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ABSTRAET
e

Recent years‘ hqve ,witgeséed a suﬁge in .both:?pﬁind aﬁd
professional interestliﬁ the‘assessmeﬁt and manaqemenf of hea1th_and .
environmental risks. This focus of atteﬁtion has culminated in the
birth of a new ldiscipLine of . risk science, and the ebrnesponding

‘systematic study of ;isk'and rjsk manaéement.‘ The Epjective‘of this

thesis is to ‘review and extend the existing body offinow1edqe on risk
;o éﬁsessment and risk manﬁggﬁent iﬁ a formal way, so as'to synthési;e a
structural frafework within which problems ifivolvina health ‘and
environmental risks ma& be ada]yzeq.‘
‘ ’

In pa;ticu1§r, a conceptu$1 model of risk assessment and risk.
mana§ement is proposed to describe the risk prob]ematic: The first-
step in this model is-the identification of é well defined hazard which
poses a threat to human health or the environment. Once a specifie
hazard is idenfffied, the next step is to obtain an estimate of the
risk presented, taking into account both the seyverity of the adverse

, effects induced and the Tikelihood of their occurrence. With health
risks, which is the primary fo;ug lof this résearch, hazard
identification and risk estimation ‘re1y“ largely on toxicoquica]
studies conducted in the laboratory and -epidemiological ‘Studies of
human populations. These data aré subjected to careful statistical
‘ana]ysis in order to estab1ish‘acceptab1g criteria for humaﬁ eXposuré

g
to environmental hazards.



(iv) . .

Once the scientific enterprises of ‘hazard ident1ficgtion and risk
estimation are’ complete, alteknative :strategies, for risk maﬁaqemeﬁt ‘
need- to be developed and evaluated. 1In addition to various reguiatory

. _,5 \
options for risk management, risk managers are increasinaly looking for

\nonregulatory 'soﬁutipns ofﬂ an economic, aﬁv1sory or techn61oqica1
-nat?re, To choose among the available optioné, general program

eVa]détiqn .methodo1ogies such as cost-effectiveness and cost-benefit
analysis may be ‘gbp1ied. While this has been widely doné in the
evaluation of ge?tain health care programs, .the transfer of this
‘technology  to eva1uhtinq" envi ronmental frisk management strateqie?

7

remains 'to be accomplished. To promote this, a general framework for
the economic evaluation of environmental risk management .programs s

praposed.

'
™~

While proq%am eva1uation' tethniqhes are huseful as an aid to'
aecision making, the actda1 decisioﬁ concerning the most'appropriate
_course of action to follow “depends on a ﬁdét of factoné; 1n61udinq a
balancing of risks against benéfits in gome cases., Cohgide%ation may
also be given to the public's perception of risk, which may not a1ways.
correspond to the actual risk determined by'objective analysis. “The
technical feasibility of each. érouosed course of action should .be
demonstrated, including the ability to enforce any requiatibns that may
be.contemplated. Economic effects are often-imnortant in evaluating
alternatives, both in terms of program-related coéts and the impact on
product%ve outputj Socio-political factors 1nvo1§inq équity
considerations and repercussions at the international level should not

be ové?Tooked.
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Imp1ementat1on of the setected r1sk manaqement strateqy w111 .
usuaT]y requlre some commi tment’ of resources. and shou]d be accompanied

by at;emnts to commun1cate the naturé of the chosen control mechanism

to all afFected‘“partiee Because of the clear. need for effective

communication of 1nformat1on on risks, . mode]s and methods for n1sk -

comiunication are cons1dered 15 some detail. ‘Once the control

mechanism’is in place, continugd monitoring is recommended.

While other mode1s of risk assessment and risk management have
been deve]oped a carefu1 comparat1ve analysis shows that they involve
essent1a11y the same components as those descr1bed above. 1In add1t10n
to demonstrat1nq the validity of our model in th1s comparative: Fash1on
an empirical ya11dat1on is also ﬁttemoted by means of three deta11ed
case studfes of acidic deposition, satcoarin and forﬁe1dehyde. This
analvsis 1ndjcates -that the proposed ‘model encompasses most of. the
practical aspects of risklasses§hent and risk’ management, - and .offers
considerahle insight into the key elements of risk management decisions

involving environmental heoTth_hazards.

-
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1. INTROBUCTION

We're not sure we undérstand/ﬁﬂa\boncept’of rigk, but, the
less rigk, the better th¢ ddncijf.L ‘ . .
" - I .', c‘j . . .

. +./Rundestag :

Federal: Republic of Germany

1.1 THE EVOLUTION OF RISK ASSESSMENT

: \
In the broad sense many different kinds of risks are readily

discerned. Social risks such as violent crime and economic risks .such

as recession are familiar concerns within modern dndustralized

societies. In. recent years, however, considerable attention has

focused on environmental health risks, particularly those attributable
to toxic chemicals present 'in the environment. In orderﬂ to better
appreciate the current status of environmental risk assessment as an

emerging discipline, it will be helpful to briefly trace its origins in

science.

Mankind has always been exposed to a wide variety of deleterious
aqents present in the environment including those found in air, food,
drinking water, and the workplace. Although some of'thege aqents were
}ecoqnized ,many hqndreds of vyears ‘ags, the development’ of the
égientific ﬁethod_ﬁas resu];ed {n enormous advances within the present
century in the development of techniques for f%e identification of
environmeqta1 health hazards. MWithin the past two decades, Minimata
disease was diagnosed in Japan and attributed to the coﬁsumntion of

fish contaminated with methylmercury (WHO, 197A}: PBB contaminated feed

has resulted in the death of livestock in Michiqan (Fries, 1985); and
¢

\
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 risk assessment (NAS, ?584).

-
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food additives such as saccharin 'and nitrfite have been suspected of
N ) ) ' ' \
possessinq_qancér causing properties {Arnold et al., 1983; .NAS, 1981).

Alfhouqh considerate information is available on the potential health

effects of these substances. it has been estimated that fewer tha ' 10%

of chemicals in use today have adequate data.on which to base a pYoper

-

Another major force in the evolution of risk assessment as a
distinct science has been the application of probabilistic risk

assessment techniques in the safety evaluation of major tethnological

| developments. In- simplified terms. some ‘Form'(of fault-tree or

event-tree analysis is used to estimate - the probability of system
failure by considering the reliability of each component of the overall

system. Although probabilistic risk assessment was appligd if the

came to public attention when applied in a pioneering study of the
safety of nuclear reactars (Rasmussen, 1975). This analysis suqgested
- N 13 - - \

industry such as a core meltdown resulting fin a massive release- of

fissionable material would be extremely Tow, on the order of one in a

million or one in a billion. Such analyses have subsequently beegL

~.

- I3 [ ) / . L) N » v
undertaken in connection with a number gf other risks associated with

“development of manncd “space flight during the 1960's, the technique -

: . ' o
‘that the probability of a disastrous accident ih the nuclear power -

)/

high technology. including the safety. of 1liquified natural gas

terminals -and phe transportation of hazardous materials by land or sea

with qgenerally reassuring results.

¢

While few would doubt that our ability to identify and quantify

: 1
risk factors present in the environment has improved greatly in recent

" years, it is clear that the character of risk has also changed. With

»

L5
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“Tife expectancy steadily increasing 'since the turn of the century,

emphasis has - shifted. to risks which are better described as possible

& 3

‘rather than probable.  This improved ability to discern previously

unsuspected risks with increasing frequency has resulted 1in  an

-

unprecedented public preoccupation with environmental health risks.

Concerns over newly discovered hazards are now frequently found in

Al n

. media reports as well as in the scientific literature. In some cases;.

sensational reports seem to have served to, heighten public anxiety as
to the effectiveness of government'programs dealing with- the conﬁroj of
risk. . As a result, certajn consumer associations’and other special

interest groups are now demanding greater access to information on

risks as well as the jnsta11ation of formal procedures qdesigned to

permit broader public participation in the risk assessment process

(Kane, 1980)-:

Obviously, the rote of government in controlling food-related and
environmental - health ‘hazards is not easy. Even some of the most

trivial activities of .daity 1life are potentially hazardous to some

extent -(Wilson, 1979), while many are._associated with significant

benefits (Crouch & ﬁ?lson, 1@811; Thus, it would appear appropriate
) > . R ,
that government evaluate each newly identified risk in light of any

assqn%ated ,benéfits in order to develop realistic ‘options for “the -
- ) .

control -of environmental risks (Lave, 1981). This is not, however,

easy as risk and berefit wusually involve  disparate units for

measurement. -
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At present, ‘riék analysis is becdming rapidly accepted as an
estab11shed interdisciplinary field. Indeed, with the recognition of
the fact that risk is an essential part of 1ife often counterbalanced
by concommitant benefits, the need for ‘a rational -ahd realistic

‘ approdch to risk analysis becomes'apparent Thus, modern risk analysts

.

have proposed systematic approaches to env1ronmenta1 rigk assessment‘__u""”

———

(Whyte & ‘Burton, 1980; Lave, 1982}, ranging from the 1dent1f1cat1on of
a potential hazard to an assessmeént of the risks 1nv01ved in the

regulatory response.

1.2 COMPONENTS OF RISK

A review of the 1literature on environmental risk assessment
reveals that the term r1sk means different things to different authors )
For example, Rowe (1977) defines risk as:

. the potentiaT for realization.of unwanted negative
consequences of an event

Rosenbluth (1980), on the other hand offers the f0110w1ng definition:

The risk from an activity is the chance that loss or injury
will be brought about by the activity in question.

N

These definitions involve two ideas. The first' relates to the hazard
‘assqciated with a particular event while the seCond is concerned with |
the probability of occurrence of th¢ particular hazard. 0'Riordan

{1979) combines both components into a single definition:

o
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Risk...is'tggarded/gggg/;;.a'hazardous'outcome and a
probability of occurrence.

—

-

s

Despite the apparent discord among the above definit%oﬁs, all
involve at least tacitly the notions of hazard and probabi11ty.‘ Okrenf
(1980} cites a simple example which clarifies the meaning of these -two-

ideas. He considers two people crossing the ocean, one in a rowboat

3

and the other in an ocean 11ner.}.Th§ hazard {death by drowning) is-the
same in both cases although ‘the Vprobabilfty of drowning is clearly

differenf.

It is.now widely accepted that the risk posed by an environmental
toxicant depends both on the type of hazard present and the probabiiity
of its occurrence (Figure . 1.1). Severe hazards- §uch as chronic
debilitat’ng diseases are clearly of greater significancé gpan acute
illnesses of minor consequence. S}milan%i, the‘freqUent occufrende of

b

a partiéu1ar adverse health effect may -viewed with greater concern

i : |
than -the occasional observation of other effect of comparable

severity.

With health risks, hazard mi}\&g described in terms of thelaQVer;e
health effects induced. Such effect;.;re characteriiéd by factors such
as theif nature, severity,'time@of'opset, and degree of reQersibj]ity.
Thé\probabiiity of occurrencé‘of_g given effect depends on the potency

of the toxicant, the susceptibility of the exposed individual, and the

Tevél of exposure. The levél of expesure in turn depends on the’

1

L]
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. sources from which the toxicant may be released into the environment,

the initiating events responsible for its release, and the pathways by,

“which the toxicant may reacH human popu1af10nsﬂ Potency Tis Targely

determined by the physical and chemical properties of the toxiﬁant.3

including its b{o1ogica1 reactivity with ma;romo]ecu]és present 1in

mammalian cells. Susceptibility may ‘be influenced by' a variety of

_factors, such as metabolic processes and repair mechanisms.

Potency, susceptibjlity, and exposure asj described . above are
properties of the toxicant, the host organism, and the intervening
e;vironqenf re§pective1y. Differences in the potency of chemical
substances may be assessed by exposing the same species to thése
substances, and noting the variation in the effects induced (Gold et
El;’ 1984). Differences in species susceptibility may be demonstrated
£ by exposing different.§pecies to the same-supstance {Haseman & Hoel,
1979} . Intra-species differences in susceptibility also exist as
reflected in the variation in response among individuals of that
species. The effect of exposure may be gauged by observing the effects
induced at different doses, and constructing a dose-response curve

describing how the probability of these effects occurring varies with

dose (Krewski and Van Ryzin, 1981).

The preceding discussion indicates that risk is a two-dimensional

concépt, deg%hding on both the nature of the health effect in question
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‘and the probabiiity bf its. occurrence. aThus,:1arger risks may accrﬁe
eithék as a resulf of the %nduct1on of_é more severe effect or due to d-
| greater freq;ency of occurrence. It is also possible that more than
oné health effect may be associated with a single toxicant,war that the
effects induced may vary with. the Tlevel of exposure. If these
" different effects may bé expressed in the same units, then the risk may
be characterized by a frequenpy distpibution of adverse oufcomes giving
the probability of observing an outcome of a given magnitude or
greater.
. f( ) ;'? |
A quantitative measure of risk which embodies the dual notions of
hazard and probability has been discussed by Kaplan and Garrick (1981).
These authors note that the main elements of risk analysis méy be

identified as responses to the following questions.

What can happen or what events may occur?
What is the probability of this happening?
What are the consequences of such an occurrence, or what

is the hazard involved?

Suppose that after careful consideration of the first question, we

identify n different mutually exciusive events E,...,Ep which may

occur. We then go on to determine that event Ej will occur with

probability p; and is associated with a hazard or loss Hi
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(i = 1,...,n), with Hl,...; Hh measured 1in commensurate units.
(Although it may not be possible to identify in advance alil of’the
possib1e events which may oceur in complex sithations, we.will” assume
for simplicity that this can be dome. Thus prt...tpp = 1) After
arranging the n Evénts in order of'increasing hazard H< °°° <Hn,.we
calculate the cumulative probability Py = pj+...+pp, which
specifies the probability of the occurrence of an event for which the

hazard 4s. as great or greater than Hy.

Tabie 1.1 Basic Elements of Quantitative Risk Analysis

Event Probability Hazard! Cumulative Probability

E) P1 Hy PL = p* «vv * Py =}
Ey Py H PL=pt + P
Eq Pn Rn Pn X Pn

LArranged in increasing order {Hy< ... < H )

As an example, let us consider the risk associated with the
transportation of a hazardous material by road in tankers from say
Toronto -to Montreal. The truckslwi11 pass through several urban areas
as well as other more sparsely popd1ated areas. In a single trip,

there may be an accident involving spillage of the material being
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transported resulting in property damage or personal injury. This is a

specific event. The hazard associated with the event will .depend on

the location of the accident, the degree of spillage, and local weather

- conditions, which will affect the.'rate at which the material is

disseminated throughout the environment.

B

’
——r

Aftér categorizing all possible events by the magnitude of the
dellar value of the property loss, we might arrive at a risk analysis

of the following form.

Property Loss ($) Probability Cumulative Probability
100,000 '0.005 0.005
50,000 - 0.015 0.020
10,000 0.030. - 0.050
0 0.950 1.000

In this hypothetical example, there is a 95% chance of no property loss
at all and only a 2% chance of a property loss of $50,000 or greater.
If such transportation accidents should result in loss of life, our

risk analysis might be expressed as follows.



- 11 -

Number of Deaths Probability ~  Cumulative Probability
0 0.990 ‘ 1.000
1 . 0.006 0.010
2 0.003 0.004
3 0.001 ‘ 0.001
s

While the probability of a particular event occurring in the
preceding example might be determined by historical precedent, there
are often no historical data available "in situations involving the
introduction of new technological developments. In the absence of
' adequate da%a, however, we might appeal to a panel of experts to
construct possible scenarios and evaluate the 1ikelihood of  their
occurrence subjectively. Alternatively, it may be possible to use

engineering techniques to objectively determine the reliability of a /’\\‘—ﬂ\\

particular technology, and hence the likelihood of its failure.

Because of the amount of information on risk contained in Table
1.1, it may be useful for some purposes to consider single measure of
risk which summarizes in some useful way the detailed listing of
possible events, their probabilities of occurrence and their hazards.
In statistical decision theory, for example, such a summary measure of

risk R has been defined as the average loss or hazard given by
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R = MH1+---+PMM
(Ferguson 1967). In the transportétion scenario discussed above, for

example, the expected property loss per trip would be $1550.

An important special case of the above analysis occurs when only
one pa}tfcuTar undesirable event may occur. For example, suppose that
a particular lesion may be induced following exposure to a particular
environmental contaminant with probability p. Associating losses 0 and
1 units with the absence or presence of the lesion respectively, the

average loss is given by

R=1[(1-p.0+pl]=p
" 3

Thus, in simple situations such as this the concept of average risk is
effectively equivalent to the EﬁBbabi]ity of béghrrence. Undér these
conditions, the terms risk and probability are often uséd
interchangeably. In general, however, it is important tec recognize
that risk is a function both of the nature of the effects induced and

of the probability of their occurrence.

While the expected loss may be an appropriate measure of risk in
many cases, oOther summary measures may also be used, subject to the
constraint that increasing either hazard or the probability of

occurrence will increase the risk. An extreme case would be to ignore
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the probability' of occurrence and take the risk R to be the ma:dmum
hazard H (Campbell, 1980). This would reflett the intent to consider
only 1'nformat1’o‘n on the nature of the loss and not on the likelihood of
its occurrence. An example of this latter philosophy is ‘embodied in .

the Delaney amendment in the United States (Coulston, 1979), which

states that chemicals with any carcinogenic potential whatsoever may
not be .added to food no matter how swmall the probability of. cancer
induction. Here, the hazard in question is regarded as being of
sufficiently great concern that no chance of occurrence, no matter how

small, would be considered acceptable.

The difficulty with all such scalar measures of ri‘sk is tmr\
consjderalﬂe information 1is lost in the summarization process. For
example, it is possible for two different risk management strategies to
have divergent risk curves and yet have the same average risk. In the
situation illustrated in Figure 1.2, for example, it is not clear
‘whether Strategy A, which results in a greater occurrence of events
with small Josses, is preferable to Strategy B, whif;h results in a

greater occurrence of more hazardous events.
1.3 OVERVIEW

The rational management of health and environmental risks ideally

requires a well defined structured approach in order that risk may be

dealt with in a complete and equitable fashion. In chapter 2, formal
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, Strategy A

Cumulative
Probability ol
Occurrence
p

Strateqy B

Hazard H

- Figure 1.2 Risk Curves for Two Different Risk Manapement Strategies
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L
models of the risk assessment and risk management process which have
been Eroposed in the literature in recent years are reviewed. Although
these modeis were devé]oped primarily with reference to chemical risks,

they are also applicable to other health hazards including those of a

. £ . .
radiological or physical nature. Common elements amongst these models

are identified, and the potential impact of these  approaches on

practical decision making is examined.

The first step in the risk assessment and risk management process
as descr{bed in cﬁépter 2 is the recognition that a well defined hazard
to human health exists. In chapter 3, epidemiological and
toxicological approaches to health hazard identification are discussed.
While epidemiological studies of human populations have the. advantage
of providing information on adverse health effects directly in man, it
is often difficult to identify specific hazérds due to~the complexity
of the human environment and the limited sensitivity of such studies to
detect sma11 effects. Thus, toxicological studies using nonhuman
laboratory tests systems ;re often rg]ied upon to identify potential
human health hazar&s. In the case -of toxic chemicals, additional
information can also be derived by examining the chemical structure and

biological reactivity of the compound under study.

Once a health hazard has been 1dentif1eﬁ, it is often useful to
determine the magnitude of the associated risk {chapter 4). Risk
estimation also relies on toxicological and epidemiological data
sources, subject to a more quantitative analysis in order to determine
the risk posed by the hazard of interest. Risk estimation based on

toxicological data may invoke the app]icatioh of safety factors to
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establish acceptabiel levels of human - éxposure ‘to environmental
toxicants or dose response models to character1ze the relationship
between the probab111ty of an adverse health effect 0ccurr1ng and the
“Jevel of exposure. . Similar stechniques are app11cab1e w1th
epidemiological studies, although with observations directly on«humans,
safety factors which "allow for inter-specﬂe§”{0ariation in
susceptibility are not requiréd.- It should be noted that while a good

epidemiological data base represehts the ideal starting point for risk

r

estimation, direct observation on humans often suffer from limited"

sensitivity due to Tlow exposures as well as multiple exposure to -

extraneous “'hazards. Further, epidemiological data will not be
available for anthrOpogéhic hazards which have not yet been introduced
into the human environment. " For~ these reasons, toxicological and

epidemib]ogjca] data generally provide complementary sources of

information on which estimates of human health risk may be based.

