
nature of the mature and evolving programs at the Institute have benefited
from the restructuring of priority items to focus on toxicological issues
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rather than single priority chemicals. This new direction does not
diminish the importance of studies with individual chemicals. However, the
more holistic approach will enhance the ability of C U T to provide a strong
basis for understanding the value of CIIT's research and testing in a
broader context.

In order to meet CIIT's research goals, expertise at the Institute is
available as follows:

Descriptive Toxicology
Epidemiology
Metabolism and Pharmacokinetics
Mechanisms of Cellular Injury
Utilization of Human Tissues and Cell Culture Methodologies
Risk Estimation

Training and Informacion Exchange

Discussion

M. Humavoun Akhtar:

What are the criteria for selecting a particular chemical for a detailed
investigation?

J.E. Gibson:

Chemicals are chosen on the basis of their suitability for illustrating
mechanisms of particular toxicities, i.e. a model compound. Secondarily,
chemicals are selected from large volume, high use chemicals, where there
is a dearth of specific knowledge concerning the toxicology of the
chemical.

H. Bruno Schiefer:

What "job" security do scientists, employed by CUT, have?

J . F.. Gibson:

The scientists have employment contracts. For junior scientists (less
than six years post doctoral experience) the contract is for 3 years; for
senior scientists, 5 years.
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FUTURE NEEDS IN APPLYING PHARMACOKINETICS
IN TOXICOLOCY

J. LeBeau

Director, Health & Environmental Sciences
The Dow Chemical Company

Midland, Michigan

Good afternoon. It is indeed a pleasure to be part of the workshop
defining toxicology research needs. Prior to addressing some specific
areas, I would like to say that as an observational science, toxicology has
already provided the informational foundation for the safe handling and use
of chemical products. Now we must strive to enhance the quantitative
aspects of toxicology. This can be best accomplished by developing an
investigational perspective on the mechanisms of toxic actions of
substances and by being able to quantitate these mechanisms to facilitate
extrapolation between species and estimate risk to humans. Today I would
like to discuss with you some of the efforts our laboratory has dedicated
itself to over the last twenty years to help better understand the
quantifiable aspects of toxicology. Through this effort, we have helped
define the use of pharmacokinetics in toxicology as well as risk
assessment.

Slide 1

The field of toxicology may be described as being made up of the
following parameters: toxicity, mechanism of action, and pharmacokinetics.
Too many times as toxicologists we emphasize only the toxicity aspect.

Slide 2

Many of you might remember some of the experiments done on saccharin
where the main concern was identifying toxicity or carcinogenicity. The
animals were dosed with so much saccharin we really had no idea of what was
happening mechanistically or pharmacokinetically. However, the results of
these studies demonstrated that saccharin was carcinogenic and most of you
in the audience can remember the political regulatory consequences which
ensued. However, I do remember that the Canadian rats acted differently
than the American rats!

Slide 3

Toxicity is related to a number of dynamic process in a living
organisms. These processes are pointed out in the next slide. Saturated
excretion, changes in routes of administration, rates of elimination, and
altered metabolism are all important processes of toxicity. In order to
better understand these processes, our laboratory has used pharmacokinetics
as an investigative tool. And I hope by the end of this talk you agree it
is a discipline which should continue to be supported.
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Slide 4

Pharmacokinetics is the study of the dynamic processes involved in
absorption, distribution, metabolism and elimination of chemicals from the
body. The principal value in pharmacokinetic analysis with respect to
toxicological evaluation, is in correlation of the dynamic processes and
the fate of a chemical with the toxic responses. As mentioned in the
saccharic illustration, when evaluating toxicological properties of
chemicals, usually large doses of the agents have been administered.
Subsequently, dose response curves are constructed to illustrate
quantitatively the; tesponse within a given dose range. Extrapolation of
dose response curve beyond the experimental data range often assumes that
the dynamic processes of the fate of the chemical are not altered.
However, many metabolic and excretory processes have finite capacities and,
as increasing doses of a chemical begin to saturate or overwhelm these
processes, it may be expected that there will be a disproportionate
increase in toxicity. Thus, making linear extrapolations of one dose to
another, or from one specie to another, may be inappropriate. It was these
problems that stimulated the pioneering pharmacokinetics work in our
laboratory.

As 1 reviewed some of the original studies performed in our laboratory
over some twenty years, I was quickly reminded of the simplistic approaches
we used. I use the term pharmacokinetics now, but in the early days these
types of studies were referred to more as absorption distribution
metabolism and excretion studies; the old terminology was ADME. The
questions that we were trying to answer originally were: Is the chemical
absorbed into the body? If the chemical is absorbed, where does it
distribute in the body? Is the chemical degraded or biotransformed by the
body? Is the chemical or its metabolites concentrating or accumulating in
the tissues? How quickly is the chemical and/or its metabolites eliminated
by the body? We realized some twenty years ago that these questions were
of primary importance in assessing the hazards of chemicals, and the
quantitative data were valuable in estimating the risk of chemicals.

Slide 5

I would be remiss If I didn't present this next slide which is really,
in my opinion, a classic. It was created by Perry Gehring, former director
of our laboratories, and simply demonstrates how excretory and metabolic
processes can be saturated. It also points out why it is difficult to
extrapolate toxicity of high doses to low doses. Let me explain.

Figure A would represent a low dose scenerio. Here we have a bucket
that has two slits. The slits represent either excretion pathways or
metabolic pathways. As we place chemical into the bucket, most, of the
material will be removed from the lower slit in the bucket (Figure A ) . In
Figure B, we continue to fill the bucket; as we do we saturate the removal
process from the lower slit in the bucket and we start, as shown in Figure
C, to get more chemical coming out of the top slit. As we continue to fill
the bucket with chemical, the upper slit now has become totally saturated
and since no more material can get out through the slits, the bucket will
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completely fill and will overflow. And if the bucket were to represent a
body, more material would stay in the body, as shown in Figure D. Thus, D
really represents what is happening with a high dose and A represents what
is happening in a low dose. As one can see, there really is no comparison.
And furthermore, if toxicity only occurs after saturation has been
achieved, you can see that you wouldn't necessarily see any toxicity at the
low dose but you would see all kinds of toxicity with the high dose. As
increasing doses of the chemical begin to saturate or overwhelm the
excretory or metabolic processes, it may be expected that there will be
disproportionate increases in the toxicity. Thus, the toxicity incurred
with large doses of a chemical must be interpreted with caution and
judgement.

Because these processes are quantifiable this is where pharmacokinetics
really plays a role in understanding toxicity. Pharmacokinetics can truly
quantify, as a function of time, the absorption, distribution, metabolism
and excretion of chemicals and, in some caiis, endogenous substances.
Examples of pharmacokinetic studies conducted in our laboratory many years
ago will provide additional insight into the use and rationale of
pharmacokinetics.

Slide 6

This slide demonstrates the percentage of 2,4,5-T excreted per day after
a single dose to dogs, rats and man. As one can see, we have three
different half lives for a percentage of dose excreted per day, the human
half life being between the rat and the dog, and the dog having the longest
half life. Slower elimination in dogs than rats provides an explanation
for the greater toxicity seen in the dog. Mechanism studies show that the
organic acid, 2.4.5-T, was eliminated via the kidney through the organic
acid transport mechanism. Dogs have poor renal organic acid transport
capability in their kidneys. Therefore, the kinetic data helped to
demonstrate why the dog was more sensitive than other species. In
addition, it should be noted that this organic acid transport process is
saturabie with large doses; thus, suggesting that toxicity seen at large
doses should not be extrapolated to low doses.

Slide 7

The next slide shows how we can use pharmacokinetic data to help
establish which compounds can be looked upon as being environmentally safe.
Here we see data from a C^ study where we administered a dose of
octabromodiphenyl oxide and decabromodiphenyl oxide to rats. Both
compounds were being considered for use as fire retardants in plastic. The
slide shows the clearance of the compounds from the body following a single
dose. This slide supports the prediction that there could be a marked
build up of octabromodiphenyl oxide in the body with repeated
administration, while the build up of decabromodiphenyl oxide would be
minimal in comparison.
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Slide 8

This prediction has been validated by acquisition of the data in the
next slide which depicts the build up of the compounds in fat and liver
with repeated administration. As was predicted, the chronic toxicity of
octabromodiphenyl oxide was significantly greater than decabromodiphenyl
oxide. This example, again, shows how pharmacokinetic studies can be used
to choose the safer of the two compounds.

I've shown you some examples of where pharamacokinetics can be
definitively used to help characterize the to>icitv of a compound. From
these studies one would think that all you have to do is to perform
pharmacokinetic studies to assess hazards. Let me assure you there's more
to it.

Slide 9

As an example, the next slide shows some data of a new research chemical
that we have been studying in our laboratories. Here: we have the
elimination tQ ^s, for both alpha and beta phases in a number of different
species as well as an area under the curve and body burden at steady state.
If one looks at the elimination tQ 5s man is very similar to the rat. In
fact, if you look at the body burden at steady state, man and rat are
almost identical and the area under the curve for man and rat are fairly
close. Therefore, one could conclude that you can use the rat to
extrapolate to man in regards to toxicity. However, what we have not asked
ourselves is what type of toxicity does this compound elicit and is there a
specific mechanism for that toxicity? Yes, I'm leading up to answer my own
question. This material is a peroxisome proliferator and the mechanism of
toxicity is very specific to the rodent species. Therefore we have to be
careful about using kinetic data alone to say that man and rat are the
same. In this case, differences in the sensitivity of the two species were
more significant than the "dose" to the target tissues. This doesn't mean
PK is not important; just that it can't be considered in a vacuum and here
the mechanism of toxicity is important information required to estimate
hazard and risk.

As I mentioned earlier, the majority of these studies were performed
many years ago; some go back to 1967. Over the past twenty years
pharmacokinetics has started to be accepted, but it is truly normal modus
operandi in its infancy in the field of toxicology. In addition, much work
has been performed, but much more is needed in the field of
phnrmacokinetics. Over the years we have developed new methodologies and
more sophisticated approaches. The science of pharmacokinetics has
developed from a blunt tool, where we have basically looked at C'- data, to
a sharp scalpel, where we can dissect specific phenomena and use
sophisticated models to better understand toxicology.

In the past the pharmacokineticist was only able to model from air,
blood, urine and fecal data. Now methodologies have allowed a logical
extension of pharmacokinetics to the complex reactions and movement of
chemicals into, within and out of the body. Ventilation rates, blood flow,
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biochemical reaction rates, physical/chemical parameters, etc. Again,
let's look back in history.

Slide 10

Some of the earliest pharmacokinetic analyses at Dow were simple
examples of curve stripping. It was observed that many plots of blood
concentration versus time could be described by the sum of exponential
terms. Models such as these were used to estimate how long a chemical
takes to clear from an animal, or whether there is any potential for
accumulation upon multiple exposure. However, many pharmacokinetic data
sets cannot be adequately described as a sum of exponential terms. In
these cases, we have developed slightly more complex compartmental models.

Slide 11

Here we have the description of a two-compartmental model. The chemical
is taken into and eliminated from the central compartment by two first
order processes governed by rate constants, ka and ke, and shown in the
differential equations here. These types of models have proven to be very
versatile and are widely used within the pharmaceutical and chemical
industry for predicting chemical disposition. However, it must be noted
that although these models have characteristic volumes and rates of
movement between compartments, these parameters are wholly empirical. As a
consequence, although one of these models may work very well for describing
the disposition of a material administered intravenously to a rat, there is
no established procedure for adapting such a model to another specie, such
as the mouse or human. With new biochemical procedures, analytical
techniques and computer languages it has been possible to develop more
complex physiologically realisitic compartmental models.

Slide 12

In these models the compartments correspond to actual organs or groups
of organs in the body and have the characteristic volume of these elements.
The chemical is transported through the body in blood or air moving with
realistic flow rates, chemicals distribute between blood and tissues
according to experimentally measured blood, tissue or blood/air partition
coefficients. Metabolism of the chemical occurs according to defined
metabolic pathways with rate constants established by in vivo experiments
using radiochemical tracers or gas uptake studies.

Now I'd like to present an example of the way in which such data may
also be used to understand toxicity and quantitate risk assessment. First,
I would like to thank my coworker, Dick Reitz, who, along with Mel Anderson
of Wright-Patterson Air Force Base, have really been the prime researchers
in developing physiologically based pharmacokinetics. Today I'd like to
briefly give you an example of the work that they have performed on
methylene chloride.

Methylene chloride is a widely used solvent. As a consequence, a number
of toxicological studies of this material have been performed over the
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years. These include a number of bioassays for carcinogenicity.

Slide 13

Methylene chloride was tested in the Fischer 344 rat and B6C3F1 mouse by
the drinking water route with negative results. It was also studied in the
hamster by inhalation at concentrations up to 3500 ppm in a lifetime study
with negative results. In rat inhalation studies up to 3500 ppm, methylene
chloride was mostly negative although some increases in the number of
benign mammary tumors were consistently observed. In contrast to all of
these results, a very high incident of malignant tumors of the lung and
liver were noted in B6C3F1 mice exposed to methylene chloride by
inhalation. We have developed a physiologically based pharmacokinetic
model for methylene chloride in hopes of understanding the reasons for the
differences in all the bioassays as well as providing a realistic estimate
of the hazard to man from exposure to this solvent. Time constraints
prevent me from sharing with all of you the details of this work. Let me
just say that a number of experiments were conducted in order to develop
and later validate the model. Those of you who are interested can look up
the article authored by Reitz and Anderson in TOXICOLOGY AND APPLIED
PHARMACOLOGY.

For the moment, let's just assume that we have a reliable model and see
how it may be used in the risk assessment process. The first step is to
formulate a reasonable hypothesis for the mechanism of toxicity. The best
physiologically based PB-PK model in the world is not much use if you don't
know what you want to measure.

Slide 14

For methylene chloride, we formulated three hypotheses of toxicity:

(1) tumorigenicity was related to metabolites formed in the GSH
transferase pathway;

(2) tumorigenicity was related to metabolites formed in the mixed
function oxidase pathway;

(3) tumorigenicity was rel.ited to presence of the parent compound.

The last hypothesis was rejected on several grounds. First, methylene
chloride is an inert solvent and is unlikely to undergo the types of
reactions with macromolecules which the Millers have found to be associated
with many other chemical carcinogens. Secondly, other solvents with
similar physical chemical properties (e.g., methyl chloroform) have failed
to induce tumors in lung and liver when exposures equivalent to those of
methylene chloride were conducted. Finally, no correlation was observed
between levels of parent chemical present in the various species and their
sensitivity to n.ethylene chloride tumorigenicity. For example, levels of
methylene chloride in rats and hamsters are equal to or higher than those
seen in mice, but these species failed to show a tumorigenic response.
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Slide 15

With the pharmacokinetic model we have the ability to quantitatively
assess the levels of metabolite produced in the target tissues during the
NTP (inhalation) and NCA (drinking water) bioassays. This ability allows
us to draw some important conclusions about the role of the two metabolic
pathways. For example, in the inhalation study, the tumors in both lung
and liver tissues increased as the dose was raised from 2000 to 4000 ppm.
However, the MFO pathway was saturated during these exposures and MFO
metabolites were nearly the same at 2000 and 4000 ppm. Similarly, levels
of MFO metabolites produced in the drinking water study in lung and liver
tissue were equivalent to those seen in the inhalation study. However,
lung and liver tumors were not increased in B6C3F1 mice in the drinking
water study.

These results are inconsistent with the hypothesis that metabolites from
the MFO pathway are responsible for the tumors seen in the B6C3F1 mice.
However, there was good correlation between the results of the two
bioassays and the levels of metabolites formed by the GSH pathway.
Formation of GSH metabolites was dose-dependent in the inhalation bioassay,
and levels of GSH metabolites formed in the drinking water study were much
lower than levels formed at either dose of the inhalation bioassay.
Consequently, we have concluded that tumor induction by methylene chloride
is related to the formation of reactive metabolites by the GSH pathway.

Slide 16

Support for the role of the GSH pathway comes from in vitro studies of
the activity of the glutathione-s-transferase (GST) in lung and liver
tissues from the various species. The activity of this enzyme is unusually
high in the B6C3F1 mouse in both lung and liver tissues. The activity is
significantly lower in corresponding tissues of the rat, and this specie
did not develop the lung and liver tumors seen in the mouse. The activity
of this enzyme is lower still in tissues between the levels of GST in the
various species and the sensitivity to the tumorigenic activity of
methylene chloride.

Now that we have chosen the critical "dose surrogate" for methylene
chloride we can use the PB-PK to give us QUANTITATIVE insights into the
effects of varying exposure concentration and dose routes in the various
species. Of particular importance here is the effect of the two competing
metabolic pathways. The MFO enzyme has a relatively high affinity for
methylene chloride (in vitro Kms for this enzyme are 1-2 millimolar (mM)
methylene chloride in each specie), while the affinity of GSH enzyme for
methylene chloride is much lower (at least 50-100 mM methylene chloride in
each specie). Consequently, at low concentrations, metabolism by MFO
predominates. However, once MFO becomes saturated (at inhaled
concentrations between 200 and 400 ppm) the rate of metabolism by GSH
increases disproportionately as more substrate becomes available for this
enzyme.
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Slide 17

This may be visualized in the next slide where a pronounced bend in the
plot of GSH metabolites versus inhaled concentration occurs in the heavy
solid curve, which represents the mouse simulations. You can see that a
linear extrapolation of the metabolite levels from 4000 ppm to 1 ppm would
overestimate the mouse data by about 20-fold in the liver. The dotted line
on this curve represents levels of GSH metabolite expected in humans
exposed to the some concentrations of methylene chloride. You can see that
the levels of GSH metabolite in humans are lower than the levels in mice at
any given exposure concentration. This is because the levels of GST enzyme
are lower in humans than in mice. This simulation is just one of many that
were performed on methylene chloride.

Slide 18

In a risk estimation based upon PB-PK modeling, the dose of metabolite
to the target organ is calculated directly froir. the validated model,
regardless of the route of exposure. Since the pharmacokinetic model
already has built into it quantitative parameters describing the physiology
and biochemistry of the different species, no "correction factors" for
interspecies extrapolations are necessary. The dose for each specie may be
calculated directly. In the case of methylcne chloride, where the role of
metabolism is to bioactivate the inert parent chemical, the PB-PK model
predicts that the larger species, which contain lower levels of enzyme,
will be less sensitive than the small rodents. I want to emphasize,
however, that for chemicals where metabolic processes detoxify the
chemical, rather than bioactivate it, the PB-PK model would predict that
species with higher enzyme content would be less sensitive, rather than
more sensitive. Thus, the PB-PK model has built into it the capability of
dealing appropriately with different chemicals in which metabolism plays a
different role in the toxicity.

It is obvious that use of PB-PK models can have a substantial effect
upon quantitative risk estimations for chemicals such as methylene
chloride. We believe that risk estimations based upon PB-PK will be more
accurate than risk estimations based on empirical procedures and can play a
valuable role in dealing with complex issues involved in regulation of
animal carcinogens.

In summary, quantitative descriptions and mathematical models are only
useful if the mechanisms of toxicity are. understood and/or the processes
that are being modeled have established relationships to toxicity.
Therefore, the tool of pharmacokinetic.s is limited only by the
toxico]og:st's understanding of basis biologic mechanisms. This dictates
that future phnrmacokinetic models will likely be addressing the dynamics
of cellular biology and protein chemistry since these cellular
macroirolecules are probable targets of xenobiotics.

Thank you. I appreciated the opportunity to present this information.
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Discussion

P. Unrau:

How large is population base on which enzyme activity measures are
based? 1000's? Genetic heterogeneity in populations will need to be taken
into account in underlying assumptions in models.

J. Lebeau:

No question we have to take genetic heterogeneity into account. As we
increase our numbers for human generated data, we will better understand
this potential confounder.

J. Cornett:

1. Can pharmaco-kinetic models cope with mixtures?
2. Are mixtures important in industrial exposure?

J. Lebeau:

1. Yes, but don't usually have the data. There is some information in
the literature.

2. Yes.

A. Trivedi:

How do you monitor low level exposure in chemical industry?

J. Lebeau:

We have a number of different type of monitoring devices. Area monitors
and individual monitors can be used, depending on work area.

G, Granville:

An observation on testing for possible potentiation following multiple
solvent exposure:

We have tested n-hexane together with other alkanes (pentane, heptane
and other hexane isomers) to see whether n-hexane neurotoxicity can be
enhanced by co-exposure to them. Results (available in the Toxicology
Forum Proceedings of 1983) showed that no increase in toxicity occurred.
Therefore, it can be stated that animal testing for increased toxicity from
multiple solvent exposure is possible; and that the available data shows
that potentiated toxicity is not the norm.



u'j

Toxicity

Toxicology

Pharmacokinetics Mechanism of Action



SACCHARIN...3% of Total Diet
i l 1 1 !



35

Differential toxicity related to:

• Saturated excretion

• Routes of administration

• Rates of elimination

• Altered metabolism



PHARMACOKINETICS

Can characterize . . .
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• Distribution

• Metabolism

• Elimination

In Organs / Species
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Kinetic
Characteristics Dog F-Rat M-Rat Mouse Monkey Man

Elimination T1/2 (hr) 14 29 139 43 3 151

a 1.4 2.5

p 28.9 77.0

AUCC (hfmg/mi)
(1mg/kg) 0.24 0.17 1.09 0.32 0.02 2.75

BBSs(mg/kg)
(1 mg/kg/day) 1.65 1.78 8.36 2.60 0.70 9.05



Curve Stripping (Exponentials)
C(t) = Aj . e" a i *

601-

.2 30

I
c
<D
O
§ 10

7
o _
5 5

0Q

Alpha Phase

Beta Phase

Time



SIMPLE TWO COMPARTMENT MODEL

Input _

Ka

C2(t) = A2(t) / V2

K21
t

K12

C1(t) = A1(t) / V1
Elim.

Ke

Differential Equations Describing the Model:

dAO/dT = -Ka'Dose
dA1/dT = Ka*Dose
dA2/dT =A1*K12

- A1*(K12+Ke) +A2*K21
- A2*K21



PHYSIOLOGICALLY - BASED PHARMACOKINETIC MODEL
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Metabolic Pathways

Cont.
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Hypotheses of Toxicity

Tumorigenicity Related to Parent Compound

Tumorigenicity Related to MFO Metabolites

Tumorigenicity Related to GSH Metabolites



Comparison of Inhalation and Drinking
Water Studies (Female Mice)

Liver
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In Vitro GST Activity
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PROBLEMS AND OPPORTUNITIES FOR TOXICOLOGY IN
THE PETROCHEMICAL INDUSTRY

G. Granville

Manager, Toxicology & Material Safety
Shell Canada, Calgary

The text of this presentation was summarized in the following diagrams.

Figure 1:

TOXICOLOGY IN 1987: SUMMARY

>6 million molecules known to man

>70 000 substances in commerce

>1000 new substances per year

Toxicity testing of new substances (internationally uncoordinated)

Toxicity testing of existing substances (gaining coordination)

Concern about potentiation phenomenon

Concern about community risks (i.e. low level)

Dogma on extrapolation to low dose region

Figure 2:

BUTYLATED HYDROXYTOLUENE (BHT)

Numerous short term animal studies (>12)

Negative mutagenic assay results

Long-term studies: at least -- 5 rat

5 mouse
1 monkey

Question remains -- "Is BHT a carcinogen?"
- - conducting research is only a partial answer
-- extrapolation of data to humans is the hardest part
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Fipure 3:

LIMITATIONS OF TOXICITY TESTING

Expense

- - time

-- test for what effects? (cancer, neurotoxicity,
reproductive behaviour ...)
-- costs
-- which substance(s)

Toxicity evaluation in organism dosed

-- single vs. multiple exposures
-- in-bred strains (vs. human diversity)
-- presentation of toxicant (route, frequency)

Dose administered

-- In vitro systems?
-- science vs. policy -- concept of maximum tolerated dose (MTD)
-- dose-response realities
-- size of dosed groups
-- vehicle(s) used

Extrapolation to man

-- inhalation: man>dog>cat>rat>mouse
-- for increase in minute vol/size

-- dermal exp.: skin painting: 0.25 ml/mouse the same
for man?

-- dose response ...(population vs individual)
-- confounding factors ...(human diversity &

activities)
-- science vs. policy

. HAZARD = TOXICITY x EXPOSURE
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Figure 4:
MANAGEMENT OF TOXICOLOGICAL ISSUES

Hazard
Identification

Hazard
Evaluation

Risk
Identification

Risk
Response/
Management

TOXICITY DATA
-- Type
-- Effects

EXPOSURE DATA
- - In Study
-- Target Population

EXTRAPOLATION
-- Animal/Man
-- Populations

RISKS
-- Comparative Analysis
-- Acceptability
- - Reduction/Elimination/Compensation/Insurance

Figure 5:
CURRENT TRENDS IN TOXICITY TESTING

(TUKEY'S LAW "...Far better an approximate answer to the right question
which is often vague, than an exact answer to the wrong question, which can
always be made precise.")

