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ENVIRONMENTAL HEALTH SCOPING STUDY AT BRUCE HEAVY WATER PLANT

A report by Michael Prior, Michelle Mostrom, Robert Coppock, and Zack Florence, Alberta
Environmental Centre, Vcgreville, Alberta, under contract to the Atomic Energy Control Board.

EXECUTIVE SUMMARY

1) Background:

There are concerns that hydrogen sulphide released from the Bruce Heavy Water Plant near
Kincardine, Ontario, may be the cause of the mortalities and morbidities observed in a nearby
flock of sheep. The Philosopher's Wool sheep farm is about four kilometres south-southeast of
the Bruce Heavy Water Plant Ontario Hydro, the owner and operator of the Bruce Heavy Water
Plant, claims that hydrogen sulphide emissions from the Bruce Heavy Water Plant are within
regulatory limits and well below levels that could cause harm. Accordingly, the Atomic Energy
Control Board commissioned the Alberta Environmental Centre, Alberta Department of
Environmental Protection, to develop a scoping study for this environmental health issue.

2) Objectives:

The first study objective was to describe a field investigation model to define clearly the
environmental health and operation of the sheep farm. The second objective was to describe
possible exposure patterns and develop a holistic environmental pathway model. If appropriate,
the third study objective was to describe animal models of the actual situation to elucidate
specific aspects of the environmental health concerns.

It was not the objective of this report to provide a definitive answer to the present environmental
health issue.

3) Data Source:

Ontario Hydro provided data to the Alberta Environmental Centre, as did the sheep farmer, the
attending veterinarian, the University of Guelph study team, and the Atomic Energy Control
Board.

4) Scoping Study:

A six-tiered strategy of sequential evaluations of the ovine health problem is based on the
multiple-response paradigm. It assumes the observed ovine health effects are the result of
multiple effector events. Each tier constitutes a separate, but inter-related, study. Sequential
evaluation and feedback of each tier allow sound scientific judgements and efficient use of
resources.



Tier 1 describes the problem. It appears that lambing problems were first reported in 1985. These
problems include dystocia, higher-than-expected lamb mortality and unthrifty lambs. Post-mortem
results appear typical for failing nconatcs, being a mixture of non-specific diagnoses and various
infections, including pneumonia, arthritis and encephalitis.

Tier 2 compares the affected flock with other sheep flocks with respect to disease patterns,
management, productivity, economics and other factors. There is currently insufficient data to
complete this tier.

Tier 3 involves complex and detailed designing and planning for Tier 4, which is a two-sequence
crossover experiment. In Tier 4 a specific number of Polled Dorset ewes are randomly assigned
to the Philosopher's Wool sheep farm and to another "typical" Ontario sheep farm. At the end
of a pre-determined time, each flock is exchanged between the two locations. The number of
ewes required for the study can be determined, and are high to increase the probability that a
definite answer will be obtained. The projected time for this tier is three to five years. Work in
this tier will cease when the data allow a definitive diagnosis and association with cause, or the
agreed term, whichever comes first.

The prerequisite for work in Tier 5 is the finding, in Tier 4, that there is a chemical on-farm or
off-farm cause. Tier S focuses on the validation or rejection of plausible and demonstrable
environmental pathways for the putative chemical agent or agents.

The overall intent is to reach Tier 6 - remediation - in the shortest practical time. It must be
remembered that it may or may bot be possible to identify the cause or causes of the lambing
problems on the farm. This will affect the final outcome and perhaps the acceptability of the
findings.

It is felt that the design and implementation of a research study into the biological effects of toxic
substance emissions and effluents on selected species (especially sheep) is not appropriate until
more information is available on the likely causes of the ovine health problems.

1. Contexte

On craint que des rejets d'hydrogène sulfuré de l'usine d'eau lourde Bruce, près de Kincardine,
en Ontario, soient à l'origine de la mortalité et de la morbidité observées d'un troupeau de
moutons de la ferme Philosopher's Wool, à environ 4 km au sud-sud-est de l'usine. Ontario
Hydro, propriétaire-exploitant de l'usine, prétend que les émissions de d'hydrogène sulfuré
respectent les limites réglementaires et sont bien inférieures aux niveaux qui pourraient causer
des dommages. La Commission de contrôle de l'énergie atomique a donc demandé au Alberta
Environmental Centre du ministère de la Protection de l'environnement de l'Alberta
d'élaborer une étude de délimitation de cette question de salubrité de l'environnement



2. Objectifs

Le premier objectif de l'étude était de décrire un modèle d'enquête sur le terrain capable de
déterminer clairement la salubrité du milieu et l'exploitation de la ferme ovine. Le second objectif
était de décrire les tendances d'exposition possibles et de développer un modèle holistique de voie
de pénétration dans l'environnement. Au besoin, le troisième objectif était de décrire des modèles
animaux de la situation actuelle afin d'élucider des aspects particuliers des préoccupations
concernant la salubrité du milieu.

Le présent rapport ne vise pas à fournir une réponse définitive au problème de salubrité de
l'environnement

3. Source de données

Ontario Hydro, l'éleveur de moutons, le vétérinaire attitré, l'équipe d'étude de l'Université Guelph
et la Commission de contrôle de l'énergie atomique ont fourni des données.

4. Étude de délimitation

La stratégie en six volets d'évaluation séquentielle des problèmes de santé des ovins est basée sur
un paradigme de réponses multiples. Elle suppose que les effets observés sur la santé des ovins
sont le résultat d'effecteurs multiples. Chaque volet constitue une étude distincte et
interdépendante d'un tout. L'évaluation séquentielle et la rétroaction à chaque niveau permettent
de porter des jugements scientifiques solides et de faire une utilisation efficace des ressources.

Le premier volet pose le problème. D semble que des problèmes d'agnelage aient été rapportés
dès 1985, notamment la dystocie, la mortinaissance, un taux de mortalité des agneaux plus élevé
que prévu et des agneaux chétifs. Les résultats des autopsies semblent typiques pour des nouveau-
nés défaillants, soit un mélange de diagnostics non spécifiques et de diverses infections,
notamment la pneumonie, l'arthrite et l'encéphalite.

Le second volet compare le troupeau affecté à d'autres troupeaux de moutons en ce qui a trait à
l'incidence de maladies, à la gestion, à la productivité, à des aspects économiques et autres.
L'insuffisance des données ne permet pas de compléter ce volet pour le moment

Le troisième volet comporte le travail de conception et de planification complexe et détaillé en
prévision du quatrième volet, qui est une expérience par permutation en deux temps. Dans le
quatrième volet, les auteurs attribuent au hasard un nombre donné de brebis Dorset sans comes
à la ferme d'élevage de moutons Philosopher's Wool et à une autre ferme d'élevage ovin «type»
de l'Ontario. À la fin d'une période prédéterminée, les deux troupeaux ainsi répartis séjournent
dans l'autre ferme. Le nombre de brebis requis pour cette étude peut être déterminé et il est élevé
afin d'accroître la probabilité d'obtenir une réponse formelle. Ce volet prendra de trois à cinq ans
et prendra fin dès que les données permettront de poser un diagnostic précis et de déterminer une
cause ou à l'échéance de la période, selon la première éventualité.
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Comme condition préalable au cinquième volet, il faut trouver une cause chimique à la ferme
même ou hors de la ferme. Le cinquième volet lui-même consiste à valider ou à rejeter des voies
d'acheminement de l'environnement plausibles et démontrables pour des agents chimiques
présumés.

L'objectif global du sixième volet de l'étude est de remédier à la situation dans les meilleurs
délais possibles, sans oublier le fait qu'il peut être possible ou impossible de déterminer une ou
plusieurs causes aux problèmes d'agnelage sur la ferme. Ce volet aura des répercussions sur les
résultats finals et peut-être sur leur acceptabilité.

Les auteurs estiment que la conception et la réalisation d'une étude de recherche sur les effets
d'émissions et d'effluents de substances toxiques sur des espèces choisies (notamment des
moutons) ne saurait se faire avant d'avoir plus de renseignements sur les causes probables des
problèmes de santé chez les ovins.

DISCLAIMER

The Atomic Energy Control Board is not responsible for the accuracy of the statements made or
opinions expressed in this publication, and neither the Board nor the authors assume liability with
respect to any damage or loss incurred as a result of the use made of the information contained
in this publication.
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ENVIRONMENTAL HEALTH SCOPING STUDY AT BRUCE HEAVY WATER PLANT

A. INVESTIGATIONAL CRITERIA FOR ENVIRONMENTAL HEALTH ISSUES

There are concerns that hydrogen sulphide or other emissions released from the Bruce Heavy
Water Plant near Kincardine, Ontario (Figure 1) may be the cause of the mortalities and
morbidities observed in a nearby flock of sheep. The sheep farm is some four kilometres south-
southeast of the Bruce Heavy Water Plant Ontario Hydro, the owner and operator of the Bruce
Heavy Water Plant, claims that monitored hydrogen sulphide emissions from the Bruce Heavy
Water Plant are within the regulatory limits and well below levels that could cause harm.

: " • . . • ; : ' "

: ONTARIO

Bruce Heavy Water Plant -i+-{

V..,

.:, .,"-\i..-f,.v
5 . * ^ - •:•< • ' •

•..... Toronto

Figure 1. Location of the Bruce Heavy Water Plant, Ontario, Canada.

The situation involving the flock of sheep is a classic example of the complexity of an
environmental health issue.



1. SCOPING STUDY

The investigation of the present environmental health issue involving a flock of sheep and
putative emissions from a nearby heavy water extraction plant requires a multi-disciplinary,
holistic approach. Missing or incomplete information may preclude reaching a definitive answer.
Such constraints apply equally to all environmental health issues.

The present analysis is confined to developing a multidisciplinary study to scope and assess the
validity of a perceived causal association between adverse health effects in a flock of sheep on
the Philosopher's Wool Sheep Farm and emissions associated with the nearby Bruce Heavy
Water Plant

This study will provide advice to the Atomic Energy Control Board staff concerning the
possibility of a relationship between hazardous substances in the environment and morbidity and
mortality in sheep, with particular reference to chemical substances released from the Bruce
Heavy Water Plant.

1.1 Objectives

This report has three objectives:

(1) to describe a field investigation model to define clearly the environmental health and
operation of the sheep farm;

(2) to describe possible exposure patterns and develop a holistic environmental pathway
model; and

(3) if appropriate, to describe animal models of the actual situation to elucidate specific
aspects of the environmental health concerns.

2. INVESTIGATIONS OF ENVIRONMENTAL HEALTH ISSUES

The investigation of an environmental health issue starts with an observation. What happened
where? When? To whom? And how did the exposure occur? It is rather like reading mystery
stories. Sometimes it is easy for the reader to link the crime (effect) to the suspect (cause);
sometimes noL If one hits one's thumb instead of the nail, the effect (bruised thumb) is
immediate, the cause (hammer blow) obvious, and the association (link) between the two
painfully plain. Environmental health problems are rarely that clear. Only after a thorough and
detailed investigation of the issues can the investigator decide whether a plausible and



substantiated association exists between an assortment of effects and one or more possible causes.
Figure 2 illustrates the connection.
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Figure 2. Association, the link between Cause and Effect.

The early epidemiologists had many successes using the observational approach. The original
criteria for association of cause and effect in disease were developed for bacterial infections and
later modified to suit viral infections. These were readily applicable when the time from
infection to disease was relatively short. The association, or causal relationship, is less easily
identified when the time interval between exposure and disease is extended, as in the case of
smoking and neoplasia, or when the effects are not unique to the causative agent Of course,
spurious associations confuse matters.

3. CRITERIA FOR ASSOCIATION OF CAUSE AND EFFECT

The purpose of these criteria is to assist in answering the fundamental question:

Is there any other way of explaining the set of facts before usl

Criteria can be used to confirm or deny a causal relationship. The following criteria are based
on published reports (Bradford Hill, 1965; Bradford Hill, 1987; Evans, 1976; Lilienfeld, 1959;
Lilienfeld, 1966; Surgeon General, 1964; Yerushalmy and Palmer, 1959). These various sets
have been adapted for the resolution of environmental health issues. Putative cause refers to the
biological, physical or chemical agents or agents that might be the cause. Disease refers to a
single adverse health effect or a cluster of them.

3.1 Rigour of The Association

The total number of cases of a disease in existence at a certain time in a designated area (called
prevalence of the disease) should be significantly higher in those animals or people exposed to
the putative cause than in individuals not so exposed. Exposure to the putative cause should
occur more commonly in those individuals showing disease than in individuals without the same



disease when all risk factors are held constant Incidence is defined as the rate at which a certain
event occurs, for example, the number of new cases of a specific disease occurring in a certain
period. Also, the incidence of the symptoms or disease should be significantly higher in those
exposed to the putative cause than in those not so exposed as shown in prospective studies. The
relative difference in incidence may be more significant than the absolute. It is worth recalling
Snow's classic analysis of a cholera epidemic that occurred in 1851. In this study he showed that
the incidence of deaths in customers supplied by the contaminated waters of the Southwark and
Vauxhall Company houses was quite low: 71 per 10,000 houses. However, this low rate is 14
times the five deaths that occurred in 10,000 houses supplied with the sewage-free water of the
rival Lambeth Company. Thus, the association with polluted water is strong. Generally, it is
more difficult to establish the presence or absence of causal relationships in a small number of
subjects by observation than by experiment.