The control of risks to health, safety and the environment may be
_ ) .

achieved in a variety'of_djfferent ways. In the past, regulation has

been widely used as a risk management tool with varying success. More
recently, nonregulatory options for risk management have received
considerable attention, including those based on economic, advisory or

technological solutions. In chapter 5, we review and evaluate the
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spectrhm of control options available for health risk management, and
cbnéider possible. cf1tefia which' may  be. used to"sg1ect the most
appropriate option for app]icatioﬁ in specific circumstances.

o

{

0f the four main optioﬁs for rigk management discussed in chapter
5, regulation remains the most wideiy used. In chdpter 6, Canadian
régu1g}gty statﬁtes pertaining-Fﬁ health and’ safety curfently avajlable
as a means of cohtro11iﬁg risk are reviewed. The division of
'1egi51ative powers _between the Féderal Par]iamént and Provincial
Legislatures based on the Constitutiqh Acts of 1867 and 1982 is
considered, 1including- areas ‘ghere uncertainties over over]gpping
jurié&ﬁction.remain. At présent,~fedéra1 authority for the control. of
health hazards is vested in ten major statutes; ranging from*wéf?lknown
mature pieces - of legislation such as the. Food and Drugs Act to more
recent statutes such as the Tranéportation‘ of Dangerous Goods Act
passed in 1980. The use éf thése statutes as a basis for federél
regulation is'examine& in detaii, along wjth concomitant legislation

available. at the provincial Tevel. ‘

If more than one viab]e'risk management option is identified, it
is necessary to select the most approbriate strafegy to deal with the
problem at hand. Risk management progréms desfgned to improve human
health or the environment can be evaluated within the same basic

framework used for health care programs. In chapter 7, a general -

" framework for the evaluation of risk management programs is presented. .
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Consideration is gfven to the costs of the prograﬁ itself as qe]T d§
costs to industry and the public. On the benefit side, improvéments to
human health are con§idered-a1oﬁg with economic and aeéthetic gains.
_Techn{ques for measurinél both cosfs and' benefits are ‘discussed.
'Severa1 commonTy'encountefed forms of program evaiuation are shown to
-arise as special cases, _ {ncluding cost-effectiveness analysis,
cdsﬁ-uti]ity. analysis,. cost—benefit analysis and' risk-bénefit
analysis. o ST ' E
| | J

While "risk estimation’ attempts‘ to provide objective scientific
ratings of risk, it may not accuréte]y reflect how the puBTic views
these same risks. In chapter 8, we discus; the hea]th and
environmental * risks which are perceived as being of concern by the
pdb1{2?-and attémpt to elucidate those factors whicq tend to result in
ovérbéncébtion or underperception of risk. ansjderation is also given
to‘gg hinimis Tevels of risk which may be gererally vie;ed as being

essentially ﬁegligib]e and hence accepted by individuals or society as

a whqle.

An important part of the }1sk' assessment process is the
communication of information on risks. Data on risk should be
expressed 1in .understandab1e terms and effective channels of
com%unication established bﬁtween individuals and institutions involved
in the assessment of.risk. In chapter 10, mddels which have been used

"

to describe the process of ‘risk communication are reviewed, along with
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i
risk communicapfon techniques currently jnruse; The importance of good
risk comﬁunication practices ‘as a component  of effective riSk.

management is indicated. ’ '

N ~

Chapter 2 through 9 describes in detail a formal framewbrk within
which risk assessment and risk management may be described. To
evaluate the applicability of this framework, there is a need to apply

' it £0 actual health risk management problems. This is done by means of
three- case studies presented in chapters 10, 11 and 12..‘These case
studies all .ﬁnvo]ve chemicaT"hazards, which have Been emphésfzed

" throughout this work.

| Acid deposition is now recognized as a- serious env1ronmenfa1
problem facing large segments of Eastern North America aﬁd Western
Europe. A]though'thé effects on our lakes, forests and wildlife stocks.
are well doéumenteq, the potential for adverse effects on human health
is 1ess_we11 Estgblished, particularly -as a resﬁ]t.of the long-distance
transport of airborne pollutants. In'chapter 10, we review existing
epidem161ogica1 evidence on the health effects of 4cid rain, including
both respiratory and other disorders. This nformation is used in
conjunction with corresponding data on human{exposure fo review risk
maAagement strategies for the control of acid deposition in Canada.
The .second of the three case studies involves the foo& addifive

saccharin (chapter 11). This substance was- first synthesized 1n\1879

and eventually became popular as a non-caloric sweetener. While the

toxico]ogiéa] data clearly indicates that saccharin can induce urinary

ST
e

-
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bladder tuﬁgurs in 1aborétory rats, the.epidém101ogica1‘stqdies at best
sﬁggést an equiﬁoca] re]ationship between " the consumption of sacgharin

and bladder cancer. .Riskrbeneﬁit eva]uétions show few, if any, '
-documentab1er benefits from .the use of saccharin and much genuine

" uncertainty concerning the Jevel of risk to ‘the human population.

Although saccharin was banned for use as a direct food additive in

1977, it continues to be sold in pharmacies for these who ﬁerceive a-

2

need for its use.

The last o% the three case studies involves formaldehyde. This
substance,“wbich is ubiquitoﬁs in the envirdnment due to release from
both natural and man-made soyrcés,,has-]ong been recognized to be a
sensory irritant. More recépt1y, on the basis of re;u]ts obtainéd in
aﬁima] species, -it has been suggested that }orma1dehyde'pay also be
carcinogenic to man. In chaptef 12, the available data on Ehe sources,
levels and health effects :of exposure to formaldehyde are exam{ned.
The regu]atién +n. Canada ofrjfhe manUfaqture and use of
formaldehyde-containing products such as UFFI ‘is considered  and the

impact of the limitations of, the available data on regulatory decisions

is assessed.

We conclude with a summary of the process of risk assessment and
risk management as.fthu]ated here (chapter 13). The features of the
corresponding model used to describe this process are discussed, and

the application of the model to the case studies of acid rain,
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saccharin and forﬁa1dehyde considered. It is argued that the p§0posed.

~model of risk assessment and risk management offers considerable

insight into the risk problematic, and that the cases selected for
study demonstrate that the model encompasses the practical aspects of

risk assessment and risk management. Finally, future perspgbtives on

’

risk and-risk management are provided.

'3
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2. RISK ASSESSMENT AND RISK MANAGEMENT

"2.1 INTRODUCTION

The selection of environmenﬁa] hazards for governmeht attention
has often been handled 1in an ad hoc fashion in the past, usually in a
reactive manner rather than as part of a chrefu11y planned strategy.
Issues which attract the public's interest have often . been the focus of
societal resources at the expense of more serious but Tess popular

problems.

Despite the pressures on regulatory agencies to respond: to
external initiatives and shifting priorities, several factors indicate
the need for a more pragmatic approach to the management of health
risks. These include the aesirabiTity of balancing risks and benefits
across society in .an acceptable way, and the trend towards more
openness in decision making using consistent and explicit decision
critefia. The need for an orderly and systematic approach to risk
assessment and risk management is further supported by the existence of
resource constraints, which prevent maximum control of all risks. Such
an approach can lead to greater objectivity and completeness,

consistency of decisions, and public accountability.

A number of formal models for risk assessment and risk management

have been proposed in recent years. These models are of great value in
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c1ar1fying-the main elements of risk assessment and risk management, an
have served to establish a well defined'framework within which risk may
be addressed.

S

In section 2.2 of this chapter, the different models which have

been proposed in the literature are discussed. These models are/}hen
compared and a number of common elements identified (séction 2.5).. A
brief discussion of the key components of the models ;nd their rPYé/;n
understanding and improving the overall process of risk aésessment and
risk management is given in section 2.4.

PR '

2.2 MODELS FOR RISK ASSESSMENT AND RISK MANAGEMENT

As discussed in chapter 1, the risk posed by a particular agent
depends on both the nature of the hazard presented and the probability
of its occurrence. Health hazards may be characterized 1n.terms of “the
health consequences or adverse effects induced. These effects may be
more or less serious depending on such factors as their nature,
severity, and degree of reversibi]ity; The probability or chance oi a

given effect occurring depends on the potency of the agent, the

susceptibility of the host, and the level of exposure.

a
-
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2.2.1 Scientific Committee on Problems of the Environment

The Scientific Committee on Problems of the Environment (SCOPE)
and its parent body, the Internaticnal Council of Scientific Unions,
are  concerned primaril& with scientific problems requﬁng. to the
environment. Recogn1z1ng that environmental science requires an
1nterd1sc1p11nary approach, the Comm1ttee involves not only spec1a11sts
in the physical and biological sciences, but experts in economics, law,
commynity medicine, environmental psychology, as well as a wide range

of other disciplines.

-
-

The first formal model of the risk assessment and management
process appears to have been formulated by'SCOPE (Eates, 1978; Whyte &
Burton, 1980). A three stage risk assessment proce;s consistiﬁg»of-

\~\r1sk 1dent1f1cat10n risk estimation and risk evaluation was proposed.
Th$ first step involves s1mp1y recogn1z1ng that a hazard exists. A
quant1tat1ve eéstimate of the magnitude of the assoc1ated risk is then

prepared by scientifically determ1n1ng its characterust1cs This is

followed by Judgment§~aQ\yt the significance and acceptab111ty of risk
probab111t1es and consequences. Following risk assessment, some
decision regarding whether or not to intervene takes place. This last

stage may be termed risk management.

In the remainder of this chapter, we review a number of different

frameworks within which risks may be characterized, evaluated and
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‘controlled in a Tlogical manner. These include models for risk &

assessment and risk management proposed by national” and international
bodies such as the Scientific Committee on Problems of the Environment,
the United States National Research Council, the Royal Society in the

United Kingdom, the Interdepartmental Committee on Toxic Chemicals in
Canada, and the World Health Organization. ‘After describihg each of
these models in detail, their similarities and differences are
analyzed. We conclude with a discussion of the potential impact of

-

these models on practical decision making.

2.2.2 U.S. National Research Council

The National Research Council was established by the United States
National Academy of Sciences in 1916 to advise the fegera1 governmment
within the broad community of science and technology. Upon the
initiative of the United States Congress, the National Research Council
conducted a §tudy to strengthen the reliability and objectivity of
scientific assessment that forms the'basis for federa] regulatory
policies pertaining to carcinogens and otﬁer public health hazards.
This study was conducted under contract with the U.S. Food ana Drug

Administration within the Department of Health and Human Services.
g

The NRC (1983a) model consists of two stage%: risk assessment and

risk management (Figure 2.1)}. Risk assessment refers to the use of a
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faétua1 base to define the health effects of exposure. of individuals or
populations to hazardous materials or situafions, Risk‘management is
the process of.eﬁaluating regulatory options and selecting among them.
Risk assessment 1is subdivided into four components: hazard
identification, dose response assessment, exposdre assessment, and risk
characterization. Hazard identification is the determination of a
cause-effect relationship between a particular chemical and a decline
in health status using epidemiological studies of human populations,
animal bfbassay data, mutagenicity tests, and gxamination of molecular
structure. Dose response assessment involves eiamination of the
relation of magnitude of exposure and probability of occurrence of the
health effects in-question. Exposure assessment is the study of the '
extent of human exposure before or after application of regulatory
controls. Risk characterization includes hazard identification, dose
response assessment and exposuré assessment, and invo]ﬁes a description
of the nature and magnitude of human risk, inciuding attendant

-

uncertainty.

At the risk marfagement stage, alternative regulatory options are
. developed and evaluated. Selection of a particular requlatory option
involves consideration of the public health, economic, social, and
political consequences of implementation. Other factors of

significance include the technical feasibility of the proposed

solution, desired level of control, ability "to enforce regulations,
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uncertainty in scientific data and the corresponding inferential
bridges used to fill gaps in knowledge, and the public's perception and
level of information. The implementation of a specific course of

action should be accompanied by the communication of information

concerning the basis of the decision to affected parties.

The NRC model was subsequently gdopted by the United Stdtes
Environmental Protection Agency (1984) with no significant structural
or definitional changes. The United States Departmént of Héa]th‘and
Human Services ({DHHS) (DHSS, 1985) has expanded the NRC model. to
include consideration of nonregulatory options for risk management:
These include advisory options as well as risk reduction through
technological means. DHHS also recommends expansion of Fesearch S0 as

to reduce the uncertainties associated with scientific knowledge.

2.2.3 The Royal Society

In 1978, the Royal Society in the United Kingdom established a
Study Group to consider a_nqmbef of risk related problems, including
both engineering and biological risks, and to address questions
involving risk berception and risk management. The final report of
this Group, which included a number of subgroups “comprised of

psychologists, statisticians, physicists, biochemists, / biologists,

it
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|
epidemio1ogist§? doctors, enginee#s and economistg,lwas published 1in
1983, - ,' ‘
1

The Royal Society model (Royal Soéiety Study Group, 1983} is also

composed of two stages: risk assessment and risk management. The

“S’;Brmer is further subdivided into risk estimation and risk evaluation.

Risk assessment is the génera1 term used by the Royal Society to
describe the study of decisions havfﬁg uncertain consequences. Risk
estimation refers to identification gnd estimation of the probabiiity
and magnitude of the consequences of a haiardous event. Risk
evaluation fs the complex process of determining the significance or
value of the i;;htified hazards and -estimated risks to those concerned
with or affected by the decision. Embedded within this stage are the
1ﬁterre1ated.processes of developing alternative courses of action and
decision analysis. These components take into consideration pub1ic.
awareness and perception, accéptébi1ity of risk, and the analysis of
risks, costs, and benefits. These latter factors inciude consideration

of the 1e§e1 of justifiable risk, economic and technical feasibility,

and resource requirements.

Based on the evaluation of risk, risk management refers to the
making of decisions concerning risks and their subsequent

implementation. Decision making itself involves consultations between

industry, government, the public, and other special interest groups

£ .
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affected by the decisfon. ~Implementation of a Qecision, along with its .

monitoring, evaluation and revision are considered an integral part of

the process.

LY

2.2.4 Interdepartmental Committee on Toxic Chemicals

In Canada, the four federal government departments habing major
responsfbil{ty for the regulation of toxic substances are represented
on the .Interdepartmental Committee on Toxic Chemicals. (These are
Agriculture Canada, Environment Canada, Fisherjes & Oceaps ‘Canada, and
Health & Welfare Canada.) The model developed by the Interdepartmental
Working Group on Risk-Benefit Analysis {1984) for consideration by the
ICTC represénts an elaboration of the SCOPE model. The version of this
modé] shown in Figure 2.2 includes minor modifications incorporated by

Krewski (1986). i |

The first step in the process is hazard identification which is
based on case reports, epidemiological studies of human populations,
and toxicological experiﬁgnts conducted in the '1aboratory. Another
possible approach for the identification of chemical fis&s is to

compare- the molecular structure and -biological - activity of the

substance under study with that of known toxicants.

The next,st'J is to obtain an estimate uf the magnitude of the

risk in question. This involves the statistical analysis of

r

-
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Figure 2.2 Interdepartmental Committee on Toxic Chemicals
Model of Risk Assessment and Risk Management

/



ep1dem1o1091ca1 and tox1colog1ca1 data to- determ1ne the. 1eve1 of risk
associated with specific hazards and to establish acceptab1e criteria

for exposure to environmenta1 hazards. This process is subject .to

considerable uncertainty and may require strong assumptions, as in the

conversion of animal results to the human situation.

The first step towards selecting a strategy for dealing with a
given environmental risk is the development of a number of a]ternatiye
courses of action. Available options can range from advisory to
economic’ to strict regulatory control. In order to ensure a consistent
approach to risk management, the set of options selected for further
evaluation should be compatible with existing environmental health
program objectives and remain cognizant of any overall risk management
policy guidelines.

a4

The decision as to the most appropriate course of action depends

on a. host of factors, including a balancing of health risks against.

health benefits in some cases. Consideration may'a1so_be given to the

qu]ic‘s perception of risk, which may not always correspond to the
actual risk determined by objective analysis. The. technical
feasibility of each proposed course of action should be demonstrated,
including the ability to enforce any proposed.regu1ations. Econqmic
effects are often important in evaluating a]ternative;, both in terms

of program-related costs and the impact on producfive output.

'
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Sdcio—poTitica] factors involving eqﬂity considerations and

repercussions at the international’level should not be overlooked.

Impiementation of the selected risk managemenﬁ_ strategy will

usually - require some commitment of resources and should be accompanied

by attempts to communicate the nature of the chosen control mechanism
to all affected parties. Once the control- mechanism is in place,
continued monitoring is recommended. Contihua1 evaluation and review
of new health risk information may suggest modificafions to the risk
management strategy currently in place. . |
Leiss {1985) hag’médified the original ICTC model in two ways.
First, Leiss introduces a separate pathway for consideration of
benefits parallel to hazard identifiéatiop and‘risk assessment (benefit
jdentification and net benefit assessment). Second, Leiss recommends
incorporation of new consu]tative and communicative procedures in the
risk management process. Specifica]]y; it is suggested that risk and
benefit assessments be available as public documents for examination b&
all interested parties; that standard procedures be developed to po;ify
interested parties about the availability of public documents and about
the results of decision making; and that regulatory decisions be

accompanied by an explanation of their inherent reasoning.

The refinements to the ICTC model proposed by Krewski (1986)

included the role of peer Feview. A This can provide objective
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criticism, eprsé new ideas and _findings; maintain_ the quality of
_ agientific information, and increase public confidence [DHHS, 1985).
Covello & Merkhofer.{1984) advocate peer review.so as to'ensﬁre.that
the best data are being utilized, that any assumptions made are:

reasonable, that critical calculations are free from error, and that

uncertainty is adequately recognized and taken into account.

2.2.5 World Health Drgénization

The World Health Organization (WHO) is.a specialized agency of the
United Nations with primary responsibility for international public
health mattérg. The NHOI is involved in a 'widé variety of health
related activities through cooperation with its some 160 Member States
in order to achieve its broad objective of health for all by the year

2000. .
L4

The WHO (1985) model is a four stage process consisting of hazard

jdentification, risk estimation, risk evaluation, and risk management

(F{guré 2.3). The process as a whole is influenced by a number of

participating bodies including scientists, industry, special interest

_—

groups, public, the media, and politicians.
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Hazard identification requires the collection of chemical,
~toxicological, ecotoxicological, clinical and epidemiological data.

Toxicify and exposure information are obtained at this first stage.

Risk estimation characterizes the extent of harm and the
probabi]jty of its occurrence. This stage utilizes the 1nforﬁation
gained in hazard identification to predict the severity, extent, and
_distribution of the increased incidence of disease, disability, or

defects caused by exposure to a given hazard.

The risk evaluation stage involves comparative analysis between
the risk in question and accepted risks, voluntary risks, and other
risks. Consideration is also given to political factors, public

perception, and industrial and public liability.

The risk management stage consists of decision making with the aim
of reducing or eliminating the risk in question. Decision making must

take into account cultural, socio-economic, and political factors, and

the type and nature of the risk in question. The possibility of
reducing or eliminating the risk through control measures, technology
changes, prevention or reduction of exposure, and product substitution
must be considered in terms of feasibility, costs/benefit and magnitude
and distribution. The decisions resulting from such an analysis form

the basis for regulatory action.
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2.2.6 Other Models

Yarious individuals have also proposed models for risk.assessment

and risk management. Baram's (1982) framework congists of six steps:

hazard identification, risk measurement, risk management options

selection, economic and technical feasibility analysis, ordering of

risk management initiatives, and deployment of risk management

options.

Lave's {1982) model contains eight stages: hazard identification,
risk assessment, identification of regulatory alternatives, decision
analysis, regulatory decision, legal or bo1it1ca1 ‘cha11engé,
imp1ementation,.-and monitoring. This model closely resembles that

adopted by the ICTC.

=

Rodricks & Tardiff ‘(1984) consider only two broad stages: risk

assessment and risk managemedt. The former is subdivided into three
1 PR . l'\ L
phases: hazard identification andd)eva1uataon,- dose response

evaluation, and identification of conditions of exposure. The latter

stage also consists of three phases: examination of alternative

courses of action, decision analysis,.and implementation.