Studies involving new methodologies, significance uncertain

-- mutagenicity (esp. sister chromatid exchange)
-- in vitro reproduction
-- neurotoxicity (esp. human neurasthenias)
-- fish, amphibian, nematode studies

Extrapolation to man

-- always use most conservative

Models

- - always use most conservative

Human variability

-- emphasis on young/sick/elderly/atypicals
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Figure 6:

"NEW" USES FOR TOXICOLOGY

Regulatory clearance, new and existing chemicals

Environmental studies

-- groundwater concerns

-- waste disposal
-- air toxics
-- soil...residential and industrial decommissioning

Back-extrapolation from environmental standards to the workplace?

Figure 7:
FOUR MAJOR PROBLEMS

Linearity in dose-response model

-- effects at MTD doses are largely irrelevant in the shape of the
curve at low doses

General habit of generating "one number", or a range, based on one model

Lack of broad sightedness when working with a special problem...relative
risk analysis

No emphasis on benefits
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EXTRAPOLATION TO "LOW DOSE REGION"
(Note that logarithmic scales

are used in this graph and in Figure 9.)
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Figure 9:
EXTRAPOLATION TO "LOW DOSE REGION"

Calculation of virtually safe dose (VSD),
i.e. dose predicted to cause one lifetime death per million,

by linear extrapolation from the data in Figure 8.

10° -H

1 0 3 -
EFFECT

/probability-.
1 of cancer i

i o - 6 -

i
10-5

1 0 " 9 -

EXAMPLE:
EXPOSURE LEVEL.

ppm

0
65
300
2000

X

GASDLIUE
KOKEY CAK

0
1
5
7

DOSE, ppm inhaled (5 hr/day, 5

CEP.3 |
O

0
0
1
0

101

day/wk for life)

X
X

X

103



106

Figure 10:
ROBUSTNESS OF CALCULATED VSD

(prepared by the editors from information provided by
G. Granville)

Theoretical changes in data VSD

(a) Original data as shown in Figure 8 and 9 0.062 ppm

(b) one kidney cancer in unexposed males, 0.072 ppm
other data as in Figs. 8 and 9

(c) 25 kidney cancers in males exposed to 0.022 ppm
2000 ppm, other data as in Fig. 8 and 9

The above calculations demonstrate that the calculated VSD is relatively
insensitive to appreciable alterations in the data. In case (b), for
example, the addition of one cancer in the control group does not alter the
VSD to any great extent, even though it would raise the question as to
whether there was any risk at all at low concentrations.

Figure 11:
HAZARD EVALUATION
Example: Benzene

Human occupational carcinogen
-- assumption of low incidence of leukemia after exposures to 30

^ (with excursions to 300 mg/M^) (Rinsky et al 1981)

calculated VSD: 0.034 /ig/kg/day

For comparison: WHO drinking water standard is 10 /xg/L
-- assuming 2L per day, and 70 kg weight =0.28 jig/kg/day

(Note: additional safety factors for the young can be
built in)

For further comparison, given the existing TLV* for Benzene of 30 mg/M ,
daily acceptable dose is 8600 jig/kg/day

[If 34 ng/kg/day = 10"6 risk, then 8.6 mg/kg/day = 25% risk!]

(*TLV is threshold limit value)
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Figure 12:

MULTI-MEDIA EXPOSURE
- BENZENE -

Daily exposure:

> 350 fig/day urban living

-- food 250 ng
-- air 90 yug
- - water 3 /ig

= L . 9 /jg/kg/day

(decommissioning study - 0.034 /ig/kg/day acceptable)

Figure 13:

RISK ASSESSMENT ON BENZO(A)PYRENE

Acceptable exposure concentrations ... 8.7 x 10 mg/kg/day

(Acceptable dose, TLV for CTPV*: 60 mg/kg/day)

(Typical exposure for Ontario residents: 1.2 x 10'^ mg/kg/day)

Yet BAP is one of 100's of carcinogenic PCA ...

(*CTPV is coal tar pitch volatiles)

Figure 14:

OPPORTUNITIES FOR TOXICOLOGY

General: less dogma, more open assessment

More emphasis on exposure control

More science in the risk management process ... science courts?

Education, education, education ... bureaucrats, media, publics

Technical -- multi-media assessments
-- natural vs. manmade ...
-- ? better tests ... molecular

dose-response ... repair etc.?
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Figure 15:

RESEARCH NEEDS

Multi-media models, with variable exposure input

Build basic mechanisms into models

Develop some unifying conceptual models (stress proteins ...)

Research into linking lab. and field studies

Audits on pant performance

-- lead in gasoline

-- DDT etc.
-- air pollution
-- "doomsday predictions"

Societal education ... starting in schools and with media

Figure 16:

"One day I read an article which claimed that the British
government was flying prostitutes into the RAF base which lay to the
west of the capital; the object being to infiltrate them into Baghdad
where they would corrupt the morals and physical well-being of the Iraqi
youth. I met the editor, whom I know, a few days later. I said that we
did not particularly mind being criticized or even attacked. But did he
not think that this article was a little extravagant, verging on an
infringement of the offside rule?

He laughed and admitted that he and his staff had invented it.
Then he paused and added: "Yet, you know, many of my readers believe
it, so perhaps there is some truth in it after all"."

The Times (4 February 1984)
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Discussion

J.F. Barker:

The sources of benzene exposure you showed indicate that exposure via
water is very minor. Has this been considered in establishing the drinking
water standards for benzene?

G. Granville:

It seems to we that multimedia exposure considerations have not been
routinely used in the past. However, the question should be directed to a
regulatory person.
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RESEARCH NEEDS IN A NATURAL RESOURCE INDUSTRY

M. Caza

Director, Health & Hygiene Services
Noranda Inc.,

Pointe-Claire, Quebec

Mister Chairman, Ladies and Gentlemen,

First I must apologize to Dr. Myers -- Dr. Myers and I had considerable
trouble getting together --we finally made it a few weeks ago, and after a
brief discussion I accepted his invitation to participate in this multi-
facetted seminar on needs in toxicology. Accepting without reading the
program rates with the more foolish mistakes I have made in my life. After
perusing the roster of speakers, I should have called Dr. Myers, declined
the invitation, giving him whatever excuse I could dream up, no matter how
implausible, came to the seminar, listened and learned. There is no
justification for my sharing the same podium with the select speakers you
have brought together to address research needs. Only masochism on my part
is an acceptable excuse, and as for you, well, consider it as prepayment
for sins of yesteryears. The final reason that I should not be sharing the
podium will all too soon become obvious, much as it did to my mother last
night. Anyway, some of you will finish your job before I do - - if you
should, I won't begrudge your leaving -- you probably will meet a little
old lady, white hair, frail, late 80's, sitting near the coffee -- tell her
you agree with her assessment.

Mr. Chairman, although not qualified to talk to you in toxicology, that
very special language only toxicologists and risk managers are privy to,
or, for that matter, to address you as a scientist, I will, nevertheless,
apprise you of the research needs and concerns peers, colleagues, operation
managers, executives, particularly from my own company, though not
exclusively, have conveyed to me.

Mr. Chairman, before any discussion on the toxicology needs of the
natural resource industry, I was asked, because of the nature of the
audience, to convey to you the views of Noranda on the subject of
toxicology in Canada. I feel comfortable with the message as I concur with
it, and have voiced the message publically in the past. Some will not
agree with Noranda's views. I trust that those who disagree will resist
the temptation to resort to an ancient custom that will remain unmentioned.

First the views have to be put in context so that they will not be
misinterpreted. The views are Noranda's specifically, but from
conversations with senior executives of other companies in the field of
natural resources, we believe our views to be a fair reflection of theirs.
We also have reason to believe our viewpoint mirrors that of industry in
general.

Mr. Chairman, our overriding concern is quality. We are convinced that
this is also the paramount concern of industry in general, of the natural
resource industry in particular, when we say that the sine qua non for



funding, of research in Canada by the private sector is quality.
Toxicological research in this country is either going to be first class,
or Noranda's needs, for sure, and probably these of most of the natural
resource, industry, and possibly those of industry in general, will be met
elsewhere. Peers tel L me that the quality of Canadian toxicology research
runs the gamut from first class to mediocre. We cannot afford the luxury
of the latter. Our survival depends on it. We are not saying that
research carried out in Canada lias not been good, we are saving that we
will now onlv support research that is of the highest quality because it is
the only research that is credible. We. can afford nothing less, we will
support nothing less. If we. cannot find it i r. Canada, wu will go
e lsewhere.

We firmly believe that this country is too small, too poor, the needs
too great, and the. number of world-class researchers too few to squander
precious human and financial resources in research carried out in too many
places with less thru: ideal equipment, in too many fields, by too few
people, too often in areas already the province of existing world-class
research centres;.

We recognize what all toxicolopists know to be true -- Canadian
toxicology is underfunded, underpaid, and undermaned. A number of
companies, including Noranda, however, share the view that Canadian
toxicology is also uncoordinated, haphazard, directionless, and in need of
rethinking, orientation and objectives defined. Finally, a small but
important group, including Noranda, blieve that Canadian toxicology needs
adequate funding, world-class scientific personnel, and world-class
facilities.

Such lofty goals are not easy in Canada. Noranda is cognizant of the
reality of this country -- regional, provincial, sometimes parochial -- for
we live and survive in the Canadian reality every day.

Industry, on the other hand, in order to survive, has had to become more
efficient, more productive, improve our technology, improve our equipment,
and to the extent possible specialise. Noranda is no different. If
toxicology in Canada is to be supported it will have to specialize.
Canadian toxicology, just as Noranda, will have to learn that to survive we
cannot be all things to all men. Moreover, we do not expect Canadian
toxicology to develop the capacity to meet and answer all of our research
needs.

Noranda is not saying or advocating that all toxicology, toxicology with
a capital "T", lias to be under one roof. Ve feel, however, that related
spheres of Coxicolngicnl activity, for example, environmental toxicology or
human toxicology. '° the extent possible, should be under one direction,
and when this is neither practical nor possible, that at least it be
coordinated and audited for quality of research.

The price of b..:ing world-class is high and significant in capital
expenses: buildings, sophisticated equipment, ancillary services. Cost of
personnel is also high because of the quality required. We cannot conceive



of being world-class in all fields, and most certainly we cannot afford
duplication of areas of expertise in this country, nor should we duplicate
the efforts of existing world-class research centres elsewhere. As a
company we will not fund duplication.

The necessity for specialized and quality toxicology is so obvious that
it is ludicrous to elaborate any further, but specialization in what and
why needs some thinking. We suggest that the "whats" and whys" should be
determined by the national interests of Canada. Let us take care of our
national interests; others take care of theirs.

The criteria for specialization should include two sine qua nons: areas
that respond to the national interest, and areas in which Canada is likely
to have long-term abiding interests.

We believe that the needs of the national resource industry meet the
criteria but clearly there are others whose needs will also have to be met.
It will be up to those in authority to decide the direction, orientation,
needs and the mix, if any, of needs to be met by Canadian toxicology.

We will support the world-class toxicology in Canada that meets our
needs, but we should not be expected to support toxicology that does not,
nor should we be expected to fund duplication of efforts. Money is too
scarce; demands on it too great.

Research Needs of the Natural Resource Industry

Natural resource needs a definition. An economic-geographer said "if it
comes from under the earth, from above the earth, or came out of the earth,
or if you can wash your hands in it, It was a natural resource". Noranda
is actively involved in three of these resources: metals, wood, oil and
gas, indirectly in agriculture through phosphates, and uses a lot of the
latter, water.

The natural resource industry has a number of concerns about toxicology
but I will restrict my remarks to four areas: 1) non-specific concerns, 2)
a concern that cuts through all industrial activity, 3) two facets of
natural resources: metals and wood, and h) multiple exposures.

Toxicology Concerns

Before discussing toxicology needs of the natural resources, I will
discuss a few concerns. We, like most of you, have strong reservations
about how the risk of hazards is communicated to the public -- how the
message is transmitted to the public. I won't dwell on the subject other
than to say that some toxicologists are usurping the right of the public to
make decisions only the public has the right to make. Toxicologists are
not qualified to decide for anybody that X or Y is acceptable or not
acceptable. The role of the toxicologist is to help make judgements -- not
to decide, much like the role of the expert witness in a court of justice
is to help the judge adjudicate on the facts because the judge knows little
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about the area of expertise of the expert witness. The problem is not the
public; the problem is the message and the messenger.

For the benefit of those who do not already know, there is a national
seminar on Risk Communication in Ottawa, December 2nd and 3rd, to try to
find ways out of the quagmire we have found ourselves in.

The natural resource industry has reservations about risk assessment
models used to interpret information. There are over 150 models. Clearly
this means that no model is appropriate for all situations.

Most of my peers believe that cancer risk assessments should distinguish
between man-made products and God-made products: those products that man
by fiat cannot stop making. Clearly, it cannot be true that for practical
purposes all the cooked foods (meat, fish, hamburgers at MacDonald's) and
most of the metals have a significant influence en the incidence of cancer.
Clearly, the body must be doing something to inhibit or repair the actions
of initiators or promotors. If this was not so, none of us would be here
today. Another point my peers find troublesome --we should distinguish
between administered dose and biological dose.

As an industry, we are concerned that too many scientists give a health
meaning to the numbers technology can now produce: parts per billion,
parts per trillion, the new kid on the block, a second In 32,000 years,
when obviously they do not know what the numbers mean. Recently, I asked a
consultant if his laboratory could analyze a blood sample for 2-3-7-8 DD.
Yes, he said, the lab could but he, and nobody else, knew what the numbers
meant. This is testing for testing, much like the doctor who, having made
tests on a patient, tells the panient that he has an abnormal lab
examination, but that he is not going to do anything about it, that nothing
can be done about it, or that he doesn't know what it means. One of the
principles of public health is that if you cannot do anything about
something, you should not be monitoring for it. A case in point is the
school that recently monitored everybody for AIDS before deciding what its
policy would be if it found anybody with a positive test.

Another concern is: at what level do we, as a society, make the
decision, admittedly an arbitrary decision, that the risk of a hazard is
trivial, insignificant, inconsequential, of too little moment to continue
expending precious resources to reduce a level of exposure when we do not
even know if the exposure has an effect, that we can in fact discern the
effect, or that we can even remove the effect, by removing the hazard.
These precious resources can more usefully be spent improving the quality
of life we already have extended, to a point where the lot of those living
these "saved" years too often is chronic illness, pain, and for most,
neglect. When will toxicologists and risk analysts show their mettle?

There are two specific areas of research my peers believe should take
preponderance now over carcinogenecity: reproductive effects and
neiuotoxic effects. Research in both of these areas is imperative if the
fears of the public are to be allayed.
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Industrial Waste

Industrial waste is a new industry and will present new problems.
Industrial waste is one of the prices of industrial success. It cuts
through all spheres of industrial activity, and yes, we in the natural
resource industry contribute to the problem. Our concern is not the
industrial waste we know, or don't know enough about; our concern is those
we presently believe to be innocuous, and those we do not even suspect.

For known wastes the legislator tells us what to do; and in some way,
through MISA in Ontario, the legislator is telling us what to do for even
suspected and unknown wastes. Implementation of this law, in its present
form, is likely to be very costly as it requires testing even if there is
no presumption that a chemical is likely to exist.

I am not surprised that 8 ppt's of 2-3-7-8 DD were found in the sludge
of papermllls -- if it had not been found in ppt's it would have been found
in ppp's. After all, you only have to put chlorine, organics and heat
together to get dioxins, and for all we know chlorine may be present in
wood already.

The potential for toxicological research in industrial waste is wide
open -- waste from tailings, waste from processes, sludge, new
technologies, biodegradation to control acidity and oxygen, new chemicals
used to improve extraction that will still leave a waste, and some of the
original chemical or a form of it. Synergistic actions between the old
chemicals presently used to extract metal from ores, such as xanthates and
oils, with the new chemicals that we will use to improve extraction. The
concern is less what we don't know about, but what we can't even suspect
the resulting waste could be.

Municipal waste is a totally new industry with new problems -- problems
we do not yet suspect. But certainly the potential problems of managing
municipal waste is more likely to be less serious than letting municipal
waste accumulate. Certainly it is safer than dumping municipal wastes in
the ocean where they will certainly come back to haunt us.

Specific Needs of the Natural Resource Industry

A few years ago my peers in the forest and mining industries discussed
our research needs for a presentation I was making at a toxicology seminar.
The needs remain unchanged and the potential problems unresolved.

Kraftmill Effluents: Carcinogenecity is the prime concern. Let us forget
the ridiculously low levels of DD found in effluents. We are concerned
that there may be carcinogens of significance in effluent sludge.

Pentachlorophenol (the wood preservative): Are the fears justified?

Forest growth control agents: Reforestration needs them.

Reduced sulphur compounds: Nuisance or hazard?
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Wood dust: Carcinogenicity? (not only hardwood, but also softwood).

Wood chips, bark: Treated with all kinds of pesticides, and used as
hogfue].

New chemicals: Will have to be used to try to increase production of wood.
If there is decreased ozone, new chemicals will have to be used to enrich
the soil to get a better tree production.

Trees: Do trees make chloro-organics? The effects on trees of the lack of
ozone; the change in the growing, season. The potential for research is
quasi-endless.

Metals: The problem of metals is not so much the metal itself but multiple
exposures. Is there synergy? Are multiple low exposures just as bad as
high exposures to one metal? Is there synergy between exposures to metals
and exposures to SO2, or to other gases?

Tailings: I have already alluded to these. The concern is not only
cancer, but the action on chemicals left in the tailings. Unsuspected
changes in these organic chemicals due to acidity; unsuspected chemicals
that could reach the water table, fish, and the food chain.

Carcinogenicity of metal: If cadmium is a carcinogen, is zinc protective?
Is selenium protective? Is selenium both an anticarcinogen and a
carcinogen? Are generic bans for metals justifiable, as by fiat they
cannot be made to disappear?

Cancer speciation of metal salts: Is the metallic ion the root cause of
the problem, as the National Toxicology Program suggests, and as the
International Agency for Rese.arch in Cancer now seems to believe? If
metallic ions are the cause, why do some salts of metals affect animals
while others do not? Why do all salts not affect animals?

Reproductive effects of metals: Before conception --on the ova, on the
sperm. After conception --on the embryo, on the fetus.

Nourogenic effects: Heavy metals and soil. Combination of heavy metals
and organic wastes -- new products? Where do these go? How far can they
travel? Can they get into the water? - fish? - food chain?

Water: If major projects are developed to furnish water to our neighbours,
w i. 1J this water br> affected by downstream pollution? What will the water be
like when it return;; to us again through the Arctic?

Canar!;'. is in the business of national resources. We have a vested
interest in knowing the potential problems we face.

Mr. Chairman, Ladies and Gentlemen: The future of Canadian toxicology
.-.an be bright. The world could ho its oyster if it meets the unfulfilled
rift'ds with world-class toxicology.
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World-class Canadian toxicology can count on the support of Noranda if
the expertise meets our needs. But Noranda specifically, and most probably
industry in general, will neither support mediocrity nor fund duplication.
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AFTER-DINNER REMARKS TO THE TOXICOLOGY WORKSHOP PARTICIPANTS

S.R. Hatcher,
President, Atomic Energy of Canada Limited Research

Company, 275 Slater Street,

Ottawa. Ontario

presented by

J.C.D. Milton

As President of AECL's Research Company, I would also like to welcome
you to our Chalk River Nuclear Research Laboratories and to say how plea.sed
I am that you were ab]e to join us tonight.

As some of you may know, the Chalk River laboratories have supported
an active research program in radiation protection since these laboratories
were first established in 19 '* 5. Although Uiere ha'/e been many changes over
the intervening 42 years, the research program in radiation protection
still continues as a priority within our overall R&D activities. We are
proud of our record of scientific achievement and of our expertise in this
area, and of the international recognition that our programs have received.

The nuclear power industry in Canada has an outstanding safety record,
due in large part to its persistent emphasis on protecting workers against
undue exposure to radiation and on avoiding contamination of the
environment with radioactivity or other harmful substances. AECL Research
Company has played a major role in meeting the objective of generating
electricity from nuclear fission safely and economically. In 1986, CANDU
reactors supplied about 15% of Canada's electricity -- an amount equal to
the total used by Canada in 1958 -- and this year more than half of the
electricity genei'ated in Ontario will come from nuclear power stations. In
the future CANDU will continue to play an important role in meeting the
energy needs of the country and in sustaining our economic prosperity.

Radiation protection has become a highly-developed specialization with
internationally-accepted guidelines for its implementation. As indicated
by Richard Osborne this morning, there are many parallels between
protection again.Jt radiation and protection against toxic agents. The
methodologies icr assessing health and environmental effects of different
toxic agents are to a large extent common. Models developed for the
movement of radioactive materials tin nigh the biosphere are equally useful
for assessing the movement of materials such ar; mercury or lead; the
reverse is of course al;;o true. The mechanisms by which radiation can lead
to induction of cancer and genetic changes appear to be basically similar
to those by which certain non-radioactive chemicals can produce similar
changes. We share many common interests and 1 trust that we all share the
opinion that specialists in different disciplines can learn much from each
other in pursuit of a common goal: the protection of health and of the
environment while continuing to expand the industrial base that is
essential to cur continued prosperity.
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A major purpose of this workshop is for us to learn from the invited
speakers what they consider to be outstanding research problems in
toxicology. This is the first step in determining how our expertise in
radiation protection can be applied to benefit other areas. We trust that
the outcome of these discussions will be of mutual benefit. I also hope
that you will be able to see some of the wide variety of research
facilities that we have at Chalk River.

I should add that the AECL Research Company also has extensive
facilities at the Whiteshell Nuclear Research Establishment in Manitoba,
about 100 km from Winnipeg. Research at Whiteshell is primarily concerned
with development of facilities for the disposal and management of
radioactive wastes. This expertise could be of considerable interest to
those of you who are concerned with the permanent disposal or temporary
management of other toxic materials, and you are cordially invited to visit
the laboratories at Whiteshell, as well as those here at Chalk River.

With this invitation, I would like to close in order to join in
informal discussions of research needs in toxicology.
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RESEARCH NEEDS ON MECHANISMS OF ACTION OF TOXICANTS

G. Plaa

Professor, Department of Pharmacology. Faculty of Medicine
University of Montreal

Montreal, Quebec

The organizers of this Workshop asked me to talk about mechanism.'; of
action and dose-response relationships. 1 will consider mechanisms of
action in a broad sense, not in specifics. A few preliminary remarks are
needed to situate the framework in which I am operating.

Firstly, I wish to define toxicology. Toxicology is the science that
deals with the deleterious effects of chemical or physical agents on living
organisms. That organism may be man or some other species. The important
point is that we are dealing with a biological organism. Therefore, the
major focus in toxicology should be on the- biology. Toxicologi sts are
certainly interested in chemistry, but it should be intimately linked to
the end response, which is the biological response. For me. toxicology is
a biological science. The mechanisms that are of interest are those that
deal with the biological aspects and permit prediction 01 the response.

Secondly, I want to discuss the predictive phase of toxicology; that
is, the assessment of potential toxic effects and prediction as to how
these effects may actually occur in humans. I am concerned about humans
that come in contact with potential toxicants in the occupational setting
or in the environment. Consequently, the mechanisms of interest are those
that have a bearing on the predictive aspects of toxicology.

Ca re i nogenes i s

Toxicology today is in a reasonably good position in terms of
predictability. Acute toxic effects and those that mav occur after
repetitive exposures are reasonably well understood in terms of mechanisms
of action. Even in the field of teratology, we have sufficient
understanding of the mechanisms involved to move on the predictive phase.

Chemical care inogene.s is. however, is another issue. Unfortunately, we
have to admit that toxicology is not comfortable with this issue relative
to other kinds of toxic responses. We have too little knowledge on the
biology of cancer, or better yet, the biology of cancers, because there are
a number of unknown mechanisms involved. As long as the processes involved
remain unknown, we are going to have trouble in terms of prediction of the
outcome. Society, however, does not wish to wait for us to unravel the
mysteries involved; societv wants answers in terms of predictability now.

T think most, of vou realize that the major reason for our inability to
PI edict potent ial human risks to chemical carcinogens is the fact that the
basic biology ol the processes involved in carcinogenesis are
insufficiently known for us to extrapolate from animals and other test
systems to humans. Unfortunately, the time-element involved in the process
generally lakes much too long to produce in animals. The life-time
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bioassay (two years with rats) is not the type of experimental system that
lends itself to developing mechanisms of action. Yet, I firmly believe
that intensive research into mechanisms of action is the only means that
will eventually lead to rational prediction of outcomes.