3.2 Consistency

The association should be observed repeatedly by different people, in different places, under
different circumstances and times. It is helpful to the decision-making process that the same
general conclusion was reached in a variety of situations and using a number of techniques. This
will remove associations attributable merely to chance. Should the effects be restricted to one
specific geographical location, this extension would not be met.

3.3 Specificity

Is the association limited to only specific species at particular locations and types of disease?
It is important not to overemphasize this criterion. Adverse health effects may have more than
one cause. Generally, one-to-one relationships are infrequent. A particular vector, such as air,
may carry several agents which initiate a range of adverse health effects.

3.4 Relationship In Time

Occurrence of the disease should follow and not precede exposure to the putative agent
Following exposure, the disease may be promoted or delayed by variables such as nutritional
factors or management practices. In turn, an outbreak of disease may affect such variables and
conformed causal relationships.



3.5 Biological Gradient

A spectrum of host responses should follow exposure to the putative agent along a logical
biologic gradient from mild to severe and disclose a dose-response curve. A measurable host
response following exposure to the putative cause should regularly appear in those lacking this
response before exposure, or should increase in magnitude if present before exposure. Examples
include changes in differential cell count, antibody titre, enzyme activity, or increase in infectious
disease due to chemical suppression of the immune system. This pattern should not occur in
individuals not so exposed.

3.6 Scientific Plausibility

The causal relationship should make biological and epidemiological sense. This depends on the
current state and extent of knowledge. The association may be already known or may be one
new to science. The latter case should not be dismissed too readily as implausible or even
impossible. However, the cause-and-effect interpretation of an association should have a logical
connection with the generally known facts of natural history and pathobiology of the disease.
Are there analogous associations which parallel the association under investigation? This is
similar to developing veterinary and medical differential diagnoses.

3.7 Experimental Evidence

Experimental reproduction of the disease should occur in higher numbers in animals or people
appropriately exposed to the putative cause than in those not so exposed. This exposure may be
deliberate in volunteers, experimentally induced in the laboratory, or demonstrated in a controlled
regulation of natural exposure. Elimination or modification of the putative cause or associated
factors should decrease the incidence of the disease. Treatment of polluted water would be
expected to reduce the incidence of waterborne diseases. Prevention, reduction or increase of the
host's response on exposure to the putative cause should decrease or eliminate the disease. For
example, immunization reduces the incidence of certain infectious agents.

These criteria cannot bring indisputable evidence for or against a cause-and-effect hypothesis;
that is, judging an association between cause and effect Equally, none are absolutely
indispensible (Bradford Hill, 1987). These criteria can help us answer the question:

Is there any other answer which is more likely than cause and effect?

In addition, a systematic and multi-disciplinary strategy is essential to gather the information
necessary to provide the knowledge to answer this question.



The present report:

(1) offers investigational criteria useful in determining and validating environmental health
concerns as expressed through biological effects;

(2) outlines the principles of environmental toxicology;

(3) summarizes the environmental health concerns associated with morbidity and mortality
in sheep;

(4) summarizes activities at the Bruce Nuclear Power Development site, which includes the
Bruce Heavy Water Plant;

(5) discusses and identifies possible relevant environmental pathways between the sheep farm
and the site; and

(6) presents a strategy for the future elucidation of this environmental health issue.

This report does not provide, nor is it intended to provide, a definitive answer to the present
environmental health issue. Although based on a particular situation, the scoping study may
have relevance for other locations.

B. PRINCIPLES OF ENVIRONMENTAL TOXICOLOGY

Discussion of a possible relationship between hazardous substances released into the environment
from the Bruce Heavy Water Plant and morbidity and mortality in nearby sheep may be
facilitated by briefly summarizing the underlying principles of environmental toxicology.

People and animals have eaten a variety of plants and other animals in their search for food over
the years. Some of these were found to be safe, while others, found to be harmful, were avoided.
The latter were regarded as poisons (Schiefer et al., 1986). Toxicology is the scientific study of
the adverse effects of chemicals and physical agents on living organisms (Klaasen & Eaton,
1991). Xenobiotics are chemicals foreign to the animal or person (Dorland, 1974). Modern
toxicology focuses primarily on the adverse effects of xenobiotics on living organisms (Gallo &
Doull, 1991). It is apparent that for any chemical to have a beneficial or a harmful effect, it
must be in contact with the person or animal. If the chemical is not present in the environment,
contact is not made with the chemical, or the chemical concentration is insufficient at appropriate
body sites to produce the toxic manifestation, there can no adverse biological effect of that
chemical on the body (Klaasen & Eaton, 1991).



1. ROUTES OF EXPOSURE

People and animals live in a chemical world. Both are exposed continuously to toxic and non-
toxic chemicals. There are three principal routes of exposure to chemicals in the environment
(Klaasen & Eaton, 1991). These are:

(a) through the gastrointestinal tract (oral), by eating or drinking;

(b) through the lungs (inhalation), by breathing; and

(c) through the skin (dermal), by splashing, washing, showering and contact.

Other routes of exposure, such as by injection (intravenous, intramuscular, intraperitoneal,
subcutaneous), under the tongue (sub-lingual) or per rectum (in a pessary), are available for
pharmaceutical and recreational drugs, insect and animal bites, and plant spines.

2. TOXICOKINETICS

The process whereby xenobiotics cross body membranes and enter the bloodstream is called
absorption (Klaasen & Rozman, 1991). Xenobiotics use the same pathways and processes as
biologically essential chemicals such as oxygen and nutrients. After absorption, the xenobiotic
is generally distributed throughout the body. Plasma proteins, body fat and bone may serve as
storage depots for certain chemicals. Elimination from the body is usually via the urine, exhaled
air or faeces, though other routes may be used. In general, the body attempts to metabolize or
transform xenobiotic compounds into more polar ones to facilitate elimination. These reactions
occur mainly in the liver, but also in the lungs, kidneys, intestine, skin and gonads. This
sequence is summarized diagrammatically in Figure 3.

ABSORPTION DISTRIBUTION METABOLISM T> ELIMINATION

Figure 3. The four compartment operations that constitute toxicokinetics.

Metabolism (biotransformation) is achieved through two categories of reactions. They are Phase
I, which includes oxidation, reduction and hydrolysis; and Phase II, which includes biosynthesis
and conjugation. This is summarized diagrammatically in Figure 4.

Chemicals that are activated through the biotransformation mechanisms may exert either
beneficial or harmful biological effects. Furthermore, not all chemicals are biologically active



(some are biologically inert). Occasionally this process results in the production of a more active
and more toxic chemical than the original.
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Figure 4. The processes that lead to the elimination of a xenobiotic from
the body, or in its storage within the body.

ADVERSE HEALTH EFFECTS

Beneficial and adverse effects are not mutually exclusive, and the absence of a chemical may be
as harmful as an excess. For example, an excess of sulphur will cause a severe gastrointestinal
upset: the old brimstone and treacle remedy! On the other hand, a moderate amount of sulphur
is essential for life, and a deficiency has life-threatening consequences. Pure oxygen will cause
lung damage; sufficient oxygen is essential for life; and the lack of oxygen leads to death.
Nitrogen in normal air is harmless, but the nitrogen-containing cyanide ion is deadly. As will
be seen later, it is the dose which determines how the inherent properties of the xenobiotic would
be expressed.

Adverse health effects can be non-life-threatening, as for a minor scratch, or life-threatening, as
with pneumonia. The effects may also be brief in occurrence or persistent, be insignificant at
first but become more severe over time and repeated exposure. Also, the adverse effects may



occur immediately upon exposure, as with an acid burn, soon after exposure, as occurs in
mushroom poisoning, or delayed for a long period, as with lung cancer and smoking (Figure 5).
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Figure 5. Adverse health effects arising from exposure to
a toxic xenobiotic.

This binary structure of cause-and-effect is helpful when developing the spatial and temporal
components of putative relationships. It is unhelpful when describing environmental health
realities. The effects are rarely all-or-nothing, either for the individual or the group. It is more
constructive to position biological effects on a continuous spectrum from health to death (Figure
6). This places health effects in a three dimensional matrix: impairment, disability and treatment.
Impairment ranges from normal adjustment to failure. The medical consequences of impairment
are on a line from health to death. Medical or veterinary treatment may be preventive or
curative. Some examples will illustrate this matrix concept. Coughing is a compensatory
mechanism in which a normal body function is maintained without significant cost (except in
cases of chronic bronchitis or pneumoconiosis) where breakdown or failure of compensatory
mechanisms is apparent

A case of food poisoning results in the breakdown of the normal digestive processes, but usually
responds to curative medicine. That is, it is reversible and repairable. A malignant neoplasm
(cancer) has proceeded past the limits of normal adjustment and compensation, and will tend to
move from breakdown to failure and death.

4. RISK

Risk is the probability that a particular adverse event will occur during a stated period of time,
or result from a particular challenge. In toxicology, risk has two components, hazard and
probability. Hazard is the potential for injury inherent in the physico-chemical properties of a
specific compound or mixture of compounds. These inherent properties determine whether a
substance is an essential vitamin, corrosive acid, or inert gas. Probability is the potential
realization of unwanted consequences of an event (Rowe, 1986). Stated differently, risk is the



probability of injury, disease or death under specific circumstances (U.S. Environmental
Protection Agency, 1987).
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Figure 6. Continuum of health effects from normal to death (after Hatch, 1962).

The expression of chemical hazard in an exposed animal or person is influenced by the health
status of the exposed individual, nutritional factors, individual sensitivity to the toxic agent,
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genetic constitution, gender and age. Generally, unhealthy individuals would be expected to be
more susceptible to the harmful effects of a toxic agent. For example, asthmatics may be more
severely affected by irritant gases. Further, a low protein diet is associated with increased
incidence of hepatic cancers owing to ingestion of the fungal mycotoxin, aflatoxin B,. Some
genetic strains are more susceptible to chemicals, usually because of a missing or defective
enzyme essential to the detoxification process. More male rats than female rats die when
exposed to the same concentration of hydrogen sulphide for the same time. Usually, but not
always, the young and old vary from adults in their susceptibility to toxic agents.

5. DOSE-RESPONSE RELATIONSHIP

There are two major factors determining the beneficial or harmful effects of chemicals. These
effects occur on a spectrum that is inclusive, not exclusive. This spectrum attempts to answer
the question: how much of the chemical or mixture is required (the dose) and for how long
(duration) to induce the observed biological effects?

The European physician, Paracelsus (1493-1541) wrote:

"In all things there is a poison, and there is nothing without a poison. It depends
only upon the dose whether a poison is a poison or not...That which redounds to
the benefit of man is not poison; only that which is not of service to him, but
which injures him, is poison.

This dose-response relationship is crucial to an understanding of environmental health issues and
environmental toxicology. The basis of the relationship is that an increasing biological response
occurs with increasing dose of chemical.

This is illustrated in Figure 7. The biological response is death (one of the observed endpoints
in the flock of sheep), whereas an increasing adsorption of the xenobiotic is the dose, and the
sigmoid curve results when these are plotted using arithmetic axes. It is important to note that
dose and exposure concentrations are not synonymous terms. Dose refers to the quantity of a
chemical taken up by the body and is usually standardized by reference to body weight, for
example, or milligrams per kilogram bodyweight (mg kg'1) or milligrams per unit body area.

In the environmental setting, the exposure concentration usually varies with time, regardless of
medium. Consequently, the dose may vary as a reflection of the amount of chemical available
in the exposure medium. However, the dose-response relationship still holds. In this case, it is
often expressed as the amount of chemical per unit body weight per unit time, for example,
milligrams per kilogram bodyweight per minute, or mg kg"1 min"1.
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Individuals in a population may differ in their response to an increasing dose, as illustrated by
the bar graph in Figure 8, which depicts the typical distribution for a normal population. In this
case, death was again used as the endpoint It should be noted that only a few individuals will
respond at very low doses. Usually the number of these sensitive (hyper-susceptible) individuals
is less than five percent of the total exposed population. Conversely, a very few individuals will
respond only at very high doses. Again the number of resistant, or hypo-susceptible, individuals
is less than five percent of the total exposed population. It is obvious that at most doses there
is a mixture of responding and non-responding individuals. The exception is an excessive dose
which affects all exposed.
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The study of dose-response relationships can be aided by the use of physiology-based pharmaco-
kinetic (PBPK) models (Figure 9).

These mathematical models provide a way of estimating the fate of chemicals in various animal
species and predicting the effects of exposure in people. PBPK models provide a way to
extrapolate findings from data derived from cell and animal systems to people (Bischoff, 1992).
Of course, their usefulness depends on having sufficient biological and chemical information to
use in the model. Not uncommonly, values for the many variables in the mathematical equations
cannot be found in the published literature. Currently, PBPK models are being used to model
the kinetics of single compounds. Their application to complex mixtures is in the future.
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ESTIMATION AND PREVENTION OF ADVERSE HEALTH EFFECTS

Emissions and effluents are mixtures of chemicals. Rarely do they contain a single chemical in
the solute of air or water. The biological reactivity of individual chemicals in a mixture may be
modified by other chemicals present in the mixture. This modification is not the same as that
occurring through biotransformation. It refers to the potential for combining the adverse effects
of the individual components of complex mixtures.
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This occurs by one of four categories of modifying interactions:

(a) additive the activity of the mixture is the simple arithmetic sum of the individual
activities, e.g. 2 + 3 = 5;

(b) synergistic the activity of the mixture is enhanced, so that it is greater than the sum
of the individual activities, e.g. 2 + 3 = 20;

(c) potentiation a constituent having no biological activity is "activated" by other chemicals
in the mixture so that the total activity is greater than expected from the
sum of the individual activities, e.g. 0 + 2 = 10; and

(d) antagonism the activity of the constituents decrease the expected total activity of the
mixture, e.g. 4 + (-4) = 0 (simple antagonism), 4 + 0 = 1 (reverse of
potentiation), 4 + 6 = 8.