Shrader-Frechette's (1985) framework includes three stages:' risk

jdentification, risk estimation, and \risk evaluation, which, closely

parallel those in the SCOPE Model. \
: \

S
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2.3 COMPARISON OF MODELS

The models for risk assessment and risk management presented in
section 2.2 f0110w the general framework devised by SCOPE, although the
degree of similarity and level o%_ detail presented in‘ each of the
models varies (Figure 2.4). In addition’ to delineating the steps
comﬁrising the risk assessment and risk management process, each model
distinguishes between the scientific and extra-scientific

components of the overall process.
4

With the exception of the Royal Society mode1, each of these
~models explicitly designates hazard identification as the initial step.
The NRC/EPA model emphasizes. the use of scientific research as the
basic tool for identifying risks. Several models more %%;rectTy refer
to the initial 'phase as hazard identification rather than risk
jdentification since the probébi]ity of the occurrence of an adverse
effect is generally not calculated at this stage. In current usage,=

the term hazard is usgd to describe the nature of the adverse effect,

whereas risk involves both the hazard and the probability of its

occurrence (Kaplan & Garrick, 1981; Krewski et al., 1982).

There also appears to be general agreement that hazard
identification should be followed by risk estimation. {The Royal

Society includes both hazard identification and risk estimation in

£
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{

their definition of risk estimation, but does not clearly identify
these as distinct sequential’steps.) In the NRC/EPA framework, the
¥

term risk characterization is effecf?ve]y equivalent to risk

estimation.

A1l models cite the use of toxicological and epidemiological data

]

as the primary sources of information for health hazard identification

and risk estimation. In the case of chemical hazards,

structure/activity analysis may also be used. -

As with the original SCOPE model, all models then proceed to some
form of risk evaluation. At this stage, scientific method is subsumed
by public policy considerations. The subsequent models are generally
described in more detail than is the SCOPE wmodel, and, with the
exééption of the Royal Society model, differentiate between alternative
courses of 'agiion and the decision analysis tools used to choose
amongst them. Alternative options may be of an advisory, economic ér
regulatory nature, and many factors need to be considered in selecting

a preferred management strategy. These include the use of formal
economic tools for program eva]uaJ%on (Torrance & Krewski, 1986),
tempered by the public's perception of the risk involved as well as

prevailing socio-political factors. Public risk perception and the

- notion of acceptable risk are important considerations in that

decisions made by regulatory authorities ultimately reflect. public

understanding of risk, perception of its relative importance, and
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expectations for risk management (DHSS, 1985). Although not
highlighted as distinct components, similar considerations are included
within- the Royal Society's risk management phase.

- The final risk management stage inﬁo]ves the impiementation of the
selected control strategy. éach of the models, gxcept those of the
NRC/EPA and’wHO, stresses the need for risk monitoring and follow-up,
so as to modify the risk management strategy currently in place if tﬁis
is considered inappropriate. ‘ATlhmdde1s except the SCOPE model also
stress the importance of communication at the implementation sfage S0
that affected parties are prop;f1y informed as to both the risks and
risk management strategy adopted. The Royal Society model 1n‘
particular emphasizes the importance of providing affectéd parties with
an opportunity to interact in the decision-making process 1ﬁ an
informed'manner. ' 4

NG
Each of the modé]s, except those of the NRC/EPA and WHO, stresses
the need for risk monitoring and follow-up, so as to modify the adopted
risk management strategy as appropriate. The risk assessment/risk
management process is thus generally considered to be a set of
interactional rather than sequential steps bécause decisions must be
reconsidered in light of relevant new information {Davis, }983; Leiss,

Y

1985}.
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One point which remains obscure 'is the separation between risk

‘assessment and. risk management. The origjﬁa] SCOPE model seems to .

consider risk assessment as encompassing both the scientific
enterprises of hazard identification and risk estimation as well as the

more politicized function of risk evaluation. 1In this model, the term

risk management is reserved for the final implementation and follow-up -

stage. This point of view is also adopted in the Royal Society, ICTC
and WHO models. The NRC/EPA, on the other hand, define risk assessment-

as consisting only of hazard identification and risk estimation.

Taking 1into account differencgs in terminology, all models
essentially agree on the division of the scientific and social aspects
of the risk assessment and risk managehent procesgi Hazard
identification and risk estimation are clearly in the sgjentific realm,
whereas risk evaluation and risk management fall within the: domain of

social decision making. Thus, the resBonsibi]ity for risk analysis

rests largely with the scientific community, whereas those responsible

© for the establishment and implementation of risk management decisions

play the leading role in extrascientific matters (Ruckleshaus, 1983).

Although there is general agreement that the risk assessment/ri sk
management framework can be divided into scientific and policy
concerns, Davis (1983) maintains tﬁat both gﬁignce and values play a
role in risk assessment. Several of the assumptions and approximations

employed in risk assessment -have political implications; consequentiy

»
r (\
\
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it is unrealistic to assume that risk assessment can be fully immune to

biases resulting from specific interests or viewpoints (Covello &

Merkhofer, 1984).

During the risk assessment process, analysis may overlook hazards,

deem them unimportant, or ignore them becauselthey are‘difficu1t to
assess. Decisions are often influenced by policy judgment§_due to gaps
in scientific information. Assumptfons must frequently be used in
" order to fi11 in gaps in the underlying scientificld;ta base, and to
allow for timely decision making. In order to maintain scientific .
credibility, the inferences and judgments used in such assumptions
should be supported by scientific data and the assuhptions and “their
1ikely dimpact on the risk assessment oufcdme be identified and

communicated to the public- {DHHS, 1985}.

The NRC (1983a) has. developed inference guidelines to estimate

human risk levels in situations where the data is'fnadequate for direct
ca1;u1ation from human observations. For example, the assumhtion that
risk is directly proportioné] to the level of exposure is often made in
extrapolating laboratory carcinogenesis data obtained at high doses
down to the low dose region of interest (Office of Science and

Technology Policy, 1985). 1Such guidelines are explicit statements

which pragmatically select one of several inference options for a
2z

particular risk assessment situation. The NRC also notes,that, despite

their scientific orientation, policy considerations virtually always

-
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influence the selection of an inference option. The ‘nature of the
inference options for any risk is a mixture of scientif%c fact and .

consensus, informed scientific judgment,'and policy determinations.

2.4 SUMMARY AND CONCLUSIONS

In this chapter, we have reviewed the major models of the process

of risk assessment and risk management. All of these models reflect
the -basic elements of the original SCOPE model (risk identification,
risk esfimation, risk evaluation and risk management) as originally
described by Kates (1978} and thte & Bu}ton (1980). Subsequent models
more correctly refer to the initial step as hazard rather than risk

identification, reflecting the fact that risk estimation requires a

quantitative rather than qualitative description of adverse health

"

.effects. ' ’ .

Ny
Although all wmodels involve saientific _and’ public policy

considerations, the only model which equates these two dimensions with

those of risk assessment and risk management is that of the NRC/EPA.
In the other models, social evaluation is included -in the risk
assessment phase, leaving only the implementation of the chosen contrﬁ$‘

strategies to the risk management phase.

I
/

o
The existence of uncertainty in risk estimation cannot be

overlooked. Scientific data may be incomplete or plagued with

-
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uncertainty regarding estimates of risk. While quantitative ana1y§es'
of risk can improve understanding, its limitations must be recognized
{CovelTo & Merkhofer, 1984). Of partiéu1ar concern is the uncertainty
inherent " in the assumptions. made during .the extrapolation of animal

test data to the human situation and the' determination of current and

»

future exposure levels.

.

Public involvement in the risk assessment/risk management process
is neceﬁsary in order to facilitate uﬁderstanding of the public's
perceptioh of risks, and the nature of the values which they place on.
different health and environmental consequences (Covello et al., 1Q§65.
Awareness of the public's views Dbetter ensures that they are -
incorporated into the decision making process, and that the policies
which result are socia11y.acce§tab1er As a result, public support of
and comp]jance with risk 'ﬁhnagement deqi;ions should increase, as
should public confidence in agencies responsible for risk assessment

and risk management (Starr, 1985; Covello et al., 1986).

It should be recognized that risk management decisions "can
legitimately differ among Jjurisdictions even in the presence of a
common scientific database. This “may occur as a result of varying
economic or socio-political conditions, as well as differences in
culture or perspective. Effective risk managementlthus requires Q

optimal combinatign of risk analysis, technical feasibility, human '

intervention and political -support (Starr, 1985).
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The épp]ication of the models: of rig& agsessmgnt and risk
management discussed here to practical decision making situations
should facilitate 1identification and clarification of 'the' many
.1mp6rtant considerations‘in the complex ﬁrocess of risk assessment and
risk management. This is particularly true of some of the more recent
models Awhich describe the component sfeps in detail, including the
development of a range of viable risk management Opfions and the
criteria and todls to be applied in choosing among thede options.
Other considerations- which may otherwise be overlooked include the neéd
for continual monitoring and reyiew as well as communication of
information on risks and risk decisions to all affected .parties.
Uti]ization of such models implies an analytical approach to risk
assessment and management, and provides a systematic framework within

which flexibility may be introduced on a case'by case basis. ,
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3. HAZARD IDENTIFICATION

Epidemiology asks the right question and answers it poorly:
toxicology asks the wrong question and answers 7t well.

dack Semiatyckd
hatitute Armand Frappien

3:1 INTRODUCTION

There are four main approaches to the identification of human
health risks: direct observatioﬁ of - adverse hea effects in man:
epidemiological studies of human populations: toxicplogical
exnerimentation using anima]l models for man?.fnand indirpct anat
tests conducted in the 1ab6}atorv. The risks inherent in driving an
automobile, for example, are. readily apparent throuqh. direct
observation a1thouqh‘,Formaﬂ enidemiological methods are required to
organize the available data and quantify the risks involved. At the
beginning of the current ‘era of space exploration, there were no human
data availablie on which to base judaments of risk. Thus. animaas were
sent into space to obtain some fnformation on'poteﬁtia1 human health
rfsks. Indirect testing is of most use-where animal experiments are
difficult or Eost]y to conduct as in assessing carcinogenic potential
of environmental chemicals. In this-case, a ranae of sﬁort—term tests,
includina those pased on -microbial mutagenicity, may provide
indications aéﬂ to whether a particular agent is likely to induce

cancer. 4

L

Y
(el
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In thist chapter, we review epfdemio1ogica1 and toxicological
methods for hazard identification. Epidemiological studies can range
from simpTé clinical observations of adverse health outcémes in
c1ustérs of pétients to descriptive studies of mortality and morbidity
_ ratés to more analytical studies designed fo address specifié
Hypotheses concerning cause and effect relationships. These s£udies
have the advantage of providing information on health hazards directly
in man, but can be difficult to conduct due to the complexity of the
human environment and the Timited sensitivity of some stpdy designs,

particularly in detecting small effects.

For these reasons, toxicological exéerfments conducted in a well
&ontro11ed laboratory environment are wide]y' employed as a means of
individué11y 1dentiFying human health hazards. Highly sensitive tests
are now available to evaluate a wide variety of deleterious effects.
These include an evaluation of acute and chronic toxicity in animal
species, studies of the metabplism of chemical substances, short-term
tests for genetic damage, and long-term tests for carcinogenic effects.
More recently, new tests for the ass?ssment of behavioural
"abnormalities and immunosuppression have also come into use. Téken as

a whole, all of this information can be used to make useful inferences

about the likely effects of toxic substances in humans.
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3.2 EPIDEMIOLOGICAL INVESTIGATIONS

-

Epidemiology is the study of the distribution and determinants ‘of
disease frequency in man (MacMahon & Pugh, 1970). The simplest form of

epidemiological investigation is the observation of unusual g]usters of

cases of a rare disease in population subgroups exposed to a common
risk factor.. While dsefuﬁ'in establishing epidemiological hypothesis
worthy of further study, such observations require cprroboration using
more rigofous carefully planned investigations. The “observation ﬁf
three cases ‘of a raré form of liver cancer knbwn as angiosarcoma in
workers involved in the manufacture of polyvinyl chloride (PVC), for
éxamp1e, was confirmed in subsequent epidemiological studies to be
related to their exposure to vinyl chloride monomer {Purchase et al.,
1985). Similar effects have alsa been observed in animals (Ma1ton1.g£"
al., 1981). The reporting in the media of an appafent excess in the
number of cancer deaths in a particular residential area in Montreal,
on the other hand, was subsequently shown to be‘comparable to Br less
than what would be predicted on the basis of cancer death rates for the
provin&e of Quebec as a whole (Spitzer, 1982).

Ha

3.2.1 Descriptive.Epidemiology

Descriptive epidemiologic methods may be used to provide

statistics on patterns of morbidity and mortality in the population at

large (Health and Welfare Canada, 1980, 1984a). Longitudinal analysis
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- of these data can provide useful information on trends. in disease
occurrence. In Canada, for example, the overall cancer mortality rate
in men increased by 32% between 1981\énd 1983 (wigje et al., 1986).
Excluding lung cancer, however, cancer mortality actually decreased
over this period in both men and women.™ :Extrapo1ation of current

‘trends suggests that Tung cancer will disp]éce breasf‘cancer as the

leading case of cancer mortality in women by 1990.

] %02.2 Ecologic Studies .

Eco]égﬁc or correlative epidemiological studies 1involve
comparisons of exposuré to a specified agent with the occurrence of a
particular disease within groups such as communi%ies or geographic
areas (Kanarek, 1981). An association between exposure and disease is
then held to indicate a possible causal effect. Cairns (1975), for .
examp]e,-noéed an apparent correlation between per caﬁita consumption
of‘}mat in different countries and'cancer of the large intestine in
women (Figure 3.1).. A similar type of relationship has been noted
betweén breast cancer mortality in women and co;sumption of fat
(Carroll, 1975). Ecologic studies cannot control 'a~dequate1y for
possible confounding factors such as occupation, diet and Tifestyle and
their results serve primarily to suggest the need for more }igorous

epidemiological investigation. In the former case, for example, the

observed differencés in cancer rates could conceivably be due to Tow

)
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cereal consumption since this tengf to be associated .with high meat

consumption.

3.2.3 Case-Control Studies

/o . X .
In the most common form of epidemiological study, the case-control

study, information on the etiology of the disease under study is
" obtained retrospectively on both affected and unaffected individuals
(Cantor, 1981). The sampling of diseased subjects coupled with a

scheme for collecting exposure information retrospectively makes this

design well suited to testing'etio1ogic hypotheses for specific rare

'diseases. Unfortunately, information on exposures such as prescription
drug usage and certain lifestyle habits is often less than édequate,
~especially Qhen it is necessary to look as far, into the past as with
cancer. Nonetheless, retrospective epidemiological studies have béen
able to identify certain hazards, such as vaginal cancer in young women
whose mothers were giveh the synthetic hormone diethylstilbestiol (DES)
far pregnancy maintenance (Herbst et al., 1971}. These authors
.interviewed the mothers of 8 cases and 32 controls. Case mothérs were
more likely to have had prior pregnancy loss or bleeding during the
relevant pregnancy: this is natural as these were the indications for
use of DES. The main difference was the exposure to DES during the

relevant pregnancy: 7 out of 8 case mothers and none of the 32 control

mothers were exposed. This difference was, of course, Qhighly

[
T

statistically significant. )

. |
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3.2.4 Cohort Studies : -7

. . :

In prospective (cohort) epidemiological studies (Blair & Spirtas,

1981),» information concerning exposure and possible confounding factors
is optafned at the outset in the study population. The population is
then monitored over é period‘of time. The length of follow up reduired
is a fihction of the cohort size, the background incidence rate of the
disease(s) of interest, and the des?fed relative risk detection limit.
Often, historical exposure records (e.g., occupational exposure
histories) are used with the strong advantage of reducing the time
required to accumu]afe an adequate number of person;years of
observation. Thea»latter is usually based on searcﬁes of health outcome
files such as vital statistics, cancer registries, and hosp{ta1
admissions. The direct sampTing of subjects wjth variable exposures
coupled with a plan of record;ng health effects .as they occur is
appropriate for relatively pdmmon disorders such’as coronary disease,
motor‘_vehic1e injury, common ‘dnfections or death from all caﬁses
combined. In-studies of cancér, the follow up time requiréd may be
several decades unless 1afge populations a;;\kecruited. Very large
numbers of pefson-yea?s<under observation are required for the study of
rare diseases.  Cohort studies were successful in demonstrating a
doub]ing‘in oge}a11 mortality due to smoking (Doll & Peto, 1976) and
more recently {n"identifying increased lung cancer mortality among

passive smokers (Hirayama, 1981).°

AS
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3.2.5 Administrative Recprds

Administrative records offer the potential means to conduct
low-cost large-scale epidemiological investigations withoyt the need to
_ ;

collect new data. Much valuable information on the health status of

the Canadian population is collected on an ongoing basis in the form of
hospital recofds, health insurance data, disease registries and
national stati;gics on morbidity and mortality compiled by Statistics
Canada (Chappe] et _gi., \1985). For example, Bates & Sizto (1983)
demonstrated .a positive association between hospital admissions and air

pollution in southern Ontario.

The use of existing computerized databases for ‘epidemi01ogica1
“purposes often requires that linkages be made between records on the
- same i?dividuaT that may reside in several~different files™ The record
linkage technology originally proposed by Newtombé (1967) has evolved
over the ygars to’ the point where it has been successfully applied iﬁ a.
number of majer studies (Howe et al., 1979; Roberts et al., 1980).
Studies of this type are currently underway within the Health
Protection Brénch to investigate possible relationships between cancer
mortality and occupational exposure to radiation and certain

agricultural chemicals.
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3.2.6 Intérpretation of Epidemiological Data

Even with sound epidemioiogical methods and an associat1on of
stat1st1ca1 significance, one cannot necessarily assume&a cause-effect
relationship. In judging whether or not a relationship is causal, the
strquth of the association, . gradient of risk versus exposure,
consistency of the associétion or replication, biological plausibility,
time sequencés of the variables involved, and specificity, shoﬁ]d)a]]

be taken into account.

Despite the advantage of providing evidence of Jhea1th effects
directly {n human populations, epidemio]ogicéI sfudies are subject to
certain limitations (Leviton, 1984). Thesé include problems of
simultaneous exposure to a variety of hazards, the potential

confounding effects of unsuspected hazards present in the environment,

adequacy of' exposure data, and the relative insensitivity of studies of
even moderately large size to detect small effects. A major difficuity

Yo . .
. with -environmental carcinogens is the protracted time scale often

required for disease development. Since some degree of human exposure
must take place prior to the initiation of any epidemiolpgical
investigation; adverse health effects cannot be predicted in advance of
introducing I new substance into the human environment. Consequently,
épidemio]ogita] studies alpne are insufficient for a purely preventive
regulatory model, and are perhaps moPe often used to support public

s

health decisions r7ther than to initiate them.



- 65 -

3.3 TOXICOLOGICAL STUDIES

!

o

o .
Although providing -only indirect information on human health
risks, toxicological studies conducted in the laboratory provide

valuable information on the toxic potential of environmental chemicals.

The modern toxicologist now has at his disposal a large andAexpanding
armamentarium of tests for adverse health effects (Hayes; 1984;
Tegeris, 1984). While traditional endpoints such as general toxicity,
teratogenesis and carcinogenesis havé been sEudied for many years, more
recent developments %nc]ude tests  for 1mmuposuppression, .behavioural
abnormalities and genetic damage. | |

.
3

3.3.1 Acute Toxicity

&1

Acute toxicity tests are used to assess the potential of the test
agent to induce adverse health effects upon exposure to high doses over
a short period of time. While not considered to be of great predictive
value for human hea]th effects, acute toxicity studies are useful in
identifying c]iﬁica] manifestations of toxicity as well as in selecting
the dose levels to be used in studies of Tonger duration.  Acute
toxicity studies may also be used to rank the toxic potential of

different agenfs using indices such as the median lethal dose, defined

as that dose resulting in 50% mortality in the exposed population.
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3.3.2 Subchronic Toxicity - 4

<

"Subchronic toxicity studies may be used to assess potentfa] toxic
effects associated with Tlonger periods Yof exposure. Experimental
animals are typically subjected to repeated doses of the test material
for periods of 96 days or Tlonger. Several exposure levels are
genera11y'used in an attempt to characterize the shape and nature of
the dose-response relationship.  Subchronic and reproductivé studies
provide some ind}cations as to potential human, health hazards ‘as well
as a guide for the selection of doses to be used in chronic toxicity

studies.