Thresholds

Active research is needed in basic dose-response concepts that we
apply in toxicology. One such area is the concept of thresholds.
Paracelsus in the 16th century really was dealing with the threshold
concept when he elaborated his thesis: all substances can be poisons, but
the dose determines what is a poison. There was a long dormant stage, but
the concept regained its vitality in the latter half of the 20th century.
However, thresholds mean many things to many different scientists. I
believe we need to do active research in terms of characterizing and
studying in depth the different types of thresholds that exist in
toxicology. Classical receptor pharmacology has applications in
toxicology. There are, however, other types of thresholds. A toxicant
must get to its cellular site of action in sufficient concentration to
exert its effects. Pharmacokinetics -- absorption, distribution,
biotransformation, excretion -- defines this process and participates in
the development of thresholds. We need to know more about the important
role of pharmacokinetics in toxicology. Tissue responses can also
contribute to the appearance of thresholds. For example, with alcohol
abuse, the regenerative response of the liver cell changes over time and
after repetitive damage; eventually cirrhosis appears. What are the
biological processes that contribute to the change in regenerative
capacity? I feel that we have many examples of biological events that
appear to us as thresholds, but we have very little active research to
define these processes. I personally believe that the threshold concept
also has applications in the cancer process. At the present time, however,
we are unable to define where and how it applies. I maintain that the
threshold concept in chemical carcinogenesis needs to be attacked
experimentally as a major research program, not as a peripheral issue.

Temporal Aspects of Testing

Another aspect of the dose-response relationship that needs more
investigation is the temporal characteristics of chemical exposure. Over
time, we have devised chronic studies in animals with the idea that we need
to expose animals continuously for long periods of time and then observe
the final outcome. There are examples in the literature, however, that
indicate that continuous treatment may actually protect the animal from the
ill effects of the toxicant. Work performed in the 1940's with carbon
tetracholoride and chloroform, indicates that the daily treatment of mice
results in the appearance of fewer (or no) liver tumors, whereas treatment
every third or fourth day results in more liver tumors. I know of no
research which has had as a objective the unraveling of this extremely
interesting and relevant observation. I question whether our approach to
the assessment of chronic effects in animals is really a reasonable
approach. Should we expose animals without any kind of nontreatment
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interval, for months on end? The issue of time has to be looked at as a
research project.

Total Dose Concept

Another concept in toxicology that needs serious research is the
"total dose concept". After World War 1, "Haber's rule" was developed to
explain responses with war gases that exort their effect as pulmonary
tissue irritants. Haber's rule states that a relationship exists between
the concentration of the toxicant and the duration of the exposure. If one
increases th<-. concentration of the irritant, one can reduce the time of
exposure to get the same outcome. Dose x Time = a constant; the constant
is the irritant: effect. In my own laboratory, we have observed the same
type of phenomenon, when studying the rats the minimally effective dose of
a potentiating agent needed to enhance the hepatotoxic response to a
subsequent challenge of a haloalkane. As we increased the dose of the
haloalkane, we found that the minimally effective dose of the potentiator
was reduced. Here the dose of the potentiator times the dose of the
haloalkane resulted in a constant response. Today, we see some application
of this concept to chemical carcinogenesis. One needs not only look at the
individual doses given to the host but the time over which the dosage has
been administered. Thus it is the "total dose", not the individual dosages
that may be of importance. All of these are very interesting observations
and definitely relevant to the types of exposure problems we face in our
industrialized society. Yet, we have no real explanation for the
biological phemomena underlying the observations. I think that the concept
of "total dose", as a phenomenon, must be actively investigated.

Low-Dose Extrapolation

Finally, I would like to turn to another procedure that in my view
requires intensive investigation. In chemical carcinogenesis, we proceed
to low-dose extrapolation from high-dose responses observed in rodents
subjected to long-term bioassays. A number of mathematical models have
been elaborated to effect this extrapolation. To my knowledge, the
approach has never been validated in a toxicological biological system that
can he manipulated and controlled in the laboratory. We are applying the
assessment: to carcinogenesis; yet, we must admit that the biological
processes are unknown. I feel that we must attempt to validate the
extrapolation procedures with other toxicological responses that we can
experimentally alter and investigate in controlled laboratory conditions.
This me.ins that the endpoint should be one that is rapidly produced in a
short period of time, that the underlying biology of the toxic process must
be well understood. I maintain that we cannot assess the reliability of
the experimental tools we are using to assess low-dose extrapolation when
we insist on using cancer as the endpoint. We cannot test the validity of
the process with a biological process that is so poorly understood.

Cone his ion

In dosing, I would like to repeat that I am a firm believer that only
knowledge about: mechanisms of action will allow us to predict potential
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toxic outcomes with more assurance. In my view, however, certain
toxicological concepts that are very critical to the predictive phase of
toxicology are sorely in need of more research.

Discussion

G. Granville:

1. Do the observations you have made with reference to carcinogenicity
also refer to other phenomena? In particular, should not developmental and
neuro-behavioral toxicity be investigated as showing similar mechanistic
properties to those assumed to be peculiar to cancer?

2. Much good research on cancer mechanisms has been carried out in the
past, and seems to be largely ignored. For example, DRUCKREY has
investigated in detail the concentration x time relationships for a series
of carcinogenic nitrosamines. Why does such good work consistently get
forgotten?

G. Plaa:

1. The dose-response concepts are applicable to a whole host of
toxic endpoints. Cancer was only used as an example.

2. I would prefer not to try to answer this important question.

A.R. Jones:

Are we faced with the same financial barriers to overcome when we wish
to validate low level extrapolation, regardless of whether we are
interested in radiological or toxicological effects?

G. Plaa:

Yes, because we are dealing with sample size in both situations and
probability of detecting a change in a finite sample.
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Summary

Difficulties inherent in the carcinogenesis bioassay are discussed
including the proper choice of test chemicals, the appropriate choice of test
species, the setting of the highest dose level and histopathological problems
such as the combination of malignant and benign tumours. To compensate for
these difficulties, it is suggested that some element of biological risk
assessment is needed. This approach is illustrated in the case of high
background tumor yields in control animals and examples in which high dose
toxicity leads to an increase in cellular proliferation.

Introduction

The cancer bioassay has been most adequately described by many authors
(Sontag, et al., 1976). My colleague, Dr. Douglas Arnold, et al. (in
preparation) is presently compiling an authoritative volume on how several
types of cancer bioassay should be conducted for compliance with the Good
Laboratory Practices (GLP) Regulations (U.S. Food and Drug Administration,
1976; Organisation for Economic Cooperation, 1982; U.S. Environmental
Protection Agency, 1983a,b). There is nothing extraordinary in the conduct
of the cancer bioassay, a typical set-up is shown in Table 1. All that is
required is a body of highly trained and motivated personnel, properly
designed and maintained animal facilities, and about $1 500.00 (Canadian) for
each chemical to be tested. The real difficulties arise because of
assumptions made in the design of the study and from uncontrollable factors
arising during the bioassay that have important bearings on the
interpretation of the results. These form the major thrust of this paper.

Problems Arising from the Design and Use of the Cancer Bioassay

A number of significant issues arise from the normal design of the
cancer bioassay. These range from what is being tested, the biological
behavior of the species and strain of test animals that are being used for
the bioassay, what treatment levels are appropriate for testing, and a number
of specific histopathological problems that are still incompletely resolved.
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(a) The Choice of Test Chemical

The first cancer bioassays were performed in an endeavor to confirm
epidemiological evidence that specific substances were associated with
specific types of human cancer induction. Yamagiwa and Itchikawa (1918)
demonstrated that coal-tar induced tumors on rabbits' ears as a result of
prolonged painting. Passay (1922) confirmed Pott's (1775) original
association between chimney sweeping and scrotal cancer by demonstrating that
extracts of soot induced skin cancer on painting in mice. Cook and his
colleagues (1933) isolated benzo(a)pyrene from coal tar and showed it, too,
induced mouse skin tumors. Hueper and his colleagues (1936) showed that the
aromatic amine, 2-naphthylamine, induced bladder tumors In dogs, as well as
in humans (Clayson and Cooper, 1970). These sentinel observations paved the
way for many, often academic studies of structure-activity relationships
among the various classes of chemical carcinogens, an endeavor of
indeterminate importance that has continued to the present time.

The growth of the petrochemical industry during and after World War II
led to an increasing public concern about the safety of some of the chemicals
that were finding widespread use in the environment (Carson, 1962). This led
to the third phase in carcinogenicity testing, the use of tests conducted
under strictly defined protocols to detect environmental carcinogens. These
differed in one important way from those that proceeded them. They were
designed in an attempt to demonstrate that the test agent was not a
carcinogen rather than to show agents to be carcinogenic. That is to say,
this regulatory bioassay was designed to give an assurance of safety implied
by the reasoning that a chemical not found to be a carcinogen in such a
bioassay will not be a carcinogen in humans.

These regulatory bioassays have been almost entirely confined to
man—made chemicals. Such chemicals are the subject of public concern. They
are also possible to regulate insofar as being man-made it is possible to
order that they no longer be manufactured or sold. Ames and his colleagues
(1987) have recently questioned whether this almost exclusive concentration
on synthetic chemicals is really adequate for the protection of the public
health. They classify chemicals on the basis of their carcinogenic potency
and the level of human exposure and demonstrate that naturally—occurring
constituents of food crops are in some cases as potentially dangerous as some
of the man-made chemicals that have attracted so much recent attention (Table
2). Potential problems with naturally-occurring carcinogens will become
increasingly important as the use of biotechnology grows to improve food crop
production. We presently cannot estimate the likely increase in the amounts
of bad actors in biotechnology modified food crops. This may no be a
problem, but if it is, the consequences will be major.

(b) Choice of Test Animal

It is usually stated that the most appropriate test animal is one which
handles the test chemical, metabolically and pharmacokinetically, in a manner
that is closest to that of humans exposed by the same route. In practice,



the choice of test species is limited to rats, mice and hamsters by
considerations of cost and the time that can be devoted to the experiment. A
standard carciiK.genesis bioassay in these rodent species will last for about
two years, an adequate negative bioassay in dogs will last nine to ten years
and in primates for up to 25 years. For reasons that will be discussed
later, this author believes that perhaps the most: important consideration in
the choice of a suitable rodent species for a standard bioassay is the lack
of background tumors in critical tissues in aging untreated animals.

(c) The Maximum Tolerated Dose

It is highly embarrassing for the regulator, the manufacturer and the
general public, if a chemical that has previously been demonstrated to lack
carcinogenicity on the basis of a negative bioassay and has been approved for
use on this basis, is subsequently shown to be carcinogenic on the basis of a
bioassay conducted at a higher dose level. The use of the Maximum Tolerated
Dose (MTD) is the customary way in which this embarrassment is avoided. The
MTD is defined:

"The maximum dose that when given to the animals for the duration of
the carcinogenic study, will not produce non-tumor effects on the
longevity of the treated animals and will not result in a greater than
10% reduction in body weight as compared to concurrent controls. This
dose should not cause morphological evidence of toxicity that would
interfere with the interpretation of the study." (Board of Scientific
Counsellors, National Toxicology Program).

This set of criteria is not always easy to attain. Chemicals that
bioaccumulate, for example, present perhaps the worst problem since sooner or
later they will reach target concentrations with the potential to overwhelm
the host, A thorough pharmacokinetic study of the chemical and its
metabolites provides information on the rate of accumulation and on whether a
plateau is achievable. The second problem, the possible presence of
progressive toxicological lesions, is much more difficult. The pathologist
must iirst be assured that the lesions are not an early manifestation of
incipient carcinogenicity and then provide an opinion on whether such lesions
are lively or not to overwhelm the host before the bioassay period is
completed, or whether they may interfere with tumor induction. These are not
easy tasks.

Exceeding the still loosely defined MID does not in most views provide
a sufficient reason for abandoning the results of a cancer bioassay. The
demonstration that a bioassay conducted at such excessive but non—lethal
doses is unlikely to be relevant to humans requires much further research. A
series of problems is presented by bioassays in which the dose is reduced on
one or more occasions to avoid continuance of toxic effects that may harm the
test animals. This is seen frequently in the NCI component of the NCI/NTP
Bioassay Program, and no attempt has been made to determine whether this high
dose toxicity, early in the experiment, mav have affected tumorigenesis.
This type of bioassay is potentially flawed.
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(d) Pathological Considerations

The competence, reliability and judgement of the pathological team is
perhaps the most critical feature of any carcinogen bioassay. The ability to
read and record accurate diagnoses determines the outcome of the study. Much
stress has been placed on uncertainties caused by different interpretations
of potentially tumorous lesions given by different pathologists. While the
requirements of GLP do not definitely mandate pathologists to define the
criteria on which they base the diagnosis of malignant, benign or other
lesions in specific tissues, it is highly desirable that at least the most
difficult lesions for diagnosis should be examined by several pathologists to
ensure consistency in such areas of differing personal judgements.

A major problem, that remains to be solved, arises from the current
operational definition of the term carcinogen:

"A carcinogen is an agent or process that increases the rate of
formation of malignancies, or under appropriate circumstances the
combined yields of benign and malignant tumors, in a population. An
increase in the rate of tumor formation may be reflected by an increase
in the number of tumors, a decrease in their latency, or a combination
of both factors." (Clayson, 1987).

The pathologist is thus confronted with the difficult decision on
whether or not to combine tumors with different grades of malignancy.
McConnell, et al. (1986) have assessed the literature in an attempt to
formulate a general set of rules for tumor combination in various tissues.
This approach does not appear to be an adequate substitute for procedures
based on a detailed knowledge of tumor progression or on observations
obtained from the individual bioassay. It is well known that benign tumors
of the urothelium often progress to malignancy especially in humans (Clayson
and Cooper, 1970) while in other tissues such as the follicular cells of the
rat thyroid, benign tumors are reluctant to progress without a stimulus such
as x-irradiation (Doniach, 1958). While there should be little dispute about
the wisdom of combining urothelial tumors in the absence of compelling
evidence of progression actually occurring in treated animal tissues, there
is much to recommend the development of general criteria fo the pathologist
to evaluate the appropriateness of such a combination in any tissue in an
individual experiment. The importance of this problem was brought home to my
colleagues and myself by the fact that the goitrogen, Erythrosine (Red 3),
enhanced that yield of benign follicular cell adenomas of the thyroid very
considerably in a two-generation bioassay, but failed completely to modify
the yield of naturally occurring malignancies in the thyroid of these
animals. A combination in such a case, without any internal evidence of
progression, seems quite unwarranted.
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Interpretation

Once the pathologists have, decider" on the types and numbers of lesions
in the various groups of animals in a bioissay, and the statisticians have
indicated their significance, chere remains a need to decide what the results
mean in terms of their relevance to human carcinogenicity rather than in ters
of the surrogate rodent. There are two major ways to go:

1. The historical approach may be followed. It is assumed that any agent
that is carcinogenic in experimental animals will, ipso facto, also be
carcinogenic in humans. This approach underlies the Delaney Clause of the
U.S. Food and urug Act (1958) and is the basic assumption of most North
American regulatory agencies. However, analysis of the results of the
NCI/NTP Carcinogen Bioassay Program showed the results in rats predicted for
those in mice with only 75% accuracy and vice versa (Haseman and Huff, in
press). This analysis casts some doubt on the predictability of all rodent
bioassay results for humans.

If the historical approach is followed, risk assessment is almost
entirely limited to guessing the shape of the carcinogenesis dose—response
curve (Clayson, 1985; Clayson, et al., 1985). The date may be used to
predict the Virtually Safe Dose (VSD) of the carcinogen, that is, the dose
that will induce one extra case of cancer in one million to 100 million
lifetime exposures. It may not, however, be judged necessary to retain the
use of the chemical in the environment.

2. A possible alternative approach to carcinogen risk assessment and the
interpretation of the results of carcinogenesis bioassays is to begin to use
current but still limited knowledge of the mechanisms involved (Clayson,
1987). Carcinogenesis is recognized to be a complex multistage process in
which the chemical interacts with the organism and the organism with the
chemical (as for example, in the case of metabolic activation). It is well
established that carcinogenesis consists of two broad phases known as
initiation and promotion (Rous and Kidd, 1941; Berenblum and Shubik, 1947a,
b, 1949; Pitot and Sirica, 1981; Weinstein, 3985). Some animal tissues are
very likely to contain cells that are for one reason or another

pre-initiated. Thip will occur, for example, in tissues that carry moderate
to high incidences of background tumors in untreated control animals. The
problem may be illustrated by the NCI/NTP Bioassay Program in which the
B6C3F1 mouse was usually one of the surrogate species. The male B6C3F1 mouse
normally develops 15 to 60% of liver tumors during the two—year span of the
bioassay (Tarone, et al., 1983) and, in consequence, it is extremely
difficult to be sure that increased yields of these tumors are due to
induction by complete carcinogens or merely to enhancement or promotion.
^his is not an academic question since in her analysis of the results of the
Program, Soderman (1982) found 28 chemicals that were stated to be
carcinogen? solely on their ability to increase the yield of this one tumor
(Table 3").
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This example illustrates one difficulty with the historical approach to
carcinogen risk assessment. When it is realized that initiation but not
promotion depends on a genetic process in the affected cells (Fig. 1) it
appears possible that an attempt to sort out the complete carcinogens from
the enhancing agents may be possible. However the identification of the
promoting agent depends on the absence of genetic properties and decisions
that rely on the absence rather than the presence of a property are less
scientifically satisfactory than positive effects. There is a need to
develop reliable ways to identify carcinogenesis enhancing agents as a
complement to the current battery of genotoxicity tests.

High dose toxicity, possibly associated with dose levels that exceed
the MTD, presents a further series of problems. There is relatively little
information on how such high dose toxicity may affect that carcinogenic
process. Shank and Barrows (1985) reported that high levels of hydrazine and
carbon tetrachloride led to aberrant methylation, the transfer of a methyl
group to the 0—6 position on guanine in the DNA, where it may undergo
fixation to a mutation. There is a need for more work in this important
area.

It is highly probable that there are many other high dose toxic effects
that will distort the carcinogenic process in a manner that is completely
different to those that may occur in humans subjected to much lower exposure
levels. Induced increases in cellular proliferation may be of major concern,
as increased proliferative activity has a positive effect on several stages
in the carcinogenic process. For example, increased cellular proliferation
increases the opportunity for the formation of DNA adducts (Craddock and
Frei, 1974; Lawson and Dhzoiev, 1970). It may increase fixation by
decreasing the time in which faithful DNA repair processes may act, and it
enhances promotion (Pound and McGuire, 1978). Enhanced cellular
proliferation of the crypt cells of the human colon has been described as a
sentinel biomarker for colon cancer by Lipkin and his colleagues (in press).

The induction of excessive cellular proliferation may arise through the
hormone-mimetic or antagonistic effects of a chemical, because of
tissue-specific cytotoxicity and regeneration, or for a variety of other
reasons. An example will best illustrate its significance. Butylated
hydroxyanisole (BHA), which is not genotoxic, and therefore probably not an
initiating carcinogen, is one of three phenolic antioxidants permitted to be
added to food in Canada to prevent the food from becoming rancid during
transportation from the manufacturer to the retailer and during its
subsequent shelf life. BHA was shown to be a rat forestomach carcinogen when
fed at 2% but not at 0.5% in the diet by Ito, et al. (1982, 1983). As
phenols were well known to be cytotoxic and because Boutwell and Bosch (1959)
had previously shown several simple phenols to promote mouse skin cancer,
work in Ottawa was initiated to determine the effect cellular proliferation
might play in the induction of these forestomach tumors.
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Feeding 2% BHA In the diet for only 9 or 27 days led to a massive
increase in cellular proliferation, measured by 3H—thymidine radioautography
and to hyperplastic and inflammatory lesions in the lesser curvature of the
forestomarh, the region from which the tumors were staled to develop (Nera,
et a!., 1984). Dose response studies at 9 and 91 days BHA feeding (Nera, et
al., 1984; Iverson, et al., 1985) showed a No Observed Effect Level at a
dietary level of 0.25% in the diet at. both times. Moreover in the 91-day
experiment it was shown that the elevated 3H-thymidine labelling index was
completely dependent on the continued presence of the BHA, the labelling
index fell to control values within one week after the withdrawal of the BHA,
but the induced pathological lesions regressed more slowly (Iverson, et al.,
1985). A two-year reversibility study has been completed (Nera, et al.,
unpublished results) and has shown that after feeding rats for 12 months with
2% BHA and then for 12 months with basal <iiet, many of the induced lesions,
with the exception of carcinomas and a proportion of the papillomas,
regressed. Internationally, it has been shown that species without a
forestoinach such as primates, dogs and pigs du not give rise to proliferative
lesions of biological significance when fed with the highest tolerated doses
of BHA (Tverson, et al., 1986; Ikeda, et al., 1986; Tobe, et al., 1986;
Wurtzen and Olson, 1986). It therefore appears that the effect of BHA is on
the rat forestomach specifically and is thresholded at levels well above
those to which humans are exposed. It is relevant that a number of other
phenols such as n-butyl paraben exert a similar effect (Rodrigues, et al.,
1986) and that orally administered ethyl acrylate, which is also a rat
forestomach carcinogen, produces a very similar series of changes to those
induced by BHA in this tissue (Smith, 1986).

Conclusions

This paper is meant to suggest that if risk assessment is to be
effectively used in the protection of the public health, we need more than
carcinogenesis bioassays and mathematical calculations. There is a clear
need to consider the biology of the test system and of the environmentally
exposed hunans to ensure that species and strain differences, or high to low
dose extrapolation, do not hide factors that effectively invalidate the use
of the bioassay for the protection of the public health. The concept of
Biological Risk Assesswet is new (Clayson, 1987) and must at this stage
present uncertainties. Its use promises a way to evaluate probable human
risks from specific chemicals with greater validity and eventually with
greater accuracy.
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Table 1; The distribution of test animals to the different groups in a
carcinogenesis bioassay. The animals are maintained on test for a
considerable part of their life span (two years for rats, mice or
hamsters)

Dose Level

Maximum tolerated

Intermediate

Low

Control
Option 1
Option 2

Number of Animals
male female

50

50

50

50
85*

50

50

50

50
85*

* Extra animals compensate for fact that three experimental groups are being
used.
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Table 2; Use of the Huaan Exposure Rodent Potency (HERP) Index to identify
carcinogens most in need of public attention. The HERP is
calculated by dividing the huaan exposure level by the rat potency
index (Ames, et al., 1987).

Agent

j DDT/DDE daily intake
i
i

EDB daily intake

Wine (250 ml)

Comfrey pepsin tablet
(one daily)

Diet cola (354 ml)

Key Element

DDE

Ethylene dibromide

Ethanol (30 ml)

Comfrey root (2700 ng)

Saccharin (95 mg)

HERP

0.0003

0.0004

4.7

6.2

0.06

(Data from Ames, 1987)
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Table 3: Chemicals listed by Sodenan (1982) that lead only to mouse hepatic cell
tunors despite bioassay in two (or sore) species.

Pesticides and

Hexachloroe thane

Tetrachloroe thane

Tri chlorœ thane

Bis (2-chloroetbyl)ether

Trichloroethylene

Benzenehexachl aride

Hexachl orocy cl chexane

(4"Chlorophenyl)-2,2 '-dichloroethylene

1 ,l-di(4-et±ylpheiyl)-2,2-dichlaroethane

Dicofol

Pfentachlorophenol

Chlorobenz ilate

Chloranden

Chlardane

Beptachlor

Dieldrin

Aldrin

HydtucaibtMB Aroatic iadnes and Rttro Other

Nitrofen

N-Nitro-p-acetophene tide

Nitro-p-phenylenedianine

Djchloro-p-phery Ipnedi aninp

Chrysoidine

Nitrobenz imidazol e
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OUTLINE OF MECHANISM OF CHEMICAL CARCINOGENESI5

FRE-CARCIHOGEN*

ULTIMATE CAKCIHOGEN

DNA INTERACTION.

FIXATION
BT REPLICATION

(INITIATED CELL)

CONVERSION,

INACTIVE PRODUCTS
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DNA REPAIR TO
"NORMAL" DHA

„DORMANT INITIATED
CELLS
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COMPETITION

PROGRESSION REGRESSION

* Sometimes called a procarcinogen.

Figure 1
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Discussion

J.E. Gibson:

What do you think of using a target organ index of cell proliferation as
a means of establishing the MTD for a chronic bioassay?

D.B. Clayson:

I would not advise this. Initiating carcinogens as well as enhancers
may increase cellular proliferation in specific tissues even at quite low
doses. A study of genotoxicity is, I think, the preliminary need in
differentiating initiators from enhancers. After that, you might wish to
use cell proliferation to set MTD for enhancers. I vould prefer to know
the full situation at this stage. Then the weight of all evidence could be
used to determine relevance to humans.