Since it is rarely possible to predict this interactive effect, the evaluation of mixtures must be
determined by other methods, such as experimentation.

Regulatory ambient and environmental standards, as well as occupational exposure limits (OEL)
are intended to prevent or minimize the adverse effects that might ensue as a consequence of
either accidental or deliberate exposure to toxic chemicals. The Lethal Concentration that kills
50 per cent of a test population (LC50) is often used as a comparative measure of toxicity.

In environmental health issues, these two sets of numbers have very different endpoints, as can
be seen in Figure 10. It is apparent that direct application of LC50 values is inappropriate in
environmental health issues. By definition, these values require that 50 per cent of the exposed
population die. Effects such as death or severe incapacity, which occur at one extreme of the
effects spectrum, are observed in some accidental exposures to toxic chemicals. Such exposure
concentrations are high and would be avoided in regular plant operation. Occupational exposure
limits are designated for the workplace with an eight-hour day, five-day working week. They
occur much lower in the exposure spectrum because of intentional exposure of workers. Within
this time exposure schedule is a 16-hour period of non-exposure and even recovery from toxic
insults. In contrast, environmental exposures occur on an unscheduled basis over a 24-hour day,
seven-day week, during which time the exposure concentration may vary. There is no secure
period of non-exposure or recovery.

Environmental health concerns frequently focus on the area of disturbed functional changes.
These are often subtle and may not be readily apparent or obvious, in contrast to death as the
endpoint The use of ambient and occupational exposure levels may serve as initial indicators
for acceptable exposure concentrations in environmental health issues.
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Figure 10. Location of ambient and OEL standards and LC50 values on the health

effects spectrum.

If sufficient information is available, it is also possible to calculate no observable adverse effect
levels (NOAEL) for chemicals in a multi-route exposure situation. However, the summation of
this information for predicting the response of exposure to a complex mixture is currently
difficult and contentious.
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C. ENVIRONMENTAL HEALTH CONCERNS: PHILOSOPHER'S WOOL SHEEP
FARM

When determining the presence or absence of an association between cause and effect, one must
first describe, specify and define the effect. The health effects of concern have been reported in
a flock of sheep at the Philosphoper's Wool Sheep Farm. The farm is approximately four
kilometres distant from the Bruce Heavy Water Plant, and about three kilometres from
Inverhuron, in Bruce County, Ontario (Figure 11). The health concerns centre on lambing and
suckling during the first two weeks of life. The authors have not had access to the farm records;
these are being processed by researchers from the University of Guelph.

This flock was founded in 1981 from 25 bred Polled Dorset ewes purchased from Joan Misener
of Meaford, Ontario and four similar ewes purchased from Walter Renwick of Clifford, Ontario.
Additions were made in 1982 with seven ewes purchased from Peter Gadke of Kincardine,
Ontario, and in 1987 with 16 ewes purchased from Barbara McLean of Mount Forest, Ontario.
The rams used for breeding are raised on the farm (Misener, 1990).

1. DESCRIPTION OF ENVIRONMENTAL HEALTH CONCERNS: MR,
BOURGEOIS

This section was prepared from notes taken by team members during an interview with Mr.
Bourgeois on the farm on August 31, 1992. Mr. Bourgeois did not have his records, which were
at the University of Guelph, and had to rely on his memory.

The first incident associating adverse effects and environmental conditions occurred in 1985. Mr.
Bourgeois was picking stones in the field and walked into a hollow area. He was apparently
overcome by hydrogen sulphide gas, as he recalled. He developed a metallic taste, then no taste
in his mouth. He experienced an immediate headache, nausea, disorientation, giddy sensation,
and he staggered. He knew that he had to climb up and out of the hollow, an instantaneous
decision. He came home, laid down, and the symptoms left (Bourgeois, 1992).

Following the first incident with adverse effects from "gas", lambs were born to ewes in thick,
jelly-like sacs which were difficult to break. This has been described as foetal membrane
syndrome (Hooper, 1992). These heavy sacs occurred in about 40 percent of mature ewes and
20 percent of ewe lambs, but this pattern was not consistent over time. A ewe may have had one
lamb in a heavy sac and one lamb in a normal sac. The lambs born in heavy sacs would
generally die if the sac was not broken. Adverse effects appeared to be non-cumulative and
transient to Mr. Bourgeois. With no apparent management changes, he observed no more
problems with heavy sacs at lambing, but kept getting "gassed" during 1985 (Bourgeois, 1992).
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Mr. Bourgeois began feeding extra grain (4 lb/day/animal) after a gas release, thinking that extra
protein and carbohydrates provided resistance for the ewe and her lambs. In January and
February 1988 he overcame the heavy sac problem, perhaps with the heavy grain rations. In
April 1988, the lambing percentage was about 165 and weaning percentage about 150
(percentages calculated on the ewes that lambed; if they did not lamb they were marketed), up
to the time of a "gas release" (Bourgeois, 1992).

Without a "gas release" during the gestation period, the lambs were born alert and vigorous,
lambing was easy, ewes had lots of milk and milk let-down was normal. After a "gas release",
the lambs appeared to be alert at birth but did not want to nurse, and ewes would not let down
milk. Mr. Bourgeois gave colostrum to the lambs immediately after birth and used milk replacer.
Eight to ten hours after birth (post-partum) the mothers would let down their milk. However,
affected lambs lost interest in suckling one or two days post-partum. At four days of age, the
lambs might start nursing the ewe and do well, or would just fade away. Mr. Bourgeois stated
that it was a struggle to bottle feed the lambs although they were hungry and wanted to eat.
Also, if bred ewes were exposed to a "gas release" during early gestation, Mr. Bourgeois would
see rams breeding ewes, implying that the foetus had died and the ewes were coming back into
oestrus (a time when the female mates) (Bourgeois, 1992) .

In 1988, the lambs were exposed to a "gas release" almost all the time. Mr. Bourgeois defined
a "gas release" as "smelling the gas". According to him, "gas" can be detected on the monitors
at concentrations greater than 20 ppb hydrogen sulphide, when problems would be observed in
the lambs.

During June 1990, 25 ppb hydrogen sulphide were detected on a monitor, location unspecified.
The ewes were on pasture and just going into lambing. All the ewes went temporarily blind,
described as an eye opacity. Clinically, the ewes did not walk straight, behaved like they were
"stupid", and experienced dystocia (difficulty in lambing). Later, lambs from these ewes did not
nurse and seemed "stupid"; ewes did not want to associate with their own lambs. Often, only
one of a pair of lambs was affected and usually died. In addition, 26 chickens were lost that
night on the farm; they did not look like they had crowded. When questioned whether other
birds were affected, Mr. Bourgeois stated that it seemed bam swallows might have been affected
since there seemed to be fewer of them (Bourgeois, 1992).

In the February 1992 lambing, nine ewe lambs delivered 15 live lambs and one dead lamb. The
latter was from the first lambs born. The lambing percentage for ewe lambs was about 150
percent, and for mature ewes it was about 175 percent Apparently, there was a "gas release"
in early March, 1992. After this event, seven lambs died shortly after birth. The primary
problems observed by Mr. Bourgeois were dystocia and passive lambs who would not nurse.
According to Mr. Bourgeois all the dead lambs were necropsied (post-mortemed) at Guelph
during mid-April. A number of diagnoses were made. The flock experienced some coccidiosis
in the spring of 1992 (Bourgeois, 1992).
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When describing the types of exposure, Mr. Bourgeois mentioned that in June 1992, Bunker C
oil or gasoline was burned at the Bruce Nuclear Development site. Perhaps due to an
environmental inversion, smoke dropped into the north part of the farm and moved across the
pasture to the sheep barn in a couple of minutes (Bourgeois, 1992).

1.1 Management

Mr. Bourgeois follows a "modified accelerated" lambing of about every eight months, depending
on plant operations and his own schedule. He had two groups: lambing and bred groups. Each
ewe has six lambings in five years, where the interval between lambing can extend to ten months.
During lambing, Mr. Bourgeois simply observes the ewe. If lambing is prolonged, he calms the
ewe and checks the lamb position. After birth, ewes and their lambs are placed in holding pens
for ten days; this appears less stressful. Lambing occurs over a three-week period (Coppock,
Mostrom and Prior, 1992).

These ewes are fed second-cut hay and grain. In terms of nutrition the ewes are always ready
to be bred. Mr. Bourgeois estimated that the average age of ewes is approximately 11-12 years,
with some 8-year-old ewes, and several ewes less than two years old. Virtually no ewes were
between two and six years of age. Before breeding, the Dorset ewes are flushed and placed with
a ram. However, ewe lambs are bred at the second oestrus rather than the first oestrus; ewe
lambs are not flushed. Ewe lamb replacements are bred at 8 to 9 months, and lambs at 12 to 14
months of age (Coppock, Mostrom and Prior, 1992).

Mr. Bourgeois operates and manages a 50-ewe flock, which now seems a suitable number to him.
Formerly, he had up to 64 ewes, but the adverse effects from environmental "gas releases" made
him decide not to use replacement ewes retained from his flock. Several years ago, with his
flock reduced to 35 ewes, he started keeping ewe lamb replacements. Mr. Bourgeois' original
intention was to replace 20 percent of the flock annually and keep 12 ewe lambs per year. About
10 percent of ewes were culled for production reasons, such as being at the bottom of production
for two years, or because of mastitis (udder infection). Mr. Bourgeois sells carcasses as heavy
lambs around 55 to 65 pound carcass weight. A 9- to 12-month-old lamb (heavy lamb) weighs
about 160 pounds (Coppock, Mostrom and Prior, 1992).

During 1990, he made 11 odour complaints to the Bruce Heavy Water Plant of Ontario Hydro,
and did not call on another six or seven occasions. Other facilities near his farm are the Tiverton
sewage treatment lagoon (opened in 1990), Bruce Energy Centre (steam), and nuclear reactor
exclusion zone around the Bruce Nuclear Development site (Figure 11) (Coppock, Mostrom and
Prior, 1992).
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1.2 Nutrition

Ewes eat first-cut (May) alfalfa-timothy hay and grain supplement The latter is always available,
even to ewes on pasture. As ewes get closer to lambing, Mr. Bourgeois introduces second-cut
hay (mature to late-bloom stage), and mixed barley and oats. The grain is purchased locally.
Occasionally Mr. Bourgeois uses a corn ration. Ewes receive about 1 lb/hd/day of mixed grain,
and occasionally supplemental minerals. The pasture contains alfalfa, trefoil, red clover, and
native grasses (brome, timothy, sedge). The lambs receive whole mixed grain as "creep feed".
Once weaned, lambs are provided with free-choice first-cut hay and mixed grain (Coppock,
Mostrom, Prior, 1992).

All but one pen is on a 140-ft deep water well, which is the same as the domestic water supply
(Coppock, Mostrom, Prior, 1992).

2. DESCRIPTION OF ENVIRONMENTAL HEALTH CONCERNS; VETERINARY
ASPECTS

These comments were taken from notes made during an interview with the local veterinarian on
August 31, 1992. Mr. Bourgeois started to have problems with his flock in 1985, which included
weak lambs and loss of lambs with no identified aetiology (cause). The lambs were not nursing,
as meconium was detected in three-day-old lambs. Ewe dystocia was resolved by simply
reaching in and pulling out the lamb. Ewes with chronic mastitis and poor feet were culled from
the flock. The observed foetal membrane syndrome (heavy sac problem) was not associated with
Mycoplasma. The aetiology of the acute or chronic placentitis is unidentified, a diagnosis
perhaps hampered by a lack of fresh samples submitted to the diagnostic laboratory (Hooper,
1992).

Sheep in the flock experienced peracute and severe conjunctivitis, uveitis without edema, and
corneal opacity. Treatment included tetracycline, with some sheep recovering. Swabs for
Chlamydia spp., the cause of "pink eye" in sheep, were negative. "Pink eye" is responsive to
tetracycline and there can be spontaneous recovery. Lambs showed signs of blindness, with post-
mortem neurological lesions. The eye lesions in one lamb were different from the rest of the
flock; lesions observed in the optic nerve and one eye were not as inflammed compared with the
eyes in other sheep. In June 1990, ewes were seen to walk into the fence, but no discharge was
observed from the nostrils. It was not a classic environmental pink-eye condition, nor were flies
a problem. No pathogenic microorganisms were detected on bacterial culture of the eyes. In
addition, titres for maedi-visna and Chlamydia were negative (Hooper, 1992).

Other conditions occurring in the flock included coccidiosis, which occurs every few years.
Failure of milk let-down in ewes was treated with oxytocin. However it appeared that whether
ewes were treated or not, the animals let down milk in eight hours. Starvation was seen in lambs
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which would go to the ewe and wag their tails, but did not suck on the teat and died of starvation
even when the teat was stripped out. Recently, the post-mortem reports described lambs with
aspiration of meconium, but no inflammation or septicemia was observed in these lambs (Hooper,
1992).

With respect to genetics, the possibility of inbreeding has been considered and an outside ram
was brought in (Hooper, 1992).