3.3.3 Chronic Toxicity and Carcinogenicity

Chronic toxicity studies may be used fd detect toxic ef%ects which
occur only after pro?onged'exposure. While most toxic effects will be
manifest 1in subchronic studies, certain irreversible progressive
effects such as cancer may only occur following extended periods of j
e;bosure. Despite the problem of interspecies extrapolation, the
chronic animal bicassay remains an important toxicological tool for
assessing potential human health risks due to '1%Rg-term Tow-1evel

exposure to environmental contaminants.

L

There are generally three reasons for conducting a carcinogenicity
o p

"biocassay. First, the experiment may be part of a screening program for

-
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the  detection of potential carcinogens. Second, the experiment may

* ‘ -
experiment may allow verification of/scientific hypotheses about the

enable estimation of risks at 10w'Tfye15 of exposure. Finally, the

mechanisms of carcinogenesis. . The specific purpose of the experiment
has to be kept firmly in mind when considéring questions of statistical
design and ana1ysis; Since a particular experiment may have moré than
.one objective, moreover, the actual procedures used may represent a
compromise that is not best for any one purpose, but is reasonably good

-

for all.

| £

Recent guidelines on experimental design for carcinogenicity
bioassays generally recommend threg or more d;se”1eve1s, with ;t least
50 animals of gach sex assigned to each dose. The high dose-~*is
generally taken to. be the maximum to1eratéd dose (MTDi, which 1is
defined as the dose that is sufficiently great ts elicit minimal signs
of toxicity, yet not high enough toireduce survival from causes other
“than tumor occurrence. Statistical procedures for thé--dna1ysis of
carcinogenicity studies have also been the subject of much recent

discussion, with extensive recommendations having been made by the

International Agency for Research on Cancer (Gart et al., 1986} .

,

N

When the purpose of the experiment is to discriminate between

-~

rival hypotheses of carcinogenic mechanisms, no general guidelines can

be given, since the best design will depend heavily on the particular

hypothesis being tested.. Specific aspects of the carcifiogenic process
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that could be studied include in utero vs. post weaning exbosure,
initiation/promotion phenomena, 'reversib1iity of 1esion§,' and the
effects of mixed e;posures. A1l of these s1tugtions require. special
e;perimenta] protocols (Bickis &‘ Krewski 1985). Two generation
Studies,/for example, may, be employed in cases where the carcinogen is
suspect@d‘of exerting 1t§leffects as a result of in utero exposure. In
order to fully distinguish between prenatal and postnatal effects,
several dosing regimens encompassing these two stages of developmgg;

are required.

3.3.4 Metabolism and Pharmacokinetics

Metabolic and pharmacokinetic studies may be used to determ%ne the
aBsorptionf distributioﬁ and elimination of the test compound and to
determine the rates at which these processes occur; This information
is essential in order to develop adequate protocols for iﬁbchronic and
chronic toxicity studies (Withey 1978). Metabolic and pharmacokinetic
d?ta .are also invaluable in the interpretation of mutagenicity and

N
othar toxic tests and in the comparison of results in a different

species.

3.3.5 Genetic Toxicology

Much progress has been made in recent years in the development of

short-term tests for genetic alterations using bacteria, fungi, plants,
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insects, cultured mammalian cells and smail mammals {NRC, 1983b); IL%&,
1984a). These tests are of interest not only because of their ability
fo idenfify gene and chromosomal mutations, but also as predictors of
carcinogenicity. They also offer economic. advantages in terms of time

and cost and may in future reduce the need to use laboratory animals
for testing purposes. |

Of the many available short-term tests, the Ames Sa]mone11a}
microsome assay (Ames_g}_gl., 1973ab, Maron & Ames, 1983) is the single
most widely used and most thoroughly validated test system. The assay
uses mutant strains of bacteria which, deficient in their ability to
synthesize the essential animo acid histidine, can undergo cefT
division only in a medium containing sufficient histidine for growth..
The mutagenic potential of the test substance is evaluated by adding it
to the Esgium in which the bacteria are grown, and observing the number

of colonies formed by bacteria undergoing reverse mutation to histidine

independence.

3.3.6 Systematic Approaches to Toxicological Testing

Systematic approaches to toxicological testing have been proposed
to deal with the vast array of tests in an orderly fashion. The Food
Safety Council (1982), for example, has proposed a decision-tree

approach in which the most widely used tests are carried out in a

sequential fashion. Meisburger & Williams {1981) proposed a formal

)
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("l"

decision point approach designed to divide chemical carcinogens into.

two broad categories according to whether their mechanism of action
involves genotoxic éffécts or epigenetic effects such as hormonal
imbalance, immunosuppression, chronic tissue injury and’ proqotion of
previously altered celis. However, it is probably prehature to rely
so1eTy on genotoxicity testing as a means of distinguishing 'betwéen
high and Tow risk animal carcinogens (ICPEMC, 1982). A more genera1
categorization scheme has been proposed by Squire (1981), tin"which
information on the nature ‘of the neoplastic events induced in long-term
tosicologica1 tests is considered along with evidence of genotoxicity
obtained in short term tests. This procedure utilizes perhaps the most
relevant toxicological data to constructgfive difﬁereﬂf categories of
animal carcinogens, thereby providing.a possible basis for prioritizing

regulatory concerns.

3.4 STRUCTURE/ACTIVITY ANALYSIS

Attempts have been made to see if the chemical structure of the.

molecule itself may serve as a predictor of toxic or carcinogenic
effects; Such predictions are often based on particular active groups,
stereochemistry, or e]ectrochemﬁca1 properties. Some such attributes
that have been proposed to establish relative potencies are the number

of aromatic rings in polycyclic hydrocarbons, or the number of chlorine

~ atoms in chlorinated hydrocarbons.
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| . o 4
The sﬁtcess of uéﬁﬁc1assificat16n_ru1es is fairly good, but is
'Y

- far from perfect, "giving misc1assificat1q2§rates of between 1 and- 20%
for certain classes of compounds (Jurs et al., 1983). This is to be
'expected when similar molecules such as 2-AAF (2-acetylaminofiuorene)

and 4-AAF exhibit respective evidence in favour of and against

carcinogenicity (0ffice of Technology -Assessment, 1981).

3.5 WEIGHT OF EVIDENCE
v _ " ‘ .

In order to reach the best possible decision in Tlabelling a

;

particular substance as hazardous or otherwise,‘a11 of the available
toxicological and epidemiological data should be cérefu]Iy eva]uatéd.
Consideration shoﬁ]d be given to the quality of data, the biological
relevance of the health parameters monitored, the consistency of the
results between studies, and the magnitude of the effects induced. The
“overall strength of the data 1mpTicat1ng a given material as hazardous
may then be assessed using a weight of)evidencé”approach.
R )

This concept ‘has been widely applied 1& tﬁe case of carcinoéenic
effects. In particular, both the International Agency for Research on
Caricer (IARC, 1982a) and the U.S. Environmental Protection Agency (EPA,
1986) have established criteria by whichtévidence of carcinogenicity in
either animals or humans may be categoriied as limited, sufficient or
inadequate. A similar approach has been suggested by Doll (1985) for
réconciling negative epidemiological results with positive

toxicological findings.
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3.5 SUMMARY AND CONCLUSIONS

o

Epidemiological and toxicological stddies currently provide much
of the information used in the identification of human health hazards.
Epidemiological studies of human populations have the unique advantage
of providing evidence of adverse effects directly in humans.
Prospective studies may be employed to evaluate tﬁe occurrence of a
variety of possible health effects in exposed and unexposed cohorts
followed over a period of time. When a specific health eﬁdpo1nt has
been identified, retrospective stddies may be employed to compare past
exposures to affected and unaffected .individuals although with certain
environmental’ variables, accﬁrate histor%cé]-data may be difficult to
obtain. Both types of studies can, however, be of restricted
sensitivity when exposure is low and may be subject to unsuspected
confounding risk factors. Epidemiological studies also necessarily
antecede human exposure, and are thus inconsistent ﬁitﬁ a preventive

fegu?atory philosophy.

Many of these problems can be overcome through the use of
toxfco1ogica1 experiments conducted in the laboratory. Here, exposures
*can be carefu]ly controtled and biases eliminated through the use, of
sound experimental design. Similarly, sengitivity may be increased
through the use of high doses. waever, these advantages are achieved
at the price of obtaining only indirect evidence of potential hazards

L

in surrogate'tesf systems.
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Toxicb]ogica1_tests have‘been devised to evaluate many -different
health effects ranging from acute lethality to reproductive and
carcinogenic effects. Speciélized tests designed to assess
immunological and behavioural abnormalities are also available. While

most tests are conducted using surrogate animal species, many new

procedures designed to detect damage to genetic material have been
developed recently for use with primitive microorganisms and cultured

mammallian cell lines.

While both toxicological and epidemiological studies clearly have
a vital role 1in human health risk asséssment, difficulties can arise
when the two approaches are in discordance. This is particu]ar]y'true
when the toxicological data base suggests a potential hea]th hazard yet
the available human data is largely negative. While prudence would
suggest that the epidemiological studies may simpiy be insensitive, the
possibility that man is genuinely resistant to the effects observed in
animals cannot be wholly discounted, pérticu]ar]y in the presence of an
extensive serfes of sound human studies revealing no effects. In
general, a weight of evidence apprdaéh may be used to evaluate all of
the available data and reach a balanced assessment of the potential

health risks to humans.



4. RISK ESTIMATION

” ]

- All thinge are potisons, for ‘there 18 nothing without
poisonous qualities. ¥ 1ig only the dose which mkes
the poigon.

Paracelous (1493-154?)

4.1 INTRODUCTION -. ' | »
As discu§§ed in chapter 2, the process of risk assessment and risk
management has been the subject of. systematic study in recen? years.
Despite some minor differences in detail, most current frameworkézfor
this process distinguish between ‘hazard identification or tﬁe
qualitative description. of‘ toxic phenomena, and risk estimation in
which a more quantitative evaluation of adverse effects is conduc%ed.

In this chapter, we consider possible approaches to-the estimation of

human risks based on both tokico]ogicaT and epidemiological data.

In section 4.2, we discuss the extrapo]aéion of toxicological d&ia
for.purposes of human risk estimation. This includes the apD]icatioﬁ
o; safety factors and mathematical models to experimental data 1n‘order
to establiish human safety standaras. The assumptions under]yinq;these

\DPQCEdUFES are enynciated, and the need to consider all of the
gééf1ab1e biological data in - order to §e1ect the most suitahle

statistical methods for handling risk is emphasized.



, 4.2. RISK ESTIMATION BASED (4N TOXICOLOGICAL DATA

Centuries ago, | Paracelsus (14%?/f)41) noted that "A11 things are
-poisons, for there is noth1ng without po1sonous qualities. It is only

the dose which makes a th1ng a poison.” This simple observation has

two important dimplications. First, overexposure to almost any

substance can pose serious health risks. -Second, the level of risk

depends on the Tlevel of exposure. The fundamental problem_ of

tox1co1ogy is thus to, determ1ne safe Tevels of exposure to tox1cant§

present in the environment. In this sect1on we examine the ava11ab1e

- . -~

procedures for establishing acceptable levels of human exposure to

environmental toxicants based on the results of togiEOTogica1
experiTents. 7 | | '
‘ -/

E!i For purposes of risk est1mat1on, touic processes may be diuided
into tho;e that are stochast1c and those that are nonstochq§31c in
.nature. Stochastic processes such as carcinogenesis result from the
random occurrence of one or more specific bio]ogjca1 even;s¢.in
indiv%dua]s- in a popu]atien. The consequenee' of this 1is. that the
| response of- a particular ind{;idua1 under specified.'conditions of
expusurelcannot be predicted with certainty."ﬂonstochastic events such

as enzyme inhibition, on the other hand, are more uniform in nature and

occur predictab1y fo]]owing exposure %0 a certain critical Jevel of. the

. i ‘r—‘ .. g ' ) g [
_ tox1cant under study Different approaches. to risk assessment are
usual]y employed for these two categories .of response. T

e

)
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4.2.1 Safety Factors and Thresholds

= -

The,-t(ad1t1ona1 approach to setting acceptab]e levels of human
exposure to environmental tox1cants has been to apply a su1tab1e safety
or uncerta1nty factor tou{pat dose Tevel at which no adverse effects
were zbserved in toxicological studies. With contam1nants present in -
food, for example, the no—observéd effect leve? (NOEL) in toxicological

tests is divided by the safety factor (SF) to arrive at an acceptable

. { .
daily intake (ADI = NOEL/SF)} for humans (Committee on Food Protection,

1980). ' \ -

A similar approach may be used to establish threshold Timit values

(TLV‘s) for workplace exposures to substances in ambient air (Royal

Soc1ety Study Group, 1983) The TLY is set so that nearly all workers
will experience no adverse effects following repeated daily exposure,
and is often supported by observations on occupationally exposed.

L'

populations. | 'y

"

! The safety facﬂpr approach to risk estimation seems to have~ﬁégnf ’
formalized first %?%tehman anJ Fitzhugh (1954). 1In a detailed réﬁiew gidj
_of-this procedure, Dourson & Stara (19é3) note that a 100-fold safety BN
factor uas often been ‘appjied‘ for gené?ai toxic effecés other than
cancer. Thfs allows for a 10-fold variation in susceptib11}ty-between

€
animal . and man as well -as a#/?t;fold variation in individual

suscept1b111ty within the human population. In the absence of a
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no-effect level, it has been propoéed that the safety factor might be

()

~applied to the Towest effeét~]eve1 with an additional factor of 5 or so
incorporated so as to adjust for the absence of a no-effect level. For
example, a safety factor ‘of 5000 has been proposed for certain kinds of

carcinogenic effects (Weil, 1972; Truhaut, 1980), with.the additional \

~factor of 10 included as protection against the severity of the

'

response.

L4

In applying the safety factor technique, the uﬁder]ying
- ! - - 1 i
assumptions should be clearly understood. The use of safety factors in

arriving at acceptable human exposurg, levels would appea} to rest at
least tacitly on the assumption of the existence of a threshold dose )
below which no adverse effects will occur. Howeve}, {t?is'precise1y
because the _thréSho1dA_concept may not be .univeksalfy' applicable to
carg?ﬁdgenesis that the regulation of carcinogens is regarded as-a

unique issue in risk estimation.

/T .
=, In mathematical’ terms, the absence of a threshold precludes the .
possibiTityxthat a sufficiently low level of exposure will be free oﬁ/”ﬁh’ )
any attendant degree of hazard. Biological arguments in favour of the .
rnro-thr:eshow'concept forﬁgarcinogenesisjare generaily based on tH:\¥act L
that irreversible Ee]f-rep1icating lesions may result from a mutation
in-a single samatic cell, often following the administration of only a
single dose. Arguments against this position draw on the existence of :
metabolic, Qetbxification, DNA repair, immuno]ogica],-éurvei]]ance and }
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other mechanisms that may operaée to nuﬁify effects at low doses.
Even admitting their existence, thresholds are '11‘ke1y-to)var'y ‘among
individuals. The determination of a population threshold thus presenEs
the difficult statistical problem of determining the minimum of the
individual thresholds, a minimt‘lm which may well be effectively zero in
some cases (B-;'own, 1976). For example, with fifty animals on tesi,
_there is a better than even chance of obsérving no effects wi.j:h a
compound for which the population risk is actuaﬁy as high as 1%
(Cornfield et al., 1978). | -

Less generally recognized is the fact that the app]icatior{ orf a
standard safety factor does‘ not take into account the slope of the
dose—réSponse curve for the particular response of interest (Cornfield
et a_]_.., 1980). Cleariy, a moderate safety ‘factor may provide an '
adequate ., margin of safety‘if the dose-response relationship is
reldtively steep. but may not be suff'-i.cient]y_ conservative if the
dose-response curve is re1a£ive1§"ﬁ%. Conversely, the universal

application of a’very large safety factor will result in tolerances

that will often be unduly Tow. .

T
*

Despite these limitations, safety factors are widely used as a
. ! :
means of risk estimation based on toxicological data. Provided that
the toxic phenomena under study demonstrates a threshold below which no

adverse effects will occur, the safety factor approach seeks to set the
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ADI be]oﬁ this threshold. However, other methods of .risk estimation

are required for toxic effects for which a threshold may not exist.

4.2.2° Mathematical Models and Virtual Safety

Ve
In the absence of a population threshold, . any Tevel of exposure
will induce some risk. ‘In.this event, the ideal of zéro.risk can'on1y
be achieved. if exposure is completely eliminated. Although apsoTute
safety can oﬁ]y be guaranteed in the absence of exposure, suffﬁtie&i]y

low levels of exposure may lead to small but acceptable risks.

S

/

In practice this involves the application of mathematical modeling

techniques to bioassay data in an~attempt to determine a virtually safe
dose or VSD corresponding to some. suitably Tow level of risk (Figure
4.1). Although originally introduced by Mantel and Bryan in 1961, this
procedure has only received widespread attention as a regulatory tool

within the last decade. Formally,* the VSD :j) defined by that dose

dg for which
n = P(dg) - P(O),

where P(d} denotes the probaE?T?ty of a response at dose d and = is the

acceptable risk level.
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The shape of the dose-response curve .in the low dose region can

. have an appreciable effect on the VSD (Figure 4.2). Dose-response
curves approaching zero at a faster than linear or supralinear rate are
: , . ' ‘ :

theoretically possible under certain constructs,. such as 1in a

heterogeneous population composed of a high proportion of scheptib1e

individuals (Hoel, 1985). From the practical pointlof view, however,
such a disproportionate increase in risk with increasingt dose seems
somewhat questionable. Many toxicologists'currently seem to feel that
dose-response relationships for éafc?nogenic agents will be at worst.
T1inear in the low dose region, For compqﬁnds for which spontaneously
occurring Tlesions can.,be modeled as” "arising from an effectiveé
background dose, it cah be shown quité generally that low dose
linearity will in fact obtain (Crump et al., 1976). Other observations
gpnsistenf with such behavior for compounds acting through direct
interaction with genetic material dinclude the Tinearity of many
mutagenicity data sets at subtoxic doses and “the Tlinéar relation
bet@een the formation of DNA adducts and 16w doses . of several
alkylating agents.(HoeT et al., 1983). For compounds that are thought
to produce tumors as a result of secondary effects induced by metabo]iﬁ
overload at high doses, on thé other hand, even‘subiinear_o; threshold
effects cannot be ruled out {Clayson et al., 1983). Becéuse of the
st;tistica1 difficulties 1in deterﬁining thresholds, however, most

mathematical models have dispensed with the threshold concept (Brown,

1976).
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The many mathematical models proposed to date vary iﬁ};heir degree
of biological sophistication (Munro and ?Krewskﬁ, 19814 Brown and
Koziol, 1983). Simple tolerance distribution models such as the
probit, logit, and. Weibull postulate the existence of a certain -

distribution of tolerances within the population, with the absence of a

population threshold reflected in the fact that the minimum of the
indixidua1 tolerances is allowed to be iéro. Stochastic models suéﬁ as
the muTtihit or multistage assumé that a positive response 1is the
result of the random occurrence of a Specified number of hits at the
_taEget tissue or the completion of a certain number of stages in the
response process. Other approaches visualize the host as being
composed of a number.of distfnct bio1og{ca1 compartments with the rate
of tumor occurrence being a linear function of dose within the critical

.4
compartment (Hartley et al., 1981).