DETECTION AND IHPACT ON CANCER CAUSATION
OF PERSONS EXHIBITING ABNORMAL SUSCEPTIBILITY

TO CARCINOGENIC AGENTS

li.'Z. Ger.tr.er and D.P. Morrison

Radiation biology Branch
Physics and Health Sciences

Chalk I?iver ^ucle-.f Lai oratories
Chilli- River, Ontario

Introduction

Our laboratory hnr. long hsd a kaen interest in DNA repair systems and
their interactions with damage induced in DNA. The so-called "late
biological effects", like cancel- and genetic consequences and cytotoxic
effects (c-';ll killing, at higher doses'', v~r« once thought to he an
inevitable consequence of a given lev;1] of exposure, whether to background
radiation, to chemicals in our biosphere: or from spontaneous damage -- the
"wear and tear" of living. The measurement of exposure, which results in
living organisms in the formation of a related amount of DNA damage, became
a surrogate for the end-effects that constitute risk. This may not be
entirely appropriate. The concept of "rqu.il cxposui e -- equal risk"
assumes a homogeneous response of individuals. However, there are sub-
groups within the human population of persons whose cultured cells exhibit
abnormal sensitivity i;o specific carcinogenic agents and who may be at
increased risk of cancer induced by these or similar agents. Modern
molecular biology has shown that the majority of the damage in DNA :Ts
repaired by enzymatic DNA repair processes that restitute or ameliorate the
lesions and restore normal DNA structure and function. In this view, it is
not the initial damage that is of consequence but rather the residual
da.iiage left after the repair processes have acted. Since the vast majority
of thf. initial DNA damage undergoes repair normally. Variation in the
efficiency of these processes in different persons may affect the actual
risk of exposure. The human side of the cancer causation formula, that is,
the efficacy of DNA lesion restitution, is therefore a factor of
considerable importance.

To uiidei'M'-arul how these human DNA repair processes function, our
laboratories at Chalk River have studied "mutant" human cell strains in
tissue cul'.ure. Generally, these DNA repair-defective cell strains are
derived from individual donors with heritable disorders that are associated
with ~arc:riog,pn-hypersensitivity :r-d cancer-proneness. Such studies,
together with re la tea epid^.rLological research, have highlighted the
ivnpo •• tr.nco of this m-w "huiian" factor in catcinogenesis.

Thr,. mere ire two components to be considered in cancer causation:
exposure and susceptibility. Tht- exposure side of the equation, with which
••10. arc- already f.-:miliar, is represented by our surroundings and the life-
style factors that may ultimately be responsible for 80-90% of cancer
indue .'ior.. P.'ir.. super imposed on the exposure component may be a
s.'.gni Cir.-iiit. i:YUt fi.on; gcno.ti.;-. susceptibility factors. It is this

^ablf1 vn H af* on that we are now acquiring the tools to evaluate.
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It is important that we do so. The consequences of this variation may
be appreciable. Health protection now is predicated on the assumptions
that "all people are created equal" and that controlling exposure provides
uniform regulation of risk generally. If a significant proportion of the
population-at-large should be found to have a different risk, that risk may
have to be considered separately. Some possibilities for action are: to
vary individual allowable exposure limits so that everyone is at the same
risk (that is, to protect everybody to the same extent); to base protection
on the response of the most sensitive persons in a population; and to
minimize the potential exposure of those who may be more susceptible.
Certainly novel and more informed strategies for human health protection
would become possible.

For a "sub-group of susceptible persons" to have an impact on radiation
protection, the following conditions must be obtained: (1) there must be
evidence that there are heritable conditions associated with cancer
proneness; (2) there needs to be an appreciable fraction of persons in the
population-at-large who are at disproportionate risk; (3) there must be
some means of identifying such persons; and (4) the method of
identification must be validated for its sensitivity and selectivity in
detecting cancer-prone phenotypes. The last two conditions cover our
current activities at Chalk River. The application of our assay -- based
on abnormal cytotoxic response of cultured cells to a carcinogen - - to a
large number of ostensibly normal persons is intended to provide an
estimate of the proportion of people who exhibit an abnormal response.
There already exists information on the first question.

Heritable cancer-prone conditions illustrative of an association with
abnormal carcinogen sensitivity

The role of genetic/environmental interaction (ecogenetics) in cancer
causation has been reviewed by Mulvihill^ • *•' . Clinical epidemiologists
now recognize over 200 single gene traits that have neoplasia either as a
feature or as a complication, and sixteen are considered to "clearly
represent inborn susceptibility to environmental carcinogens"'^'. Two of
these disorders will be discussed here, ataxia-telangiectasia and xeroderma
pigmentosum.

The sunlight-sensitivity disorder xeroderma pigmentosum (XP) was the
first syndrome associated with carcinogen hypersensitivity to be studied in
detail. XP is relatively rare (1-4 reported cases of this autosomal
recessive disorder per million live-births). Afflicted persons exhibit
marked epidermal photosensitivity, degenerative and progeroid skin changes,
and a greatly increased incidence of skin tumors -- up to several thousand-
fold above the population average in the more severely affected patients.
A considerable range of cellular susceptibility to the cytotoxic effects of
254nm ultraviolet-light (UV) exists in cell lines derived from XP patients,
reflecting the large number of different genetic forms (or "complementation
groups") of this disorder. The more severely affected persons, whose cells
may require as little as one-tenth of the UV fluence that normal cells do
to achieve a given cytotoxic effect, also suffer neurological
complications. A clear correlation is seen between the degree of UV-



hypersensitivity of cultured cells in vitro and the extent to which
affected donors are at increased risk of skin neoplasms.

Ataxia-telangiectasia (A-T), another autosomal recessive disorder, is
associated with abnormal sensitivity to ionizing radiation. A-T occurs 3-
11 times per 10° live-births '4', and is associated with an unusually high
incidence of cancer, especially lymphomas and lymphocytic leukemias* ;̂ for
all cancers, the excess risk below age 20 is 60-180 fold.'0'

Standard radiotherapeutic tumor management protocols, applied to A-T
patients wich cancer, have resulted in pronounced necrosis of normal
tissues in the field of exposure''•• and even fatality.

Cultured dermal fibrobla.sts derived from skin biopsies of A-T patients
are 2^-3 times more sensitive to killing by ionizing radiation (at high
dose rate, which allows only minimal time for repair) than strains derived
from clinically normal people. All A-T strains show very similar gamma-
survival responses, in contrast to the substantial variation among XP
patients. This is seen even though at least five different A-T
complementation groups are known, and there may be as many as nine^"'. The
abnormal radiosensitivity is attributed to diminished ability of such cells
to accomplish effective repair of certain classes of DNA lesions. In DNA
repair-deficient cells, a higher proportion of unrepaired or misrepaired
DNA lesions may remain after the DNA repair processes have run their
course, compared to normal cells. The end-effects of ionizing radiation
exposure are related to this level of residual damage^ '. The net effect
may be as if the A-T cells had received a higher initial exposure than the
cells from the non-A-T donors.

The types of tumors seen in A-T patients do differ from those expected
to arise as a consequence of ionizing radiation exposure. This may reflect
a different spectrum of residual damage in A-T patients.

Most XP strains exhibit a clear DNA repair deficiency: they are unable
to carry out the initial step in excision repair^ '. Other abnormalities
in DNA metabolism and DNA repair response are also apparent in various XP
and A-'i strains (see ref.10 for a short summary).

The hypothesis that emerges from the study of these genetic syndromes is
that defective removal of DNA lesions increases the probability that a
lesion formed in DNA will culminate in neoplastic transformation. The
problem is how to assess this process. An actual DNA repair assay per se
lacks the sensitivity to detect 'susceptible" phenotypes since many lesions
are present in low measure. At the present time, we believe that abnormal
cellular sensitivity to killing is the best approach to screening for
persons who may be at excess risk. Any lesion that is repaired less well
in a particular strain than in comparison "normal" cell strains will likely
make an increased relative contribution to killing.



An appreciable proportion of people may be at excess risk

Most of the overall risk attributable to the presence in humans of
defective alleles of genes such as those involved in XP or A-T is not due
to homozygotes, who are relatively rare. Rather, it resides in their
cancer-predisposing effect when present in single dosage in the much more
numerous heterozygotes (carriers). For A-T, for example, it has been
estimated that 0.68% to 7.7% (most probable value, 2.8%) of the U.S. white
population are carriers of an A-T allele' '. An excess risk of fatal
neoplasia is associated with heterozygosity. In a study based on 27 A-T
kinships, blood relatives were observed to have a significant excess of
cancer deaths^i±>lz' . Subsequently, a "remarkable excess of cancer deaths"
was observed directly in obligate A-T heterozygotes^-''.

A more recent study with 128 newly-identified A-T families uses spousal
controls. For all cancers, the risk for an A-T heterozygote appears to be
about twice that of intrafamilial controls' '. For the 110 non-Amish
white families in this study(^), the retrospective cancer incidence rates
indicate that the relative risk of cancer for A-T heterozygotes is 2.3 for
males (p=0.014) and 3.1 for females (p=0.004). The particular cancer most
clearly associated with A-T heterozygosity' ' is female breast cancer
(heterozygote relative risk =6.8; p=0.006). It follows that >99% of the
excess cancer risk associated with A-T alleles is found in carriers. This
value can be arrived at in a number of ways. One way to derive this
estimate follows: if the incidence of A-T patients in the general
population is 1 in 100,000, then even if all of them died from cancer, A-T
homozygotes could be responsible for only 1 in every 20,000-25,000 fatal
neoplasms (assuming that 20-25% of the population dies from cancer). In
contrast, A-T heterozygotes with a relative risk of 2.7 (mean of values for
males and females, ref.17) and a probable frequency in the population-at-
large of 2.8%^), may be responsible for some 8%, or 1 in 12, of all cancer
deaths. Cancer deaths in A-T heterozygotes also occur earlier: the
relative risk for early-appearing fatal neoplasia (<age 45) was even
greater than for lifetime risk'*•*•'.

Whether environmental ionizing radiation exposure or ionizing radiation-
like DNA damage is responsible^™) fOr the high frequency of neoplasia
associated with A-T is not known. In individuals with XP, the cancer
proneness extends also to internal cancers' '; this presumably reflects a
response to UV-like DNA damage. A skin cancer-predisposing effect of
possession of a single mutant allele has been shown for XP'-*-̂ '.

The most probable value for the frequency of A-T heterozygotes is
2.8%( '. Other monogenic transmissible disorders and certain familial
conditions that associate cancer proneness in vivo with abnormal
radioresponse rn vitro exist (see summary in ref.8, p.59). Cell strains
from a significant proportion of patients with auto-immune disease
(systemic lupus erythematosus, polymyositis and rheumatoid arthritis) also
exhibit abnormal radiation sensitivity^l). For most such conditions the
population frequency and relative risk are simply not known. The majority
of persons in the population-at-large who carry an allele related to
abnormal carcinogen responsivity and who may therefore be at increased risk
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of cancer induced by such agents effectively remain hidden, are ostensibly
normal, and present no clinical feature to aid in their detection.

An indication of cause for concern

The extent to which genetic predisposition contributes to cancer risk
(whether alone or in combination with environmental factors) is uncertain.
A major impact on cancer causation is indicated however. In a study
involving nearly 2000 consecutively-ascertained cancer probands^^', 6%
were found to be compatible with hereditary cancer, and another 18% showed
evidence of familial clustering. Instead of examining just syndromes

Table I:

STRAIN

"NORMAL"

GM38
GM43
GM321

GM323
GM408
GM409
GM726
GM730
GM967
GM969
GM2270
GM3529

GM3652
CRL112O
1O66T
1283T
13871
1461T
1494T
1538T

Post- -Ray
Fibroblast

Age

Survival Analysis of Twenty "Control"
Strains from Clinically

DONOR
Se>

[20 strains;

9
32
40
11
5
7
26
45
51
2
19
66
24
83
^2
17
66
43
?

6

F
F
F
M
F
M
F
F
M
F
M
M
M
M
F
F
M
M
F
M

c Race

59 experiments]

Bl
Bl
Wh
Wh
Wh
Wh
Or
Wh
Wh
Wh
Wh
Bl
Wh
Wh
Wh
Wh
Wh
Wh
Bl
Wh

3.75

3.88
4.29

4.30
4.13
3.99
3.98
3.04
4.04
2.35
3.79

2.97
3.79
3.59

.3.42
4.22
3.74
3.67
4.01

4.16
3.75

Normal

DIQ+SE

±0.11

± 0.12

± 0.25
± 0.18

± 0. 19
± 0.30
± 0.33
+ 0.47
± 0.17
± 0.21
± 0.17
+ 0.03
± 0.23
+ 0.20

+ 0.10
±0.17
± 0.33
+ 0.07
± 0.49
+ 0.21
+ 0.25

Donors'

i

(12)
(3)
(2)

(2)

(6)
(4)
(3)

(3)
(4)
(2)
(3)

(2)

(4)

Cultured
a)

P (c)

0.80
0.29
0.28
0.45
0.63
0.65
0.17
0.57
0.01

0.93
0.13
0.94
0.76

0.51
0.35
0.99
0.87
0.61

0.42
0.99

(a)

(b)

(c)

This work was supported in part by U.S. NCI Contract No. NO1-CP-
21029 (Basic), on "In vitro radiosensitivity and DNA repair in
genetic syndromes and families at high risk of malignancy": M.C.
Paterson, Principal Investigator; N.E. Gentner, Project Manager.

The figure in brackets after the D^Q+SE values represents the
number of independent gamma-survival analyses that were performed.

Probability value, comparing thn strain tested to the composite
normal value by the two-tail t test^ '.
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associated with increased propensity to develop neoplasms, we need to study
a larger number of "control" strains from clinically normal persons, in
order to better understand the range and extent of variability that may
exist.

One such series is depicted in Table I. D^Q values for ionizing
radiation exposure, obtained from a total of 59 colony-forming ability
assays on 20 different cultured fibroblast strains from clinically normal
donors, are presented. One strain, GM967, is significantly radiosensitive.
Two others, GM726 and GM2270, also appear to be somewhat more
radiosensitive than the remaining 17. An even greater proportion of "more
radiosensitive" persons was found in a recent study(^) : four out of eight
"apparently normal" human fibroblast strains (Table II) showed appreciable
hypersensitivity to ionizing radiation.

Table II: X-ray Sensitivity of eight "apparently normal" human
fibroblast strains(a)

CELL STRAIN^) X-RAY SURVIVAL

AG1522 4.29 + 0.20
AG1519 4.00
GMO73O 4.90; 5.70
GM1652 3.55
GM3377 2.23 + 0.23
F-196 2.13 + 0.22
F-89 2.20
F-187 2.50; 2.60

(a) Data compiled from Ref.24.

(b) The first five strains were unblinded normal controls. The
remaining three strains were "normals" included in a blind A-T
family series; two of these have relatives with lysosomal storage
disease (LSD), and may be LSD heterozygotes.

Chronic exposure may offer improved resolution

The acute exposure regime employed in the preceding studies may not be
the optimum way to detect moderately radiosensitive phenotypes. A more
marked difference between normal and A-T cultured dermal fibroblast lines
has been reported if the dose-rate of ionizing radiation exposure is
protracted. A considerable sparing effect was observed in normal strains
but not in A-T strains^"), it was predicted that such chronic exposures
might "...resolve differences in radiosensitivity that are masked in the
response of cells to acute doses". We exploited this chronic exposure
technique to demonstrate a radiosensitive response in A-T heterozygote



fibroblast strains compared to normal strains^"-1. (On acute exposure, none
of these could be resolved from normal control strains.) The "sparing
effect" of our chrcnic exposure regime is 2-24, taken as equivalent to the
ratio of DJQ, chronir; to D^Q, acute'^"'. This protection by dose
protraction is deemed to indicate repair competence: at lower dose-rates
cells may be able to repair at least a portion of the damage as it is being
delivered. Less protection by dose protraction is observed in cultured
cell lines obtained from persons with heritable disorders associated with
abnormal radioresponse <• •̂  '.

Abnormal carcinogen response and susceptibility to induced cancer

Central to our approach, therefore, is the hypothesis that "Patients
with DNA repair deficiencies are more susceptible to carcinogens and more
likely to develop cancer"^"'. If competent repair protects against
carcinogens, then incompetent repair may place the individual at greater
risk of neoplasia.

The U.S. National Academy of Sciences Committee on the Biological
Effects of Ionizing Radiations has noted the "....increasing recognition
that there are human genotypes that confer both increased susceptibility or
resistance to DNA damage and increased cancer risk after exposure to
carcinogenic agents, including ionizing radiation"'^''. The United Nations
Scientific Committee on the Effects of Atomic Radiation recognizes that
"....there may be a non-trivial fraction of the human population which is
prone to develop cancer and, as a consequence, may be much more sensitive
to radiation and other carcinogenic agents than others"^"'.

We expect that persons who may be prone to radiogenic cancer would be
found within a cohort exhibiting abnormal sensitivity to the cytotoxic
effect of ionizing radiation exposure.

Identification of persons exhibiting abnormal sensitivity to ionizing
radiation

Significant radiosensitivity has been demonstrated in primary
fibroblast'"'"' ami in lymphobl.ast.oid cell lines'^1- > •'•'•' established from
A-T heterozygotes. The methods used -- continued colony-forming ability or
the ability to exclude, the vital dye trypan blue -- are tedious and time-
consuming. To screen a large number of persons, a less expensive and more
rapid method is necessary. While more rapid tests have been developed for
ataxia-tr langtectasia patients'-^ >H) , these rely on specific attributes of
A-T (fhi'.t may not be manifested in other conditions associated with
abnormal radicsensi tivity) and fail to detect A-T heterozygotes^^'.

Our assay us.̂ s lymphoblastoid cells derived from individual donors. The
f.nter-individual variations in radioresponse it detects appear to be due to
abnormalities in DNA repair capability. The method employs defined
conditions of cell culture and irradiation, and a Coulter counter tally of
inta't cells. The amount of cell killing is assessed by the rate at which
"grow-back" occurs in the treated cell population: the greater the repair
capability, the greater the proportion of surviving cells and the faster
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the rate of "grow-back" in the irradiated population. To correct for
effects of growth rate, an untreated control is run at the same time. A
"grow-back ratio" (GBR) defines a strain's radioresponse. In Fig.l, the
GBR's for six strains from clinically normal donors, five strains from A-T
patients, two strains from A-T heterozygotes, and one additional normal
strain, GM1310A, are plotted. A-T strains are clearly distinct from normal
strains. The two A-T heterozygous strains are intermediate. One strain of
the six "normals", GM1954, may be somewhat more radiosensitive than the
others. GM1310A, with a similar response, is a lymphoblastoid cell line
derived from the donor whose fibroblast line, GM967, was sensitive in the
colony-forming ability assay (Table I). Both exhibit about the level of
radiosensitivity seen in A-T heterozygous strains (Fig.l).

Evidence that our screening assay reflects a DNA repair response is seen
in Fig.2, where the dose-response curves for acute and chronic ionizing
radiation exposure are compared. A dose protraction protection factor of
about two is evident. Little or no protection is seen in A-T heterozygous
or homozygous strains (data not shown). Our screening assay also reflects
the expected greater relative biological effectiveness of high-LET
radiation (Fig.2).

In a larger survey (41 strains derived from ostensibly normal persons,
Fig.3), seven seemed substantially radiosensitive, and another six
moderately radiosensitive compared to the upper band of radioresponse at
GBR = 0.5-0.7. The proportion of persons in the population-at-large who
exhibit increased sensitivity to the cytotoxic effects of ionizing
radiation exposure thus may be significant.

A histogram of the distribution of radioresponse is shown in Fig.4. A
very large number of strains from ostensibly normal persons is presently
being screened blindly. These samples are coded by a representative of the
Atomic Energy Control Board. Included among them are: every normal
lymphoblastoid strain available from the Human Genetic Mutant Cell
Repository, the Institute for Medical Research, Camden, NJ; over 200
strains developed at Chalk River from normal donors; strains derived from
donors of known radiosensitivity, primarily from patients with
(homozygotes) or carriers of (heterozygotes) the genetic condition ataxia-
telangiectasia; other lines representing a wide range of genetic disorders
whose pleiotropic effects include increased probability of neoplasia and
abnormal cellular response to other carcinogens (these disorders include
Xeroderma pigmentosum, Fanconi anemia, and Bloom syndrome). This study
should give a reasonably definitive idea of the extent of natural variation
in radiosensitivity, and possibly of susceptibility to radiogenic cancers.

Screening for abnormal responsivity to other carcinogens

We have adapted our assay for screening for inter-individual variations
in response to other carcinogenic agents as well, including ultraviolet
light, 4-nitroquinoline 1-oxide, and mitomycin C (MMC), an anti-neoplastic
agent for which interstrand cross-links induced in DNA may be responsible
for a major portion of its cytotoxic effects.



A histogram showing the distribution of relative MMC-sensitivity for 31
"normal" lymphoblastoid strains is shown in Fig.5. The response of strains
from donors with various disorders associated with known increased
sensitivity to MMC-killing is indicated. An appreciable proportion of the
normal donors exhibits similar MMC hypersensitivety.

In individual strains that have been tested for I'esponse to both gamma -
irradiation and MMC, all four possible coiiibinaCions have been seen: normal
to both agents, sensitive, to gamma-irradiation but not to MMC, sensitive to
MMC but nor to gamma-irradiation, and sensitive to both. Largely different
DNA repair pathways may be involved.

MMC forms a potent carcinogen when It is reductively bio-activated in
'*'* Thus, an abnormal responsivj.ty to MMC can potentially arise

because of alterations in bio-reductive capacity as well as in DNA repair.

Can we associate an abnormal carcinogen response with increased cancer
risk?

We also expect to investigate the extent and range of variation of
radiosensitivity in a population of cancer patients. The object here is to
determine whether we can demonstrate a risk factor for an abnormal
radioresponse.

We place special emphasis in this study on those patients in whom cancer
appears early. This affords the greatest likelihood of achieving a
significant relationship between abnormal carcinogen response and increased
cancer risk. A cardinal feature of familial cancer is early age at
onset' -' . The same is evident of excess cancers in A-T carriers^^^. We
expect that susceptible phenotypes of the sort we seek to define will fall
into this class.

Occupational, environmental and radiation health protection

Our demonstration that .substantial variation in carcinogen response may
occur in a significant proportion of persons suggests that differences in
susceptibility to induced cancer may well become a factor to consider and
evaluate in strategies aimed at improving occupational, environmental and
radiation health protection.

Application to improved treatment of cancer: testing cancer patient
radiorespo nse

A societal Lenefit that may follow from this is the development of
"tailor-made" cancer treatment protocols that take an individual's own
sensitivity into account.

A particular radioresponse may be intimately related to the efficacy of
radio!herapeutic cure. If substantial variation in radioresponse exists in
cancer patients, it would seem that tuinors in either the "normal" or the
;nore sensitive- cancer patient group are not being treated optimally. If
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their separate identity could be established it might be possible to adjust
treatment rigour accordingly.
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Figure 1: Grow-back ratios obtained by the "grow-back assay" on cultured
lymphoblastoid cell lines exposed to 4 Gy of ®^Co gamma-rays
delivered chronically. The strains were from clinically
normal persons, A-T patients and A-T carriers (indicated).
GH1310A is from the same donor as the radiosensitive
fibroblast line, GM967 (Table I).
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Figure 2: GBR's vs. dose for chronic and acute exposure of normal
lymphoblastoid cells to low-LET ionizing radiation ("Co
gamma-rays) and for acute exposure to high-LET (14 MeV
neutrons) ionizing radiation. ^Chronic gamma-irradiation dose-
rate =• 0.0033 Gy min"1; acute
: l G y
Note that both the ordinate and abscissa axes here are linear.

_, , °^Co gamma-irradiation dose-rate
in" •*•; acute 14 MeV neutron dose-rate - 1.5 Gy min"*.
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Figure 3: Screening test: grow-back ratios (4 Gy, chronic gamma-
irradiation) for 41 "normal" lymphoblastoid cell lines derived
from clinically normal donors. Seventeen of these strains
were purchased from a cell repository; the criterion for
normalcy was the clinical status of the donor at the time of
venipuncture. Twenty-four strains were developed in our
laboratory from a group of randomly-presented normal donors.
(No differences seem apparent between the two groups in
distribution of abnormal radioresponse.)
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Figure 4: Histogram of the GBR distribution in "normal" strains.
Exposure conditions were 4 Gy delivered chronically.
Histogram interval = 0.05. Many of the strains from Fig. 3
are included. The range of GBR obtained for A-T patients and
for A-T heterozygote radioresponses to date is indicated.
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Figure 5: Histogram of the MMC-screening response parameters of 31
cultured lymphoblastoid cell lines, from ostensibly normal
persons. The downward-pointing arrows indicate the values of
the MMC-screening response parameter for "validator"
lymphoblastoid strains in which significant MMC-
hypersensitivity has been demonstrated by other methods: a
Fanconi anemia patient; a Bloom syndrome patient; an A-T
patient; and a Roberts syndrome patient* '. The
concentration of MMC used was 30 ng ml" .
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Discussion

Emelie Lamothe:

The screening procedure has the "good" potential of improving cancer
treatment and increasing worker protection. On the other side, is there
not the possibility of discrimination against a prospective employee
because of his assay results?

Norm Centner:

We would hope not. Firstly, sufficient resolution may not be attained
to be able to ascribe a specific risk factor to a particular individual.
We may be able only to define the average probability of risk. Attempts at
discrimination would likely be resisted by employee groups. But if
substantial lessening of overall risk as well as individual risk could
result, I think unions would want to become partners in improving
occupational health protection. The first applications are likely to
improve our knowledge of how risk is distributed. Any specific attempts to
utilize this information has to result in overall benefit to society as a
whole. Considerable precedence exists for decisions that advance the
common good, albeit at some inconvenience to particular persons.