3. AGRICULTURE CANADA: 1990

An Agriculture Canada veterinary inspector conducted an investigation and site visit in August,
1990. At this time, the flock consisted of 42 mature ewes, several stud rams and lambs of
various ages. The sheep appeared to be in good condition. The ewes had access to summer
pasture, as well as free-choice, green, mixed hay and minerals. Grain was fed daily to the
lactating ewes. Ventilation in the barn did not appear to be a problem and sanitation was good.
Up to the date of the farm visit, August 3, 1990, 17 lambs had been born live and three dead.
Seven of the 17 lambs displayed some signs of problems. According to Mr. Bourgeois, they
were typical of the type of problem normally experienced following a "gas release". These lambs
apparently appeared normal at birth, but it soon became evident that they couldn't or wouldn't
nurse despite adequate milk and mothering from their dams. The Agriculture Canada veterinarian
observed these lambs and noted they displayed mild deficits in balance and coordination. They
would nurse from a bottle, but the nipple would have to be placed in their mouths, as they would
not seek it out even when apparently hungry and the nipple was directly in front of them. The
affected lambs did not have the bloom of the unaffected lambs. The Agriculture Canada
veterinarian concurred that some environmental factor unrelated to management and nutrition may
be responsible for the lamb problem. He wrote "The fact that only circumstantial evidence exists
to connect the Bourgeois' lamb problems with hydrogen sulphide pollution should not exclude
the possibility that such a connection is indeed a real one." He concluded by recommending
an investigation by an independent source, such as the University of Guelph, (Misener, 1990).

4. UNIVERSITY OF GUELPH STUDY; 1992

These notes are taken from a telephone interview with Dr. Michael Slana on January 8, 1993.
The scope of this study was to determine whether an excessive lambing mortality and morbidity
occurred on the farm of Mr. Bourgeois and to eliminate routine causes of lambing losses. An
audit of the ewe flock prior to lambing found the ewes in adequate body condition with no
extremes in the flock. Visual inspections were made for mouth wear in each animal. Udders
were palpated for mass or other conditions that might lead to nurturing problems for lambs.
Most were normal, with the occasional hard quarter, which suggests less milk available than from
a normal ewe. Housing, pasture quality, nutrition, energy and condition of the ewes, the farm
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environment and management did not appear to account for the lamb losses. Fall 1991 was
perhaps one of Mr. Bourgeois' better years as far as his lambing mortality, which was roughly
20 percent. Over the last three to four years, lamb mortalities have ranged from about 17 to 50
percent; usually most lambs die within four to five days of lambing. Lambs that have been
necropsied died from malnutrition. Either they began aggressively and seemed to fade in a
couple of hours and would not drink any more or had no energy following parturition, or were
stillborn. Findings of post-mortems of the occasional mature sheep and lamb have been varied
(Slana, 1993).

In the fall of 1991, 37 lambs were born; eight of them died. In the spring of 1992, the group
that was on pasture the previous summer and into the fall had 32 lambs bom, and nine died.
Comparative lambing mortality figures for Ontario are not available. However, the mortality rate
before 10 days of age was around four percent in a large sheep project during 1988-1989; total
lamb deaths to weaning was about eight percent and stillborns averaged three percent.
Preliminary analysis of the data tentatively suggests some association between cause of mortality
or timing of mortality and the age of ewes. It seems the majority of stillbirths occur in first
lambing ewes, with or without a history of difficult lambing. Further, it seems that some of the
older ewes are the ones whose lambs are fading off and dying between two to five days after
lambing (Slana, 1993).

Pathological diagnoses are varied and include starveout, various bacterial conditions such as
clostridial enteritis, crushing, white muscle disease caused by selenium deficiency, and several
undiagnosed causes. There is no common cause of death. The pathology findings are somewhat
typical of the sheep population insofar as there are multiple diagnoses or multiple causes of
death. It is possible that there may not be a specific cause, but rather a number of contributing
factors (Slana, 1993).

In summary, preliminary analysis tentatively suggests some association between cause of
mortality or timing of mortality and the age of ewes. An association between lamb losses and
where they were pastured over the fall and previous summer is also being analyzed.

5. DESCRIPTION OF ENVIRONMENTAL HEALTH CONCERNS: WINTER, 1992-
1993

These notes were taken from a telephone interview with Mr. Keith Mombourquette and Mr.
Chuck McDermott on January 8, 1993. During December 1992, Ontario Hydro advised Mr.
Bourgeois that they were having a problem with the recovery system. As a result he might
expect a general increase in the amount of hydrogen sulphide released from the Bruce Heavy
Water Plant Mr. Bourgeois kept his entire flock in the barn, including ewes close to lambing.
By Christmas, four lambs had died out of seven recent births. This period coincided with severe

22



weather. Because housing the flock in the barn had not protected against lamb deaths, the flock
was turned out to pasture at the suggestion of Ontario Hydro (Mombourquette, 1993a).

6. SUMMARY

The sheep flock was established in 1981 and the first lambing problems were reported in 1985.
These problems include dystocia, stillborns, lamb mortality and failure of the lambs to thrive.
Post-mortem results appear typical for failing neonates, being a variety of no specific diagnoses
including various infections, such as pneumonia, arthritis and encephalitis. Investigators do not
consider management and nutrition to be major contributors to the lambing problems. Factors
such as the age of the ewe, genetics and environmental factors are currently being investigated.

D. BRUCE NUCLEAR POWER DEVELOPMENT SITE AND ENVIRONS

The putative cause of the adverse health effects (lambing problems) at the Philospher's Wool
Sheep Farm, and described in the previous chapter, is claimed to be hydrogen sulphide. This gas
is released occasionally from the Bruce Heavy Water Plant. However, one must consider other
routes of exposure and other chemicals and agents, in addition to hydrogen sulphide.

1. BRUCE NUCLEAR POWER DEVELOPMENT SITE

The Bruce Nuclear Power Development site has an area of 930 ha, in the County of Bruce,
Ontario on the eastern shore of Lake Huron, between the towns of Kincardine and Port Elgin at
a latitude of 44°22' north and 80°35'30" west (Figure 11).

Within its boundaries are two nuclear generating stations (Bruce "A" and Bruce "B"), a heavy
water plant, a bulk steam system, low and medium-level radioactive waste storage facilities, a
nuclear training centre, an information centre and various administrative and service buildings.
The site also includes the older Douglas Point Generating Station that is retired from service.
The generating stations are capable of producing more than 6,900 MW of electricity (Bruce
Heavy Water Plant, 1984; Ontario Hydro, 1989). Construction of the 200 MW Douglas Point
Nuclear Generating Station began in 1960 and came into service in 1968. It was closed in May,
1984. Construction of the 3,300 MW Bruce Generating Station A began in 1969, and its four
825 MW reactors were completed in the late 1970s.
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2. HEAVY WATER PRODUCTION IN CANADA

Five heavy water production plants have been built and operated in Canada (Table 1).

Table 1. Location of heavy water production plants in Canada (Ontario Hydro, 1989).

Location

Trail

Glace Bay

Point Tupper/Port Hawkesbury

Bruce Nuclear Power Development

A Plant

B Plant

Province

B.C.

N.S.

N.S.

Ontario

Dates of Operation

1942/43 to 1955

1964 to 1985

1967 to 1986

1969 to 1984

1974 to Present

The "D" Plant at Bruce, Ontario, and another at a site near the Gentilly Nuclear Power
Generating Stations (referred to as the LaPrade plant) were partially built but never completed.
The first of the production plants, at Trail, B.C., was an addition to an ammonia-producing plant.
Heavy water was produced by electrolysis of a water stream. All the other plants are stand-alone
.installations which employed the Girdler-Sulphide process. This process uses hydrogen sulphide
as an isotropic transfer agent to increase the deuterium content of water from the naturally
occurring concentration of approximately 0.014 percent up to 30 percent The concentration is
increased further by distillation to 99.75 percent purity, which is used in CANDU power reactors
(Ontario Hydro, 1989).

3. LAND

The 930 ha site is slightly rolling with uncleared second growth woodland outside the fenced
plant and cleared service areas. The land mass to the east of the site has a lightly rolling contour
with few major deviations. It rises from the lake elevation of 176.4 m above sea level to an
elevation of 190.5 m approximately 3.2 km inland. At this point, a rapid rise occurs to an
elevation of 221 m. The land elevation increases gradually to an undulating plateau
approximately 518.2 m above sea level some 96 km to the east of the site. To the west and
northwest. Lake Huron stretches uninterrupted for approximately 128 km. The nearest land in
a westerly direction is Port Hope, Michigan, U.S.A., 97.6 km to the southwest (Bruce Heavy
Water Plant, 1984).
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4. LAKE AND RIVERS

The approximate maximum and minimum daily mean lake levels for the site are taken as
177.4 m and 175.6 m, respectively. Atmospheric pressure differentials across Lake Huron can
build up seiches, causing the lake level to vary up to 0.3 m from either of the foregoing levels.
Such variations, however, have a duration of a few hours only. Wave action at the shore is
moderate since the water is shallow inshore, causing waves to break at a considerable distance
from the shoreline (Anon, 1991). There are no major rivers or lakes other than Lake Huron in
the vicinity of the site, but there is an extensive network of small creeks. The largest river is the
Saugeen, which has a tributary creek within 12.8 km of the Bruce Heavy Water Plant The
Saugeen River enters Lake Huron at Southampton, 25.6 km to the northeast. The nearest river
is the Little Sauble, a small river which forms the southern boundary of Inverhuron Provincial
Park (Anon, 1991). The lake is used as a supply of water by several municipalities along the
shore. Kincardine and Port Elgin are the two nearest municipalities to the site (Anon, 1991).
The results of chemical analyses of samples of lake water taken offshore at depths of 3 and 9.1
m are within expected values. Mean monthly lake water temperatures range between 0 - 1°C
during January through March, to 16 - 21°C in August

5. LAND USE

The land use in the general area surrounding the site falls into two classifications: farming and
mining/industry. Along the shoreline the land is a vacation area.

5.1 Farming

The 1961 Census indicated that over four-fifths of the inland area is used for farming. Of the
farm land, 35 percent is improved pasture and 45 percent is under cultivation. The pasture
carries about 0.37 head of milk-producing cattle and some 1.7 head of beef cattle per hectare.
The average livestock population within a 19.2 km radius of the site consists of 5,000 - 6,000
milk-producing cattle, 24,000 beef cattle, 10,000 pigs, 120,000 chickens and 1,000 sheep. The
main crops of the land under cultivation are tame hay, mixed grain and oats. A small amount
of tobacco is also raised in the area. The production of vegetables, tree fruits and small fruit is
relatively insignificant (Statistics Canada; 1992a).

5.2 Mining and Industry

There are no mining operations in the area. The brine pumping operation formerly carried out
at Kincardine has been discontinued and the nearest salt extraction operation is now at Goderich,
64 km to the south. From reports of the Department of Mines, it appears likely that some salt
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beds may exist 274 m or more below the Bruce Nuclear Power Development site. The northern
limit from which production might be economic is about 9 km to the south. A small amount of
industry, mostly woodworking and light manufacturing, exists in most of the large communities
having populations of 2,000 or more (Anon, 1991).

6. POPULATION

The region surrounding the site is sparsely populated. Port Elgin, with a population of 6,900,
and Kincardine, with 6,600, are 21 and 15 km distant from the site, respectively. Preliminary
results of the 1991 Census show that the human population of Bruce County has increased to
65,270. Additional information on livestock populations within 20 km of the site has been
requested from Statistics Canada, but is not yet readily available (Statistics Canada, 1992b).

7. SITE SURVEY

A site survey was carried out in the late summer and fall of 1968 and is described in Ontario
Hydro Hydraulic Development Department Report No. 181-13, dated December 17, 1968. The
site rises from an elevation of 176.4 m at the shoreline to a flat area of 190.5 m about 320 m
back from the shoreline. The survey found sound bedrock at about 182.8 m elevation, consisting
of limestone, dolomite and dolomitic limestone suitable for foundation loading in the order of
1610 kPa. Some bituminous stratification occurs. The solid bedrock is covered by a fractured
and weathered layer 0.45 to 0.9 m thick, together with 0.3 to 2.1 m of heavy glacial till and
rocky soil, and heavy gravel beach shingle along the shoreline. According to the classification
given in the National Building Code of Canada, the area is in earthquake Zone 1, defined as one
in which minor damage may occur. This was confirmed with the National Research Council and
with the Dominion Department of Mines and Technical Survey (Anon, 1991).

8. GEOLOGY

The nature of the land and rock strata in the limited area under the Bruce Heavy Water Plant
would indicate a ground water flow directly to the lake. This statement does not apply to the
whole of the Bruce Nuclear Power Development site. As a result, a survey of wells in the area
was made before hydrogen sulphide was brought on site to determine the sulphide content of the
groundwater. The odour of hydrogen sulphide was noted during boring operations and in some
well water in the Inverhuron Park. This is to be expected from limestone bedrock with
bituminous stratifications (Anon, 1991).
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9. CLIMATE

Building design data for Kincardine are listed in Table 2 (National Building Code, 1965). This
indicates a temperature spread of approximately 44°C between summer and winter. The design
temperatures are hot unusual for many areas of Canada where livestock are raised.

Table 2. Building design data for Kincardine, Ontario.