For purposes of estimating the VSD, the 1linear hypothesis may
represent a realistic position with respect to the Tow dose behavior of
some carcinogenic agents. For others displaying sublinearity or even
threshold effects, moreover, Tinear extrapolation will provide an upperr
T1imit on the.actua1 risk in the dow dose region. This 5ositi0n is
supported by the U.S. Office of Science and Technology Policy (1985]),
who stated that "Qhen data and information are limited, models or

procedures which incorporate low-dose linearity are preferred when

compatible with the limited information”.
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Pharmacokinetic models offer considerabl% bromise as a means of
improving estimates of risk by re]atiﬁg the response rate not to the
level of exbosure to the agent of interest, but to the, dose 6f thé
_?eactive metabolite reaching the'target tissue (Krewski et al., 1987).
For example phys1o1og1c pharamcok1net1c models envisage the body as
“be1ng ‘comprised of a number of relevant phys1ologic compartments, and
can bé. used to describe the uptake, distribution and_ metabolism of
chemical substances once they enter the body. This is of importance

since the relevant tissue dose is not always proportional to the

external level of exposure,

4.2.3 Measures of Potency

Historically, “Twort and Twort (1930, 1933) and Iball (1939)
- proposed several measures of potency in an-attempt to summarize the
%gta obtained from their experimental studies. For examp1e, one of
their measures was bésed on the time at'whi;h 25% of the animals would

have developed tumours. .Irwin and G@odman' {1946) subsequentiy

considered other related ~measures of pofency, and noted that the

different indices tended to giQe'somewhat Eimi]ar results. Bryan and

Shimkin (1943) suggested the use of the dose required to induce tumours

in 50% of the exposed animals, the quant1ty on which Meselson and

Russel's (1977) index- is defined.
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More recently, Jones.gglgl. {1981) considered the use of the time
until 50% of the exposed aﬁima]s would die from the tumour of interest
as a measure of potency. Crouch and Wilson (1981) Book the slope

- parameters in the one-hit model as-é measure of potency. Noting that

the probability of tumour induction P{d) = Ad for low levels of

exposure d, Crouch and Wilson also proposed using the value M a# a
means of éstimating the response rate P at a given dose d. This will
be reasonable when the one-hit model, which is essentially 11hear even
‘at moderate doses, provides an adequate description of the'observedw
que-response curve, but will be lgss satisfactory when the

dose-response curve is highly nonlinear.

t  Sawyer et al. (1984) proposed a potency index based on the TDsg,
or dose estimated to induce tumours in 50% of the exposed subjects.
The methoderbvides for the effects ofpboth dose.and time, and, Tlike
tpe method of Crouch and Wi1soﬁ, is based on a siﬁp]e exponéntia] or
one-hit model for the effects of«dose. In cases where'the time to
tumour occurrence may not be directly observable, Sawygr et al. used
the time to death with tumour present as a surrogate forf the observable
failure time (see Peto et gl., 1984, for further disgussion of this

paint}.
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The index proposed by Sawyer .et al. (1984) has recently been
calculated using an extensive datg base of kndwn animal carcinogéns
compiled by Gold ‘et al. (1984). Expressing the TDy, in :e;hs of the
daily .intake of the compound relative to total body weight, this
analysis revéaled potencies varyfng over more than seven orders of
magnitude (Figure 4.3). Only a féw nanograms of TCDD, for example,
were required to induce a 50% tumour occurrence rate during the course
of a rodent lifetime, whereas several grams of the food colours FD & C

Red No. 1 and FD & C Green No. 1 were required to elicit the same rates

of response.

© 4.2.4 Species Conversion

Extrapolation of risk estimates between species must be don€ with
grgaf cgution. Each species has distinct physiological, biochemical®
and anatomical characteristics that differentiate it from othef
species. * Interspecies exfrapo]ation is understandably more difficult

with comp1éx toxicological effects such as teratogenesis, mutagenesis,

and carcinogenesis because of our incomplete knowledge with respect to

the underiying mechanism of action.

. Differences in carcinogenic effects between rats and mice are well

documented (Purchase, 1980)ww Aromatic amines Tikewise exhibit
5 S

appreciable differences il carcinogenic potential in a variety of

- different species (Garner et al., 1984}, In contrast, however,

f ; /\’\
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nitrosodiethylamine apbears to be an effective carciﬁogen in all 18

species tested (Schmahl et al., 1978).

Interspecies extrapo1at1on is of critical importance when the
target species is man. Of the handfu1 of chem1ca1s known to cause
cancer in man, the vast m§30r1ty are also act1ve in one or moré animal

W species. Thus, 1t seems rea;onab]e to cons1der chemicals foqnd
carcinogenic in animals to be.preéumptive human carcinogenﬁ. of thé 1
known‘humaﬁ'carcinoéens which have been adequately tested in either the

rat or xhe\ggggijus"g\g comparab]e route of exposure, the maJorlty

app r effect1ve in at 1east\one of the same sites as in man {(Munro &,

K ewsk1, 1982). Although' the degree of correSpondencé in terms of
,\\\\\\\\_ﬂ//éfteaspec1f1ty is not perfect, it seems reasonable to conclude that

animal tests may serve as ‘a fair predictor of human risk, at least on a

qualitative basis. .f ¢

One area which offers some promiselfor improvement in the manfér
in which fisk eﬁtimates are tfans]ated‘from one .species to anéther is
pharmacOk{netit modelling. "By constructing physiologic models to
descr1be the metabolism of a subsfan&n and thg cdncentration‘ the

- ’v

reactive metabo11te at the target tissue, it may be possible to obtain

R

better predictions of t1ssue concentrations in tumours if the
appropriate model parameters can be determ1ned (F1ser0va Bergenova

1983). This approach has recently been emp]oyed by Anderson,gi gl.

>

3
. -
; .
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(1986) to - improve the estimates of cancer risk posed by methylene
chloride, a substance found in trace quantities in drinking water.

v

At present, fully sq%:sfactopy techniques, for quantitative |

trans-species extrapolation generally do not exist. Until they are

developed it is prudent to rely on the assumption that humans will be

at least as sensitive to. a stoéhastic'effecE\és the .most sensitive
: experimenta] species TC1ﬁyson, 1985). However; the price to.be‘pa1d
for th%s assumption is the possible cost of overestimating the risk of
some carcinogéns in the human pOpuTatidh.'“Forwexample, Booth et al.
(1581JH have presented evidence that human liver' may be considerably

less sensitive to the carcinogenic effects of aflatoxin B, than rat

Tiver.

4.3 RISK ESTIMATION BASED ON EPIDEMIOLOGICAL DATA

[N

4.3.1 Measures of Disease Freguency

T e e e

fwo commonly used measures of the frequency of .disease or death in
epidemiological studies are "prevalence" and "incidence". Prevalence
is simply the proportion of a particular population which is affected
by the disease in question at a specific tiﬁe.' {Note that3pfeva1encé
does not take into account the time of disease occurrence, only that it

is present at that time of observation.) Incidence is the proportion

of disease-free individuals developing the disease during a specified
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period and is more apﬁFOpriate for relating occurrence to potential

cadsative risk factors.

~

Rates are used to express the frequency of occurrence within a

" specified time frame. The "incidence rate", for example, is ‘simply the

incidence of disease occurrence divided by the duration of the period
of observation. For examp1e; male " and fgma1e mprta]ity rates Ecross
all age groups in Canada are 836 gnd 603 deaths pér 100,005 population
per }ear. Because the incidence of most diseases varies with both

calendar time and age, however, time or age-specific incidence rates

“are  hecessary in order to describe the longitudinal development of

disease patterns.  Such time—dépéndent rate§ are often described in

‘terms of the '"hazard rate", which s obtained by letting the time

interval on which the incidence rate is calculated become arbitrarily
small {Kalbfleisch & Prentice, 1980). (This "instantaneous” incidence
rate can in fact be shown to be the rate at whfch prevalence is
increasing at a given point in time relative to the proportion of the

population unaffected at that time.) The hazard rate for human

h"mo}ta]ity, for. example, has a bathtub 1ike shape due to infant

mortality and childhood diseases and the effects of aging.
Although time-dependent rates may be most informative, it is
sometimes convenient to employ a single summary measure of disease
[

occurrence encompassing the entire period: of interest. One such

measure is the "cumulative incidence rate" obtained by simply summing



<

-8l -

up the component time or age-specific incidence rates (Breslow & Day,
1980). When comparisons between different populations are made, such
cumulative rates shou1d be sfandardized so'as to reflect differences in

the age distributions between populations (Fleiss, 1981).

The data obtained from many prospective and retrospective studies
can be summarized in a 2x2 table of the following form. Here, the

number of individuals
N

falling irfto each of the four possib1e7¢ategor1es'defined in terms of

entries in the body of the table represent the

disease and exposure status.

Exposure | 2

Status Disease Status(\
Present Absent W

Exposed a b m =a+b

Unexposed c d m=c+d = -

Total n =a+c n, =b+c n=a+b+c+d

\
Note that io- the ﬁatroépective case-control study, groups of diseased
and disease free individuals are first identified and then compared
with respect to their historical exposure to.the risk factors in
question, In the prospective cohort hstudy; on the other hand, xhe
exposed and unexposed groups are first identified and then followed in

order to determine their disease status at some future time.



With a single d1séase state, risk may be conven1ent1y summarized
in terms of the probab111ty of disease occurrence. Thus, the riggs
among exposed and, unexposed individuals may be est1mated by ajfm; and
c/mz respectively. The-tota1 risk is n1/n and the excess risk among
the exposéd individuals is {a/m )-(c/mz). The ﬁe1at1ve risk of exposed
to_unexposed individuals;is given by {(a/m; )/(c/my). - The odds ratio, or,
the relative qdds of developing the disease in the .exposed group és

compafed.to the unexposed éroub, is {(ad)}/(bc). Finally, the popu}ation

‘attributable risk is 1-{{c/-my)/{(n;/n). This represents the proportion

of the total disease burden which may be attributed to exposure to the

y

risk factor of interest.

In retrOSpéctive studies, the values of m and mp 1in the
population at large are not known, so that the relative risk is not:
estimable. With-rare diseases, however, the odds ratip will provide a

good approximation to the relative risk. In order to. estimate the

“ population attributable risk with cohort Studies, the frequency of

£

_exposure in the population at large is required. Similarly, with

i

case-control studies, supplementary information on the frequency of

<

disease occurrence in the population at large must be obtained.’

4.3.2 Health Risks in Canada

z . -

Many of the environmental risks which have received public

attention lie in the area of public health {(Richmond et al., 1981).

-~
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Since accurate measures‘\of\ m0rbidity are largely unavailable, such

1

health risks are usually expressed in terms of var1ous measures of
morta11ty ~1In Canada, for. examp1e a1most 90% of dedths are due to.

fam111ar medlca1 d1sorders with'the predom1nant causes of death beinq
RS

izease and cancer (Health and Welfare Canada and
Statistics Caned: ‘1989). Taken as -a group accidents, poisoning and
vidlence represencﬁzﬁﬁ third 1eadinq cause of death {n Canada and are
becom1ng relatively more 1mportant as other causes of morta11ty decline
at a faster rate (Nicholls & DaV1es 1980) Occupational deaths
accounc'for a small pronort1on of all accidental deaths and have been
decreas1ng in recent years (Poch1n 1981},
r
While our overall nytional risk profile mey diffef From that of
-other natioﬁs the' health Fisks faced by Canad1ans are remarkab1y'
_ s1m11ar to %hose in. other 1ndustr1a11zed countr1es with comparable
11festy1es. Elsewhére., in 1es§ developed sodﬁet1es.:the predominant
health risks remain those associated with the lack .of a safe and
nutritious food andf wéier supply. the prevalence oft communicable
disease and other nateral hazards. ‘

.
[

0f the many diseases for which epidemiological data Ees been
acquired, cancer 0ccup1es a place of ‘snec1a1 concern. Sef}icient
epidemioiog1ca1 eV1dence has now accumu]ated to demonstrate exhat
ionizing radiation as well as some 36 chemicals and industrial

processes are known or strongly susnected to be associated with the

{\ -
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occurrence of<one or more forms of human cancer (Bartsch et a] 1982)

0f . these .agents, all but one or two have a150 been shown tq be

effective 1n one or more animal species. Many more chemica] compounds

.are also known to be carcinogenfb in animals (Sax, 1981) and may

therefore be considered as presumntive human carc1nogens

1Y
L]

‘Taking this and other information into account, Doll & Peto (1981i

) attémpted to estimate ‘the proportion of the total cancer burden which

could be attributable to specific causes in the U.S. population under

age 65 (Table 4.1}. Similar estimates have also been provided by

‘Miller (1984) and Cole (1984).-  Although these figures involve a

considerable: degree of Jjudgment on the- part of these investigators,

there seems to be consensus on the fact that tobacco is resbonsible foﬁ*Z
‘nearly 30% of the total cancer burden. Esfimates of the proportion of ;*:
cancer mortality attributable to diet were less consistent, reflecting'

~our re]atiﬁe]y poor understanding of the re]ationéhip between diet and

cancer. '(A]thdugh their best estimate of cancer mortality related to

diet was 30%, Doll & Peto further indicated this figure could be as Tow

as 10% or-as high as 70%.). "With the pos§fb1ec§xception of occupation;

the remaining determinants of cancer” were all. considered to have

attributable risks of less than 10%.

2

J
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" _ Jable 4.1 Estimates of the Percentage of Cancér Deaths

qg? Attributable to Known Causal Factors
. : ,

Factors ' ‘Canada | ‘United States
Miller - Cole Doll & Peto
& (1984). 1 (1984) (1981}
, . . . _ o
Tobacco . N Lo 26 30 : 30
Diet o e 2 ‘ 8 35
Occupation : 3 4
Radiation* . : T - 3
! Alcohol _ , 6 - 2 3
Reproductive patterns | 4 ] . 7
Sexual activity ' 3 ? !
Licit drugs 1 1 1
‘Viruses : ? 1 5.
General environment . ? 1 - 2

* Including sunlight

4.3.3 Canadian Health System Statistics

Federal, provincial and municipal governments in Canada share the

neSponsibilit& for matters relating to public health. At thé federal
level, the Department of Natjonal Health and Welfare is the principal

agencylin this regard and fs‘reSponsibie for the overall promotion,
preservation and restoration 6f the health of panadians as well 3; for’

their social secuéity and socié] welfare. Thé'gbpaftment is conberped
with data,on health products, health hazards and certain disease areas;

~

they ‘also operate a medical care data bank, and integrate health

r

statistical data from various sources.
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The . main \fgdera] "agency responéib]e for health statistics . is

Statistics Canada. Through its Health:'Division, it has estabiished

1nf6rmation systems relating to vi@a]_ statisfiCs,‘ special djseases,

hea]th'pefsonne] and hospital and institutiona1-cara (Statiétics'Canada‘

| 1980). Although thé collection of the original data in ihesé*areas is
the responsibility of the provinces, the Statistics Canada Act of 1971
ajthorizes the national statistical. agency to collate this information

and.pubfishes a number of\'national reports. \ In nractice, this is done

through federal-provincial/ agreements prepared to facilitate .national .

reporting.

: Statistics Canada maintains complete records on deaths which occur
in Canada, 1including a;e; location and cause as identified by the
widely recognized International Classification of Disease Code. From
this information on mortality, the life expecfancy of Canadians can be
1astimated. The cnrrant }ife expeatancy is about 70 and 77 years for
males and females, respectively (Sfatistics Cahada 1979).

- - . y

Hospital 'statis:;ls can . provide much information on ‘specific
i11nesses and disabilities as well as patterns nf treatment.  This
allows tabulation of the number of patient admissions and separations
(by death or discharge) and of the length of stay‘jn ho§pita1s. Some
provinces also keep deta%léd records of diagnoaes of patienfa'
conditions derived from ph}sicians' medical care insurance claim forms.
A1thougn thése hospital morbidity nata are a very comprehensive snurce
of information on ilTness and disability patterns, this source has

*limitations. There. are no data on illnesses which are self-treated or

=
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on those which;improve bé?org admission’ to hospital. There is also -

relative]y little information on- the cﬁronicaIly disabled or on the

' numbéer of days‘Canadians.remain at home because of 111ne§s.

T
Bes1des compiling general mortality and’ hospita] morbidity data
Stat1st1cs Canada mdintains special registries and “undertakes “special
ana]y;gs relating to particular disease conditions and their treatment.
Some of these information systemsfgre‘ﬂeve1oped in cooperation with
voluntary agencies. In 1969, for example, Statistics Canada started a
national cancer reporting systeﬁ in cooperation with the National
Cancer Inétitqté of Canada and nine ex{sting provincja] tﬁmbur
registries. Statistics Canada also operates a reﬁa] fai1ﬁre regjster
in cqoperation with the Kidney FOUnQaéion of Canada -and Heaath and
Welfare Canada. Its.purposé is to fegister and follow all patients
\requiring artificial. kidnpy trédtmént (chronic peritoneal or

hemodialysis) or receiving kidney transplants since 1973.

Other data .are derived from notification ,which physicians are
réqﬁired un&er provincial laws to make To public health authorities.
Thes& %nc]ude venefea] diseases,lstreptococca1 sore throat and scarlet
fever, measles, rubella, hepatitis, tubercu1osis;'whooping cough and
several others. ‘Thus, additional information is. available on “the
incidence and treaﬁmént of these diseases, although it has been

'estimated'ghat the number of.cases of venereal disease may be subject

to significant underreporting.
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In addition to these bhgoihq pfagrams; hea]th‘statistics may also
bg obtained through-specigl surveys conducted from time'to time. The
Nutrition Canada squey conduqted duriqg- the period 1970-1972. fﬁr
exampie. was designed t@ assess the natritional stﬁtus of the Cénadian

population by meani of peronal interviews with over 22,000 individuals
.‘se1etted from all, parts of Canada. This survey provided data on food
Eonéumption pafterns and corresdondinq nutrient intake (Health and
we1fare: Canada, 1975, 1976 Myers & Kroetsch 1978) as well as
déscriptive.information énd dental healtﬁ {Health & Welfare Canada, °
1977a) an& height, -weight and other body dimensions (Health & Nélfaré
Canada, 1980).. Simitarly. the Canada Health Survey conducted during
1978-197§ providéd information ‘on_ the 'genera1 health 'status of the
Canadian .population (Health & we1fare éanada and Statistics Canada,

1981).

4.4 SUMMARY AND CONCLUSIONS

| While epidemiological- studies apply directly to man. they can be'
subject to certain biases as well as the -confoundiné effects of
unidentified risk ﬁacto}s present in the ;environment. While such
effects/;an be more strinqent1y cohtro]]ed in t6x1c01oqica1 experiments
conducted in a controlled Taboratory setting, the use of toxicological
_data _for nurposes éf :human risk aséessment 'ﬁreéents the difficult

problem of trans-species extrapolation. Both approaches can provide

quantitative estimates .of human health risk, although the use of
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" toxicological data.for this purpose is genera11§hshb5éc§'tb thé'further.-"r~--...A'

uncertainties involved in extrgbo]ating from high experimental doses to

Tower human exposure levels.

The determination of ri;ks associated with low levels of exposure
1s'difficu1t'witﬁ eiéher tprcologita] or epidemiological data s+ﬂc§
this neceésari1y entails 'extrapolation from . higher exposure levels
where risks can be éccuratély measured. wifh toxic effec£9 other‘thanj

carcinogénesis or mutagenesis, acceptable levels of human exposure have

‘trad1t1ona11y been established through the application of a 5u1tab1e

safety factor to the dose 1eve1 at wh1ch no adverse hea1th effects were

observed in toxicological tests. " This is based on the assumption that

" there exists a threshold dose below which the risk. is zero.

With carcinogens and mutagens, the existence of a threshold is not

considered a pfudent éssumption. In this chse, it is generally assumed

. that the excess risk will be direct]y proportional to ‘thg level of

exposure in the low dose region. whiie absolute safety can thus be
abhieved only by reducing exposure -to zero, a virtually safe dose -
corresponding to some suitably Tow level of risk may still be

considered.