If tests were performed, I think that an employee should be informed of
the results and what they may mean, and advised not to take a job where
significant opportunity for exposure exists.

J. Cornett:

How many different repair pathways exist? Is it necessary to do an
assay on each potential carcinogen or only on "classes" of repair pathways?

Norm Gentner:

There are three basic systems that repair, tolerate, or otherwise
circumvent injury to DNA: direct reversal, excision repair, and
recombinational repair (see ref. 10 for an outline of their main features).
The various types of damage induced by a given carcinogen may require the
intervention of more than one of these processes. It follows then that a
defect in a given step of a particular DNA repair process may have
consequences on the cell's response to several carcinogens.

The excision repair process appears to process the vast majority of DNA
lesions. This versatility is based on a battery of specific damage-
recognition enzymes. Reccmbinational repair may usually handle a smaller
number of lesions, but they tend to be more critical ones.

Relating an abnormal response to a particular repair pathway, or a
specific type of damage, or a particular carcinogen would be a formidable
task indeed. It would also seem to be unnecessary. A screening process
capable of detecting possible individual susceptibility to a large number
of agents can be accomplished by selecting certain model carcinogens that
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give rise to the major critical sorts of damage to DNA. We usually employ
four: ionizing radiation, mitomycin C, ultraviolet light (254 run), and an
alkylating agent, methylnitrosourea. They represent a good balance between
casting a wide net and trying to test everybody for everything.

Bruno Schiefer:

Has this method been tried on experimental animals? Certain strains are
more prone to cancer development than others. If the method was employed,
one could predict/preselect the strain.

Norm Gentner:

No, but it certainly could be. The method would work just as well as in
cells derived from human beings. The human situation will continue to
receive our main emphasis. But I believe that different mouse strains, for
example, exhibit significant differences in radiosensitivity. It would be
interesting to relate this to cancers in these lines. Our test might prove
useful in efforts to develop new cancer-prone animal lines!

Unidentified questioner:

1. Have you shown that the disorder is due to a repair defect?

2. Are there any differences due to age or sex?

3. Has it been tested in experimental animals?

4. How many different pathways are there? Do we have to look at all of
them?

Norm Gentner:

1. I am presuming that by "disorder" you refer to a general finding of
abnormal carcinogen response in a person. The answer is no. Even in the
known human cancer-prone disorders, it has not been possible to demonstrate
a specific repair defect. The sensitivity and resolution of our assays for
DNA lesions simply do not suffice for such a demonstration. The
operational rule is that a diminished ability to recover from or survive
carcinogen exposure is due to deficient removal or amelioration of DNA
damage. A vast literature is consistent with this. The protection by dose
protraction, the higher RBE for densely ionizing radiation, and the
radiation hypersensitivity in A-T homozygous and heterozygous strains, all
agree with what we know about damage and repair.

2. We are mainly measuring the effect of an inherent deficiency in handling
certain DNA damage. I do not expect our response to vary with age in an
individual. Nor would I expect any significant variation with sex.
However, there could be a sex difference in the risk factor that relates to
a particular level of abnormal carcinogen responsivity. For example, for
radiogenic cancers, women are at some lh-fold risk compared to men; this
is almost entirely attributable to breast cancer.
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The other queries have been addressed in response to an earlier
question.

Penny Chan:

What is the technique measuring? Fibroblast cytotoxicity? Abnormality
in DNA-repair?

Norm Gentner:

The technique in essence is measuring the cytotoxic consequences o£
exposure. The rate at which grow-back occurs in the treated versus the
untreated population gives an indication of what proportion of the former
can grow and divide following carcinogen exposure. It is akin to
conventional assays of reproductive survival (colony-forming ability). To
survive, they have to effectively carry out DNA repair.

The cell lines used are immortalized lymphoblastoid cell lines, rather
than fibroblasts.

C. Barnes:

Is there any difference in numbers between male and females of these
abnormally susceptible groups?

Norm Gentner:

Too few have been assayed to tell yet. The blind study should answer
this. We don't think there will be any difference in the proportion of
persons in these two groups. The analyses of 200+ coded strains should
provide direct evidence on this. I would repeat what I noted earlier: a
certain level of abnormal response, depending on the cell-type/tissue at
risk, may well lead to apparent sex differences with respect to the
consequent risk.
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POLYNUCLEAR AROMATIC HYDROCARBONS AND MUTAGENS IN THE MINE
ENVIRONMENT

Kenneth Charles Westaway

The Chemistry Department and the Center in Mining and
Mineral Exploration Research

Laurentian University, Sudbury Ont., P3E 2C6

The research presented in this chapter was initiated as a
result of the introduction of diesel scoop trams in
underground mines in the late 1950s and early 1960s. A
scoop tram (Figure 1) is a heavy duty mining machine with a
scoop, which can contain between 3 and 8 cubic yards of ore,
on one end and a diesel engine of between 75 and 300
horsepower, on the other end. The operator sits to one side
in the middle of the scoop tram so that he can drive in
either direction.

Although diesels have made mining much more convenient and
safer and have greatly increased production, they
unfortunately add several pollutants to the mine environment
(Figure 2). These pollutants include the gaseous
combustion products, carbon dioxide, carbon monoxide,
nitrogen oxide, nitrogen dioxide, sulphur dioxide, and
several oxygenated hycrocarbons (mainly aldehydes and
ketones). In addition to the gaseous pollutants, sulphuric
acid mists are generated by the catalytic converters that
are usually added to the exhaust systems of the diesels.
All of these pollutants have been investigated, and by in
large, their concentrations are well below the TWATLV (time
weighted average threshold limit value) in the mine
environment when the diesel is running properly (well
maintained). As a result, these substances are not of major
concern in most mine environments.

In addition to the pollutants listed above, unburned
hydrocarbons and particulate matter (soot), which arise from
the incomplete combustion of the diesel fuel, are added to
the mine air. The unburned hydrocarbons in the diesel
exhaust can be broken into two classes: aliphatic
hydrocarbons, which are not toxic at the low concentrations
found in the mine environment, and aromatic hydrocarbons.
Amongst the aromatic hydrocarbons are a class of compounds
called polynuclear aromatic hydrocarbons or PAHs. The
structure of a few PAHs are shown in Figure 3. PAHs range
from small molecules, which have two rings, to compounds
with six or seven fused benzene rings. Some of the PAHs have
alkyl or other substituent groups on the benzene rings.
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Although some Ames bioassays (an analysis of the mutagens
(mainly nitrated PAH derivatives)) have been carried out on
the extracts of diesel exhaust particulate samples collected
on 8" X 10" Pallflex filters on Hi Volume (collecting 1500
L/min) samplers, the PAHs are the compounds which have been
of primary interest. The presence of PAHs in the mine
environment is of concern because some of the PAHs, the ones
with the stars in Figure 3, have been found to be
carcinogenic in animal and skin tests (1-5). This is, in
fact, why we focused our research on the PAHs in the mine
air .

PAHs AND INDUSTRIAL HEALTH

The high affinity of the carboneous diesel particulate
(soot) for PAHs (6) and the difficulty of removing the PAHs
from the diesel particulate (7) has led most workers to
assume that most, if not all, of the PAHs in the mine air
are associated with (absorbed onto) the particulate that is
emitted by the diesel. Figure 4 shows that over 90? of the
diesel particulate is less than 1 micron in diameter (8-10).
Thus, the particulate is completely respirable (11,12).
When the PAHs (particulate) are taken in through either the
nose or the mouth, they are carried down to the very
smallest areas of the lungs and deposited in the alveoli
(Figure 5) (11) where they remain for long periods of time
(12). In fact, studies have suggested that the PAHs are
retained in the lungs for much longer periods when they are
absorbed on the diesel particulate than when they are not
absorbed on the particulate (12). Thus, miners who work on
and around diesels are exposed to carcinogenic (PAH)
compounds in a highly respirable form that can be drawn into
the deepest part of the lung where they are deposited and
retained for reasonably long periods of time. This is the
basis for the concern about the PAH levels in the mine
env ironment.

PAHs IN THE ENVIRONMENT

Although there
die.•'el exhaust
diesel exhaust
Table 1. They

are well over a hundred PAH compounds in
(13), we only analyze twelve PAHs in each
extract. These twelve PAHs are listed in
range from pyrene, the smallest PAH we assay

to benzo ( rst)pentaphene which has six fused benzene rings.
Some of the PAH concentrations we have found in air samples
are shown in Table 1. All of the concentrations are in
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nanograms per cubic meter of air ?o the PAH concentration?
are very low in the mine environment. However, because some
of these PAH? have been found to be carcinogenic in skin and
animal tests, there is concern about their presence in the
mine environment.

The average PAH concentrations found in nickel mines and
salt mines are shown in the first two columns of Table 1.
The average PAH concentrations in salt mines are
significantly higher than those found in nickel mines (vide
infra) (1*0. The third column in Table 1 gives the maximum
PAH concentrations found in any underground mine sample,
i.e., these concentrations were obtained by selecting the
highest concentrations found for each PAH in any underground
mine. Column H of Table 1 gives typical PAH concentrations
for the intake air for the mine (Sudbury air). This air has
very low concentrations of PAH? because most of the mines
are in areas where the population is low.

The results in Table 1 are interesting for several reasons.
First, they demonstrate that the PAH levels are higher in
dieselized environments in underground mines than they are
in the Sudbury air. In fact, the PAHs range from H to 8 (an
average of 5) times higher in nickel-mines and are between 3
and 18 (an average of 12) times higher in the salt mines
than in Sudbury air.

These results are important because they illustrate a point
that was made by previous speakers, i.e., that the workplace
is not the only place where one is exposed to toxic
compounds. In fact, there are many sources of PAHs in the
environment. For example, PAHs are present in cigarette
smoke. They are generated in wood and coal fires and
whenever hydrocarbon fuels are burned (15,16). Thus, it is
not surprising that very high concentrations of PAHs are
found in large cities where large quantities of hydrocarbon
fuels are burned (column 5, Table 1). In fact, the PAH
concentrations in large cities are often higher than the
average PAH concentrations found in the mine air and are
close to the maximum PAH concentrations that have been found
in dieselized underground mines. Obviously, there is
exposure to these compound? outside of the work environment
and it is important to keep this in mind when attempting to
assess the toxicological effects of industrially produced
PAH compounds on human health.

Generally, we consider three totals rather than focus on the
concentration of individual PAHs. We use the Total PAHs,
which is the sum of the concentrations of all twelve PAHs,
the Total Minus Pyrene, and the Total Carcinogens. The
Total Minus Pyrene (the sum of all the PAH concentrations
except pyrene) is examined because the amount of pyrene is
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usually much higher than the amounts of the other PAHs in
the mine air. Thus, by omitting the pyrene concentration,
one can determine what has happened to the other PAHs.
Finally, the Total Carcinogens, the sum of the
concentration? of the PAH compouncr* that have been shown to
be carcinogenic in skin and animal tests, is examined
because these are the compounds that are of especial
interest from a toxicological point of view. The Total PAHs
are reported, however, because both positive and negative
synergistic relationships have been reported for PAHs
(17-19) and the concentration of each PAH may add some
valuable information in the future when these synergistic
relationships are fully understood.

PAH AND MUTAGEN LEVELS IN DIESELIZED UNDERGROUND MINES

We have examined several of the factors which were expected
to influence the PAH concentrations in the mine environment.
One or two of these studies are presented to illustrate the
scope of this research. In this section, only the totals
rather than the concentrations of each PAH are presented to
simplify the discussion.

Effect of Drift Size

The data in Table 2 shows that the size of the drift
(tunnel) has a marked effect on the PAH concentrations in
the mine air (14). In a hard rock mine, eg., a nickel mine
where the drifts are small (usually about 12 by 14 feet with
a crossectional area of 170 square feet), the PAH
concentrations are reasonably low. In salt mines which have
much larger drifts (typically 25 by 4 0 feet with a
crossectional area of 1000 square feet), the PAH
concentration? are very much higher. This difference in PAH
concentration is undoubtedly found because the Government
requires that the mining industry provide 110 cfm of
ventilation/brake horsepower of the diesel engine. The
velocity of the air in the drift will obviously be smaller
when the drift size (the crossectional area) is larger. As
a result, the PAHs will not be swept out of the working area
as quickly and the PAH concentrations will be higher in the
mines with larger drifts.

Effect of Different Fuels

Another study investigated the effect of different fuels on
the PAH concentrations in the diesel exhaust (20). This
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study involved measuring the PAH concentrations in three
diesel fuels and in the air downstream from a diesel burning
these fuels. The three fuels that were tested were i) an
Alberta tar sands fuel containing very high concentrations
of PAHs, ii) the low sulfur, number one diesel fuel which is
currently used in Sudbury mines and iii) a Jet A-1 fuel
which is very low in PAHs. The results in Table 3 show that
the PAH concentrations in the exhaust are similar for all
three fuels. This result was surprising because we had
suspected that the PAHs in the exhaust were an unburned
portion of the PAHs in the fuel. However, the identical PAH
concentrations found in the exhaust from all three fuels
suggests that the PAHs in the exhaust are not an unburned
portion of the PAHs in the fuel. In fact, it appears that
the PAHs in the exhaust must be generated primarily from
some of the combustion products, eg., acetylene, in the
exhaust system.

The Ames bioassay (21) with Salmonella Typhimurium strain
TAJ98 without metabolic activation (TA-»9 8 » S9) was used to
determine the mutagenicity of the diesel exhaust particulate
when the diesel was burning the three different fuels. The
mutagenicity of the diesel exhaust extracts (Table 3) are
not significantly different for the three fuels. It is
interesting that the best fuel, from both the PAH
concentration and the mutagenicity of the exhaust point of
view, is the low sulfur, number one diesel fuel that the
local mining companies have been using for some years.

Effect of Different Catalytic Converters

Considerable effort has been expended to determine how
different exhaust treatment devices (catalysts) affect the
PAHs and mutagens in the exhaust. The PAH concentrations in
Table M were obtained when a Deutz diesel was operated with
no exhaust treatment device, i.e., a bare engine, and with a
PTX catalytic purifier (a platinum metal catalyst) on the
engine. The results show that the PAHs increase slightly
when the PTX catalyst is added to the exhaust system of the
diesel (1 *l ) . The mutagenicity of the exhaust is also
slightly higher when the PTX catalyst is used. In fact, I
am not certain whether the change in the mutagenicity is
greater than the experimental error. However, both the PAH
concentrations and the mutagenicity of the exhaust suggest
that the PTX catalyst does not reduce the PAHs and the
mutagens in the mine environment.

The Dieseler III catalyst has been tested extensively
because some early work (6) indicated that it increased the
mutagenicity of the diesel exhaust markedly. However, the
situation is complicated when the Dieseler III catalyst is
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used. The PAH level? found when the diesel is tramming
(carrying ore) or is stationary and dumping the ore down an
ore pass (a hole in the floor of the mine) are lower when
the Dieseler III catalyst is used than for the bare engine
(Table 4 ) . Under these condition?, the diesel i? operating
at low power. When the diesel is mucking ore (filling the
bucket by pushing the scoop into the muck (a pile of ore) at
full power and full load), the PAH concentrations in the
mine air downstream from a diesel fitted with the Dieseler
III catalyst are much higher than those found for the bare
engine. This was expected; the PAH concentrations should be
higher in the air downstream from the diesel when the diesel
is operating at full power and more fuel is being burned.
What was surprising, however, was that the mutagenicity of
the air downstream from the mucking site was much higher
when the diesel was fitted with the Die^eler III catalyst
than when a bare engine was used.

Our present understanding is that the mutagenicity of the
exhaust downstream from a Dieseler III equipped diesel
mucking ore is high because the PAHs, such as pyrene which
is not a mutagen, are nitrated in the Dieseler III catalyst.
When the diesel is working at low power, i.e., during the
tramming and dumping portion of the LHD cycle, the
particulate and PAHs are retained by the catalyst. Then,
NO gas which is produced in the burning process, reacts
with (nitrates) the PAHs giving nitroPAHs. This process is
illustrated using pyrene, Figure 6. The nitropyrene can be
further nitrated giving dinitropyrenes. The mutagenicity of
these nitro- and dinitropyrenes is extremely high. For
example, the mutagenicity is 2,000 revertant? per nanomole
for nitropyrene and 256,000 revertants per nanomole for the
most mutagenic dinitropyrene (22,23). In fact, we believe
that the higher mutagenicity of the exhaust at the mucking
site is found because the catalyst stores the particulate
when the die?el is operating at low power, nitrates the PAHs
absorbed on the particulate with NO , and then emits the
highly mutagenic nitrated particulate (nitroPAHs) when the
diesel is working at full power.

Multistrain Ames bioassays (Table 5) have been used to
confirm that the nitroPAHs formed in the catalyst are
responsible for the much higher mutagenicity of the exhaust
from the Dieseler III catalyst. The mutagenicity of the
die pel exhaurt extract collected downstream from a diesel
fitted with a Dieseler III catalyst is very high when the
Salmonella tester strain TA^98 without metabolic activation
is used in the Ames bioassay. However, when the Salmonella
tester strains TA-98NR, TA-98/1 , 8DNP& and TA-98NR/BR, which
do not react with mononitroPAHs, dinitroPAHs , or either the
mono- or the dinitroPAHs, respectively, are used without
metabolic activation in the Ames bioassays, a much lower
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mutagenicity is observed. In fact, with the tester strain
TA*98NR/BR, which does not react with either the mono* or
the dinitroPAHs, the mutagenicity is almost to zero.
Obviously, the high mutagenicity of the exhaust from the
Dieseler III catalyst is due to the nitroPAHs.

Although the high mutagenicity of the Dieseler III exhaust
has induced the mining companies to remove this catalyst
from service, it is not clear that this decision was
necessary from a toxicological point of view. Obviously,
the decision is complicated because the fate of the PAHs is
different in the high power and low power protions of the
LHD cycle. The decision is further complicated because the
careinogenicity of nitroPAHs is very much lower than one
might expect from their extremely high mutagenicity. For
example, although the nitroPAHs are about 10 or 10 times
more mutagenic than benzo(a )pyrene in the Ames test, the
nitroPAHs and benzo(a)pyrene are equally carcinogenic (23).
As a result, it is very difficult to assess the
toxicological effects of these catalysts on human health.

Sulfuric Acid Levels in the Mine Air

The fate of the sulfur compounds in the diesel fuel has been
investigated in some detail (24,25). The concern arises
because the sulfur in the diesel fuel is converted into
sulfur dioxide in the burning process (equation 1). If a
catalytic converter such as a PTX or a CTO catalyst, is

[1] Fuel sulfur -> *- SO

added to the diesel's exhaust system, the sulfur dioxide is
oxidized to sulfur trioxide which combines with water (one
of the other combustion products) to form sulfuric acid
(equation 2 ) (26 ) .

H O
[2] S0 2 + Pt catalyst •• SO r-. • H SO^

This sulfuric acid which is a gas in the hot exhaust
condenses into a mist or aerosol that could be inhaled by a
miner. These sulfuric acid mists are of concern because the
TLV for sulfuric acid is only 1.0 ppm (27).

The results in Table 6 indicate how catalytic converters
affect the sulfur compounds in the exhaust. Only 3*«% and
47$ of the sulfur emissions are present as sulfate ion



167

(sulfuric a c i d ) when no catalyst is used on two different
bare e n g i n e s . Thus, most of the sulfur remain? as sulfur
dioxide which has a higher TLV of 2.0 ppm ( 2 7 ) . However,
when the oxidizing (platinum metal) CTO or PTX catalysts are
added to the exhaust system, the percentage of sulfate ion
is increased to 5i% and 12%, respectively, of the sulfur
e m i s s i o n s . What is interesting, however, is that there is
less sulfate ion in the exhaust with the Corning filter than
with the bare engine- This undoubtedly occurs because the
ceramic Corning filter does not catalyze the conversion of
sulfur dioxide into sulfur trioxide (sulfuric a c i d ) .

The results in Table 6 are also
suggest that only a small portion
present as sulfuric acid in the mine
percentage of sulfuric acid might arise
generated in the burning of diesel fuel or
muck pile (ammonia is often produced
neutralizes the sulfuric acid (equation 3 ) .

interesting because they
(8?) of the sulfate ion is

air. The low
because ammonia

escaping from the
during blasting)

C3] 2 NH.

Unfortu n a t e l y , it is not known
neutralized (converted into the
in the exhaust system, in the
used to collect the samples,
levels are less than 20% of the
bare engine or a Corning filter
30% of the sulfuric acid TLV
are used. T n u s , even if all of
as sulfuric acid at some point
sulfuric acid is at safe level
of the exhaust treatment system

whether the sulfuric acid is
non acidic ammonium sulfate)

mine air, or on the filters
In any case, the sulfate ion
TLV for sulfuric acid when a
are used and are less than

when the oxidizing catalysts
the sulfate ion were present

in the mine, it appears that
s in the mine air regardless
that is on the diesel.

THE USE OF PERSONAL SAMPLERS FOR COLLECTING PAHs

Until recen
done with h
litres per
glass f i b"e
because a ]
enough P A H F
method of
First, the
As a result
cannot p r o v
addition, s

tly, all of our sampling of diesel exhaust was
igh volume samplers which draw approximately 1500
minute of air through an 8" X 10" teflon coated

filter. This method of sampling was chosen
arge volume of air had to be sampled so that
were obtained for the analyses. The high volume
sampling has several disadvantages, however.

high volume sampler requires electrical power.
, it only allows stationary state sampling and
ide exposure? of individual workers to PAHs. In
one of our previous studies suggested that high
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volume sampling wa? not quantitative for PAH? (28). Since
actual human exposures to PAHs were desirable, we developed
a new, portable sampler (Figure 7). This sampler consist?
of i) a 37 millimeter teflon coated glass fibre filter
backed up by ii) a tube containing XAD-2 resin that absorbs
any gaseous PAHs that pass through the filter, and iii) a
portable personal sampler pump which draws between two and
four liter? of air per minute through the system (28).

This new sampler has several advantages. First, the
sampling system is portable and can be placed on a diesel
(Figure 8). Note that the air drawn into the personal
samplers is from the breathing zone of the scoop tram
operator. Thus, the personal sampler? allow us to determine
an individual worker's exposure to the PAHs and probably to
the mutagen? that are present in diest'lized underground mine
environments. Secondly, the filter is backed up with an
adsorbent which traps any (gaseous) PAHs that pass through,
or are desorbed from, the filter. Thirdly, the flow rate
across the 37 mm filter is approximately 15 times lower than
that across the high volume filter. This should reduce the
losses of PAHs from the filter. In fact, when this new
sampler was tested in the mines, the Total PAHs, the Total
Minus Pyrene, and the Total Carcinogens were, on average, 15
times higher than those found with a high volume sampler
collected in the same location at the same time (Table 7).
While there is some variation in the results, more recent
comparisons in several other mine environments have
confirmed that the PAH concentrations are approximately
fifteen times higher when the personal sampler collector is
used (28). These results are important because they
demonstrate that sampling procedures are extremely important
and can have marked effects on the results.

On Board Versus Fixed Point PAH Analyses

The new portable personal samplers have been used on board a
diesel to test several different exhaust treatment systems.
Figure 9 shows the level plan for the stope where some of
this work was done. Fresh air entered the stope from the
top, swept through the stope past the diesel, and exited at
the bottom through the manway. High volume samples were
collected near the exit to the stope. Personal sampler
samples were collected on the diesel which mucked ore at
point A, carried the ore to point B, dumped it, backed up,
picked the ore up again, and dumped it back on muck pile A.
Four different exhaust treatment systems, a fume diluter
(F.D.), a new CTO (catalytic trap oxidizer), and the
CTO^fume diluter combination, were tested in this study.
The PAH concentrations found for the bare engine (column 1,
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Table 8) provide the reference point for the other exhaust
treatment systems.

The results of this study (Table 8) are interesting for
several reasons. First, the PAH concentrations found
using personal samplers on board are much higher than those
found with the high volume samplers at the sampling site.
Thus, this data supports the 15 to 1 ratio for the (personal
samplers/the high volume samplers) (vide supra). Also, the
PAH concentrations found when the fume diluter, which blows
the exhaust away from the diesel and it's operator, is added
to the exhaust system of the diesel, are much lower than
those with the bare engine. Thus, the fume diluter is very
effective in lowering the PAH concentrations (the exposure)
on board. Two other catalysts that were tested in this
stope, a CTO and a combination of the fume diluter and CTO,
had little effect on the PAH concentrations on board. Thus,
the fume diluter, and not the catalyst or the catalyst-fume
diluter combination, seem to be the most effective in
reducing operator exposure to PAHs.

When these same exhaust treatment devices are assessed using
the high volume PAH concentrations found at the sampling
site near the exit to the stope, one reaches a very
different conclusion (Table 8 ) . The high volume results
indicate that the fume diluter has very little effect on the
PAHs. This result is undoubtedly found because while the
fume diluter blows the diesel exhaust 3way from the
operator, it must eventually pass out of the drift.
Therefore, the PAH concentrations at the end of the drift
when the fume diluter is on the diesel should be identical
to those found with the bare engine, and they are. The CTO
and the CTO-fume diluter combination, on the other hand,
seem to lower the PAHs in the exhaust significantly. Thus,
if the PAH concentrations at the sampling site at the end of
the stope are used to assess the different exhaust treatment
devices, the CTO and the CTO-fume diluter combination appear
to be the best.