Parameter

Winter design temperature 2 1/2 %

Winter design temperature 1 %

July design temperature 2.5 %

dry

wet

15-minute maximum rainfall

One-day rainfall

Annual total precipitation

Data

-16°C

-18°C

28°C

22°C

23 mm

76 mm

890 mm

10. HEAVY WATER PRODUCTION AT THE BRUCE NUCLEAR POWER
DEVELOPMENT SITE

Heavy water consists of deuterium oxide, D2O. It looks and tastes like water, which is hydrogen
and oxygen, H2O. The heavy water is required for the operation of the CANDU (CANada
Deuterium Uranium) reactors (Ontario Hydro, 1989). Heavy water is extracted from natural
water using a dual temperature isotopic exchange process which increases the D2O concentration
to about 30%. The concentration of heavy water is increased further by distillation to 99.75
percent purity, which is used in CANDU power reactors. The isotopic exchange process has a
low efficiency. Only 20 percent of the deuterium in the feedwater can be extracted economically.
The plants operate at relatively high pressure, 2 100 kPa. Large amounts of steam and cooling
water are required for the exchange processes occurring at 32°C and 128°C. Some 340 000
tonnes of water from Lake Huron are required to produce one tonne of heavy water. After
passing through the system, the water is returned to Lake Huron, minus about 19 percent of its
deuterium oxide content (Monserco Ltd, 1981; Ontario Hydro, 1989). The monthly consumption
of hydrogen sulphide is approximately 25 metric tonnes (Figure 12) (Mombourquette, 1992).
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Figure 12. Planned and actual consumption of hydrogen
sulphide by month during 1991.

11. HYDROGEN SULPHIDE INVENTORY

The Bruce Heavy Water Plant "B" consists of two enriching units, E3 and E4. Each contains
approximately 540 metric tonnes of hydrogen sulphide, partly in gaseous form and partly
dissolved in the water being processed. In addition, there are six hydrogen sulphide storage
vessels. Up to three of these vessels may each contain up to 144 metric tonnes. The total
quantity of hydrogen sulphide on site may exceed 1400 metric tonnes (Figure 13)
(Mombourquette, 1992).

29



Jan Feb Mar Apr May Jun Jui Aug Sep Oct Nov Dec
Month, 1991

E3/E4 INVENTORY • STORAGE

Figure 13, Inventory of hydrogen sulphide during 1991.

12. ANALYSIS OF COMMERCIAL GRADE HYDROGEN SULPHIDE

The hydrogen sulphide used for the Girdler-Sulphide process is obtained commercially. The
results of chemical analysis are summarized in Table 3.

Table 3. Analysis of commercial hydrogen sulphide.

Constituent

Hydrogen sulphide

Propylene

Propane

Nitrogen

Carbon dioxide

Water

Mol %

99.677

0.223

0.023

0.003

0.027

0.050

ppm

996 298

2 762

303

27

345

265
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13. OTHER CHEMICALS USED IN BULK ON SITE

As can be seen from Table 4, seven commercial chemicals are used in large quantities on the
Bruce Nuclear Development Site (Nuclear Generation Division Annual Environmental Summary,
1984, (pub. 1985); Nuclear Generation Division Annual Environmental Summary, 1985, (pub.
1986); Nuclear Generation Division Annual Environmental Summary, 1987, (pub. 1988);
Nuclear Generation Division Annual Environmental Summary, 1988, (pub. 1989); Nuclear
Generation Division Annual Environmental Summary, 1989, (pub. 1990); Nuclear Generation
Division Annual Environmental Summary, 1990, (pub. 1991); Nuclear Operations Branch, 1992).

It should not be construed that only chemicals used in large quantities at the Bruce Nuclear
Development Site can cause toxic effects. It is possible that some highly toxic chemicals might
be used in small amounts. However, the risk is less. For example, the hazard (death by
drowning following sinking of the vessel) of crossing the Atlantic Ocean is the same whether one
goes by liner or rowboat. But the risk is higher for the occupant of the rowboat.

Table 4. Summary of amounts of chemicals (kg yr1) used on the Bruce Nuclear Power
Development site from 1984 through 1991.

Chemical

Phosphate

Hydrazine

Morpholine

Sulphuric acid

Sodium hydroxide

Sodium
hypochlorite

Ammonia

Sodium
metabisulphite

Year

1984

400

12 960

14 900

6640 000

445 500

1 800

1985

274

19 100

34 800

5 088 000

408 000

7400

1987

164

12 373

17 720

5 124 200

501 195

6 070

6 069

1988

12 649

17 570

3 938 131

615 463

5 589

6 069

1989

19 182

29 541

5 139 816

633 569

3 058

5 720

1990

21 968

47 987

4 666 798

799 885

6444

5 650

1991

10 216

24 032

4 785 754

564 320

9 533

3 490

1 654

Propane is also used at the Bruce Heavy Water Plant in addition to the chemicals listed in Table
4.

The potential and actual release of these chemicals and other materials and subsequent
transportation from the Bruce Nuclear Development Site will be discussed in the next chapter.
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E. ENVIRONMENTAL EXPOSURE PATHWAYS

A holistic environmental pathway model defines the possible pathways of exposure to chemicals
that affect or potentially affect the target exposed species. In this case, the biological target is
a flock of sheep. The Bruce Heavy Water Plant site is one of several potential sources of
chemicals. In addition, the model should address:

(a) meteorological data;

(b) chemical emissions release-data;

(c) chemical composition of emissions;

(d) existing data from environmental sampling of air, surface and ground water, and soils;

(e) analysis of feedstuffs; and

(f) hydrogeological mapping around the Bruce Heavy Water Plant and sheep farm.

Sampling, methods acquisition and analysis of data may well require documentation for
validation.

Human and animal exposure to chemical substances released from an industrial site can occur
through a variety of pathways (Figure 14). Not all pathways are relevant to a particular exposure
occurrence. Exposure to a combination of pathways is not unusual. Exposure of animals or
people via inhalation or ingestion of water, food or feedstuffs is most common. An exposure
pathway has four elements (U.S. Environmental Protection Agency, 1986):

(a) a source and mechanism of chemical release to the environment;

(b) an environmental transport medium, for example, air, or water;

(c) point of potential livestock or human contact with the contaminated medium, the so-called
"exposure point"; and

(d) a livestock or human exposure route at the exposure point, for example, breathing of
contaminated air.
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Possible exposure pathways that might exist between the Bruce Heavy Water
Plant and the Sheep Farm.

The Bruce Nuclear Development Site and the sheep farm are depicted diagrammatically in Figure
14, which is not to scale. Several potential pathways are illustrated. These include the airborne
release of toxic chemicals. These may be breathed or deposited locally, or may be subject to
long-range transport. Chemicals may also be transferred via surface water or ground-water to
streams and aquifers, or released into Lake Huron. Possible exposure routes for people and
animals include inhalation of airborne chemicals, the ingestion of contaminated crops or
feedstuffs, or the use of contaminated water for drinking, cooking or bathing. Potential receptors
of chemical releases include local residents, livestock (including sheep), vegetation and fish.

It is clear from Figure 14 that several exposure pathways could exist for the sheep farm. Each
exposure pathway describes a unique mechanism by which a population or an individual can be
exposed to chemicals. These may be released from an industrial site, or arise from sources on
the farm, in the house, or from the feed and water. The total exposure is the sum of the
individual exposure pathways. The characteristics of each pathway will be summarized briefly.
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1. PATHWAYS IN AIR

Typically, the release mechanisms of chemicals into the air are (U.S. Environmental Protection
Agency 1989):

(1) fugitive discharges from pressurized vessels and pipes or deliberate venting to
atmosphere;

(2) volatilization from surface wastes (such as lagoons, ponds, pits and spills); contaminated
surface water, contaminated soil, contaminated wet lands and leaking drums; and

(3) fugitive dust generation from contaminated surface soil or waste piles.

The release may or may not undergo chemical change, be washed out in rain, or be transported
long distances. Inhalation is the major exposure route. Contact can also be indirect, by more
circuitous routes. For example, chemicals may be deposited onto plant surfaces, absorbed by
soil, washed out in rain and absorbed by plant leaves or roots. Subsequent ingestion of
contaminated plant materials provides an indirect mechanism of exposure.

Effects of topography on the physical and chemical deposition of airborne agents should be the
subject of another study (Lyons and Scott, 1990).

1.1 Pathway Analysis

Nuclear generating stations emit small amounts of chemicals to the air. Boiler feedwater
conditioning chemicals are emitted to air whenever steam is released into the atmosphere. Other
chemicals are emitted to air in small quantities from areas such as chemistry laboratories,
maintenance areas and boiler treatment areas via the numerous stacks and vents located on the
roof of each location. The Bruce Steam Plant emits sulphur dioxide as the result of burning fuel
in the generation of process steam. The data for Figure 15 are derived from quarterly fuel oil
consumption (Nuclear Generation Division Annual Environmental Summary, 1984, (pub. 1985);
Nuclear Generation Division Annual Environmental Summary, 1985, (pub. 1986); Nuclear
Generation Division Annual Environmental Summary, 1987, (pub. 1988); Nuclear Generation
Division Annual Environmental Summary, 1988, (pub. 1989); Nuclear Generation Division
Annual Environmental Summary, 1989, (pub. 1990); Nuclear Generation Division Annual
Environmental Summary, 1990, (pub. 1991); Nuclear Operations Branch, 1992.)
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Figure 15. Total emissions of sulphur (sulphur dioxide and hydrogen
sulphide) from the Bruce Steam Plant (clear bar) and the
Bruce Heavy Water Plant (black bar).

The Bruce Central Maintenance Facility emits chlorofluorocarbons in the operation of dry
cleaners and an equipment decontamination unit. The total sulphur emissions (hydrogen sulphide
and sulphur dioxide) from the Bruce Heavy Water Plant and Bruce Steam Plant are shown in
Figure 15.

Large accidental releases of hydrogen sulphide have occurred from heavy water extraction plants
using the Girdler-Sulphide process. An estimated 35 tons were released at the Glace Bay plant,
eight tons were released at the Bruce 'B ' plant, and approximately 40 tons were lost at one of
the U.S. heavy water plants. Smaller releases have caused incidents in which plant staff have
been overcome by hydrogen sulphide. For example, the release at Glace Bay caused an
individual to be reduced to a comatose state (Atomic Energy Control Board, 1990).

1.2 Flare System

The heavy water plant uses a flare system to ignite and convert controlled releases of hydrogen
sulphide into sulphur dioxide. Some hydrogen sulphide is released to the flare system during
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normal operations, including shutdowns and startups of the plant. During the heavy water
manufacturing process variable amounts of hydrogen sulphide gas may leak from the exchange
towers, lines and parts of the plant. During an upset, hydrogen sulphide gas may be diverted and
burned at the top of the flare stack. If the releases contain high levels <-\" inert compounds,
additional propane is added to aid in combustion. The combustion product vhich may include
reduced sulphur compounds, are released into the air. The quantity of hyd: en sulphide flared,
as well as the number of complaints, are given in Figure 16 (Nuclear Generauon Division Annual
Environmental Summary, 1984, (pub. 1985); Nuclear Generation Division Annual Environmental
Summary, 1985, (pub. 1986); Nuclear Generation Division Annual Environmental Summary,
1987, (pub. 1988); Nuclear Generation Division Annual Environmental Summary, 1988, (pub.
1989); Nuclear Generation Division Annual Environmental Summary, 1989, (pub. 1990);
Nuclear Generation Division Annual Environmental Summary, 1990, (pub. 1991); Nuclear
Operations Branch, 1992). Figure 16 refers to odor complaints received from members of the
public. Ontario Hydro encourages people living in the vicinity of the Bruce Heavy Water Plant
to contact them whenever they can smell hydrogen sulphide (Mombourquette, 1993b).

2500

79 80 81 82 83 84 85 86 87 88 89 90 91 92
Year

I | H2S Flared B i Complaints

Figure 16. Amount of hydrogen sulphide flared and the number of
complaints received, 1979 - 1992.

Plant "B" is the only operating plant at Bruce. It has three first-stage towers, one second-stage
tower, a pair of third-stage towers and one front-end unit for hydrogen sulphide
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desorption/absorption. Common services operate only in the north area and include the flare
system and hydrogen sulphide recovery. The primary purpose of the flare system is to provide
a safe path for overpressure protection. The overall principle is to recover as much hydrogen
sulphide as possible. The flare system is always available. This includes pilots and direct
ignition of propane.

Each enriching unit is taken out of service once every two years. Thus, there is one unit outage
per year. This is done in May of each year, for inspection and maintenance. All hydrogen
sulphide must be removed from the unit. Most is recovered. Residual hydrogen sulphide is
directed to the flare system, for example, during steam-out Typically, five days per year are
required for steam-out operations. The amounts of hydrogen sulphide released during each month
of 1992 are given in Figure 17 (Mombourquette, 1992).
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Figure 17. Metric tons of hydrogen sulphide released by month, 1992.

Although the flare system probably accounts for 90 percent of the hydrogen sulphide released,
some 10 percent is released as fugitive emissions. One hundred metric tonnes are lost during the
preparation of the enriching unit during the annual maintenance checks. The rates and amounts
of hydrogen sulphide released by various operations are summarized in Table 5 (Mombourquette,
1992).
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Table 5. Summary of rates and amounts of hydrogen sulphide released by various
operations.