5. REGULATORY AND NONREGULATORY OPTIONS FOR RISK MANAGEMENT

-

5.1 INTRODUCTION

1

The effective control of hazards to human health may be ach1eved
in a variety of ways )_H1stor1ca11y, common law act1ons such as claims
of negligence or product 11ab111ty have been employed in an attempt to
. ensure product safety (Baram, 1982). .The inadequacy of sqch‘méasures
has contributed to the subsequent proliferation .of regu]atioqs,"
prqmu1gated by government agencies in an attempt'/to provide better
public protection from unné&essary health risks. More recently, the
current trend towards-régulatory reform aﬁd deregulation has prompted

‘governments to give increasing consideration to nonregulatory

alternatives for risk management.

| Options for the cdhtro] of -risks may be broadly cfassifieq as
regg]atory, economic, advisory, or technological (Krewski, 1986).
Un]%ke regulation, which prescribes safety criteria to be enforced by
government sanctions, economic approaches to hanaging risk emp]oy
econom1c 1ncent1ves or d1%:2cent1ves to- limit the introduction of
anthropogenic po]1utants into the environment. Advisory 0pt1ons for
risk management are based on the provision of advice to either
producers or consumers of risk, so as to promote risk avoidance. The

development of new technology for pollution abatement may also serve to

reduce risk without invoking any of the preceeding options for risk



management. ‘The selection of the most suitable control option for a

particular risk managémentfsituation must take into account a variety
of factors, {hc1uding the nature of the risk, public acceptability of
L the option  under cbnsideratidn, and the mandate of the responsible

authority to implement the option (Lave & Menkes, 1985).

In this chaptef, we review the risk management options currently
available to public health decision makers. The regulatory, economic,

advisory and technological approaches for -controlling risk are
discussed in sections 5.2 - 5.5 respectively. 'Considerétion'1s also
given to factors which impact ‘upon the selection of a spetific option

('se@'on 5.6).

5.2 REGULATORY OPTIONS

Regu]afory approaches to risk management fg]y on goVérnment$1
authorit{; to enforce compliance with specific health and safety
requirements (Marchant, 1984). The most stringent regulation; utilize
prosecution or direct orders to comply as means of enforcement.
However, other regulatory options such as §e1f requlation and the

.issuénce of permits or approvals for cértain undertakings may provide
more flexible means of reQu]atory control, 1in that they allow for
greater industrial participation in_&ecisions.regardinq what level of

control is feasible and how to achieve that level of control.

(L
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5.2.1 Direct Regulation

In the past, direct-regu]atiep has been the most common approach
to rfsk, management. . Although ‘5 detailed discussion of regulatory

statﬁtes -in Canada is deferred to Chapter 6; 'we note here that

regulations generally allow comparable standards to be applied to risk
producers, yet may permit some f1ekib11fty to accommodate spécific
situations (Marchant, 1984). 1In some cases, regulation is an effective
and necessary way of addressing problems and circumstances that cannot
“be handled by any other means (Reschenthaler, 1979). Governments have
the mandate to ensuré the social and economic well-being of their
citizens; consequently the use oﬁ/regﬁ1ation atteﬁpts both to protect
society and to allow industry the freedom to operate efficiently and

prosperously (Ashford et al., 1985).

. A number of factors have contributed to the continuing use of
requlation, including society's growing consciousness over health,
safety, .and environmental concerns coupted with increasing public
demand for greater protection from environmental hazards (Covello &
Mumpower,l1985). The rapid growth of our complex technological society
and the rising cost of technological risks have served to promote the
use of regulation as a means of coping with scientific and
technological developments. Uncertainties as to the immediate and long

term effects of chemical substances and other environmental hazards
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have also raised concerns which in the past hgve often bgén the object |
of regulation. B o

Although the use of regulation is appropriate in manyﬁsituations.
it is subject to certain limitations. For example, regulétion may
not allow for thé economically efficient‘distribution of clean up ﬁosts
amongst effluent sources (Spence & weitiman, 1978). Regulation can
engender significant costs, institutional changes, job dislocations or
1055, more stringent government contrgl of industry, and growth of
government bureéfcracy (Baram,'1982). fhe use of regulation may also
discourage- thel.development of indu%trial ~initiatives to reduce

emissions and to undertake research and development' programs to

.identify new pollution abatement technologies.

Once enacted, régu]ation is generally not readily amenable to
change. Further, the” éffectiveness of any regulation depends on how
well it can be enforced. In short, thecost, clumsiness, and coercive

- 1

nature of direct regulation has served to open the door to the use of
¥

»

less draconian alternatives (Anderson et al., 1978}.
N\

;'/‘

—

5.2.2 Self Regulation

Private industry frequently develops technical documents which
provide guidance concerning use of their products. Self regulation

allows industry to utilize such standards for risk management (Baram,
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1982). While standards may be requirgg to meet with the approval of
‘government, the acceptance of private standards does not‘prec1ude the

\

subsequent introduction of regulations if required.

The use of private standards as a"regu]atory device 1in effect

‘increases government's technical and economic expertise, while reducing
the déain on its own internal resourceﬁ. Use of such standards
provides flexibility, as they can be tailored to the needs of
individual risk producers. This acts to facilitate compliance in that
risk producers are encouraged rather fhan forced to be good corporate

citizens (Baram, 1982).

As an example, many airlines and intercit& bus lines  in Canada
have recently acted on their own initiative to prohibit cigarette
smoking on some of their vehicles. Such policies providé effective
protection from tobacco smoke for many traveI]ers,' at nd cost to
government. | |

. 8]

Despite its advantages, self regulation has been subject to many
criticisms. In some situations, govérnment and industry may fail to
negotiate,'mutua11y acceptable standards, .thereby‘ réndering self
requlation infeasible (Marchant, 1984). Even\if compatible standérds
are produced, arrangements between government and industry may be seen
to lack public scrUtiny. Further, allowing industry "to assﬁme a major

role in the development of its own standards may result in
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nondisclosure, although this may be avoided if apbropriate safeguards

.are built into the regulatory system (Baram, 1982).

5.2.3 Permits/Approvals

This regulatory option requires\njsk proddceré to obtain permits
or approvals from govefnment prior to engaging in a particular
activity. The specific requirements for permission or. approval are
usually negotiateq between government and industry on a case-by-case
basis yithin the Timits of established guidelines (Marchant, 1984):

b :

The permit/approval system s useful in that it addresses risk
problems before they arise. Further, this option provides sufficient
flexibility to allow 1ndustﬁy to chobse its own'technology for risk
management. Requirements can be tailored to specific circumstances and
may provide an opportunity for éonsu]tative inputs by other interested
partiés. This approach can be problematic, however, %n that an
equitable treatment of risk prodhcers may be difficult to achieve
(Marchant, 1984). Further, technical solutions .may also become

obsolete over time and sanctions for noncompliance may weaken.

\'--—:-}h
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5.3  ECONOMIC OPTIONS

§53.1 Insurance and OthertCompensatory Schemes ]

Al

Insurance and ofher compensatory schgmeé basically serve to enéyre
that * those parties who are. adversely affected by. .the risk "producfmg
behavior of others are du1y:compensated for their‘1ossés, regardless of
the Ffinancial status of the risk producer (Baram,’ 1992). Such
appfoaches also ensure ﬁhat the offender does not suffer -severe

—

financial loss as a result of a single claim.

The most common economic options of this type include Tiability
insurance, compensation funds; and automatic indemnity mechanisms such
as bonding, escrow and restoration funds. While such options can serve
to produce strong incentives for ‘risk reduction, they dn]y do so in
cases where the cost associa?ed with implementing the optién outweighs

the economic benefits associatel with the risk producing activity.

Liability Insurance. -Liability insurance consists of a
premiqubased pub]iclor private insuranée aimed at comﬁensating people
of property subjected to injury QMarchant, 71984). Such a system is
advantageous in that it increases the 1ikelihood of'compensation for
injured parties, and forces the risk producer te pay for damages as

well as risk alleviation.

The cost of such insurance may, however, be, very large. Further,

the system may be costly to implement or adjudicate through litigation,



and may suffer from the difficulties associated with legally .

demonstrating cause and effect. The existghce of insurance against
one risk may ‘§150‘ generate undue pressure for other risks to be

covered, ultimately leading to mandatory nolfau1t'underw(1t1ng of all

risks. .

Liability insurance has been used with some success in the United
States, particularly with regard to the .Black Lung Program and Price
Anderson_In§urance (Baram, 1982). The Black Lung Progrém provides cash

benefits to miners suffering from pneumoconiosis, or black ‘lung

disease, as a result of chronic occupational exposure to coal dust. -

The'financial responsibility for compensation is allocated between the
. risk source and the federal government. Such a program provides a
~means of dealing with the substantial risk arising from necéSsary but
dange;ous m1‘n1‘ng‘;'/‘j activities which are not readily amenable to
‘technological solutions. Although the program is advantageous for its
benefici fies, the financial burden of compensafibn ultimately rests

.

with the public.

1)

- i

~
i

Price 'Anderson. Insurance éttempts to ensure g%at the general
public would be compensated_ if an accident occurred at a Ticensed
_nué1earrénergy facility, and sefs a limit on the liability of private
industry so as to encourage research and development. The program
requires each nuciear facility to possess insurance coverage of $140

million (1982 dollars) for public 1liability claims. The federal

government ihén provides 'indemnity protection 1in excess of private.

insurance tb a fixed 1imit of $560 mitlion. The program has a built-in

sunset mechanism: each facility pays $5 million in the event of a
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government subsidization as thg number of

disaster, ‘thus reducing
) . o 2

faciTities increases (Baram, 1982). - o

'ﬁriéé Anderson'Insurance creatés extensive ﬁeer pressure to reduce
}isk, as premium rates -are influenced by the operatihg experience of
thes entire industry. Although the schgme fécilitates an equitable |
distribution d% compensation, thErel ére few instances _where public
policy wj11 allow such qn'indemnity partnership between goyernment and
industry; Traditional 1iabilit} 1nsu}ance méchanisms a]so-promote a
cautioué_approach to ‘the adoptdion oﬁ hew hazardous technb1ogies and may
thus discourage }apid fechno]ogica1 deve]opment which .may entail’

increased risk.

Compensation Funds. Compensation funds are government

adﬁinistered mechanisms for imposing 1iabi1ityhiwithout fault.  In
Ontarib, for example, the Workmen's Compensation Board provides pash
benefits and medical costs to victims of work—re]ated disabilities
(Workmen's Compensation Aci; 1980). Employers are required to
contribute a fixed sum to the fqnd for each employee; with compgﬁéation
paid from an industry-wide 'poo1. , Employer premiums vary with the
amount.of compensation paid across the industry. .

. A

Compensatjdn funds promptly provide necessary financial benefits

‘ * - - . - v J -
to injured workers, serve te avoid litigation, and provide an economic

incentive for employers to reduce risks. As a result, they indgrectly



- contribute to alleviating the effects of ihjufy to workers, emp1oyefs,

‘ o lee- 0
. | 9 ’ N

\

and society at large.
N

-

Despite their advantages, compensation funds. are plagued with

' certain difficulties. Uniform definition of coﬁditions required fogvf

compensation must be ‘established to ensure “industry-wide equity.

Economic inéentives ’may only stimpiate an immediate rather than a
COntihqouﬁ effort for risk reduction. Further, the program is only
truly effectivé to the exteﬁt fhat~cost§ are internalized or absorbed
by risk producers and not transferred to risk consumers. In cases of
chronic disabi]ﬁty, a causal relationship ﬁéy be 'ﬂifficu1£ to

“

establish.

b

~Automatic Indemnity Mechanisms. ‘Automatic indemnity mechanisms

serve as security for compliance with prescribed requirements for risk
minimization, in accordance with a specjfied deadline {Marchant, 1984).

"Bonding" guarantees the performance of a contract. It'is a written

* obtigation binding the signatories to pay a predetermined sum upon

occurrence of particular event. * "Escrow" is a written instrument
imposiqg certain legal obligations, and is deposited together with a
specific amounf of funds, and held by a poﬁparty td'thé contract until
the occurrence of a specified event. A “feétoration fund"-1s a trust
fund created t6 ensure thgt money w%T] be avajlable to rettify problems
caused by the occurrence of.a specific'event (Baram,‘1982). "With each

) _ \ L
of these three methods, refunds are progressively allotted to the risk
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source as conditions of compliance are met. Similarly, funds are °

‘forfeited for noncompliance, and-thus provide'an economic incentive for

risk management. *;

%
.o

—— - : ¢ -

Automatic in&émnity'.mechanfsms can Qrovide a simple, rglativéfy'
inexpensive means of risk managementz _'Théir effgg;ivéﬁ@gg_ however,
requires strict monitofing of activitie;/gnd~éﬁ¥a;cehent bf'penalties,
ﬂpich may'present problems “in @ases"ﬁﬁg}e honcomp1iance is difficult to
measure (Baram, 1982),-‘”'Aﬁéomatic indemnity mechanisms may not be
feasible in casegx where the dépoéit of - funds interferes with 'ﬁhe
financial base gf the praposed ﬁndertaking, or wheke.the economics of
‘comp11ance/nonéomp1iance change so as to render the deposit inad;quate

i
¥

(Marchant, 1984). T

5.3.2 Levies and Other Cost Structures

Some EritioS‘argue that, the most efféctiye means of dealing witﬁ
health and environmental risks }s to compel offending parties to bear
£he full costs of damages through theqimposition of an economic penalty
{(Reschenthaler, 1979). Levies and other cost structures basically
serﬁe to increase the cost-of -risk 'producing activities, with the-
intent of providing an economic-iﬁéentive for reduction or elimination
of risk prodﬁcing‘ behavior (Anderson .SE‘.il" 1978).  Using this
approach the government is responsible for monitoring hazards and

Fy

imposing economic sanctions when required. Amongst the most common

\
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. ,wf”EBst.structurqs'éré polluter-financed cleanup fupds, effluent charges, "
waste disposa] pricing, delay penalties, marketable permits, and raw
material input priciné.

1

-Polluter Financed C1eﬁnup Funds. Polluter-financed cleanup funds

are mohies collected through the jmpbsition‘o% levies.on polluters as a
form of compensation for .the émount‘df health or environmental damage
which has resulted from Ehgir bast activities. . Such funds are used to
finance in whole or in part the ,leanup of existing pollution, through

some government-administered mechanism.

e

!

Although®the use of polluter-financed cleanup funds represents an
attempt.to ﬁﬁke polluters share in the cost of treating_or'réhoving
exi: .ing pollution, such. funds suffer from several shortcomings  in
practice. For example, since Jiabi]fiy is based on existing pollution
levels, it may be difficult to establish the. exact source of the
problem, or to locate and charge polluters whose industries no longer
ekist. _Apportiqning costs on a fair basis may also prove difficu]t,

" particularly in cases where all pollution sites in a given area are not
eligible ﬁor clean up’. | Finally, the government ﬁqy end up
supp]eménting the cost of c1eanE‘Up in cases where the fund ‘is
insufficient, even if such a move is not econbﬁica]]y feasibfe nor

prudent, given other government priorities.

%
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. Effluent Charges. The use. of effluent charges involves imposing a

fee per unit of diéchérge, or per unit of discharge above a speéified
émiséion level (Marchant 1984). This option prov;des f]exib111ty in
that the charge can vary accord1ng to the type and 1ocat1on of

d1scharge such that an equ1tab1e economic burden is placed on sources-

of risk having different abatement costs.

An example of the 1mpos1t1on of effluent charges may be found in
the Canada Water 'Act (Somers & MacDona]d 1983). This Act requires
payment of an effluent charge for the dumping of specified quantities

_of waste into specific water quality management areas.

Effluent chafgeé are also empToyedAin the case of water po1iution
in West Germany;, Italy, France, and the ‘Netherlands (OECD, 1986a).
‘ Similar charges"are being levied in France, Japan, the Nethe%lands and
~ Sweden in an attempt to reduce industrial emissions of sulfur dio§ide

into the atmosphere (OECD, 1986ab).

In order for a systmn of effluent charges to be effect1ve, the
¢harge shauld reflect all social costs that result from the, act1v1ty S0
that it pays for all of the resources it consumes (Wrage, 1985)- This
would encourage risk producers to reduce r1sk until the marginal costs
of further abatement exceed the .amount .of the charge itself (Economic
Coun;11 of Canada, 1981). This notion is, encompassed in the

“pqlluter-Pays-Principle" advocated by the OECD (1983a, 1984a).
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While ﬁhe 1_dea of polluters paying for the true cost of their

«discharges is a very appealing one, there are -practical problems

associated with such a system. Determination of the charge required to

achieve the desired level of abatement or control is d_ifficu'lt'(OECD,-

. 1983b).  The traditional argument in favour of effluent charges fis

often based on an unrealistic assessment of the amount of 1"nformat10n
actually avai]ab1e. to regulators regarding pollution sources, the
extent of pollution, and the costs of clean up .(Spence. & Weitzman,
1978f. Once estabHshed,: it m'ay be difficult to change fee schedules;
further, the costs of charges may be passed on to the consumer fin the
form of increased prices, inflation or unemployment (Reschenthaler,
1979}. Finally, the imp1ementat1‘pn of a charge system is cosﬁy in
terms of the time anld resources required for continued monitoring of
effluerit Tevels. |

H

-Waste Disposal Pricing. Waste disposal pricing increases the

costs associated with waste disposal using such methods as Tlandfill

site; or waste processing facilities. This option has been used in

several industries 1in Italy, France and the Netherlands so as to
encourage innovations in recovery, recycling, reuse’ of waste,
development of new products, or other means to reduce waste streams

(OECD, 1986ac). «

The  advantages of waste disposal pricing are similar to those of

effluent charges in that it internalizes poﬂutio'n costs, ‘stimulates
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1hnovation, and eﬁploys_the Polluter-Pays-Principle. This option also
creates some incentive for private response as opposed to government -

intervention.

Waste disposal pricing is not suitable for controlling all forms

of risk. Even in cases‘where it is applicable, the costs of waste
disposal may not reflect the true sopiaT and economic costs of waste‘
.production. Fufther, such charges may give the'appearancé of providing
a license to pollute, and may thus lack éﬁ?%h}#gcceptabi1ity (Mgrchant,

1984).

Delay Penalties. Delay penalties represent a variant of emission

charges in which fees are imposed only if stipu1ated'emission standards
are not met within a predetermihed schedule (Marchant,.1984). Each
risk producer receives a schedule specifying maximum allowable
emis;ions, the required rate of reduction, and ultimaﬁe risk obje::$Qe
(OECD, 1983a). This system has been used successfully in the contrdl
of both air and water poi1uti0n in Conneéticut (Marchant, 1984), where
the value of the penalty is proportional to the savings afforded the
industry due to delayed capital inyestment. The rate of return on the
industry's pollution-related, revenue-producing investments is also

taken into consideration (Clark, 1978).
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This option Has the advantage of convertiné thesissué of e@issign
controls in foending firms into a matter ﬁf economic decision makinj,
in thaf polluters must'decide to what extent the‘bgnefits associated
with their activities outweigh the cost of violating the required
emission standards. In order to be effective, the benalty'rate should
be high enough to make delays in compliance unprofitable. However, the
schedule and target emissions must be reg1istic, and economically
prgcticable (Economic Council of Canada, 1981). Delay penalties also

suffer from the same limitations as effluent charges.

Marketable Permits. Using a system of marketable permits,

éovernment officials define overall cumulative and dispersive pollution -
objectives for particu]ar.discharges (OECD, 1983a, 1984b). A permit
system is then established so as to/}\qiiathe total discharge within
any specific geographical area in accordance. with the established
pollution objectives. Emission perhits are distributed or auctioned

off to offenders who must adjust their emissions accordingly.

The total cost of reducing emissions to a specified leyel depends
on the" allocation of permits, the’ nature of .emission reductign
schedules, and the incentives for risk producers to develop %nd utilize
less expensive control methods  (Economic Council of Canada, 1981).
Initial auctioning of permits, as opposed to free distribution,
generates revenue which may be used for\ government research and

development, and may serve to encourage the development and



' = 106 -
@ .
installation of new pollution contro],eduipment or the adOptioﬁ of new
techno]obfes: The extent to which cost are transferred to consumers
depends on the market structure andﬁthe demand for permits.
3 | “

. S ) .
Marketable permits have been used to d limited extent in the case

of air pollution through the National Ambient fﬁ;ruaua1ity Standards
/%

States (OECD, 1986d). They have also been used to some extent with

administered by the Environmental Protection{ Agency in the ' United
point sources of water pollution in the State of Wisconsin, with
permissible discharge Tlevels varying according to ambient water

conditions.

Two natjonal policies have been utilized for permit trading in the
United States. The "bubbié policy" allows the Environmental Protection
‘Agency or individual states to designate multiple sources of emﬁssion'
in one or mére firms as a singie source or bubble Fpr regu]ator}
purposes., The limitations imposed on each bubble can be reallocated
amongst individual' sources within the bubble. The "offset policy"
permits the Tlocation of new aﬁd§7expanded sources of pollution in
existing industrialized areas, prévided compenéatcry reductidns can be

achieved at other Tocations within the same recion (QECD, 1986d).