This discrepancy between the on board and high volume
samplers is illustrated in another way in Table 9. The
ratio of the the fume diluter/bare engine "on board" PAH
concentrations indicate that the fume diluter reduces a
scoop tram operator's exposure to PAHs significantly.
However, a very different conclusion is reached if one
considers the PAH concentrations found at the end of the
stope, (with fixed point sampling). The ratio of the high
volume PAH concentrations for the fume diluter and the bare
engine is 1.0 indicating that the fume diluter is completely
ineffective in reducing the PAH concentrations. The
corresponding ratios for the "on board" samplers indicate
that the CTO and the CTO-fume diluter combination does not
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reduce operator exposure significantly. However, the
identical ratio? found at the sampling site at the end of
the stope indicate that these two exhaust treatment systems
have a very significant effect on the PAHs. We believe that
the "on board" (worker exposure) results rather than those
found at the end of the stope are the ones that should be
considered. The "on board" results are important because
they indicate human exposure not what happens at some point
downstream from the diesel. Obviously, we are quite excited
about this new sampler and believe it will be an important
tool in our investigation of the PAH and tnutagen
concentrations in the air in dieselized underground mines.

PAH AND PARTICULATE LEVELS IN THE MINE ENVIRONMENT

Size of the Diesel Particulate

Instruments Cascade Impactor
the amount of six different
0.12 microns, 0.12 to 0.26
0.58 to 1.3 microns, 1.3 to
2 micron?, in approximately

We recently tested a California
(10) which allows us to measure
sizes of particulate; 0.05 to
microns, 0.26 to 0.58 microns,
3.2 microns, and greater than 3
one minute, in a mine environment. The results in Figure 10
show the concentration of each size of particulate in the
mine air when no diesel is operating and when a diesel is
operating. The upper line in Figure 10 was obtained when
the diesel was operating at full power and full load. The
lower curve gives the concentration of each size of
particulate in the ambient air in the drift, i.e., before
the diesel was started. Since the only difference is found
in the two smallest ranges, one is forced to conclude that
the particulate emitted by the diesel is very fine, i.e.,
most, if not all of it is below 0.26 microns in diameter.
These results are interesting because they suggest that the
particulate is much smaller than previously thought, i.e.,

Figure 4 suggests that the diesel particulate is
than or\e micron in diameter and implies that a
portion of it is between 0.5 and 1 micron in
If our results are correct, most of the

in diesel exhaust is less than 0.1 micron in
Obviously, the diesel particulate will be taken

the data in
mainly less
significant
diameter .
part i culate
diameter
in to the
rapidly in

deepest areas
the mine air.

of the lung unless it coagulates

The Lifetimes of Diesel Particulate and PAHs in the Mine Air

A study to determine the fate of the diesel particulate and
the PAHs in the mine air has been inititiated using our new
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personal samplers and the cascade impactor (10). In the
initial trial, a diesel fitted with a fume diluter was
positioned so that the exhaust was directed down the center
of the drift (Figure 11). The ventilation was extremely
high (100,000 cubic feet per min. or approximately four
times the required amount). Samples were collected at seven
different positions across Ihe drift by placing a set of our
new personal samplers about seven feet above the floor of
the drift (near the scoop tram operator's breathing zone),
2 6 feet downstream and 1^3 feet downstream from the diesel.
Cascade impactor measurements were taken seven feet and
three fest above the floor of the drift, 42 feet, 93 feet,
and 161 feet downstream from the diesel. The sample taken 7
feet above the floor of t'ne drift wa? close to the breathing
zone of the operator. The particulate concentrations were
also determined three feet above tiie floor of the drift in
the hopes of detecting settling of the diesel particulate.

This study has generated several very interesting results.
First, the total dust weights (effectively the diesel
particulate) found on the 37 mm filters of the personal
sampler samples collected across the drift 26 and 1*13 feet
downstream from the exhaust ports of the diesel (Figure 1?)
is centered in the drift and does not spread over the whole
surface of the drift. The second observation is that the
particulate settles very quickly in the mine air. Both the
average and the maximum concentrations of particulate are
approximately 405E lower 143 feet than 26 feet downstream
from the diesel. In fact, the maximum concentration of
particulate decreases from 0.60 to 0.36 mg/m and the
average concentration decrease? from 0.41 to 0.23 mg/m as
the particulate travels from 26 feet to 143 feet downstream
from the diesel.

The particulate found on stage 1 of the cascade impactor
ranges from 0.05 to 0.12 microns in diameter. The results
in Figure 10 suggest that this particulate is primarily
comprised of diesel exhaust particulate. If this is true,
the particulate concentrations in Table 10 illustrate how
the cascade impactor can be used to determine the lifetimes
of diesel particulate in the mine air. The results obtained
in this preliminary experiment, which must obviously be
repeated to ens lire V. heir accuracy, indicate that:

1. The particuiate concentration in the mine air is
related to the load on the diesel, i.e., the amount of
particulate i P generally highest when the diesel is
operating at high power and is lowest when it is at idle.
This trend, which is observed at all three distances
down.-1rcam from the diesel and at both seven and three feet
above the floor of the drift, was expected because the
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amount of particulate should be related to the amount of
fuel burned by the diesel.

2. The cascade impactor result? confirm the conclusions
based on the total dust samples collected with the personal
samplers, i.e., the diesel particulate appears to drop out
of the mine air very quickly as it travels down the drift.
Although there are a couple of discrepancies in the data,
the concentration of diesel particulate decreases by
approximately 67$ as the particulate travels from 42 to 93
feet downstream from the diesel and is reduced by a further
30% as it travels the next 70 feet, i.e., by approximately
80$ overall as it travels from 42 to 161 feet downstream
from the diesel.

3. The results also show that most of the particulate is
near the scoop tram operator's breathing zone (seven feet
above the floor of the drift). In fact, the particulate
level is on average 3 times higher seven feet above the
floor of the drift than 3 feet above the floor of the drift.
It is interesting that this same ratio is found for all
three operating conditions, full power, tramming and idling.
This result is important because it suggests that the
operator may experience the highest exposure to diesel
part i culate.

4. Finally, the PAH concentrations in the air 26 and 143
feet downstream from the diesel engine were determined using
the extracts from the new personal samplers (Table 10). The
results indicate that the Total PAHs and the Total
Carcinogen? are 11? and 13$ higher, respectively, 143 feet
downstream from the diesel than they are 26 feet downstream
from the diesel. While the small differences between the
PAH concentrations 26 and 143 feet downstream from the
diesel are within the experimental error of the analysis, it
is apparent that the PAHs do not drop out of the mine air as
rapidly as the particulate. This discovery is very
interesting because everyone has assumed that the PAHs were
absorbed on the particulate and that the PAHs would be
removed from the mine air when the particulate was removed
(vide supra). These results suggest that this may not be
true. Certainly, these results will have to be confirmed in
another mine before one can be certain of their validity.
However, I have reported these very preliminary results (10)
because they are surprising and because they suggest that we
do not understand the mine environment and the fate of
diesel pollutant? as well as we should.

Finally, the inconsistencies in the data in Table 10 and the
need to repeat the experiment? in different mines before the
results are accepted, is the result of working in the real
world. While one can easily control all of the variables in
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a laboratory experiment, experiment? in a real world
environment such a? an underground mine are subject to a
greater variation because the real world systems are much
more complicated and because many variables cannot be
controlled. Obviously, the exposure and concentration data
that are required for making sound decisions about toxic
substances has to be obtained in the real world. Since real
world investigations are both important and necessary, both
toxicologists and law makers will simply have to accept and
cope with this difficulty.

SUMMARY

This article illustrates some of our investigations of the
pollutants in dieselized underground mines. The results
indicate that the gaseous pollutants and sulfuric acid mists
are at safe levels in most dieselized underground mines when
the required amount of ventilation is supplied. Also, some
of our investigation? that illustrate some of the
complications that can arise in assessing various exhaust
treatment devices and mine environments have been described.

If there is a health problem associated with the use of
diesels in underground mines as some of the available data
suggests (29), it is probably associated with one or more of
the diesel particulate, the PAHs, or the oxygenated and
nitrated derivatives of the PAHs (the mutagens). While
some of the new exhaust treatment systems seem promising, it
is not clear whether they reduce the scoop tram operator's
exposure to these more worrisome components of diesel
exhaust significantly. I believe that we do not know enough
about how and why these new catalysts and filters affect
worker exposure to PAHs and particulate in dieselized
underground mines.

Finally, we believe that the two new sampling techniques I
have described are important because they enable us to
determine PAH and particulate levels at several sites in the
mine simultaneously. Thus, these new devices will allow us
to determine the pathways and lifetimes of the PAHs, the
mutagens and the particulate in the mine environment. The
results of these studies should increase our understanding
of the mine environment markedly and may allow us to develop
new methods of ventilation and/or to select improved exhaust
treatment devices. These developments should improve the
environment for people working on, and around diesel engines
and may even make the mining industry more cost effective.
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Table 1. The PAH concentrations found in dieselized underground mines and in city air.

Pyrene

Flo urant hene

Benzo(a)anthracene

Benzo(e)pyrene

Pery1ene

Benzo(k)fluoranthene

Benzo(a)pyrene

Benzo(ghi)perylene

Dibenzo(def, mno)chrysene

Dibenzo(ah)anthracene

Naphtho(1234,def)chrysene

Benzo(rst)pentaphene

TOTAL PAH's

TOTAL -PYRENE

TOTAL CARCINOGENS

Ave rage
Nickel Mine

80.2

5.62

8.86

18.2

0.45

2.55

1 .93

6.88

0.54

1.93

4.60

0.77

132.5

52.3

25.0

Average
Salt Mine

256.

19. 7

18.5

62.2

0.30

5.36

1. 19

9.31

0.60

3.52

8.42

1 .88

387. 1

130.9

41. 1

Maximum
Underground

959.

72.8

49.7

297.

1 .63

16 .2

8.37

36.3

2.06

9.36

44 . 7

9 . 57

1046 .

336.4

74 .4

Ave rage
Sudbury Air

14.6

1. 12

1.59

5.28

0.09

0.58

0.29

0.87

0.07

0.27

1 . 10

0. 14

26.0

11.4

4.82

Max imum
City

9

?

22.0

5.3

0.4

20.0

5. 7

35.0

0.37

2.0

0.43

1

7
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Table 2. The effect of drift size on the PAH concentrations found downstream
from a diesel.

PAH Concentration

<ng/m3)

Total PAHs

Total - Pyrene

Total Carcinogens

12*

73

38

19

X 15'

.1

.8

.5

Drift Size

40» X 251

360

51.5

50* X

199

69

27

30'

.7

.6
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Table 3- The effect of different fuels on the PAH concentrations and the
mutagenicity of the exhaust from a Deutz diesel.

PAH Concentration
(ppb)

Total PAHs

Total - Pyrene

Total Carcinogens

Alberta
Tar Sands

12919

12242

7360

No. 1
Diesel

In the fuel

237

99

62

Jet A*1

207

62

29

(ng/ra3) In the air downstream from the diesel

Total PAHs

Total - Pyrene

Total Carcinogens

228

48

33

212

89

46

318

111

61

Mutagenicity
(revertants/m with
TA--*98 - S9)

254 102 196
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Table 1. The effect of different catalytic converters on the PAH
concentrations and the autagenicity of the diesel exhaust.

PAH Concentration

(ng/m3)

Total PAHs

Total - Pyrene

Total Carcinogens

Mutagenicity
(revertants/m with

Bare
Engine

48.8

19.5

7.6

280

PTX
catalyst

12.8

20.9

13.8

465

Dxeseler
III
Dumping

26.9

8.4

2.6

5,897

Diesler
III
Mucking

109

to.9

24.6

12,598

S9)
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Table 5. The autagenicity found for the diesel exhaust extract collected
downstream from a Deutz diesel fitted with a Dieseler III catalyst in the Aaes
bioassay with different strains of Salmonella Typhimurium bacteria with and
without metabolic activation.

Salmonella Hutagenicity (average
Tester
Strain revertants/m of mine air)

TA-98 + S9

TA-98 - S9 24057

TA-98 NR-S9 3315

TA-98/1,8 DNP6 - S9 108

TA-98 NR/BR - S9 30
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Table 6. The effect of various catalytic converters and filters on the sulfur
dioxide, the sulfate ion, and the sulfuric acid levels in the mine air.

Exhaust

System

so2

(•g/m3)

so4

(•g/m3) SO,, + SO,,

*so,,

as

Bare Engine 0.34 0.17 11

CTO (catalyst) 0.23

Bare Engine 0.18

Corning Filter

PTX Catalyst 0.11

0.30

0.16

0.11

0.28

56 3

6

72
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Table 7. The PAH concentrations found in diesel exhaust samples collected
with personal samplers and high volume samplers at the same time at the same
locations in different dieselized underground mines.

(Personal Sampler/High Volume Sampler) PAH Concentrations

MINE 1

Test 1

Test 2

Test 3

MINE 2

Test 1

MINE 3

Test 1

Test 2

AVERAGE

Total PAHs

17.5

17.1

8.5

15.6

19.8

11.5

15.5

Total « Pyrene Total Carcinogens

19.3

14.9

6.4

13.3

20.7

15.2

15.0

26.9

11.6

3-3

5.8

5.0

0.7

12.0
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Table 8. The PAH concentrations found in diesel exhaust exctracts collected
on board with personal samplers and at the sampling site vith high volume
samplers.

PAH Concentration

(ng/m3)

Bare
Engine

F.D.
only

CTO
only

F.D. • CTO

Personal Samplers on Board

Total PAHs

Total - Pyrene

Total Carcinogen?

3714

1717

449

1279

366

182

2563

1803

382

3204

839

285

Hi Volume Sampler at the Sampling Site

Total PAHs

Total •* Pyrene

Total Carcinogens

366

144

41

325

121

49

89

36

11

81

36

8
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Table 9. The ratio of (PAH concentrations found for various exhaust treatment
systens/PAH concentrations found for the bare engine) on boird and at the
sampling site.

Ratio of the PAH Concentrations

EFume Diluterj 1~ CTO "1
Bare Engine I [Bare Engine!

Fume Diluter
Bare Engine

• CTO~|
ne I

Personal Samplers on Board the Diesel

Total

Total

Total

PAHs

H Pyrene

Carcinogens

0

0

0

.31

.21

.41

0.69

1.05

0.86

0.86

0.49

0.85

Average on Board 0.32 0.86 0.73

High Volume Samplers at the Sampling Site

Total

Total

Total

PAHs

« Pyrene

Carcinogens

0

0

1

.89

.84

.20

0.21

0.25

0.28

0.22

0.25

0.19

Average Sampling Site 0.98 0.26 0.22
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Table 10. The concentration of the 0.05 «• 0.12 Micron dianeter diesel
particulate and the PAH concentrations found at different locations downstream
from a diesel.

Engine
Operating
Condi tio:

Mucking
(Full Power)

Tramming
(Partial Load)

Idle
(no Load)

Distance
Downstream
From The Diesel
(Feet)

42

93

161

H2

93

161

42

93

161

Particulate Co
3 Feet Above t

7 Feet

(•g/m3)

0.0U2

0.011

0.009

0.030

0.014

0.020

0.010

0.003

0.002

3 Feet

(•g/«3)

0.030

0.002

0.008

0.009

0.023

0.008

0.002

0.001

0.002

Average of all
three conditions

26

143

Total PAHs

(ng/m3)

16,313

18,637

Total Carcinogens

<ng/«3)

1,168

1,536
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C02 CO NO N02 S02

H2S0Z|

OXYGENATED HYDROCARBONS (ALDEHYDES)

PARTICIPATE MATTER

HYDROCARBONS

ALIPHATIC AROMATIC

POLYNUCLEAR AROMATIC HYDROCARBONS (PAHs)

OXYGENATED AND NITRATED PAHS

Figure 2. rriru2 pollutants added to the underground mine air by diesels.
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Pyrene Benzo(«)Pyrene

* *
Benzo (k)Pluoranthene Benzo(a)Pyrene Benzo(ghi)Perylene

Dibenzo(def,«no)
Chrysene Benzo(rst)Pentaphene Naptho(1,2,3,4,def)

*
Chrysene

Benzo(a)anthracene 3-Methylcholanthrene Fluoranthene

Figure 3. Some of the PAHs found in diesel exhaust.



190

AVERAGE
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W
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evti• tloin

0.1 1 10 50 90 98 99.8

MASS PERCENT PARTICLES < D

Figure 4.
The average diameter of the particulate matter in diesel exhaust frcm a
Caterpillar 3150 Diesel running at a speed of 1800 rpn.
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CELLS
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Figure 5. The respiratory system featuring trie alveolus, the
smallest and final area of the lung.
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REVERTANTS
NANOMOLE

2,000 255,790

Figure 6.
The nononitro and dinitro products of pyrene and their mutagenicity in the
Ames Bioassay using Salmonella Typhimurium strain TA-98 without metabolic
activation.
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Figure 7. The portable personal sampler for PAlis.



F i g u r e 8 - ,.\ | n i r t a ! > W - a i r s a m p l e r i n L i u b i v a l : i i ; ] • . ' . x

a d i o s i ' I s c i i n p t r a i n .

n r >>t t i n I > J H ' r . i t o r <>n



195

Downcast air

Manway/raise

Temporary
Plastic Wall

Left
HiVol

Personal
Samplers

vTravelway
Exhaust air

Figure 9. The level plan for tiic store where the personal sampler "on board"
and sampling s i t e hi.qh volume resul ts were obtained for the fume
di lu te r , the CIO and the CTO -fume di luter - combinations.
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0.05'

0.04-

0.03-

PARTICULATE
,3

0.02-

0.01-

AMBIENT AIR

DIESEL FULL LOAD

3.2 1.3 0.58 0.26 0.12

MAXIMUM DIAMETER OF THE PARTICLE IN MICRONS
0.05

Figure 10.

The diameter of diesel particulate as determined with a California Instrument 6-stage cascade
impactor at the Onaping Mine.
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* Cascade Iapactor
Saaple Locations

— Personal Saapler
Array

40 ft

Figure 11.

The level plan for the 4300 foot level of Opaning Mine showing the locations

where the Cascade Bnpactor and PAH sairples were collected.
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26 FEET D

FEET X

TOTAL
DUST

DISTANCE FROM THE CENTER OF THE DRIFT
Figure 12. The particulate distribution across a drift. The weights are for the

smallest sized particulate and were taken 7 feet above the floor of
the drift near the scooptram operator's breathing zone.
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Discussion

P. Chan:

What was the size of the particulates which were seen to drop off
rapidly along the drift? Were these the small respirable particles and why
do you suppose this was not related to the PAH levels?

K. Westaway:

To answer your first question, the particulate that drops off quickly
with distance has a diameter of between 0.05 and 0.12 microns. It is the
smallest size measured by the cascade impactor and the size that increased
when the diesel was started. This particulate is highly respirable. In
fact, all of the studies have concluded that virtually all of the diesel
particulate is respirable even though others have found it to be almost ten
times larger than we did. All of the experimental results suggest that
diesel particulate agglomerates and settles out of the air quickly in
nickel mines.

At present, we do not know for certain that the PAH's are not ai'!.
associated with the particulate. However, if this discovery can be
substantiated in other mines, it presumably means that a significant
portion of PAH's do not come in contact with the diesel particulate in the
exhaust aerosol which is carried by the mine ventilation.

M.M. Fisher:

What can be done to eliminate or reduce the diesel exhaust itself?

K. Westaway:

The only way to totally eliminate diesel exhaust is to use electric
scoop trams which are available. However, the cost of converting all of
the diesel equipment in Canadian mines to electric scoop trams would be
astronomical. Iny any case, we do not even know if there is an increased
health risk associated with the use of diesels in underground mines. Thus
it is unreasonable to suggest that the scoop trams and other diesel
equipment be converted to electrical vehicles.

Also, most mining companies have and are continually trying to improve
the work environment. For example, new catalysts, filter and scrubbers for
heavy duty diesels are being developed and tested on underground vehicles.
Some of these new devices seem promising and hopefully, they will reduce
worker exposure to the worrisome components of diesel exhaust. We hope
that determining the lifetimes and pathways of the PAHs and the particulate
in the mine air will show us new ways of reducing worker exposure even
further. Thus, if diesels have a deleterious effect on health, the
research will show us how to reduce the hazard as quickly as possible. If
there is no health hazard as some people suspect, the research should
improve the working environment and/or allow companies to reduce their
costs by reducing ventilation.
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ORGANIC CONTAMINANTS IN GROUNDWATERS AFFECTED
BY LANDFILL LEACHATES

J.F. Barker

Professor, Institute for Groundwater Research
Department of Earth Sciences

University of Waterloo
Waterloo, Ontario

For the past four years researchers at the Institute for Groundwater
Research have been examining the occurrence of organic contaminants in
groundwaters at six sanitary landfill sites and at one waste disposal
facility in southern Ontario. The purposes were to determine what organics
are contaminating groundwaters, how rapidly these contaminants travel in
groundwater and how persistent these organics are. The landfill sites
selected represent a variety of hydrogeological conditions and so were
expected to be representative of most sanitary landfill sites in southern
Ontario. Also, at most sites, the hydrogeology and some aspects of
existing contamination were already known.

The locations of the landfill sites investigated in this study are
shown in Figure 1. Three of the sites were located upon permeable,
unconsolidated sand deposits in which groundwaters could move laterally
quite rapidly (10 cm to 5 m per day). Thus, at the Borden, Woolwich and
North Bay sites plumes of groundwater contamination extend for 800 to 1000
m from the sites. The New Borden site is located upon less permeable
unconsolidated sandy till material in which groundwater moves laterally at
about 15 m per year. Thus the contaminated groundwaters extend less than
150 m from this 10 year old site. The facility operated by Tricil Limited
is situated upon thick clayey deposits and the contamination extends only
about 1 m from the waste.

The remaining two sites -- Bayview Park and Upper Ottawa Street -- are
situated upon sedimentary bedrock. Unlike the unconsolidated materials,
these are extensively fractured and the fractures, when open, provide the
major conduits for groundwater flow. Rather than moving through the mass
of interconnected pores as in sands, groundwater flows mostly along
interconnected fractures, often bypassing cubic meter volumes of rock.

The dominant organics found in leachate plumes emanating from six
landfills are summarized in Table 1. The organic acids were dominant,
resulting from the anaerobic breakdown of organic refuse. The most
significant contaminants were volatile, chlorinated, one- and two-carbon
hydrocarbons (halocarbons) and volatile aromatic hydrocarbons including
benzene, toluene, xylenes, chlorobenzenes and other substituted benzenes.
Other commonly detected compounds included non-chlorinated solvents such as
acetone, tetrahydrofuran and 1,4-dioxane. Significant occurrences of most
other organics on the EPA's priority pollutant list were rare. Either
these were not significant components leaching from the refuse or they did
not persist into the leachate-impacted groundwaters. However, it must be
remembered that exhaustive leachata characterization was not the objective
of this study and so some organics of specific concern might not have been
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identified. Many organic components (GC/MS peaks) were not identified at
each site.

50 100 150 km

Figure 1. The locat-ion of the seven landfill sites.
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Table 1: The approximate maximum concentration (ug L ) of
selected organic contaminants found in leachate-
contaminated groundwaters at six landfill sites. Many
concentrations are only approximate.

Contaminant Landfill Sites

Aliphatic, aromatic
and carboxylic acids

carbon tetrachloride
chloroform
trichloroethylene
trichloroethane
tetrachloroethylene

acetone
tetrahydrofuran
1,4-dioxane

benzene
toluene
xylenes
ethylbenzene
2,4-,2,4-trinethylbenzene
chlorobenzene
dichlorobenzenes
naphthalene

phenols
benzothiozoles
PAH's
phthalates

Borden

20

<1
<1
1
n.d.
n.d.

<1
P
n.d.

3
1
<I
<1
n.d.
n.d.
<1
n.d.

-
<1
-
<1

Woolwich

>10,000

5
20
37
7
2

—
-
-

70
7500
700
1100
10
n.d.
n.d.
50

1100
30
-
P

North
Bay

>300

<1
<1
2

<1
<1

6
9
<1

51
60
140
64
250
105
13
15

10
10
n.d.
110

New
Borden

_

9
25
750
90
<1

_

-
-

50
1400
500
120
70
n.d.
n.d.
260

P
n.d.
-
P

Upper
Ottawa
Street

>1000

P
5
P
20
<1

6
200
P

60
2600
3500
700
450
110
5
P

P
P
n.d.
P

Tricil

n.d.
n.d.
n.d.
8.44
n.d.