Operation Rate (g sec"1) Duration

To Flare

Steam out first stage

Enriching unit lead in

Chronic losses

Chronic losses without recovery

680 (max)

125 (avg)

5

17

12-24 h

5 days

-

30 days

Non-Flared Releases

Taking samples

RV replacement with passing isolation

Leak from process equipment

40

25

0.2 (max)

15 min

15 min

hours

In addition, approximately 100 tonnes of sour oil are burned annually at the steam plant. This
is used oil contaminated with hydrogen sulphide, high particulates, etc (Nuclear Generation
Division Annual Environmental Summary, 1984, (pub. 1985); Nuclear Generation Division
Annual Environmental Summary, 1985, (pub. 1986); Nuclear Generation Division Annual
Environmental Summary, 1987, (pub. 1988); Nuclear Generation Division Annual Environmental
Summary, 1988, (pub. 1989); Nuclear Generation Division Annual Environmental Summary,
1989, (pub. 1990); Nuclear Generation Division Annual Environmental Summary, 1990, (pub.
1991); Nuclear Operations Branch, 1992).

Several chemicals are present in the flare stack. Mercaptans occur in the third-stage tower, and
are associated with one commercial supplier of hydrogen sulphide. Propane is added to the flare
system at rates varying between 10-750 g sec1 to aid combustion.

1.3 Wind Velocity and Direction

Wind velocity and direction roses are presented in Figure 18 (Richards, 1964) from a two-year
study between 1961 and 1963. The study shows agreement with longer-term studies at
Southampton, though Douglas Point tends to be more windy since the weather instruments are
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close to the shoreline. The nearest weather station for which information is available is at
Wianon, 59 km northeast and 13 km inland from the lake (Anon, 1991).

The sheep farm lies 3.6 km south-southeast (156°) of the Bruce Heavy Water Plant. The seasonal
wind velocity and direction distribution roses (Figure 18) provide an indication of the frequency
of winds that might carry airborne pollutants from the Bruce Nuclear Power Development site
(including the Bruce Heavy Water Plant) in the general direction of the sheep farm.

Winds would have to be from the north-northwest for transportation of airborne pollutants from
the Bruce Nuclear Power Development site to the sheep farm. From the wind direction roses in
Figure 18, it appears that such winds occur between four and 15 per cent of the time during
spring, summer and fall. The frequency is a little higher during the winter months of December
through February. As might be expected, wind velocities are also higher during September
through February than during the rest of the year.

This interpretation does not take into account factors such as local meteorological conditions,
topography, height above ground of the release, or shearing effects owing to the scarp slope, nor
does it address possible differences in meteorological information at the Bruce site. If additional
information is available, the effects of these and other factors could be addressed by the use of
computer-modelling programs.

It is difficult to envision airborne transportation of chemicals from the Bruce Nuclear
Development site to the sheep farm if the wind is in the wrong direction. That is, transportation
is unlikely if the wind is from the northeast through southwest via the southeast unless a
backflow is generated by topography and turbulence. .

1.4 Atmospheric Fate

If the airborne pathway is thought to be important, quantitative analysis of atmospheric transport
may be warranted. Ground level concentrations downwind of a source can be estimated as a
function of substance release rates to the atmosphere, dispersion coefficients in lateral and
vertical directions, and the mean wind speed. Both quantitative chemical analysis, with careful
selection of sampling sites, and mathematical modelling of dispersion from a point source can
provide information on airborne pathways. The most meaningful models will be based on
ambient observations. Dry deposition of gaseous or particulate chemicals is difficult to estimate.
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Figure 18. Wind rose patterns for Bruce area (McDermott, 1992).
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2. SURFACE WATER

Release sources may be contaminated surface soil, lagoon overflows, spills, leaking containers,
and contaminated groundwater. The release mechanisms are surface runoff, episodic overland
water flow, and groundwater seepage (U.S. Environmental Protection Agency, 1989). Typical
exposure points are withdrawal points for ground and surface water (potable, agricultural or
industrial), and swimming and fishing for surface water. The contaminated surface water may
be ingested directly when livestock or people drink. Biota exposed to the contaminated surface
water provide an indirect exposure route. Certain chemicals may move up the food chain.
Ingestion, dermal and inhalation are the major exposure routes.

A number of planned emissions to Lake Huron have been approved by the Ontario Ministry of
the Environment (Nuclear Generation Division Annual Environmental Summary, 1984, (pub.
1985); Nuclear Generation Division Annual Environmental Summary, 1985, (pub. 1986);
Nuclear Generation Division Annual Environmental Summary, 1987, (pub. 1988); Nuclear
Generation Division Annual Environmental Summary, 1988, (pub. 1989); Nuclear Generation
Division Annual Environmental Summary, 1989, (pub. 1990); Nuclear Generation Division
Annual Environmental Summary, 1990, (pub. 1991); Nuclear Operations Branch, 1992). They
are listed below.

(1) Hydrogen sulphide is released in the effluent from the Bruce Heavy Water Plant

(2) Hydrocarbon seal-oil is used to maintain seals in the blowers of the enriching units. An
annual average emission rate was 81 kg per day when the effluent flow was maintained.

(3) Diethanolamine usage reduces the volume of hydrogen sulphide lost to the flare system,
and small quantities occasionally enter the process drain system and thence via the
effluent to Lake Huron. The amounts of diethanolamine lost each year, mainly into Lake
Huron water, are summarized in Table 6.
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Table 6. Estimated annual loss of diethanolamine. (NA = not available)

Year

1984

1985

1986

1987

1988

1989

1990

kg .

428

779

NA

3167

1415

1096

1534

(4) Phosphates were used to a limited extent in laundry detergents (Table 4).

(5) Hydrazine, morpholine and ammonia are used in boiler feedwater conditioning. The
amounts consumed between 1984 and 1991 are summarized in Table 4.

(6) Sulphuric acid and sodium hydroxide are used for process water conditioning and for ion
exchange resin regeneration in water treatment plants of all nuclear generating stations.
These chemicals are neutralized in a sump before discharge into plant effluents. The water
from Lake Huron has a pH 8.5. It is lowered to pH 4 with acid and raised to pH 7 with
alkali. The amounts of acid and base consumed between 1984 and 1991 are summarized
in Table 4.

(7) Chlorine is used in domestic and boiler makeup water treatment. It is also used to
disinfect the site sewage effluent from the Bruce Sewage Processing Plant. The amounts
consumed between 1984 and 1991 are summarized in Table 4.

(8) Tracer dyes (amounts unknown).

(9) The antifoaming agent, Hartopol L-64 (Polyoxyethylene and polyoxypropylene), is
injected into process water in the enriching unit. It prevents foaming and carryover in
the towers which allows for operation at or above design flow rates. Thirty-six tonnes
are used annually; more is used in the spring and fall because of lake turbidity. These
chemicals leave the plant in the outfall to the lake. The annual average emission rate was
86 kg per day in 1990 when the effluent flow was maintained.
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(10) Ammonia is used in outages to scavenge hydrogen sulphide from water. Because it has
been detected in surface water, the amount of ammonia has been reduced to about 390
kg for 1992.

The listed chemicals are not necessarily discharged to the environment in their original chemical
state. Most are known to react in plant systems. Under normal operating conditions however,
they are emitted in a relatively harmless form (Nuclear Generation Division Annual
Environmental Summary, 1988).

During 1990, all site sewage passed through the Sewage Processing Plant. After treatment, the
effluent was discharged into Lake Huron. The effluent is analyzed for residual chlorine, total
phosphorus, soluble phosphorus and suspended solids. Also in 1990, 2 000 mJ of the supernatant
wash pond liquid was drained to Lake Huron (Nuclear Operation Division Annual Environmental
Summary, 1990).

Unplanned releases of chemicals occur with spills or leaks to the environment. These are shown
in Table 7. In addition, Table 7 lists the number of days when the surface drainage iron levels
exceeded the Provincial Water Quality Objective of 0.3 mg L1. Also, during four days the pH
was outside the 5.5 to 9.5 range, as specified in the Objectives for the Control of Industrial Waste
Discharges in Ontario (Nuclear Generation Division Annual Environmental Summary, 1987, (pub.
1988); Nuclear Generation Division Annual Environmental Summary, 1988, (pub. 1989);
Nuclear Generation Division Annual Environmental Summary, 1989, (pub. 1990); Nuclear
Generation Division Annual Environmental Summary, 1990, (pub. 1991); Nuclear Operations
Branch, 1992).

At the utilities building of the Services Facility, a mercury spill occured, but it was completely
recovered.

Table 7. Number of spills at various facilities on the Bruce Nuclear Power Development
site and number of days provincial objectives were exceeded, 1987 through 1991.
(NA = not available)

Number of spills

Number of days: Fe > 0.3 ppm

Number of days: pH > 9.5

1987

5

NA

NA

1988

11

80

5

1989

11

74

3

1990

24

82

4

1991

25

NA

NA
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After heavy water is used, small amounts may leak from the reactors. Most of the heavy water
that escapes from the reactors is collected in sumps or vapour dryers. It is possible to repurify
it and reintroduce it into the system.

3. GROUNPWATER

Buried wastes, contaminated soil and wells are typical sources of chemicals that affect
groundwater. Release mechanisms include site leaching (U.S. Environmental Protection Agency,
1988, 1989). The exposure points are potable, agricultural and industrial wells. Major exposure
routes are ingestion, dermal irritation and inhalation. Releases into groundwater may travel along
an aquifer and accompany water withdrawn at some distant point Subsequent exposure most
commonly occurs by drinking (ingestion), but uptake through the skin is possible during
showering. Transfer may also occur if items to be ingested arc washed in contaminated water.

Groundwater flow is extremely complex. The rate of infiltration of water through the unsaturated
zone is influenced by hydraulic loading and soil permeability. The rate of movement through
the saturated zone is determined by the hydraulic gradient, the hydraulic conductivity, and the
cross-sectional area perpendicular to the flow direction. Hazardous wastes join this flow from
leaching and percolation. A very small quantity of concentrated pollutant can contaminate a large
volume of groundwater. Longitudinal dispersion of the pollutant plume is much greater than
lateral dispersion. This aids the dilution of spills, but not of continuous sources.

4. SOILS

Release sources include surface or buried wastes, contaminated surface soils, lagoon overflow,
spills and leaking containers and waste piles. Release mechanisms include leaching, surface
runoff, episodic overland flow, fugitive dust generation and deposition, and tracking (U.S.
Environmental Protection Agency, 1988, 1989). Adsorption to paniculate matter in soils is a
major mechanism by which chemicals are removed from solution. Characteristics such as
swelling ability, cation exchange, capacity and specific surface are important considerations in
the behaviour of organic cations, polar organic molecules and metal ions in soil. The colloidal
fraction of soil is a dominant factor in chemical-soil interactions. The cation exchange capacity
of the inorganic fraction is a function of the magnitude and distribution of the structural charge.
Exchangeability depends on the absorbed cations (usually sodium, potassium or calcium) and the
nature of the replacing cations.
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5. BIOTA

Pollutants may be taken up by direct contact, ingestion and inhalation. Sources include
contaminated soil, surface water, sediment, groundwater or air, and other biota (U.S.
Environmental Protection Agency, 1988, 1989).

6. ENVIRONMENTAL FATE

Chemicals, or pollutants, move into one of four compartments in the environment (Figure 19).
Transport via suspended sediments or airborne particles, the hydrogeological cycle, degradation
by soil microorganisms, disposal by dilution in air or water to undetectable levels, or into
ultimate sinks are all processes that act to determine the mobility and final disposition of a
chemical or complex mixture of chemicals in a system. Transformations of chemicals occur in
soil, air and water by chemical, photochemical and biochemical reactions. The fate and
distribution of chemicals in the environment is analogous to those of pharmacokinetics, which
is the fate and disposition of chemicals within the body. Fate and disposition are determined by
several variables that interact in a complex manner. These variables include the physico-chemical
properties of a chemical, such as water solubility, vapour pressure, lipid solubility, pKa for ionic
species, chemical stability, etc.

Similar to the situation with pharmacokinetics, mathematical models can predict the transport and
fate of chemicals in aquatic and soil systems. The value of such models rests upon understanding
the properties that are most important in determining the environmental fate under given
circumstances.

Water solubility and the latent heat of solution are critical properties that affect environmental
fate. Many environmental pollutants are hydrophobic; critical factors are polarity, the
watenoctanol coefficient, and vapour pressure. Water solubility of ionizing chemicals is affected
by pH, the presence of dissolved salts and inorganics, and temperature.
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Figure 19. Movement of pollutants through the various environmental
compartments.

7. PARTITION COEFFICIENTS

The distribution of a chemical between the environmental compartments of air, soil, water and
biota can be expressed by a series of partition coefficients (Menzer, 1991; Swann et al., 1983),
which are obtained at equilibrium. The soil adsorption coefficient Kd is the ratio of chemical
sorbed by soil compared to water:

KA =

The soil sorption constant K^ is

(\ig chemical soit)l(g of soit)
(\ig chemical water)/(g of water)

(1)

organic carbon
100 (2)

The amounts of chemical partitioned between air and water are approximated by the water-air
ratio, or K,:

„ _ (\ig chemical)l(cm water)

chemica[)l(cm3 air)
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The n-octanol-watcr coefficient Kow approximates the partitioning of a chemical between a lipid
and an aqueous medium, and provides an indication of transfer from water to animal tissues:

jr - (ng chemicaI)f(mL n-Octanot) r^\
°* (\ig chemical)f(mL water)

BioaccumuJation concentrates the chemical rather than diluting i t This occurs by uptake from
ingested food and other media, and by uptake of dissolved chemicals from water. The two
properties most responsible for a high partition coefficient K,,* are lipophilicity and recalcitrance
toward all types of degradation. The length of the food web or chain is a less significant factor.