Marketable permits have not been widely used uue to difficulties

associated with their implementation. These include questions of how

to determine the cost of the permits for any given geographical area or
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type of pollution, and how to allocate discharge allowances from fhe
“point bf view of economic effjciency. Generally, industry has opposed
. the use of marketable permits due to the belief that they are chargéd

twice for the -same emission. Environmentalists have also opposed the

"system as it appears to sanction pollution.

Raw Material Input Pricing. Raw material input pricing attempts

to induce conservative use of raw materials so as to reduce the
emissions associated with process outputs. Such a system has been used
in Canada in cases where gas and oil are used either as energy sources

or as petrochemical feedstocks (Marchant, 1984).

Manipulation of raw material prices affords the same economic
benefits as do other penalty-type options. However, there are problems
associated with the determination of appropriate prices and the extreme
sengifﬁvity of these prices to rapid rises in the costs of basic

commodities.

5.3.3 Fiscal Support

Financial assistance or sﬁbsidies generally exist to facilitate
the Heve]opment,of-adoption of new technologies or procedures designed
to reduce risk. Subsidies may take the form of grants to reduce the
capital cost of pollution abatement, loans below ‘market price, or

'specia1 accelerated depreciation tax policies for investments ({OECD,

AN
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" 1983c). Charge-type instruments may be preferable to subsidies if it
is felt that risk producers shouId bear the full costs of abitement.
p
From the economic perspéqtive, subsidies are acceptable provided

that the marginal conditions for efficiency are met. In this regard,

subsidies are preferable if they are transitory, do not significantly
disturb trade and investments, and are designed to promote

socio-economic objectives (OECD, 1984a). Typically, subsidies are

- financed through general Jrevenues or through other charge-related-

prograhs. The choice of the financing scheme will necessarily
determine to whom the costs of risk reduction are redistributed

(Economic Council of Canada, 1981). i

- .
While fiscal support options may induce investment in risk

redﬁction facilities, they can be inefficient because the incentives
~ provided for process-related changes tend to result in amelijoration
rathef than preven?ion of risk. For example, various forms of fiscal
\sypport for the tobacco industry such as tax-deductible tobacco
advertising have served to inadverfent]y br?méke }isk in terms of
éigarettg smoking. The linking of«subsia}es to\;pecific risk reduction

objectives could, howeggr, help to optimize the use of public funds

{Anderson et al., 1978).

Amongst the most common options for fiscal support are tax

deductions, rebates and credits, equity or debt financing, tax exempt
\
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bonds, government contributions and related funding, government loans,
and Joan guarantées and insurance (Marchant, 1984)}. Each of these

particular options is discussed briefly below.

Tax Deductions, Rebates and Credits. Enhanced deductions or

credits, such as the accelerated caﬁita] cost allowances associated
with investments or with other expénses:which are intended to redﬁce
risk, are useful in that they can be tailored to suit corporate
priorities through self-administration (Marchant, 1984).
Self-administration reduces government overhead costs and avoids the\“\\
need for governmenta] review-or intervention.

An Accelerated Capital Cost Allowance Program (ACCA) for pollution
control equipment, machinery, and structures, is administered in Canada
by Environment Canada. This program provides a tax grite-off fog
eligible capital expenses to polluters over a ;hree year period, and
may be applied to any property used primarily for the purpose of
preventing, reducing, or eliminating pollution (Law Reform Commission

of Canada, 1986).

One difficulty with such non flow-through tax structures is that
they are‘of no benefit to firms without taxable income or investment’
outlays at particular points in time. In addition, tax deductions tend
to be applicable only in the upswing of the business cycle and may

result in large financial losses for government. Further, tax
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advantages may provide only an indirect incentive for risk reduction,

in that the private sector may not regard them as subsidies.

Equity or Debt Financing. Flow-through tax features such as

equity or debt financing can be transferred by the taxable entity to.
sources of equity or ‘debt financing through shares or other
instruments. As such, this option provides tax-supported equity
financing for specific purposes, is flexible enough to accommodate

individual firms, and may benefit those without taxable incomes.

However, the cost of such a program can be high, andcgovernment
may find it difficult to retain control over the system. ' Further,
flow-through tax féétures complicate th;_;ax system, and may interfere
with the principle of progressive taxation by effectively providing tax

shelters to industry.

Tax Exempt Bonds. Tax exempt bonds are not considered to be
taxable jncome from the point of viéw‘ of the investor, and thus
effectively reduce the interest rate to the issuer. This option is
widely used for municipal and industrial development, and for
;nvironmental purposes in the area of water poliution in the United

States (OQECD, 1986d}).

Tax exempt bonds are similar to flow-through tax features for

equity financing, but provide a much higher degree of repayment
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security, ‘and are generally suitable for public authorities with a
secure tax base. Although government ret':ainsl control over bond
issuance, pubklic support for bonds can beiobtained via invéstment from

the privaté sector.
Despite their advantage, tax exempt bonds can be costly. In
addition, they appear to subsidize risk producers, undermine the

progressivity of the tax system, and increase its complexity.

Government Contributions and Related 'Funding'. Conltribution

programs involve provision of funds conditional upon compifagce with
specific criteria and conditions. Refundable taxes are similar to
- grants, except that taxable income _1's not- r;equired for e]ig1bﬁ1’ty.-
F'or'giveab'le loans act .as cotributions if specified conditions are met;

otherwise they are recoverable as loans.

These options have been employed to some extent in Canada, most
notably in the case ‘of Economic and Regjiona] Development Agreements
. (ERDA's) administered tﬁrough the ‘Department of Regional Industrial
Expansion. ERDA's are 10 year agreements under which federal -and
provincial governments Jjointly plan, coordinafe and operationalize -a
variety of economic development policies, programs, and activities.
There are currently over 100 such agreements in place, with a total
federal-provincial commitment of over $4 billion (F'irst-r;ﬁnisters,

1985).
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Contribution-type ‘0pt1ons are. useful in. situétions where
governmepts'can gbtain visib11itj and credit for their actions. Such
0pt16ns ére flexible 1in that support packages and the scale of
financial assistance can be tailored to specific tlients. However,

contribution options violate the Polluter-Pays-Principle, and are.often

‘viewed as giveaways to nonperformers. In addition, such measures may
prolong nonviable situations and depend on risk producers being '

motivated to reduce risks and apply for assistance. Lo

-

Government Loan Programs. Government loan programs provide direct

assistance to qualifying risk broducers'for specific purposes  such as
industrial development and agriculture.* Such programs are beneficiaT
to industrfes who otherwise may not be capable of attracting the
necessary cap{ta1 for risk reduction actiVitieé, and allow for
governmentﬁassistance without’ violating the princih]e that the polluter
pays. Canéda maintains a government 1oan‘program'through the Federal
Business Deve]obment Bank, a crown corboration. Such loans are

provided to qualifying firms at the prime rate of interest as set by

the Bank of Canada.

Government 1loans can be very costly when default occurs,
especially in high risk lending situations, and may not be equally
- available to all firms.  In cases where governments do not have

established lending practices, it may be difficult to modify

4 ¥
administrative procedures so as to accommodate this option.
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Loan Guarantees and- Insurance. ‘A loan guarantee is a public

i

.guarantee,covering some percentage -of the brinciﬁ]e of loans provided
by:private lenders for spééific burposes (Wrage, 1985). Loan insgrance
involves negotiat{on with the borrower, and .may .inc1ude Spécif{c
conditions. .Loén guéfantees have. frequently been used for industrial
&eve1opment purposes at both federal and provincial levels in Canada

{Marchant, 1984).

‘Loan guarantees énd insurance are useful in that government need
not compete with conventional 1énders, but can take advantage of their
administrative. and approval capabilities. In a&dition, they permit
. government to provide "support fg the private seﬁtor at arm's Tength.
As with government loan programs however;‘1oan guarantees and insurance
caﬁ lead to differential treatmenp of firms, forcélthe government to
bear. the opportunity cost“ of its iﬁveétment, gnd creatg significant
1iabi1ities“for the public guarantor (lLaw Reform Commission of Canada,
1986). 2

-

5.4, ADVISORY OPTIONS

Adv?sory or informational approaches to risk management may serve
one of two pu;poses. First, they may provide information and advice to
risk brbducers in lieu of a strfcter form of control in an attempt to
persuade offenders to reduce risks. Second, they' may provide

information and advice to the risk/ consumers so as to increase

i
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° awareness, faci]itgte 1nf0rmed decision making; or encourage exertion
of pressure on risk prodqursl Risk management options aimed directly
at risk,producérs include cbnsu1tat1ve and administéative approaches.
Tnosé' aimed at the public include disclosure and -adverse publicity,

worker information, and public- awareness.

5.4.1 'Consu1tafive.Approach

With. the consultative approach, 'government undertakes research,
jdentifies hazards, and develops guideiines which are offered’ to

" industry on a voluntary compliance basis. By doing so, government
assumes an active advisory role, and uses moral suasion to induce

offenders to reduce risks (Reschenthaler, 1979).

¢

The consu]tétive app}oach is appeaiing to industry as it reduces
réséarcq expenditures and offers great flexibility for risk reduction.
However, it is not’certain that offenders will act to reduce risks to'
an acceptable level, if at all. Further, it is quéstionab1e whetherr
government would or could reallocate funds so as to permit researéh;.
and assemb]é and pub]%cize comprehensive information”for the benefit of

individual 6ffenders. : — \ )

v
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5.4.2° Administrative Approach

Using = the administrative approach,. government assume§
responsibility for designing and implementing ¥orma1 safety standards,
and for eﬁforcing these standards through a professional inSpectorate.
While government acts to poiice risk producers, the u1t}mate feso1ufhon
of the problem is left to the offender bétausé of the belief that risk
producers, having richer information sources, can‘ create more
p;actica11y reasonable and economically efficient solutions. Such an
approach 1is particuiarly useful *when the nature of the hazafd is

uncertain and when risk-related decisions are’ complex (Reschenthaler,

1979).

In order for this approach to be effective, sufficient resodrces
must be available for government agencies to cénduct‘ the necessary
‘research, formulate standards, maintain a competent inspectorate, aﬁd
conduct inspections at required intervals. The agency must also have

available to it an adequate system of sanctions to eﬁéure compliance

with standards.

5.4.3 Disclosure and Adverse Publicity

Disclosure refers to the release of nonaccusatory information

~

regarding risk prbduction.- In response to disclosures, risk -producers

may choose to voluntarily modify operations so as to reduce risk, or
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forego offending activitips. Adverse pubticity invp]ves the release bf
risk-related information as it pertains to specific offenders. sUCh
publicity may not be,accompanied by prior notice nor an'opportunity‘to
be heard. Regardless of the sitﬁation, named offenders must comply

with publicized requirements (Baram, 1982).

Disclosure and adverse publicity provide the pub]ip with essential
information, using moral suasion or‘more'stringent tactics to achieve
compliance. As such, these options reduce government control of
private transactions, and aré less éostIy and time. consuming than are
regulations. ‘

Both Aisc1osure-and adverse publicity have bégn employed in Canada
by the Environmental Protectfon Service of the Department of the
Environment. Thésé techniques have'been used as a means of public -
persuasibn throqgh‘ the use of such ihstruments as education and

advertising campaigns intended to-alter or influence the behaviour of

the private sector (Law Reform Commission of Canada, 1986).
/

The use of such options reguires government to find a balance
between the_public’s right to warning of and protection from risk and

industry's right to due process. Proprietary information must be

protected against release except 1in situations where particular

activities pose a real threat to human health or the environment.

H

e
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5.4.4 Worker Information

Risks 1n'£he workplace may be m1n1m1ied by affording‘wﬁrkersla
“direct role in risk reducfion. Such an approach relies’ heavily on
safety committees and mayhinciude a provision for a meaningful right of
work:- refusal. This 0pt1%P is. based on the\gisumption that employees
who are given adequate information on occupational hazards can act in
conjunction with management to reduce or eliminate the corresponding

}isks (Reschenthaler, 1979). .

In order to be effective, safety committees must have direct 1inks
to appropriate medical and environmental :hea1th services which can
provide information, technical expertise and monitoring. Committees
must also be sufficiently indeﬁendent such tHat they .are not
subservient to management. They wmust be allowed to participate in

decision making and must have recourse to appeal. Using this approach,

government, takes on the reduced role of advisor or referee.

5.4.5 Public Awareness

t

Public "awareness . of potentié] risks to human health and—tme ~
environment may be stimulated through the'provision‘of information on
such risks for the population at 1afge. For example, public awareness
programs sponsored by government agencies provide useful information on

such topics as nutrition, smoking, alcohol abuse, and in general health

\
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protection (WHO, 1984). Government agencies may employ various mass
medi$ to do so directly ér may attempt to promote a social environment
that advocates health prémotion and environmental protection. Public
awareness campaigns are useful in reaching 1arge segments of the
population. To be effective, sufficient information should be
available to increase knowledge to the pojht where indi#idua] behavior
" problems concerniﬁg risk may be altered. 1In practice, However, public
awareness inifiatives may not be sufficiently powerful' to persuade some
individuals to minimize their expdsure to those risks over which they

may exert some control.

5.5. TECHNOLOGICAL OPTIONS

Technb]ogica] approaches to risk management ré]y on technologica)l
solutions to reduce‘ risk; with the availability of different
technologies affording flexibility in compliance {Reschenthaler, 1979}.
Use of the technological approach allows each polluter to reduce its
level of emissions by different amounts, using différqnt technologies,
depending on the individual's abatement costs (Wrage, 1985). This
approach stems from the notion of moving directly from hazard
identification to engineering control, and is favorable to both
government and indu;try because it allows for negotiation in

implementing technologically based risk reduction measures. .
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The development of new technological processes or equipment may

serve to reduce risk generation in particu]ar'situatiohs.. Such actions

can minimize government intervention n private industry while at the
]

same time acting as a viable economic alternative for offenders. In

the United ‘States, qu ,e§amp1e, Union Carbide has deve1oggd a new”

tethno1ogy to transform certain wastes and byproducts intg/marketable
commodities, thereby increasing the firm's revenue and reducing its

disposal problem (Reschenthaler, 1979).

In . addition to encouraging new technological developments,
technoloéica1 so1ut165§“bmay involve transfer of information about
~existing technology in conjunction with the use of financial and other
incentives to promote its adoption (Reschenthaler, 1979). Environment
Canada, fof example, performs extensi;e research intolwater'po11ution
controi technologies, and makes this information available to industry,
which may 7lack the resources or the 1nterést to develop . such
technoTogies on their own.

Technological approaches to risk reductiﬂn are being used in
Canada, notably 1in fhé case of the National ‘Ambient Air Quality

&

Objectives established under the Clean Air Act (Somers & MacDonald,

1983). The establishment and enforcement of the specifié emission
standards promulgated under the Act take into account the limitations
of the best available technolody as well as the cost associated with

compliance to. the standards.

<
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Another recent-examb1e of how new techﬁo1ogiéa1 deve]opment caﬁ-
serve as a means of reducing risk is the use of activated-carbon
" filters and reverse osmosis units fdr water ?urification and sewage
treatﬁent [ATobin, 1984).  Such innovations -often occur even in the
absence of regu]a;ory pressufes or economic incentives, and offer

considerable promise for reducing health risks “following their:

introquction.

For specific applications, it has been suggested that the.'"best
practical technology" be selected on the preferreqv method of risk
management. The primary prob]eﬁ associated wifh th?s nption lies in
the ambiguity of the term "best pfactica] technology". This.term could
mean: do what is easy; do what indﬁsfry leaders already do; do
everything short of industry bankruptcy; or use whatever standard
technology is available regardless of cost. The apparent simplicity of

this idea is thus at the same time its fundpmental weakness (Lave and
\

Menkes, ]98?41\\

AN

5.6. SUMMARY AND CONCLUSIONS

'\l . . .
In this chapter, we have considered a variety of risk management
options available for the control of risks to health, safety and the
the environment. A1l of the options considered may be broadly

characterized as regulatory, economic, advisory .or technological.

Although direct regu]atidn has been widely employed in the past, it can
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represent an expensive control mechanism which is subject to a certain
degree of resistahce, particularly within the current atmosphere of
derégu1ation. As such, nonregulatory options for risk management are
being given careful consideration in order to develop as viable

alternatives to regulatory action.

In general,.economic incentives may Bé used as a means of é1tering
business decisions regarding pollution control investments or by making
it more profitable for firms to abate rather than poT]ute;- Insurance
and other related schemes may be invoked to compensate.risk consumers
without placing excessive financial burdens on individual risk
producers. Levies and other cost structures serve to 1ncreése the cost
of risk producing activities, thereby providing an incentive for risk
reduction. Fiscal support may  also be offered by government to
faciiitate the development and installation of new technq1ogy desighed
to reduce risk. o

Advisory approachés to risk management .may provide information
either to risk producers in an attempt to encourage risk reduction or
to risk consumers so as to promote ;1sk avoidahce. This method of
dealing with risk avoids the need to develop formal standards as with
most regulatory and economic approaches, and leaves individuals free to
make their own decisions concerning risk. The advisory approach is

1ikely to be most useful with hazards of relatively minor consequence
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and will work best when the public perception of risk corresponds well

with the magnitude and nature of the risk at hand.

Technological solutions to risk ‘management problems may also be

effective in reducing risk, using different technical means of

pollution abatement. Technological approéches to relieving risk may be
applied as part of a regulatory initiative, but can also be used
independently of other approaches to limit the emission of pollutants

to the extent possible.

The\se]ection of the most approprjate risk management option to
apply in any particular cases requires consideration of the nature of
- the hazard in question. For example, health risks involving serious-w\\
irreversible damage may not be suitable choices for control options
other than regulation, wherea; less serious risks may be more amenable

to the use of nonregulatory alternatives.

The efficiency of each option in reducing or preventing risk ™
should be given considerafién, along with the resohrces required for
its implementation. The capacity of the existinj infrastructure to
respond to the:task of 1mp1epenting the option is a]so‘important. This
requires consideration of mandate, clarity of the governing doctrines,

and administrative simplicity.
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The extent to which the option selected and the results achieved’
are consistent with public va]ﬁes, including cultural and social risk‘
acceptability, s important. The equitable distribution of burdens
related to the implementationgyof the option also needs to be
considered, as do the precedent-setting 9implications for similar

problems which may arise in the future.

App]icatigh of these criteria to specific situat10ns can
constitute the core of public decision making in the selection of risk
management options. The selection of a particular alternative will
then depend on .the specific circumstances surrounding the risk
management problem and the ability of the responsible agency to ensure
that the selected alternative will be effectively operationalized. The
aphea1 of each alternative is dependent upon the social, political, and

economic climate within whishérisk is to be controlled.
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6. REGULATORY STATUTES IN CANADA

.

6.1 INTRODUCTION

In the previous chapter, risk management options were broadly

| categorized as regulatory, economic, advisory or. technological. Of

these, regulation is the most widely employed approach to contfoT1ing
health risks. In this chapter, the legislative basis for regulatory
action in Canada is reviewed in detail.

We begin with a discussion of the division of legislative power
between the Federal Parliament and the Provincial Legislatures based on
the Constitution Acts of 1867 and 1982 (section 6.2). The major
regulatory statutes which havelbeen‘enacted for the protection of human
health and the environment are then discussed in section 6.3. Because
the Constitution Acts lead to some overlap of regulatory responsibility

between the federal and provincial governments, federal-provincial

regulatory relationships are examined in section 6.4.

Recent initiatives 1in the direction of\ requlatory reform are

discussed in section 6.5, with a summary of the current regulatory

apparatus in Canada provided in section 6.6. D)

6.2 FEDERAL-PROVINCIAL DIVISION OF POWER

The Constitution Acts of 1982 and 1867 (formerly the British North

America Act) are the principle documents of the Canadian“Constitution
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and divide Tegislative power between the Federal Parliament and
Provincial Legislatures. The Acts delineate both general and specific
areas of federal and- provincial. jurisdiction, primarily through '

sections 91 and 92. Aithough the Charter of Rights enacte& by the

- Constitution Act (1982) also describes the constraints of federal and

provincial power, 'thé nature and full extent of these constitutionally

guaranteed rights remain to be delineated by the courts.