-
-

7920
9520
-

3320
-
-
-
2350

-
-
-

p : detected but concentration not estimated
n.d.: not detected

: not determined
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All leachate-derived solutes were found to undergo significant
dilution or attenuation as they migrated from the. landfills. Much of the
observed decreases in concentration must be attributed to the process of
dispersion -- the mixing of leachate and background groundwater that occurs
throughout the solute transport domain. For organic contaminants, two
other processes can also bring about lower concentration. Sorption.
essentially by solid organic matter in aquifer material, can both lower the
solution concentration and retard the migration of sorbing solutes. The
second additional attenuating, process is biotransformation or
biodegradation. Microbes convert the organic compound to simple inorganic
molecules such as CO2, H2O or CH4 usually, but this conversion may be to
other organic molecules under some conditions. Chemical transformations
such as hydrolysis or reductive dechlorination are also possible, but for
the organics emphasized in this study, the major transformation is thought
to be microbinl.

In the very permeable sand aquifers at North Bay and Woolwich,
dispersion seems to have brought about a very significant dilution (10 to
100-fold decreases) of all leachate parameters over the 800 m to 1000 m
travel distances found at these sites. The halocarbons and volatile
aromatics seem to have undergone even greater attenuation than chloride,
attributed mainly to biotransformation reactions.

Biotransformatlons appear to be a dominant control over the behaviour
of halocarbon and volatile aromatic contaminants in these landfill leachate
plumes (Tricil situation excepted). Where significant organic loading to
the leachate occurs (all but Borden landfill) the initial environment is
likely extremely anaerobic. This promotes methanogenic bacteria which have
excellent potential to biotransform halocarbons (Wilson and McNabb, 1983)
but only a minor potential to biotransform volatile aromatics (Wilson et
al., 1986). In some leachate plumes (Woolwich, perhaps New Borden),
aerobic conditions may exist in the distal portions where leachate mixes
with large ratios of oxygenated natural groundwaters. In such an
environment, aerobic bacteria can be expected to rapidly biotransform
aromatics. It is not surprising, therefore, that some evidence for
biotransformation of halocarbons and volatile aromatic contaminants is
found within six of the seven leachate plumes investigated. This may be
the major safeguard in the groundwater environment that will continue to
limit the environmental impact of mobile organic contaminants in these
sanitary landfill leachates.

Defining the extent of the leachate impact at the Upper Ottawa Street
landfill site was complicated both by the nature of groundwater flow in
fractured media and by the range of background groundwater quality. Table
2 shows the concentrations of inorganic parameters and aromatic
hydrocarbons in leachate-impacted groundwater within the waste and in
representative groundwaters not likely impacted by leachate. Type 1
groundwater is generally shallow and recently recharged while Type 2
groundwater is thought to be very old, perhaps still with a component of
the original formation water. Note that leachate is often intermediate in
concentration between Type 1 and Type 2. Some leachate does contain
elevated levels of fluoride, reduced N, boron, iron, arsenic, lead, zinc
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and aromatic hydrocarbons. It would appear that the impact of leachate at
this site is mitigated, in part, by the poor quality of the natural
groundwater.

In terms of concentrations, the impact of leachate does not appear to
be extreme. But impact can also be viewed from the perspective of the
total loading to the environment from the landfill. For example, arsenic
concentrations are within the Ontario drinking water standards of 0.05
mg/1. However, the total flux of water leaving the landfill and recharging
the groundwater is estimated to be about 2.5 to 21 litres per second. This
translates to an annual release of arsenic of from 0.24 to 19 kilograms per
year. For contaminants which could accumulate in receiving organisms or
ecosystems such fluxes could be more serious than the perceived risk
expressed as a concentration.

Table 2: The geochemistry of leachate, type 1 and type 2
groundwaters -- routine monitoring parameters.

Parameter

pH
Cond (uS)
Ca (mgl. )
Mg
Na
K
Cl
Alk. (as CaCO )

so. 3

F 4

NO, (as N)
Kjeldahl N
B
Fe
Mn
As
Cd
Pb
Se
Zn

DOC

Tritium (T.U.)

Benzene (ugL )
Toluene
Chlorobenzene
Ethylbenzene
p-Xylene
o-Xylene
Cumene
1,2,4-Triaethylbenzene
Naphthalene

26-1

14.2
269
107

75.7
76.3
30.8
2.8
18.4
132

Leachate
28-2

7.86
25900
19.0
86.0
4700
135

4360
9130
130
6.6
0.5
1600
120
7.1

0.16
0.029

< 0.010
0.097
0.004
0.47

4600

27.0
242

n.d.
74.0
191
123
4.2
50.8
60.3

29-1

7.67
13100
87.5
355

2120
408
3190
3540
40.0
1.3
0.3
380

24.0
3.2
0.20
0.003

<0.005
0.032
0.001
0.028

294

129

8.9
1.6
5.2
18.1
12.5
53.1
2.3
2.3
10.7

5-1

7.31
1520
140

50.0
108
4.8
182
247
273
1.2
0.2

< 0.3
0.21
0.68
0.14
0.001
<0.002
0.015
<0.001
0.11

2.8

0.06
0.9

n.d.
0.4
1.8
0.5

n.d.
0.6
0.4

Type J
10-1

6.98
3000
545
57.0
161

16.3
202
251
1360
0.8

< 0.1
S.O
0.8
0.6

0.05
<0.001
<0.005
0.03

<0.001
0.009

32.9

62

0.01
0.3

n.d.
n.d.
0.03
n.d.
n.d.
0.03
0.04

l
19-1

7.02
3800
334
110
310
19.8
710
407
645
0.4

< 0.1
2.5
0.7
2.0

0.45
-eO.001
0.0008
<0.003
<0.001
0.15

3.4

88

n.d.
0.2

n.d.
n.d.
0.07
n.d.
n.d.
0.03
n.d.

3-2

r — -

64000
5500
1460
8700
156

27300
298
1330

0.4

10.0
0.24
0.3S

0.001
0.005
<0.030
<0.001
0.06

100

n.d.

1.0
1.0

n.d.
0.2
O.S
0.4
0.02
0.3
2.0

Type I
16-3

6.06
150000
16400
4300

29400
490

84600
45.0
1080

< 0.1
65.0
3.2

0.88
1.1

<0.001
•cO.OOS
0.09

<0.001
0.04

4.2

4

0.8
1.5

n.d.
0.1
0.1
0.1

n.d.
0.1
0.1

20-4

6.61
108000
10300
3050
15100
267

52400
107

1150

1.1
45.0
6.9
3.1
1.3

0.001
<0.002
<0.030
<0.001
0.060

37

1

0.7
2.6

n.d.
0.2
0.7
0.3

n.d.
0.5
0.3

n.d. - not detected
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A more detailed presentation of the results of this study can be found
in Barker et al. (1987). Reinhard et al. (1984), Barker et al. (1986),
Pankow et al. (1986) and Barker (1987), discuss more specific aspects of
this research. As well, a number of publications are in preparation or in
review.
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Discussion

K. Westaway:

Do you have any idea of the relative rates that organics travel in the
sandy and broken rock land-fill sites?

J.F. Barker:

No. The relative rates are site specific.

J.R. Hicktnan:

One comment: although the benzene content of water may be low, as
indicated yesterday when the benzene intake from water was 3 ng daily
compared to 250 pg from food, one must recognize that it is easily removed
from water by simple air stripping. If one adopts the ALARA principle, as
was mentioned yesterday in the context of radiation, removal of benzene
from diet is probably largely infeasible, whereas removal from water is
simple at minimal cost.

J.F. Barker:

I agree. The key aspect is how simple the remediation of contaminated
groundwater really is. If contaminated groundwater is required to be
remediated to a drinking water standard, the large expenditures may not
reflect the level of risk that the contamination poses. I would prefer a
better scientific rationale for remedial efforts.
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SYSTEMATIC MODELLING FOR TOXICOLOGY

B.R. Hollebone

Professor, Chemistry Department
Carleton University
Ottawa, Ontario

Th? topic that 1 want to address today is th<? theoretical background for
toxicology, which we've had to struggle wiLh over the past decade, and Co
apply it towards a chemical view of toxicology. As you are all aware, a
science really isn't a science until it establishes at least one basic
theorem for its work. We have had this basic theorem for quite a long time
now in terms of the fundamental parameter of toxicology which we often call
"risk". We factor it into two basic terms which are usually defined as the
tcxicity multiplied by the exposure of any material. We've all been
talking in the past two days about various ways of measuring, defining and
understanding these two parameters. It's important I think before we even
worry about details to understand some essential features.

First of all, in most situations risk is defined without dimensions. It
is a unitless, dimensionless factor which is often just a percent change in
something. The toxicity and the exposure carry with them both dimensions
and units and there is a wide variety of units to be applied in either of
these parameters. The units are defined by the system of measurement so
let us look at how we measure toxicology, toxicity in particular. We can
measure it at many different levels of organization, all the way from the
ecosystem through the whole body down to the organ or tissue level and
eventually to the area where a chemist would look, at the enzymatic
responses. You can't use the same units for the different levels of
organization. Each requires a different kind of specialist. I am not a
specialist in ecosystems, whole bodies or organs or even tissues. This is
research for other people with other types of training.

Similarly, when we are faced with the exposure side of the equation, we
work all the way from the macrosystem to internal distribution. In the
types of problems that were discussed in the last talk, you are looking at
enormous groundwater problems or whole lake or whole river systems. In
more detail, we work down throvigh to the contact with the body through
skin, or the respiratory system, or by ingestion and finally down to
cellular distributions. It should also be mentioned that in one of this
morning's talks we have some concern about bioaccumulation which leads to
enhanced toxic concentration in each cell compartment.

So when one tries to survey the use of the theory of toxicology, one is
faced with an enormous data base in both of its aspects. In order to try
and understand the significance of an intoxication, one has to deal with
rationaiizing these sets of units to each other. It's a problem for
government and for researchers in the field. Our first response to this
was let's get rid of the units. We already have removed the units in the
risk side of tho equation and let's eliminate, the units in the toxicity and
the exposure terms by dividing out some standard condition at every level
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of endeavour. We've seen this in the previous talk - a normal condition is
selected and taken as the standard, then at each level, some kind of
mapping of this standard condition can be superimposed upon the observed
one and a ratio defined. We've also seen it in the HERP this morning, in
which a rational removal of units is achieved by superposition of the
observed data on the artificial condition. If we can then express this
mapping in terms of percent change, we only are left with the problem of
deciding the meaning of the artificial control. As long as the control is
selected with intelligence and thoroughness, we can begin to use the
fundamental relationship of risk as a product of toxicity with exposure as
a true theorem of scientific behaviour. If we get to the point where this
does provide a theorem of scientific behaviour, we can begin to examine the
problems of significance and interpretation with a little more clarity in
our thinking.

The reason that all of this became directly relevant in our work is
because we were trying to deal with problems concerning the biochemistry of
response to toxic agents. I'll go through an example, to show you how all
these problems came up. Most of you are aware that the body has chemical
defensive mechanisms in the mixed function oxidase system; short form is
MFO. It is an enzyme system which is present in all barrier tissues, in
the skin, internal wall of the lung, the bronchial tubes, the stomach, the
intestine. It is also present in the organs of the internal digestive
system like the liver and the spleen. Thus we have MFO present in both
barrier tissue and in the internal disposal organs, that are charged with
removal of materials from the body. When we look at this particular enzyme
in terms of the theorem that we've just outlined, we realize that we have
to divide toxicity up into some more factors because the normal response of
this enzyme is an increase in metabolism in the presence of toxic agents.
However, it is not an intoxication problem, it is instead a defensive
mechanism, that is, a response which is attempting to cure the problem. So
we identify what kind of "toxicities" we want to define. We clearly need
one which represents failure. We also see other systems where we can
document compensation which is not in fact a bad thing at all. Thirdly, as
in the case of MFO, we actually get active defenses against the
intoxicating substance. So now we're dealing with more refinements in our
concepts. In any organisms then, there will be defensive responses,
compensatory responses, and if they both fail, we will then begin to see
failure of the system. They may all occur together or some of them may be
missing.

Now within this array of responses we classify our MFO system as a
defensive mechanism. It follows the usual dose response curve, and for a
large number of compounds, it has the expected double sigmoid curve. A
fifty percent response can be defined for the response in terms of most
chemicals and so a half dose value may be found for it similar to that for
chemicals causing failure. Now, we want to attack the problem of removing
the units of this response and start documenting it as percent change.
This problem brings together the concepts that we need for control of both
the biological side of the question and the chemical side of the question.
Control for the biological side of the question is well documented and has
been employed for as long as toxicology has been an area of research. Many
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examples were discussed this morning for setting up such biological control
conditions. I fully accept the criticism made this morning of using inbred
strains of animals because they do not represent the human condition.
However the problem that we face is that there are too many parameters to
deal with and we often do select the single strain and control all of the
exogenous conditions, such as the environmental raising of the animals and
so on, to make sure that one keeps extraneous conditions constant. There
has not been the same intellectual effort towards chemical control, and in
fact, dealing with this idea we couldn't even find a starting point. What
is a control chemical? We were clearly faced, as was our last speaker,
with fundamental questions such as: do we chose an inorganic compound or an
organic compound, and so on.

Ecosystems respond to organics and so the natural choice here for
chemical control was a simple organic. This brings us to the problem that
we're really dealing with, the structure activity relationship that is
going to define the toxic system. We want to define a control for organic
structure; then we can build on that foundation the relative changes that
we want to see to understand these three different types of intoxication.
For this approach, we had to understand the chemistry of the enzyme. What
was the enzyme actually doing? Through our work and many other sources,
it's clear that MFO plus any kind of organic (which I'll simply represent
as an organic radical attached to a hydrogen) concerts the oxygen to make
an alcohol. The reason is quite simple, the alcohol is more soluble than
the original alkane material and is much easier to eliminate by renal
excretion. The intended behaviour of the system is to remove the toxic
material from the body. If this is the reaction that we want to measure,
we must decide which control organic compounds can be used in order to make
sure that the observed reaction is indeed purely the hydroxylation of the
carbon-hydrogen bond.

There are two problems encountered when trying to set up such a
structure-reactivity relationship. Does the reaction depend upon the shape
of the molecule or does it depend upon the strength of the carbon-hydrogen
bond? The usual situation with biological catalytic systems, which we call
enzymes, is that they depend very heavily on the shape of the molecule and
we get the lock and key mechanisms with which we're all familiar. So we
started off that way. We said, let's show that this has a lock and key
mechanism. So, we dosed rats with a series of compounds in which the shape
was varied and attempted to show that the structure was the important
feature in the induction of activity. To do this we drew up a square
array of assay data and looked at the behaviour of the enzyme in two
different situations. We have cataloged on the vertical axis the enzyme
extracted from the liver of treated animals, dosed with a set of different
organic toxic materials, so this was the toxant axis. Across the top we
catalogue the same compounds used as substrates in the assay reaction after
extraction of the enzyme. So given liver dosed from benzene for example,
we would test it with benzene but we would also test it with the set of
other similar compounds. Each treated liver was tested nine times and each
substrate was used to assay the nine treated liver enzymes after
extraction. Now, we can apply a hypothesis on this array of data. If the
structure is the important feature, then the reaction kinetics should be
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maximized on the diagonal of the data array because each system should be
adapted structurally for it's own substrate. What happened instead was
that the whole array was antisymmetric, so that after rearrangement of
compounds, all reaction rates for assays on the upper right-hand side were
faster than expected and all those on the left-hand side were slower than
expected. Therefore the structure was not influencing the reaction rates
at all. Instead the reaction rate was influenced by a standard parameter
associated with this particular ordering of compounds. For this order,
the reaction rate increased as the C-H bond strength decreased and so our
chemical reaction here was purely a function of C-H bond strength. We are
able to establish plots of known C-H bond strength against these controlled
reaction r?>tes and they came out to be in most cases quite linear (Figure
1).

However, there are a number of rogue compounds in this relationship.
Quite often we observe a compound which we would expect from its calculated
bond strength prediction to display a specific reaction rate, to be shifted
to a significantly lower reaction rate (Figure 2). When we examine the
enzyme extracted from the animal, we find that it has been partly
destroyed. Many people have recognized this phenomenon and call it a
suicidal metabolism. The formation of the intermediate compound at the
site of reaction during attempted hydroxylation has resulted in the
destruction of the enzyme itself so that we see a reduced reaction rate
associated with that compound. The destruction of the enzyme is not the
only consequence. The enzyme resides in the fatty endoplasmic reticulum
within the cell (Figure 3). The destruction of the enzyme is only the
first step in a longer destructive sequence because the endoplasmic
reticulum itself also begins to break down. The whole process appears to
be promoted by free radical mechanisms. Free radicals are very reactive
compounds which have an extra half-bond available to them. They have short
half-lives but are most stable in lipid tissue and they tend to reside
within the lipid for relatively long periods. Now, work by Arthur
Cederbaum at Mount Sinai Hospital in New York City has shown that this
behaviour is enhanced by the availability of non-heme iron, that is iron
that has come from the breakdown of the enzymes themselves, and so these
radicals can have significant mean-free paths or residence times in the
lipid.

We can now quantify the reduction that we saw in the reaction rate.
From the diagram of bond strength versus reaction rate (Figure 2) we can
look at the shift downwards, which now becomes a quantifiable parameter
which we call the Suicide Shift. The Suicide Shift is quite reproducible
under all these controlled conditions. Now, if this Suicide Shift
represents destruction of tissue, we may be able to correlate the Shift
with the initiation of disease because it represents the initial accidental
step in the chemically-induced disease problem. There is no chemically
induced alteration of tissue before this accidental step. Anything that
happens before suicidal metabolism can be regarded as an expected or
intended behaviour but when the metabolite breaks down, irreversible tissue
damage which can propagate is initiated. We went to the literature of
American drinking waters epidemiology for cancer incidence in human liver
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and looked up all of the tumour incidence rates for the same compounds that
we were using in our study. We obtained a log linear relationship between
Suicide Shift, as the independent parameter, and the logarithm of the
incidence of carcinomas in liver (Figure 4). The epidemiology was based on
one source for all exposures for the same organ as we were studying in our
experiments. The plot is a straight line over two orders of magnitude of
the logarithm change and about eight kilocalories per mole in the Suicide
Shift in the bond strengths. We believe that this Shift between the real
bond strength and the expected bond strength plotted as the independent
parameter now becomes a new definable way of predicting the expected
incidence of cancer in the same tissue as occurs with exposure to drinking
water. This correlation appears to establish the predictable malfunction
of the defense mechanism and the incidence of disease from those compounds.

It was in the structure of this thinking that we came across the need
for these more stringent control conditions. In particular, the need for
definitive control on the chemical side of the problem was fully apparent;
now we do have foundation compounds to work with? Our primary control is a
carbon compound in which all carbon hydrogen-bonds have the carbon
attached to three hydrogen atoms. These are called primary CH bonds and
the chosen standard substance is named 2,2,3,3 tetramethyl butane. It
indeed shows no Suicide Shift and displays what we call now the intended
behaviour of the enzyme system. The compounds which disobey the intended
behaviour are sometimes quite shocking, and I'll just give you one example
which we didn't understand when we first saw it. The only difference from
the control compound was that we left two of the methyl groups off. This
gives 2,3 dimethyl butane; two of the bonds between carbon and hydrogen are
called tertiary because they have a carbon bound to three other carbons and
only one hydrogen. These are the weakest of the CH bonds but when they are
hydroxylated they react extremely rapidly to the expected alcohol. However
the adjacent C-H is also hydroxylated in a second step rapidly to the
expected alcohol. This vicinal diol is chemically unstable and it
dehydrates and forms the triangular ring called an epoxide.

-c-6-c-c- — > -c-i-i-c- --•> -c-crp-c- • H.O

This highly strained ring will spontaneously split open to give us a
diradical which will immediately turn around and destroy the enzyme and
then propagate the destruction of the lipid. In understanding chemically
initiated diseases, the interesting process is the destruction of the
lipid. As you all know, in the lipid bilayer the terminal end of a fatty
acid is a methyl group. The active site of the MFO enzyme faces these
methyl groups (Figure 3) and the free radical generated at this point by
accidental hydroxylation can attack those methyl groups. The methyl groups
then become free radicals themselves with long mean free paths. The
compounds which are originally metabolized become the intermediate
compounds which can generate the methylating or alkylating agents which are
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observed to cause mutation of DNA. These methyl radicals can migrate all
the way to the DNA through the lipid medium without ever going into the
aqueous compartments of the cell. We find that all of the misbehaving
compounds are co-identically those which are called alkylating agents which
are in turn those which fall on our linear cancer incidence relationship.
I think we've come some way then in modelling the systematics of this toxic
problem and I hope that we can go on from this point witii even greater
perception of processes initiating disease.

Thank you.

Discussion

A. Trivedi:

1. Can we reduce the risk factor by manipulating the lipid environment?

2. What are the side effects of free radical generation in lipid core?
3. Can you relate the tumour promoting agent function in terms of your

hypothesis?

B.R. Hollebone:

1. No known ways yet.
2. Lipid decomposition, propagation of free radicals to genes.
3. Only studied tumorigenic chemicals, not promoters yet.

C. Barnes:

1. Have you looked at whether these compounds that cause suicide shifts
also induce MFO production?

2. If they don't induce, then would this compound ultimately destroy all of
the MFO in the cell?

B.R. Hollebone:

1. Suicide shifts can occur with the strongest and weakest inducers,
depending on metabolite decomposition behaviour.

2. No, a reproducible portion of MFO is destroyed at the MTD level for
each suicidal substrate.

M.M. Fisher:

Are any of the chemicals you have been studying inherently toxic to the
microsomes, that is without being metabolized?

B.R. Hollebone:

No.
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M. Caza:

Are defense and low function related to what used to be called
homeostasis?

B.R. Hollebone:

Yes.
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PANEL DISCUSSION

S. KACEW,
Professor, Dept. of Pharmacology, University of Ottawa

Thank you for inviting me to participate in this workshop, and also for
the hospitality and the dinner last night. When I spoke to Dave Myers
initially he asked me to summarize what the perspective was from the
university and in a word the answer is Money, or lack of money. With that
in mind, I would like to say a few words. As you are well aware,
industrialization has brought about numerous benefits to society; however,
it has also been accompanied by a spread of chemicals into the atmosphere
and the evolution of toxicology as a science. Although we have many
definitions of toxicology, it can be defined as the study of adverse
effects of chemical agents on biological systems. Toxicology utilizes the
principles of biology and chemistry in order to assess the probability that
adverse effects will occur on living organisms. The scope of toxicology is
quite broad and deals with toxicity studies of chemicals used in medicine
for diagnostic, preventive and therapeutic purposes; secondly, in the food
industry as direct and indirect additives; thirdly, in agriculture, as
pesticides, growth regulators, artificial pollinators, or feed additives;
fourthly, in the chemical industry as solvents, components or intermediates
in plastics; and fifth, in public health concerned with health aspects of
metals and smelters, petroleum products, pulp r.nd paper, toxic plants and
animal toxins. These are just a few examples.

Now the role of a toxicologist is to identify, recognize and determine
the nature and characteristics of the chemical hazards and the potential
consequences of this exposure. Toxicologists also participate in
development of standards and regulations designed to protect human health
and the environment from adverse effects of chemicals. Currently, we have
toxicologists who practice their profession in academic institutions,
industry, government, as well as research or training facilities such as
Bio-Research or Connaught Labs in Canada. However, I want to stress that a
toxicologist can only become professionally recognized through obtaining of
a degree from an academic institution. Further, in order to become a board
certified toxicologist, an academic degree is required. Clearly, academia
plays a vital role in the practice of toxicology.

Now in order to fulfill this role as a source of professional
toxicologists, academic institutions primarily in the United States, have
formulated training programs to include courses in biochemistry,
physiology, anatomy, histology, pathology, pharmacology and statistics.
The academic programs also include areas related to methodology, for
example testing of compounds and analytical methods, carcinogenesis,
mutagenesis, teratogenesis, comparative species toxicology, molecular
mechanisms of toxicity and immuno-toxicology. In the United States, a
doctoral degree in toxicology can be earned at a school of medicine,
pharmacy, public health, veterinary medicine or agriculture. The ability
to develop these programs and allow individuals to obtain a proper training
is clearly dependent on financial assistance. In the United States,
financial assistance is available first of all from university sources;
secondly, from the National Institute of Environmental Health Sciences;
third, from other federal agencies; fourth, from the Chemical Industry



219

Institute of Toxicology as you saw yesterday; five, from private
foundations; and six, from other industrial sources. Under the
administration of the Society of Toxicology in the United States, the
Burroughs-Welcome Foundation offers an award of $250,000 for five years to
an individual working in the field of toxicology in a recognized U.S.
school. The primary aim of this award is to support career development and
stimulate teaching, training and research. In addition, there are graduate
student awards offered under the auspices of the Society of Toxicology.
For example, Hazleton Labs Corporation, Proctor & Gamble, Hoffman-LaRoche
and Stauffer Chemical all offer fellowships. There are also graduate
student travel awards offered by the Society of Toxicology for graduate
students to present a paper at an annual meeting. In the Society of
Toxicology, with a total membership of 2,400, there are now 270 student
members. It is clearly obvious that in the United States, both industry
and government believe in the need for toxicology and these agencies
financially support academic programs to produce toxicologists.