The bioconcentration factor (BCF) provides an estimate of the accumulation of a chemical within
an animal:

BCF = (Mg chemicat)l(g fish) ^
(\ig chemicdt)lig -water)

Air-water distribution is approximated by K,,, the reciprocal of Henry's Law constant, H. It is
valid only for dilute solutions. Henry's Law indicates the propensity of a chemical to volatilize
from water into the air and depends on a chemical's water solubility (S) and vapour pressure (Pv):

H = $L (6)
5

For very small values of H, that is <10'7 atm.m3 mol'1, compounds are less volatile than water.
For small values of H, between 10"7 and 10'5 atm.m3 mol'1, substances volatilize slowly with the
rate controlled by molecular diffusion in air. For moderate values of //, between 10"5 and 10'3

atm.m3 mol"1, volatilization is significant At values of H greater than 10'3 atm.m3 mol1

compounds are volatile.

These coefficients provide a way to estimate the movement of chemicals between different media
in the environment (Figure 20). The pathways include a number of reactive processes. These
include physico-chemical processes, chemical reactions, biological reactions and interactions with
light

However, sufficient information may not be available for an accurate and verifiable estimate of
chemical movement through the environment. Subject to modification by biological processes,
chemical interactions and other confounding factors, using the Henry's Law Constant and the
octanol-water partition coefficient, K,., provide a rough estimate of possible preferred pathways.
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In addition, fugacity is important Fugacity is a thermodynamic property of a compound which
is closely related to vapour pressures. It allows a real gas system to be considered by the same
equations that apply to an ideal gas:

C « Z • / (7>

where C = concentration as true solution
Z = fugacity capacity
f = fugacity

It is useful as a measure of the escaping tendency of a substance from a heterogeneous sytem.

The intention is not to theorize on the existence and loadings of such environmental pathways
by chemicals used at the Bruce Nuclear Development site. Rather, it is to identify possible
factors that affect the transport of chemicals in and through the environment. Unfortunately, the
data required for modelling environmental transport are often not available.

PhetDlytit

BIOTA
EXCRETION

, 9IO
ACCUMULATION

WATgR

SOIL
SEDfMEKT

Figure 20. Pathways and factors affecting movement of chemicals through the
environment {after Hmdey, 1991).

F. MULTI-TIER APPROACH TO CLARIFY PROBLEMS IN SHEEP FLOCK

Resolution of the cause of the problems associated with lambing requires a multi-tier approach.
The strategy proceeds from delineation of the effects, through differential diagnosis, elimination
of potential aetiologies, definitive diagnosis and examination of the association between cause
and effect using the criteria established in Chapter A. A six-tier strategy of sequential
evaluations is recommended (Figure 21).
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Figure 21. Six-tier strategy approach to resolving sheep problems.

1. CAUSES OF DISEASE

Usually disease arises from a series of multiple and complex physiological and environmental
events (National Research Council, 1991). Physiological events are the many processes that
characterize functional living organisms. Environmental events are the sum of the influences of
the time and space within which those organisms live. Examples of these influences include:

infectious agents
nutritional status
age
time and duration of exposure

pregnancy
mutagenesis
rates of change of factors
soil
temperature
management practices, and more.

toxic chemicals
management factors
gender
amount of exposure

parasitology
carcinogenesis
interacting stresses
water quality
food and feed

physical causes
genetics
species and strain or breed
reproductive
physiological parameters
immunotoxicology
radiation
rainfall
atmospheric deposition
life style
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It should be remembered that the way a disease is expressed is modified by a broad range of
individual responses and susceptibilities.

The process of developing and expressing adverse health effects shares many of the attributes of
a chaotic system. In chaotic systems, small changes in initial conditions can greatly alter the
final outcome. This unpredictability of outcome is crucial to field investigations, when the
observer cannot control many, if indeed any, of the multiple variables.

The implication is that it is necessary first to describe adequately the problems associated with
stillborn and unthrifty lambs in qualitative and quantitative terms, and then to eliminate unrelated
causes. This reduces some of the uncertainty surrounding characterization of the effects.

2. EXPOSURE-RESPONSE PARADIGM

The dose- or exposure-response paradigm is the basis of the science of toxicology. It is not
heretical to state that the natural environment violates the underlying premise of good
experimental design (McCarthy et al., 1991). Good experimental design requires that the effect
of a single or a very small number of experimental variables be evaluated in isolation. That is,
these variables are under the control of the experimenter. If all other variables were held
constant, then a reasonable exposure-response relationship would be expected, even in a natural
environmental exposure (McCarthy et al., 1991). This provides us with two paradigms, or
models, for the investigational approach.

2.1 Classical Exposure- or Dose-response Paradigm

The classical exposure- or dose-response paradigm predicts that adverse health effects will be
well correlated with quantitative exposure, or dose, and that this will predict some ultimate
adverse health effect or effects. In field investigations, many variables cannot be controlled, nor
is the exposure well-defined. Genetics, nutrition, management, the weather, variable
concentrations and differing durations of exposure may all confound a close correlation between
exposure or dose and effects.

2.2 Multiple-response Paradigm

The multiple-response paradigm predicts that adverse health effects, while correlated at least to
some extent with exposure or dose, will also be correlated with other stressors, such as multiple
pollutants, toxicants, or environmental stress.
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3. TIERED APPROACH

The six-tiered strategy of sequential evaluations of the ovine health problem is based on the
multiple-response paradigm. It assumes the observed ovine health effects are the result of
multiple effector events. Each tier constitutes a separate, but inter-related, study. Sequential
evaluation and feedback of each tier allow sound scientific judgements and efficient use of
resources (Maki and Duthie, 1978).

The tiered approach is intended to maximize the efficiency of data collection (Baker, 1989).
Although logistical and cost considerations are major factors, it is felt that the benefits of the
tiered approach outweigh the disadvantages.

Progression from one tier to the next occurs only after scientific review and evaluation. Each
tier asks a question. The answer or answers to this question determine whether further effort is
required or constructive.

4. TIER 1: DESCRIPTION OF THE PROBLEM

What are the boundaries of the problem? Although lambing maladies have been identified, it is
difficult to characterize the distribution of the infectious, chemical, or idiopathic disease patterns
or adverse effects in the sheep population by subject, place and time. The goals of this tier are
several:

(a) to make a comprehensive examination of the sheep flock, including on-farm and off-farm
factors;

(b) to identify non-random variations in distribution of the many variables and factors that
influence the problem(s);

(c) to develop differential diagnoses and rule out some potential causes; and

(d) to identify gaps in information.

This tier includes components of the descriptive epidemiological study currently being conducted
by staff of the University of Guelph.

From preliminary discussions (Slana, 1993), it appears that lambing problems were first reported
in 1985. These problems include dystocia, stillborns, higher-than-expected lamb mortality and
unthrifty lambs. Post-mortem results appear typical for failing neonates, being a mixture of
non-specific diagnoses and various infections, including pneumonia, arthritis and encephalitis.
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Investigators do not consider management and nutrition as major contributors to the lambing
problems. Factors, such as the age of the ewe and genetics, are currently being investigated.

Researchers from the University of Guelph may also identify information gaps where additional
data are required.

One potential information gap may be the air monitoring data, which include only hydrogen
sulphide analyses and do not address the issue of complex chemical mixtures.

It should be noted that existing farm records may be insufficient to meet the specialized needs
of this type of investigation. This reflects the differing requirements of record-keeping for farm
operations and record-keeping for cpidcmiological investigations. Causal or epidemiological
evaluation is severely hindered by low numbers or missing data, which reduces the statistical
validity.

Completion of Tier 1 must await the completed report from the University of Guelph. The
findings from Tier 1 should permit the possible causes for the described effects to be narrowed,
and should identify areas for further examination, for example, genetics, other factors, comparison
with other flocks and sources. It does not address association between those causes and effects.

One issue that should be clarified is the biological interpretation and significance of the tritium
levels found in urine from members of the Bourgeois family, the sheep and in tree tissues
(Bourgeois, 1992).

5. TIER 2: COMPARISON WITH OTHER SHEEP FLOCKS

Are the health, disease patterns, management, productivity, economics and other factors of the
Bourgeois sheep flock comparable to similar sheep flocks in the area?

An initial analysis of the productivity of Dorset flocks in Ontario is provided in Table 8 (Ontario
Ministry of Agriculture and Food, 1993). Once the University of Guelph report is completed and
the farm records returned to Mr. Bourgeois, it should be possible to compare the Bourgeois data
with the regional provincial data. This should include plotting the mean, standard deviation and
range of the regional, provincial and Bourgeois data.
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Table 8. Annual home test summaries for Polled Dorset lambs bom 1987-1991 in Ontario.

6.

Parameter

Producers

Lambs born/ewe

Lambs weaned/ewe

Singles, percent

Twins, percent

Triplets, percent

Quadruplets, percent

Lambing interval, days

Mortality 10 day, percent

Mortality 50 day, percent

Mortality 100 day, percent

Weight 50, days

Weight 100, days

Daily Wt. Gain, kg

Mean

89

1.5

1.3

32.7

58.7

8.1

0.5

352

5.9

1.6

0.3

21.8

35.1

0.27

Maximum

108

1.6

1.4

34.9

62.0

9.0

0.9

368

7.1

2.1

0.4

22.0

35.9

0.28

Minimum

78

1.5

1.3

28.9

57.3

7.2

0.1

309

5.1

1.3

0.2

21.6

34.4

0.26

TIER 3: DETAILED STUDY DESIGN FOR TIER 4

Is the problem associated with only this one location? The findings from Tier 2 can be expected
to rank the flock in the provincial context. However, would the flock improve if it were located
somewhere else? This is regarded as an important component of future work to clarify the cause
of the lambing problems at the Philosopher's Wool sheep farm. Animal sentinel data, such as
those derived from the sheep, can be useful in circumstances where the conventional procedures
are most prone to uncertainty. These circumstances include:

(a) exposure to complex or poorly characterized mixtures of chemicals;

(b) exposure to pollutants at concentrations which vary widely in time or space; and
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(c) exposure is via multiple routes, so that the total exposure is difficult to characterize.

Further work may be required if the absence of an infectious agent, and factors relating to
management, genetics, nutritional, meteorological phenomena or other causes localized to the
sheep farm, have been identified in Tier 1 or 2.

7. TIER 4: INTERVENTION STUDY

Tier 4 tests the null hypothesis:

H,, the incidence or severity of the lambing, stillborn and unthrifty lamb problems on
the Bourgeois farm is equal to or less than that occuring on other Ontario farms.

If the hypothesis is rejected, the location is associated with the cause; this would include on- and
off-farm factors. If the hypothesis is proven, off-farm factors are not relevant

The alternate hypothesis, given H,, is rejected:

HA the incidence or severity of the lambing, stillborn and unthifty lamb problems on
the Bourgeois farms is greater than that occuring on other Ontario farms.

7.1 Design

The basic design to test the Tier 4 null hypothesis can be a two-sequence crossover experiment
(Jones and Kenward, 1989) in which some number (N) of typical and randomly selected Polled
Dorset ewes are purchased from a public sale. One half of these (nl) are randomly assigned to
the Bourgeois farm (Table 9). The remaining half (n2) are assigned to another "typical" Ontario
farm (possibly the University of Guelph) during Time 1, which is for a predetermined time. At
the end of Time 1, each flock is exchanged between locations (Table 9) and a "washout" or
acclimation period of a predetermined time ensues to prevent carryover effects between
treatments into Time 2.
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Table 9. Basic design model of study.

Time

1

Wash out2

2

Sample size

Management Treatment

Farm1 Other

nl

n2

nl + n2 = N

n2

nl

nl + n2 = N

1 Bourgeois farm.

2 "Wash out" refers to an acclimation interval between Time 1 and Time 2.

Several assumptions are applicable to this design model:

(a) flocks are of the same breed or breed-CTosses;

(b) ewes are the same age and comparable sizes; and

(c) ram effects are excluded.

To include consideration of ram effects would require additional terms in the model. These
should be added only after consultation with an animal geneticist.

Obviously, this is an intervention mode. A specified number of sheep from an unaffected and
healthy flock are brought to the Bourgeois farm (under Mr. Bourgeois' management) to determine
whether stillborn and unthrifty lambs will occur among the lambs born to these ewes. Also, the
model can determine whether the incidence of adverse effects is significantly different compared
to those occurring among lambs bom to ewes currently on the Bourgeois farm. The model may
also determine whether the incidence of adverse effects is significantly different compared to that
occurring amongst lambs born to ewes on the second farm. In summary, the off-farm sheep are
monitored to see if they assume the morbidity and mortality characteristics of the existing home
flock.