If we now compare the situation to Canada, the picture is somewhat
bleaker. There are few, if any, industries or governmental agencies which
primarily support a training program in toxicology. Although there are
academic programs which exist in Canada, for example, at the Toxicology
Research Centre in Saskatoon, or the Departement de Medecine du Travail at
the University of Montreal. There are also two departments of pharmacology
and toxicology at Queen's and Western. One can apply to MRC for support,
but here again there is no specific committee for toxicology. The
Government of Quebec offers financial support under the IRRST program. The
National Research Council used to have an industrial post-doctoral training
program. The Society of Toxicology of Canada has, as of 1986,
approximately 200 members, but has only recently initiated a student
category. This comparison between the U.S. and Canada clearly shows that
there are areas which have to be bolstered. The promotion and financial
support of academic programs would certainly be an asset.

It is evident that, if toxicology is to be a recognized science in
Canada, toxicologists must be trained and developed in Canada.
Institutions and personnel are available to provide certain aspects of the
training program, while co-operation with other agencies, for example,
government or industry, can be utilized to gear individuals in certain
directions. Ultimately success will be dependent upon financial
assistance. If the government or industry is concerned with environmental
or toxicological problems, then funding should be available from these
sources. The importance of toxicology training has been recognized by
government and industry in the United States through financial support and
hopefully this will occur in Canada. Now in contrast to Dr. Caza who
brought his mother along, we at the academic institution have brought along
a collection plate hoping that you'll fill it up with support for graduate
studies. Thank you.
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A. ROBINSON
Science Policy Advisor, Occupational & Environmental Health &

Safety, Ministry of Labour, Toronto

Mr. Chairman, my remarks will cover some of the topics discussed in the
last couple of days. When I was invited to contribute to this session, I
wrote down my "wish list" and I find many of these, in fact, have been
discussed. 1 am heartened by the prospect of improved tools. Essentially,
I believe, we are looking for an improved understanding and more logical
basis for our recognition of hazards and in our moves to take action to
protect human health. I look forward to improved understanding of
mechanisms of toxicity.

The prospect of being able to identify the key changes in biochemistry
which lead inevitably to toxic change, is something that we must look
forward to, with the hope that it comes sooner rather than later. There
is, however, an incredible amount of work to be done in this area.

I am encouraged also by the development of the use of the
physiologically based pharmaco-kinetic models. A tremendous amount of work
has been done already and further effort is needed to refine the process,
but it is an exciting development.

It is still worthwhile, or course, to go back to literature and to see
what is there and to evaluate what we do know and make it applicable. With
all the future-gazing, we have to deal with the present and I would like to
see a concerted effort, nationally and internationally, to get known
material into a form that we can all use.

The improved understanding of low-level effects, use of fewer animals,
better data with less, certainly from a bureaucrat's viewpoint, are all
admirable objectives.

Improved protocols for testing are needed; I, too, share the anxiety
about the use of maximum tolerated doses and I am concerned that some of
the toxic effects that should be taken into account are being masked, I
would certainly like to see some changes.

We have touched briefly on biotechnological processes and I think that
new developments will come upon us faster, perhaps, than we have really
allowed for. Whether the product is the genetically altered material, and
we are talking about releasing it, or whether we are worried about the
contaminants of a product now produced by biotechnology, but previously
obtained from animal tissues, I do not think we can assume that the
toxicology and properties of the contaminants are necessarily similar. I
think we need to look very carefully at methods for evaluating those
products and I would like to think that we can do it proactively before we
get a disaster.

In the public domain, we have got a tremendous task ahead of us to
improve communication. This is something that has come through so many
discussions in and around toxicology that I have been a party to in the
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last year. We must raise public awareness and understanding and I think
scientists owe it to themselves, to improve their image, since they are
often their own worst enemies. It is not enough to communicate within a
specialist field. We must face up to reality and get out and talk about
our work and make ourselves understood by the lay public. We are facing
that challenge in the context of the workplace hazardous materials
information system (WHMIS) when the legislation is fully implemented. Do
not let us be dragged screaming and kicking into this. Let us go
voluntarily and make the effort to communicate.

Also, on the subject of communication, we have said a lot in the last
day-and-a-half about risk and the need to communicate better in that area
too.

Just two other points that I would like to see addressed. There have
been a lot of emotional and irrational outbursts about mandatory drug
testing and the implication in terms of handicap and human rights and the
potential for discrimination. Canadians have not yet heard, and I do not
think the American public to a large extent has really heard, from the
toxicological community. What is the objective of testing? How good are
we at it? What can we be certain of? Before we start running away and
getting excited about human rights and the infringement of those rights and
so on, my plea is for a little science and a little toxicology to be
introduced effectively into public debate in that area.

Finally, I would put a plea for toxicologists to read the literature and
avoid the perennial temptation to re-invent wheels.

Thank you.

G. GRANVILLE
Manager, Toxicology and Material Safety, Shell Canada Ltd.,

Calgary

I've enjoyed the last couple of days very much. As always, what happens
is you broaden your mind and your awareness with all these other bits and
pieces. I'm going back to what Dr. Schiefor started off with yesterday
because I really think he had a good point. What are the problems and what
are the solutions? One thing we all know is there's no single problem and
there's also no single solution. One of the problems I find in dealing
with our problems is that they're varied; everybody's got a different
agenda. The worst thing of all I think in trying to plan solutions is a
lot of these agendas relate to a very short-term time scale. You're
dealing with instant problems and that's one of the regulatory realities we
live under. The regulators have to act quickly to a perception, so that
really throws your long-term planning out. Every problem you ever had has
got this sort of short-term, long-term aspect. There's no solution but
generally it creates more problems. Everytime you try and do a quick fix,
you create more problems. It's something we have to live with, I don't
know what we do about it though.
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Another of the problems we have is in the organization of society.
You've got industry, you've got government, you've got Labour, you've got
the other publics as well. They all have their own needs, their own
drives. They all have their own perceptions; you can hear my biases every
time I speak, so I think we're all the same on that one. We all want
health risk reduction; how we go about it is the hard problem. I don't
really know what solutions there are except for two things. Firstly, we've
got to talk more broadly and more widely. We have to look at societal
values; we need real understanding of what those values are and what the
limitations of values are, because people's values cannot change the laws
of science, even though the people want them to. Equally, science should
interact with societal values and it doesn't do that often enough. But the
obvious solution I can see is a real potential for focussed research,
research that is done to look after short-term needs of regulators or
industry or the publics.

Data availability is the next area I want to look at. What do we do
about information generation and information management; are we making sure
we go back before the date that Toxline was set up or can we only look at
computer data bases nowadays? The obvious thing is smarter ways to develop
data. There must be better ways of managing our data output and making
sure the right people get to see it. They are easy solutions actually; I
don't know why we have such complexities all the time in doing yet another
search and review of the literature, yet another technical data evaluation
and yet another response. We've done that hundreds of times, great waste
of resources.

The next sort of problem we're talking about is what to do with new
technologies and the one we've heard about four times today is biotech. I
am quite intrigued about biotech. It's one of those problems where we are
in the early days. We can either have a disaster here or we can do a damn
good job; we in our society are always looking forward to avoiding the nexc
disasters. I hope we do a good job on it but what we have to do is
investigate the solutions, and look at it rationally. It is not going
around and trying to shoot anybody who thinks about biotech; it's looking
at the opportunities and what the down sides are. We can do that
rationally. If the people I've heard talk about it in the last couple of
days have their way, it'll be done in a very nice, sensible manner.

We have a wonderful way of looking at the future without wondering where
we are at the present. Where is the role of toxicology in this assessment?
We still don't know. First, the fundamental research, we've had about six
presentations on this, so important, it has a place. It is not the same to
my mind as focussed research. It's a very different area. But we have to
bring the results into a societal setting. It needs a thrust that we don't
really have right now. I wish we could find better ways of funding good
fundamental research. I also think we need to be more aware of misuses; we
heard that yesterday and I'm not going to go through that one again.
Again, we need more open discussions: communication, communication and
communication.
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And the last thing, we should be looking much more at the existing
hazards situation; if we want to know just what the roles are, let's
analyze what we're doing right, right now. Let's look at some of the
models we use; let's look at known, accepted hazards and say how risky do
these hazards really look if you put them through some brand new models.
We don't do that enough; the few times we do it, it gets ignored because we
feel uncomfortable with the answers. We've got to do more on that and
we've got to do an awful lot more as a society auditing our own
performance. We're lousy on audits. The only way to know if you're doin£
the job you think you're doing is fo look at what's happened.

I just hope this is a bit of a basis for further discussion and I thank
the organizers for the whole opportunity of the last couple of days. It's
been good and there's another 15 minutes to go yet.

Discussion

Chairperson:

What we'd like to do at this point, of course, is throw the floor open
to questions addressed at the individuals here or certainly between any of
the participants in the meeting in general. Does anyone want to lead off
with some questions, comments?

Q. Is there any way of making toxicology look less like a cost of doing
business and more like a reasonable thing to do?

A. I think that is happening, in fact, in large amount. In a lot of
companies that I talk to, we don't look at health and safety type functions
as being costly. It's a way of doing business smarter and better. I've
heard thi.~ said by a number of senior executives and it's going to get even
more so. Research is a cost of doing business; it's also the rationale
behind developing new products. It's part and parcel of the societal
obligation and human requirements. So, yes, I think it's happening.

Q. If that change in perception did occur in the production part of our
society, then there would be more funds for research.

A. I am not too sure that having more toxicologists is going to help.
Canada has toxicologists, the U.S. has a lot of toxicologists. We can talk
about toxicology all day long without having a single toxicologist there,
and I am not sure that this discussion would be bad either.

Q. I believe that the thought you just heard is due in large part to one
thing: we get very, very pleased with ourselves when we show that a
chemical does something harmful to a rat. We are not considering
scientifically what this means. We are lacking in any precision in
converting those rat results to effects on humans. There is a great need
at the moment for people who want to develop basic research in an academic
sense to find nondestructive methods of developing a way to look at the
human being.
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A. You do not necessarily need to be a toxicologist to do that; you need
to be a good researcher. That's why I am asking do you need to be a
toxicologist? For real problems we need real solutions. The answer is
good, focussed, sensible research. You can be a standard, simple physician
or biochemist doing this research and get very good answers.

Q. As a non-toxicologist, I liked the analogy yesterday of the lawyer and
the expert witness; the toxicologist being the expert witness and the
lawyer being the public. The lawyer asks the expert witness: can you
guarantee me that this chemical is safe? Expert witnesses who attempt to
address that question may be in error, because they have in scientific
methodology no way to demonstrate that something is safe. They can
demonstrate a minor or major risk, but they cannot legally guarantee
complete safety. Perhaps toxicologists should refuse to answer that
particular question and insist on a question that they can address.

A. I have in fact been in a position many times of an expert giving
evidence in court. The expert witness is not confined to giving yes or no
answers; the expert witness in court does have the opportunity of putting
an opinion and interpretation. I think we have to make that
interpretation. We cannot give a black and white, yes - no answer; we have
to make those caveats. But I do like your analogy.

A. In our field, the public sees those caveats and uncertainties as a good
reason not to believe anything we say. The difficulty in communicating is
to show them that the uncertainties we all have are not due to our own
personal limitations.

A. I think we are getting a bit tied up by our own scientific concepts.
If somebody asks you if something is safe, you have to decide what is the
context; what do they think of as being safe? If they think driving a car
is safe, and you think from your knowledge of your topic that the possible
hazards are much less than that of driving a car, then it is safe. One
should not confound the issue by getting too scientific.

A. I have heard equal and opposite arguments by people who say you should
give all the information that you have. I don't know the best approach.

A. Everybody says toxicology has to be a science and isn't science
wonderful, so pure, so whatever. Frankly speaking, the Newtonian idea of
the accuracy of science is long down the drain, we all know that.
Certainly it never has applied in anything that has to do with biology.
There are no black-and-white, no yes-no answers available to the court. Is
it safe or isn't it safe? Nobody knows. We do not know all the potential
variations; it may be safe for some but not for others. Toxicology is both
a science and an art. That may be seen by some very pure scientists as a
cop-out but it is a fact. There will always remain some cloud of mystery,
as much as we try to be as good as we can in our field. It should be the
best science that we can get. But toxicology will always be a very human
science, with many potential errors that we have to consider.
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A. To put some numbers on this perception problem, nicotine is a very
effective plant pesticide and is sold in cans for this purpose. The
allowable exposure for that purpose is one-millionth of the exposure from a
package of cigarettes. The perception of risk may be many, many orders of
magnitude different depending on the source. A lot of the "thumping" for
toxicology comes through fear of things which we need not fear, whereas
support for research in toxicology is not there because people do not see
research as urgent.

A. If scientists say there is a problem to fear, then people believe it
because you have said it.

Q. I am changing the subject to the comments on requirements for funding.
NSERC does have a grant program in the environmental toxicology area, about
three million per year I think. I would like to ask where you feel this
program should be going. The approach has been fairly reactive. Should
this be directed to more focussed research or to a more proactive role?

A. I think the strategic giants program is much too short-term in its
requirements. NSERC should be funding more fundamental research in the
long term. If you are trying to build a science, you have got to invest In
an individual, somewhat like the MRC situation. Toxicology should not be a
shotgun approach; you need to have some focus which is more than short-term
gain or someone getting a PhD out of it. Unless there is lots of money,
the model I like is that of the U.K. where you invest in the director of a
particular unit; when that director retires or leaves, that unit closes
down. Something similar in Canada would allow continuity. Putting
operational and strategic grants in the same area can be dangerous. I
would like to give a clearer signal to the researchers: you are in this
for the long haul and the support is for the long haul, go more general, go
more fundamental.

A. I agree with these comments. The investigator needs to acquire
confidence of understanding what's going on. At present you have to say I
am going to study this and this is going to happen and that is why it is
relevant to society. We need to adapt the basic research to the real life
situation, but it's not always possible that everything you find will have
immediate significance. You have to have some system where you can grow
while adapting the research to the real life situation.

A. Speaking personally, I have been very successful in obtaining NSERC
support. But there- are some problems. One of the major problems is the
lack of continuity. You have to come in with another project for a new
grant and then the whole program is project-oriented. If you are
successful in the grant application, that means you have another project.
The idea was to generate good people who are interested in research in
toxicology, but the "death rate" of persons who come in to the program is
high. I don't think there are many continued individuals in the research
program. NSERC should provide support to continue individuals in a
program, because it is the only place that one can get funds for a research
program in environmental toxicology. A good research program in
environmental toxicology will not get support from the Medical Research
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Council (MRC). Health and Welfare Canada is also very project-oriented and
interested in immediate application. If we are talking about developing a
solid base of continued work and research in toxicology, our only hope is
NSERC.

A. The MRC does support toxicological research in pharmacology.

A. But it is oriented, and rightly so, towards biomedical problems. I
have no quarrel with this. In terms of environmental toxicology, however,
there will be no support from MRC, and yet this topic is of very major
importance for public health. Research in environmental toxicology has to
obtain support from NSERC; there is no other source of funding.

A. People who come back to NSERC with good ideas do have a better than
average success rate. Yes, you can be funded again; however, each time you
are in a brand new ball game. So some people have been in and out of the
funding program over the course of the years. The basic criterion is to
have done good research.

A. However, it is like a contract situation. You do what you say you were
going to do or you explain why you didn't. The policy of NSERC in that
sense is very tough. It has never bothered me to follow what I said I was
going to do, but I think there should be more freedom to pursue ideas that
arise in the course of this research.

A. I would like to come back to Dr. Kacew's comments on the funding of
training. That is a "catch-22" situation: training for what when money is
scarce? Does Canada need trained toxicologists and how many? There was an
opinion about 6 years ago that by 1987, that is this year, Canada needed
about 500 trained toxicologists. One of the most severe criticisms
levelled against that particular study was that governments in particular
said we do not need toxicologists. What is really happening during the
past 2 years? Well, we have positions. In my particular position as
director of a toxicology research institute, I get at least twice a month
phone calls asking do you have toxicologists, do you have graduate students
who are nearly ready? And we don't have them. I hear that the same thing
is true in other places. They are chasing toxicologists like ghosts. I
think that the true requirement is somewhere between the 500 suggested some
years ago, that may have been somewhat exaggerated, and the 0 that was
given to us by government. I do not know where the money is coming from
for training. I think someone will have to re-examine the situation and
decide yes there is a need for some more toxicologists and there has to be
support for training. NSERC unfortunately is totally unsuitable for this
purpose at present; the strategic grants program, as we have heard, is very
time-frame oriented and it is not good for a graduate student to get
started when he doesn't know if the whole program will be stopped before he
finishes his training. MRC is also highly unlikely. So in essence there
is no agency to fund training. This is an issue that will have to be
addressed.

A. It may help to distinguish two kinds of toxicologists. One type is
concerned with immediate regulatory problems and another with research in
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toxicology. The latter requires a lot of forward thinking. Supporting one
type of toxicology only is not the best approach. If the regulatory
community does not accept the value of the data being produced in research,
it will be difficult to obtain research funding, at least in the U.S.A. I
showed some research data yesterday that was 17 years in the making and
only recently has a regulatory agency been prepared to accept 'chat
particular type of data. That is the real world. In my company, I have to
obtain funds to support laboratory work. My business people will ask why
are we continuing to fund this work when the regulatory people won't even
look at the results. We are one of the few companies in the U.S.A. that
continue to support this type of research in toxicology; we also support
the CUT, but there are a lot of members of the CUT that are asking the
same question. If we lose CUT, we will lose an awful lot in toxicology;
we will go back to the principle of "stuff them, kill them and count them".
And we still won't know what it means. I've said my piece and I thank you.

Chairperson:

Would anyone like to respond? (Laughter) No? With that I would like to
end this particular discussion and to ask Dr. Richard Osborne to make some
concluding remarks.
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CLOSING REMARKS

R.V. Osborne

Manager, Environmental Research Branch
Chalk River Nuclear Laboratories

Chalk River, Ontario

Yesterday morning I emphasized the questions we were posing to the
workshop - where are the gaps in our current knowledge and what research is
needed. We have had an avalanche of needs and problems ever since. One of
.ny concerns was whether those of us in the radiation protection community
have been thinking along the same lines as people in the field of
toxicology. I think what has been evident in these two days is that indeed
the problems and issues are very similar. Very evident common problems are
those of extrapolation of observed toxic effects at high doses to
predictions of effects at low doses; of the applicability of information
obtained from one animal species to another; the public pressures to define
risk (perhaps not pressures to define this goal as much as to define what
is safe); the problems of multiple exposures; and the lack of money and
resources to do all the things that it seems should be done. These are all
problems familiar to us in the radiation protection community, so I
certainly feel encouraged that we do have a coincidence of interests.

What are the needs that have been identified over the last two days? We
started off by emphasizing the need for a systematic approach to define
what the problems were. In fact defining the problem was a problem. We
worry about the wrong compounds. Today we heard from Dr. Clayson the
difficulties in trying to systematize potency; he noted the HERP scheme.
We also heard about clean-up from waste sites of chemicals that really
should not be great concern.

After defining the problems we have to decide which we can tackle. We
cannot do everything; we have to be selective in what we do. We have to
find a niche for the research that we carry out in Canada, accepting that
we don't have the funds to do everything that we would like to do. One
approach would be to focus on what is in the national interest. One
specific example given was to look at the resource industries and ask what
are their particular interests. Perhaps that is where we should find our
niche. Then there was the idea that there is a need to have co-ordinated
multi-disciplinary research and we, I think were impressed to hear about
how the CUT is actually managing to get that multi-disciplined approach to
its research. Here at Chalk River we looked with envy perhaps at the way
the Centre has managed to get the industrial support that they have.

There was a clear plea to maintain the basic research. Here, I find it
easier to think of the research that is needed as being "underlying
research", i.e., it's not some airy-fairy research because somebody happens
to be interested in it, but it does underlie the ultimate needs in the
toxicological field. So we can see underlying research being needed as
well as the very applied, or what is called focussed, research.
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What is the research to be? Knowledge of basic mechanisms, and the need
for unifying concepts are high on the list. We heard an example of that
from Dr. Hollebone today on the idea of using structure/function
relationships. In the light of this, it may well be that when we start to
understand mechanisms then we shall have to re-interpret results from the
past. We might (and we had again a strong plea) need to look at some of
the basic concepts that we've used. We have been warned by Dr. Plaa not to
try to explain everything in terras of physics and chemistry, which perhaps
some of the physical scientists try to do. Remember it is biology that is
of concern here and biological concepts are needed. Perhaps we have to
examine very closely concepts of threshold, and of individual variation and
variability. We need to look for appropriate ways to quantify total
exposure. That, of course, is something very familiar to us in the
radiation protection community. The "total dose concept", I think was the
term that was used, and certainly that is something that appears feasible.
We need to link laboratory observations with field observations: we need
to know what actually happens out there in the real world where we find so
much variability. One chance of doing this or helping this is to audit
past performances, and we heard this very strongly from Dr. Granville
several times. Look at what protective actions have been taken in the past
and assess what changes (improvements) have actually been made. We have
taken lead out of petrol; we have stopped using DDT. Can we look back at
actions such as these that were taken on the premise that there were real
problems. Have they, in fact, made a big difference to health risk or
actual wellbeing.

The importance of modelling has been stressed, and this has come up in a
number of issues. Models for the basic mechanisms allow us to interpret
data; perhaps, as importantly, they allow us to define what data are
needed. In the discussions of mechanisms of action we heard quite a lot
about the physiological-based pharmacokinetic models, which we are very
familiar with in the radiation protection business. Speakers stressed the
importance of coherent and comprehensive models to allow predictions from
source all the way to risk to health. Can we decide what is the
significance to human health of PCB's spilt on a road? We need to have the
capability to make those kind of predictions, predictions that consider
movement through the environment, fate in people, and ultimate effect. I
think this raises the question of what we mean by toxicology. Our
perception is that it is more than just looking at the biological
effects; it includes looking at the problem all the way from source to
risk.

There is a need for greater efficiency in regulation. This came through
very clearly, together with the caveat that the regulators need to be
receptive to the advances in understanding so they can adjust regulations
appropriately. Better toxicity tests are needed. In particular the
societal pressures on some organizations to reduce the use of animals have
been noted.

A general need is that the quality of research has to be high; this was
said to be a paramount requirement for getting industrial support. I would
hope that it would be a paramount requirement for getting any sort of
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support from any agency. We have heard specifically of the need for work
in biotechnology where the appropriate tests need to be defined. Another
look, or a further look, at the carcinogenicity of metals, zinc, selenium,
cadmium, and lead was mentioned.

Concerning the importance of and need for public information, a number
of points were made. First of all we should emphasize what we do know. I
think that this is a "natural" problem since as scientists we are always
trying to find out about what we do not know and so we tend to emphasize
that the "not knowns" when we talk to the public. Perhaps what we should
be trying to do is emphasize the things we do know, and particularly, how
well we can assess safety before, as it was pointed out, we get into
encouraging the public to demand tests for this and tests for that. It was
suggested that we should start informing the public through the schools.
This is something we already do in our own organization and we feel it is
very important to encourage people to come here from schools. The teacher
is a very important contact to educate the public. The point was made that
we need to be experts. We do not need to be politicians; we should state
the facts and not try to become advocates for particular positions.

We need to do something about funding. Dr. Schiefer mentioned right at
the start that what we needed were a few Brinks trucks and we cannot but
agree with that. But Dr. Kacew reflected this as well, making the point
not only that money is needed for research but also for training.
Obviously with a limited amount, we have to be very selective where we do
try to put that money.

I note that the Ontario government has defined its 5R program in waste
management; we have a need for a multi-R program as well. We need Research
that is Relevant to Real concerns and which supports Reasonable
Regulations; the onus is on scientists to get the facts Right.

I will conclude by saying that I am certainly encouraged to find that in
our community, the radiation protection community, we are thinking along
very similar lines to yours in the chemical toxicological field. We
certainly look for a greater involvement in mainstream toxicology. I feel
that the contacts we have made here with you are going to be very important
and a tremendous help to us. We shall be looking for opportunities in
conjunction with our university colleagues, government agencies and
industry to move ahead into the toxicological field. I thank you for
attending and contributing.

In closing I will acknowledge the people who have organized the meeting.
The program committee was chaired by David Myers and included Brian
Hollebone, Doug Champ, George Leakey, Sam Kacew and Ken Westaway. I think
Dave found that toxicologists were incredibly busy people and getting so
many together was a very time consuming task. I think we should thank Dave
and his committee for arranging this very useful, lively program. I should
also like to thank the local arrangements committee which was chaired by
Art Marko and included Donna TerMarsch, Norm Gentner and Christine Yuke,
who have been helped here in the meeting by John Jevcak, Jim Young and
others, and who have put things together remarkably well. Everybody seems



231

to be reasonably cheerful and I don't think we have lost anybody on the
tours. Thank you all for your efforts and your skill in making sure
everything ran so smoothly.
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