This undertaking includes quantitative and qualitative descriptions of the health status, disease
patterns and management practices of the sheep at both locations. It will require that:

(a) all sheep are examined on a routine basis by a veterinarian and appropriate samples are
taken for analysis;
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(b) all sick sheep are seen by a veterinarian and appropriate samples are taken for analysis;

(c) all dead or dying sheep are nccropsied by a veterinarian and appropriate samples are
taken for analysis. Suitable samples include, biopsies, post-mortem tissues and fluids,
serum, blood, urine and colostrum;

(d) soil, ground and surface water, feed, forage and air samples are taken from the farms on
a regular basis for appropriate analysis;

(e) an intensive veterinary medical approach is implemented with a high priority given to
management and veterinary support at high-risk times, such as lambing;

(f) sheep experts are consulted about all aspects of the flocks, from genetics to management;

(g) data arising from this study are placed in an electronic data base as well as in hardcopy
format;

(h) farm records are supplemented to meet the specialized needs of the investigation;

(i) written protocols are developed for all procedures;

(j) a quality-assurance program is instituted;

(k) information about other sheep flocks in Ontario is gathered for comparative statistics;

(1) a multi-generational genetic study is initiated;

(m) any adverse exposure effects experienced by people on the sheep farm are investigated
by a physician within a short time of the occurrence;

(n) meteorological data are taken on a continuous basis;

(o) trace minerals are analysed, and a detailed nutrional evaluation of feedstuffs and the diet
as consumed;

(p) sampling sites for air, water, soil, feed and other media to be analyzed for the presence
of toxicants are established on a statistically valid basis;

(q) immunological competence is assessed; and

(r) in vitro bioassay for selected hormonal or enzymatic activity may be undertaken.
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The anticipated duration is between three to five years.

One aspect of work within this tier is the evaluation of practical biomarkers in sheep to identify
exposure, effects or stress. For example, induction of heat-shock stress proteins could be used
as a general indicator of response to a wide range of chemical or physical insults. This tier will
confirm or identify biomarkers of effects. These indicate an endogenous component of the
biological system, a measure of the functional capacity of the system, or an altered state of the
system, that is recognized as impairment or disease. This includes an actual health impairment
or recognized disease, an early precursor of a disease process that indicates a potential for health
impairment, or an event peripheral to any disease process but correlated with it, which predicts
development of impaired health (National Research Council, 1991; McCarthy et al., 1991).

In addition, this tier may well identify biomarkers of exposure, which identify an exogenous
substance within a system, the interactive product between a xenobiotic and endogenous
components, or other events in the biological system related to exposure. These may include
measures of internal dose or the biologically effective dose; that is, the amount of material
interacting with critical subcellular, cellular and tissue targets, or with an established surrogate,
(National Research Council, 1991; McCarthy et al., 1991).

Work in this tier will cease when the data allow a definitive diagnosis and association with cause,
or the agTeed term, whichever comes first This restriction recognizes that:

(a) there is no need to proceed further once a definitive diagnosis has been established; and

(b) it may not be possible to establish a definitive diagnosis despite a major effort to do so.

7.2 Probability

With this design model, it is possible to calculate sample sizes for a given power of test, or
probability of rejecting Ho, that is, of detecting a real difference, if it is present The minimum
power should be 0.95. That is, a Type II error is 0.05 or less and Type I error is fixed at 0.05.
This is the level of significance required to reject the null hypothesis that no differences are
present, for a one-tailed test Also, it takes into account the cost of Tier 4 and the desirability
of a definite answer.

A critical factor for the crossover study is the number of ewes in the two exchange groups. The
smaller the difference to be detected, the larger the sample size (Table 10).

57



For example, if the average weight at 50 days of age of a Dorset Polled lamb in Ontario is 22
kg (from Table 8) and the median coefficient of variation (CV) is 20 percent, since

cv% _ SJ). goo)
X

(8)

where SD is the standard deviation. By substitution

2 Q _ SJ). (100)
22

(9)

therefore

S_D.(100) = 440 (10)

and the standard deviation is 4.4 kg.

If the treatment effect (or effect size) varies from 0.25 to 1.0 times the standard deviation, then
the sample sizes for each experimental flock (n, and n^ can be determined from Table 10. The
power has been set at 0.95 given the long term and high cost of doing such a study. Both 1- and
2-tailed tests have been included, since some parameters may require a 2-tailed rather than a 1-
tailed statistical test. Also, should the Type II error B be increased to 0.10, power = 0.90 is also
calculated.

Table 10. Required sample sizes given the effect size of Treatment Differences
with a = 0.05, (3 = 0.05, Power = 0.95 (Power = 0.90 in parentheses).

Test

1-tailed

2-tailed

Effect Size

0.25 SD

nl = n2 =
174 (138)

nl = n2 =
208 (169)

0.50 SD

nl = n2 =
44(35)

nl = n2 =
53 (43)

0.75 SD

nl = n2 =
20 (16)

nl = n2 =
24 (19)

1.0 SD

nl = n2 =
11(9)

nl = n2 =
14(11)

The implications for sample size, or the number of ewes on test, are expressed in Table 11,
which shows the difference required to be able to state that weight at 50 days of age of "farm"
lambs was significantly different to the weight at 50 days of "other" lambs. For example, an
effect size of 0.50 would represent an average of 10 percent smaller lamb weights at 50 days
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compared to the typical Ontario flock. The issue then becomes: what percentage loss in weight
gain at this age is considered a commercially relevant break-point by sheep specialists in Ontario?

Table 11. Difference in weight (kg) at 50 days, as percent, given an effect size between
"other" and "farm" lambs.

Parameter

Average "other"

Average "farm"

S.D.

Percent difference

Effect size = fraction of SD

0.25

22.0

20.9

4.4

-5%

0.50

22.0

19.8

4.4

-10%

0.75

22.0

18.7

4.4

-15%

1.0

22.0

17.6

4.4

-20%

For example, if the coefficient of variation in birth weight or weaning weight is assumed to be
no greater than 20 percent and one wishes to detect a difference (one-tailed) in management (one
of the statistical treatments) equal to or greater than one standard deviation with 95 percent
probability, then each exchange group must have at least 11 ewes. If the detectable difference
is required to be greater than or equal to 0.5 Standard deviation, then each group must contain
at least 44 ewes.

The size of the two groups of ewes will determine the probability of detecting differences in the
treatments and subsequently clarifying the source and cause of the lambing problems. The
statistical requirement for an adequate number of ewes is balanced by the maximum number of
ewes that can be run on the Bourgeois farm. This has been as high as 64, but is currently around
50 (Bourgeois, 1992).

The findings from Tier 4 will provide information on the aetiology of the lambing problems and,
therefore, the cause or causes. The detailed design of this analytical epidemiology and crossover
study can start once there is sufficient information from routinely collected data, the University
of Guelph study and other sources. If properly monitored, this approach will allow definitive
conclusions to be reached about causation of the problems associated with lambing (Kelsey et
al., 1986), using the investigational criteria for environmental health issues stated in Chapter A.
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8. TIER 5: PATHWAYS

How docs the putative cause reach and expose the flock? This tier focuses on the validation or
rejection of plausible and demonstrable environmental pathways for the putative agent or agents
causing the adverse health effects.

The findings from Tier 4 must indicate a chemical on-farm or off-farm cause of the lambing
problems for work in Tier 5 to proceed. Detailed planning must await the results from previous
tiers. Essentially, an intensified approach would be to monitor the presence or absence of
airborne pollutants at the Bourgeois farm.

Depending on these findings, all relevant pathways should be investigated. Work might include:

(a) intensive sampling of soil, surface water, groundwater, crops, pasture, trees, indoor or
outdoor air quality, all of which would be on the farm, around the farm, and away from
the farm;

(b) using benign tracer chemicals and stable isotopes to verify plume modelling programs for
air and water, and perhaps sampling locations;

(c) using benign tracer chemicals and stable isotopes to verify presence and progress through
pathway(s) from source to sheep;

(d) placing additional monitors on or near the Bourgeois farm;

(e) hydrogeological and other surveys;

(f) establishing statistical validity for all criteria and sampling sites;

(g) characterising the flare and other emissions and effluents for constituents and
concentrations;

(h) using sentinel species other than sheep on the farm, especially those more sensitive to
airborne chemical pollutants; and

(i) doing in vitro bioassays to identify biologically active chemicals.

The findings of the biological investigation will be correlated with the chemical findings, and the
causal relationship examined using the criteria stated in Section A.
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9. TIER 6: REMEDIATION

What can be done to remedy the situation? Once the cause has been identified and the causal
association confirmed, it will be possible to develop strategies for amelioration. These cannot
be developed until the cause or causes and pathways of exposure are known.

These causes may be identified as a result of work undertaken for any of the preceding tiers.
Once identified, strategies for risk management can be developed and implemented. These would
likely follow the standard process of:

(a) developing alternative courses of action, with consideration of the risks and benefits
involved in the particular situation, and may require the development of novel options;

(b) decision analysis about the consequences of each course of action in relation to the basic
intent;

(c) implementing the selected course of action;

(d) monitoring and evaluating while work is in progress;

(e) reviewing and changing the course of action if required;

(f) monitoring and evaluating the revised course of action while work is in progress;

(g) reviewing and changing the course of action if required; and

(f) preparing a final report

10. SUMMARY

A six-tiered strategy is proposed, with a sequential approach (Figure 22). The overall intent is
to reach Tier 6 - remediation - in the shortest practical time. Costs to complete Tier 2 are for
data acquisition and data analysis. Professional expertise for completion of the design phase of
the Intervention Study is the major cost associated with Tier 3. Expenditures for Tier 4 depend
on the complexity of this design. It is premature to discuss costs for Tiers 5 and 6. A detailed
cost-benefit analysis is not part of the mandate of this Scoping Study. Such an exercise should
investigate financial and other responses. It is assumed that the benefit will be the resolution of
the present concerns for plant emissions and sheep health to the satisfaction of all parties.
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The investigation becomes an intervention study of a different character should the Bruce Heavy
Water Plant be shut down. In that case the putative source of the lambing and nurturing
problems is removed.

REMEDIATION

PATHWAY*

INTERVENTION *TUOV

DETAILED STUDY OEtlON

COMPARE TO OTHER FLOCK*

DESCRIBE PROBLEM

Figure 22. Summary of six-tiered strategy.

G. EXPERIMENTAL MODELS

Sheep have been used as biological indicators, or sentinels, for metals in the environment (Saylor
etal., 1980; Turner et al., 1987; Vrzgula et al., 1986). However, the design of a research study
into the biological effects of hazardous substance emissions and effluents on selected species
(especially sheep and goats) is not appropriate until more information is available on the likely
causes of the lambing problems on the Bourgeois farm. Until that time, such an activity would
only confuse matters. Present information suggests that a combination of factors may be required
to produce the condition.

The use of in vivo animal models and in vitro bioassays may provide more information about
specific aspects of the environmental health concerns. Parameters used in these models and
bioassays might include clinical chemistry, pathology, reproductive physiologic parameters,
immunotoxicology, sheep breed, and exposure during the reproductive cycle. In the event that
hydrogen sulphide was identified as the causative agent, a geographic area for comparison would
be Rotorua, New Zealand (Siegel et al., 1984).

Experimental studies should be restricted to answering questions raised during the work of the
first four tiers. If an environmental chemical pollutant is identified as the cause, it should be
noted that it is impossible to replicate completely experimentally exposures to complex chemical
mixtures. This is because constituents and concentrations change over time in a non-linear
manner.
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DEFINITIONS

Absorption: the process whereby toxicants cross body membranes and enter the bloodstream.

Aetiologies: all of the causes of a disease.

Adverse event: an occurrence that produces harm.

Aetiology: the origin of the disease.

Benefit: the gain to a human or animal population.

Coccidiosis: infected with coccidia.

Conjugation: linkage of xenobiotic with endogenous chemical, to produce a conjugate.

Damage: the loss of inherent quality suffered by an entity (physical or biological).

Detriment: a numerical measure of the expected harm or loss associated with an adverse event.

Distribution: translocation of absorbed toxicant throughout the body.

Dystocia: difficult or prolonged birthing process.

Excretion: elimination of toxicant from body by various routes.

Flush(ed): nutrition management process to bring ewe into oestrus.

Fugacity: thermodynamic property which allows a real gas system to be considered by the same
equations that apply to an ideal gas.

Harm: the loss to a human being, to a human population, to an animal, or to an animal
population consequent to damage.

Hazard: the potential for injury inherent in the physico-chemical properties of a specific
compound or mixture of compounds.

Holistic: concerned with complete systems rather than the analysis of component parts.

Incidence: an expression of the rate at which a certain event occurs, as in the number of new
cases of a specific disease occurring in a certain period.
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Kinetics: the modelling and mathematical description of the time course and disposition
(absorption, distribution, biotransformation and excretion) of xenobiotics in the body.

Meconium: faceal material that accumulates in foetal bowel and discharged shortly after birth.

Metabolism: the biochemical biotransformation of toxicants and other chemicals within the
body.

Metric ton: 1000 kilograms or 1 megagram.

Necropsy: detailed gross pathological examination of dead carcasse.

Neonates: newborn infants in the first month of life.

Neoplasia: the pathologic process that results in the formation and growth of a tumour.

Oestrus: period when ewe will mate with ram and conceive.

Parturition: the birthing process.

Placentitis: inflammation or infection of the placenta.

Pneumonoconiosis: disease of lungs that have been exposed to airborne paniculate materials..

Post-mortem: see necropsy.

Post-partum: after the birthing process.

Prevalence: the total number of cases of a disease in existence at a certain time in a designated
area.

Probability: the potential realization of unwanted consequences of an event.

Prospective study: epidemiological study which starts today and collects data from now

forward.

Putative: supposed or commonly accepted.

Risk management: the making of decisions concerning risks and their subsequent
implementation.

Stillborn: bom dead and did not take a breath.
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Uveitis: inflammation of iris, also named iridocyclochoroiditis.

Xenobiotic: chemical compound foreign to the body.
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