Section 91 of the Constitution Act provides thé federal government
with the authority to regulate hazardous substances, hazardous products
v .
and environmental contaminants, primarily through 1t5'jur15di€£ion over

interprovincial and international trade and commerce®(section 91(2))

dnd criminal Jaw (section 91(27)). It has also been suggested that the

constitutional authority grarted the federal government "to make laws

for the peace, order and good govérnment of Canada" provides the

federal ?overnment with the responsibility to deal with all forms of =

poI]utlon which cross provincial boundaries and international borders.

Over time, the courts have interpreted. these general powers as
emergency, residual, and national dimension doctrines (Wylie, 1984).
Ehergency power is exercised for a finite period of time in response to
demonstrable crises. Residual powers refer to ali matters not
specifically assigned to provincial gqovernments. The national
dimension applies to issues which require national resolution. The

extent of federal authority regarding these last two doctrines has

-
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never been explored fu]]y. Delineation ;f such authority would be
particularly useful 1in fhe case of interprovincial or international
transmission of Aaquatﬁc or atmdsphefic po}iutants, as provincial
governments Tlack sufficient legislative breadth to deal effectively

with such matters.

Section 92 alsigns the provinces wide domains of jurisdicffﬁn.
Provincial legislatures have authority -within their boundaries over
matters of manufacturing, municipal 'institutions, property gnd civil
rights, the working_environment (exéeﬁt for federal works, undertakings

and businesses as discussed in section 92(10)), waste disposal, and the

provision of health care services (Nemetz et al.. 1982).

The Constitution Acts dd not de;1 specifically Qith management of
risks to health and the environment. However, the federal government
is afforded some authority over environmental management on the basis
of several specific areas of iegis1at1ve jurisdiction including those
pertaining to federal property, taxation, statistics, navigatiqn and
shipping, seacoast and inland fisheries, Indian lands, criminal Iaw;
federal works, international and ihterprovinciaf trade, and the
implementation of Empire treaties (sections 91 and 92; Wylie, 1984).

The':rovinces have control over environmental management through

ownership of natural resources within their boundaries (section

92(109)), and from their authority over property and civil rights



1127 - ‘o

(section 92(13)). They also have COnfro1 over direct taxation within
their éoundar%es.;nd the power to spend these revenues for provincial
purposeé. As such, brovincia] 1égislatures have regulatory power which
-1s comparable to that of ,the Federal Parliament in the area'of

\

environmental risk management.

| Féderal adthority ovér water qua1i£y is in some cases, incidental
to .its authority over ﬁavigation ﬁnd ghipping l(section ‘91i]0)).‘
seacoast and inland fisheries (section 91(12)), aﬁd the treaty powers
(sectién% 91(132)). Federal authorify= takes precedence regarding
coastal and boundary waters.  Provincial authority, largely thﬁqugh

ownership of natural resources, applies only to intraboundary waters

s

(Wylie, 1984). : »

Federal responsibility for air quaiity falls under and the peace,
order and good gbvernment clause noted . previously, and generally
extends only to interboundary matters._ Stationary sources of air

pollution are the responsibility of the provinces.

The Constitution Acts give -‘both fhe fedefa1 and - provincfa]
governments powers with respect to .agriculture. Tﬁus, both levels of
government can ﬁse this power to develop 1eg%s1at10n dealing with
ferti1izeré, feed products, and pesticides. Federal authority over
pesticide . regulation stems from its powers in both trade and commerce
and criminal law. Provincial authority is a function of the provinces'.
authority over the work environment. In cases of confiict, Sgction 95

///’

/

/
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expressly states that any provincial act shall have -effect only if it

~ does not contradict federal Taw.

Parliament's responsibility for criminal law power éffords it the
authority to establish health and safety Standqrds_for foods. Untf]
recently, this power was aSsumed td afford Parliament authority over
food compositional standards as well. However, a 1979 Supreme Court
RuTing (the Labatt Lite Beer Decision) revoked this latter area of
authority as it applies to beer, ale, and related producté. This case
invoTQed,the sale of lite beer containing more than the allowed 2%
alcohol content. 1In effect,rthe Court ruled that Parliament acted in
an ultra vives fashion to estabTish standards which are inconsistent
with the criminal 1aw§ uupder which the Food and Drugs .Act and
RegyTation are based. As a result, the provinces can successfully
ﬁha11en§e Par]?ament's authority over compositional standards for any
food and can assume such authority_ for themselves. Otherwise,
provincial authority over food regulation stems only from their
authority oveé health and safety. In 1987, however, the Food and Drug
Act was amended so as to permit standards on food composition under the
trade and commerce 1imitations applicable to inter-provincial trade.
(Products sold 1in the same province as they were produced were

unaffected by this change.) .

6.3 FEDERAL STATUTES

The major federal statutes which have been enacted for the
protection of the humap health and the environment are summarized in

Table 6.1. These are discussed individually in detaiTKfe1ow.‘
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6.3.1 Fisheries Act

The 1969 Amendment to the Fisheries Act prohibited the deposition
6f ; "deleterious substance" of any type in water frequented by fish.
In add1t16n, the power to make regulations respecting substances, or
classes of substances, quantities and concentrations of substances Br )
ciasseé of substances and treatments, processes and chaﬁges of water
was also included.

6.3.2 Food and Drugs Act

This A;t differs significantly from the more recent environmental
control statutes in that the Food and Drugs Act is a mature p%Eée of
legistation. The Food and Drugs Act itself is quite a brief document
covering only eleven pages. Section 25 of the Act, however, provides
authority for the Qriting and passage of regulations for carrying out
the purhoses and provisions of the Act. Over the years, full
advantage has been taken of the provision as some 175 pages of

regulations have been drafted.

The earliest legislation in this area Iwas passed in 1875 to
control the widespread saje of grossly adulterated liquor. The current
Act was passed in 1954 following revisions of the original statute in
1920 and 1949. As more than 100 years have elapsed since the passage
of the original food control legisiation, consiﬁ;?able experience has
been'gained with respect to promulgation of specific regulations and
standards to protect the consumer from health hazards and fraud with
respect to the sale and use of foods, drugs, cosmetics and medical

devices.
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Two specific areas of regulation under the Food and Drugs Act
impact upon, or interact with, environmental control legislation.
Division 15 of the Regulations prescribes maximum residue limits for
agricultural chemicals on food products. With the exception of_certain

agricultural chemicals, the pest control substances themselves are

registered‘in terms of use patterns, and othef parameters under the

Pest Control” Products Act.

Section B.01.046 1is also significant 1in that it 1ists two
substances of environmental orig{n, namely ethylene- thiourea and
chlorinated-p-dioxins, the presence. of which'éonstitutes adulteration

of the food.

It is important to note that control under the Food and Drugs Act-
or regulations -promulgated pursuant to this statue focus upon the

. .~ .
deleterious material in or upon the food product rather thap control of

{

the contaminant itself.

6.3.3 Canada Labour Code

A}

This act applies to labour and workplace safety conditions for

employees involved in federal work, undertaking or business that is
1

within the authority of the Paf]iamen of Canada. Section 84 of the
Act provides the Governor in Council wi\h authority to make regulations
for the safety and health.of persons empioyed in fgdera] work including
prov}sions respecting the handling, xrak§portation, storage; use and
R

Y

\
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v

o

disposal of substances or devices dangerous to the safety or health of
employees. The Act also provides authority for the Minister of Labour
to authorize any employer to establish a'safet¥ and health committee
for federal work, undertaking or business. “Section 96 of the Act
provides employees with rights of redress and complaint through the-
Canada - Labour Relations Board respecting ’Qio1ations or alleged

violations of the Act or regulations.

Ty

6.3.4 Pest Control Products Act

This Act is designed to control products used for the control of
pests and the organic functions of plants and animals. It is somewhat
unique in that Section 4(2) require contrpl products exported out_of‘
Canada (or conveyed from one province to another) to be manufactured in
an establishment which (a) complies with prescribed conditions. and (b)\
is registered and operated as prescribed. wﬁi1e no regu]étions have
been made pursuant to Section 4(2), ’1t does provide, a mechanism to

prohibit the sale of de-fegistered or banned agricultural chemicals to

other (often developing) countries.

Detailed regulations have been promu]géted under this Act
grescribing registration reduirements.?l?he Health Protection Branch of
the Department of National Hea]%h and Welfare provides advice
respecting the toxiéo1ogy of pestfcides and related suﬁstances and is
responsible for regulating residue levels of agricu1tura1'chemica1s on

food products under the Food and Drugs Act.



6.375 Hazardous Products Act

b

This Act is a product-oriented statute which differs significantly

from the Food and Drugs Act in that the basic Act does not provide

broad powers of prohibition but rather relies upon the use of schedules’

to the Act and régulations to deal with specific hazardous substances.
Schedu1é I to the Act prohibits the advertising, selling and importing
of certain.hazardous products such as jequirty beans or furn1tﬁre and
toys created with g lead containing material. Schedule II prohibit the.
advertising, selling aﬁd,‘importjng of products such as cleaners

containing chlorine compounds and glues containing ketone solvents.

When a product is added to Part I or Part II of the‘Schedu1es, any
manufacturer, distributor of that product or any persbn haviné that
product or substance for sale may, within sixty days of the date of the
order of the Governor in Counéi], request that the Minister refer the

order to a Hazardous Products Board of Review.

e = e

6.3.6 Canada Water Act

This statute authorizes the establishment of water quality
management areas by the federal government in collaboration with
provincial governments. Some of the steps to ensure effective

management include monitoring, research and the establishment of a
water quality plan. It is interesting to note that the Act requires

prepublication of the plan in the Canada Gazette as well as a concise

summary in a newspaper of general circulation in the area affected by

Y

-~ the plan at least once a week for a period of four weeks.

4
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The second part of the Act deals with contaminants resulting from
the manufacture and use of laundry detergents and other cleaning agents
which may cause eutrophication. Regulations may be promulgated
prescribing the nature of permissible contaminants and maximum

permissible concentration of such contaminants in any cleaning agent or

water conditioner.

L]

o ]

Section 8 of the Act is important -in that it contains a general
prohibition against depositing waste in any waters comprising a water
quality management area except in quantities and under conditions
sﬁecifica11y prescribed. Additionally, this Secfion provides for the
payment of effluent discharge fees as a control measure against persons
depositing waste in a designated water quality management area.

.

6.3.7 Clean Air Act

This Act, like the Canada watgr Act, is cast in general terms and
implementation dependi upon promulgation of specific ‘emission
standards. The Minister of the Environment is .responsible for
formulation of air quality objectives reflecting to}erab]e ranges of
" concentration of contaminants, acceptable ranges of concgntration of

contaminants and desirable ranges of concentration of contamigants.

When the emission into the ambient air of an air pollutant in
quantities and concentrations hhich constitute a danger to human health

or violate the term of an international agreement, national emission
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. standards may be prescribed. It is an offence to violate a national —
emission standard as defined in Section 7 of the Act.
. 3
This Act also provides for the federal government to enter into

agreements with provincial governments for the purpose of facilitating, )
coordinating and 1mp1ement1ng po11c1es and programs designed for the
control. and abatement - of a1r po]]ut1on and adopting and app1y1ng,
throughout Canada, national amb1ent air quality. objectives.

-

6.3.8 Environmental Contaminants Act | e

-

This is a relatively new statute (1975} which is 1nténded to cover
.pr0b1ems that cannot be effectively haﬁd]ed under othér environmental .
tegislation, particularly new or recently identified poi]ﬁta ts. It is
jointly adménistered by the Ministers of the Environment and National

Health and Welfare.

This Act provides the Minister of National Health anarwelfare with
broad powers to collect data and conduct-investigations with respect to
substances entering or likely to entef the enviroqmtnt in quantitie; or
concentrations or under' conditions which may endanger human health or
the environment. The Minister of National Health and;welfare 1s also

)

given jo%nt authority with the Minister of the Environment to«appoint
advisory committees to review data collected, receive representation
from interested parties and obtain advice concerning control of.

environmental contaminants.
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As is the case with most modern statutes, all regulati&cf made
pursuant to this Act must be pre-published in Part I of the ~Canada

Gazette. If an objection to a propbsed regulation is filed, the -

Minister of National Health and Welfare"$hall establish an
Environmental Contaminants Board of Review composed of not less than

three people to study and review the objection. -

‘Important regulations have been promulgated under this Act to
prohibit specified uses of persistént environmental contaminants such

as polychforinatéd biphenyl compounds {(PCB's}.

6.3.9 OQcean Dumping Control Act

This is a relatively recént statute designed to contrel dumping of
waste and other substances in the ocean. Three schedules have been
included within the Act which define prohibited substances which cannot

be dumped (Schedule I}; restricted. substances which may only be dumped

“upon receipt of a permit (Schedule 1I)} and (Schedule III) which

factors are to be taken into account in granting‘permits. '

The Act also provides for the Minister to convene a Board of
Review when a dumping permit has been -refused; has been granted but is
unacceptable to the aﬁb]icant‘or has been suspended or revoked. The
Act also provides a range of control actions including seizuré of ships

and aircraft involved in unauthorized dumping.

\

o -
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6.3.10 Transportation of Dangerous Goods Act

This act has been designed to promote public safety in the
transport@tion of dangerous goods. It is a new pidte of legislation

and may be considered as one of the control measures directed against

hazard to life resulting from spillage or contamination from hazardous
stibstances during transport. Ihé”‘Act contains broad prohibition
against handling, offering for transport or transport of dangefous
goods unless all appiicable safety standards are complied with and a]f
containers, packaging and means of transport comply with ail applicable
prescribed safety standards. o

The Act provides extensive power to make regu]ations necessary fo
cafry out the purpose and provisf%ns of the Act. It currently includes
nine classes of substances considered to be dangerous gdods:
explosives, gases, flammable 1liquids, flammable solvents, oxiding
substances, poisoncus and infectious subétances, radioactive materials,

corrosives and miscellaneous products.

6.4 FEDERAL—PROVINCIAL RELATIONS .

S

Given the scope of the regulatory statutes discussed in sectian
6.3, it is clear that the federal government has broad pdwers in the
regulation of hea]th and environmental hazards 1n.Canada. At the same
fime, the Constitution Acts have conferred related responsibilities on
the provinces. While a detailed review of the numerous pieces of

legislation enacted at the provincial Jevel for the protection of
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human health and the environment will not be attempted here, it will be
instructive to briefly examine existing federal provincial
re]ationships'in-the areas of environmental quality, pesticide usage,

and food safety.

\6,4.1 Environmental Quality .

At the federal level, the Department of the Environment (DOE) has
primary authority over enviﬁonménta] management. DOE administers the
most pértinent federal Acts for management -of air andjwater quality,
namely the Clean Air Act, Environmental Contaminants Act, Canada HWater
Act, Fisheries Act, and Ocean Dumping Control Act. In addition,
certain Acts administered by other' federal departments impact upon
water quality manageﬁent, including the Arctic  Waters Pollution
Prevention Act and Northern Inland Natgrszct (Department of Indian
Affairs and .Northern Development); the International Boundar} Waters
Treaty Act (External Affairs); the Navigable Waters Protection “Act
(Department of Transport); and the Pest Control Products Act
(Agriculture Canada) (Wylie, 1984). Each province, largely through its
ﬂinistry of Resources and Environmeﬁt, also administers’ spécific
1egis1atioh'directed towards envi?onmenta] management {see Table 6.2).

‘

The Canadian Council of Resource and Environment Ministries

(CCREM) represents the primary federal-provincial fordﬁ for the

discussion of environmental issues. This committee establishes

v
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Table 6.2, Selected ProVincia] Statutes for the Protection
of Human HealTth and the Environment in the
. Province of Ontario

N

Area o Statute”

. Environmentai Manaqément Environment ProtectionﬁAct {(1971)
Air Pollution Control Requlations (1970)
Environmental Protection (General) Requlations (1970
Guidelines and Criteria for Natér Quality

" Ontario Waste Manaqeme;; Corporation Act (1981)
Ontario Water Resources Act (1970) | -

Pollution Abatement Incentives Act {1970)
Public~Health Act (1970) '

Pesticide Usage Pesticides Act (1973) and General Requlations (1974)

Food Safety The Fish Inénection Act (1975)
‘ The Milk Act and Requlations {1978)

The Liauor Licence Ac£ and Requtlations (1983)
The Liguor Control Act (1975)
The Pesticides Act (1981) and Requlations (1982)
The Farm Products Marketing Act'(TQ%gx

i ‘ The Meat Inspection Act (1@80) and Reﬂu1at10ns.(1982)

The Oleomargerine Act {1970) and Amendments (1971)

The Edible 071 Products Act (1970)
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mutual objectives and guidelines for air quality ‘and water qua]ity; In °
adg1t{on, there exist several more specific federa]/provihcié]
aéreements for air énd water quality management, such as' the Agreements
for Great lLakes Water Quality (with Ontario} and for the Long Range
Transport of Air Pollutdnts (with Manitoba, Ontario, Quebec and New
Brunswicki. Sueh federa1/p}ovipcia1 agreements“usua11y involve cost
recovery services provided by one Tlevel of government to the other,
cost-shared programs in areas of mutual interest, and memoranda of
understanding to avoid d0p11cation in area of congufrent jurisdictions

4
(Wylie 1984).

The Clean Air Act and Regulations enable the Minister of the
Environmeng to enter ‘into cooperative arrangements with the provinces
-and other bodies, estab1ish contaminant objectives and natural emission
standardg, and form'advisory boards and.committees; As provinces have
authority over stationary sources of pollution, the federal government
can only prescribe non-mandatory natural ambient air quality objectives
for common pollutants. In cases where emissiéns ﬁ}esent a danger to
human health or vio]éte an internal agreement, however, the  federal
governmént may prescribe m?ndatony national emissions standards. 1In
recent years, the federal government has chosen to jssue guidelines
only, in order to repatriate areas of concurrent jurisdiétion to

a

provincial authorities. .
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A recent Amendment to the Clean Afr Act enables the federal
government to take some action .on interboundary transport .of air
pollutants, as in the case of acid rain, As well, the Amendment
provides for establishment of a cash fund.to be used for a cost sharing
program between the federal and provingial governments aimed at

reducing acid deposition. Ontario and Quebec have agreed to share the

federal/provincial cost of reducing SO, emissjefis by 50% by™993.

6.4.2 Pesticide Usage

LN
o f

Agriculture Canada is primarily vresponsible for pesticide

1

regulation at the federal level. Under the Pest Control Products Ac&k

and Regulations (]972}, products must be registered with the Department

" before they can be sold in Canada, thereby providing the Minister of

Agriculture with broad authority to prevent the manufacture, storage;
display, distribution or use of any pesticide under unsafe conditions.
The Provinces have no role in the initial %egistration process and as a
result are not privy to jnformation supplied by registrants, unless
registrants agree to re1éase such information. In cases wﬁere new
information is obtained on established product, the Provinces are
however ‘inc1uded in the registratiqn review procéss by virtue of
section 19 of the Regulations.
£ .
Several provinces haye their own legistation for control of

pesticide use (see Table 6.2). Provincial Ministers of Agriculture
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have authority over the Acts, with the primary regulatory tool being

Ticensing of sales outlets and professional applicators.

Pest coﬁtroT product management is facilitated to a large extent
through several committees. At the federal 1evg1, all Departments with
an’ 1ntere§t in pesticides have a representative on the Federal
Interdepartmental Committee on Pesticides (FICP), ap advisory body
reporting to the host Departments. There are aTso‘ several
federal /provincial committees such as The Canada Cqmmittee on Pesticide

Use in Agriculture and the Canada Associations of Pest Control

Officials (Agriculture Canada, et al., 1978).

A1l provinces also have established groups which meet reqularly to
elaborate provincial recommendations on pegticides use. Most provinces
also have interdepartmental committees similar to FICP, which consider
probTlems of a reqiona1 nature and review significant provincial pest
'contro1 programs. The recommendations of these committees are

. bl
reflected in the regulatory status of pesticides under the Pest Control

Product Act and other relevant legislation at both levels of

government.
6.4.3° Food Safety

At the federé] Tevel, the Department of National Health and

Welfare has sole authority over food regulation through the Food and
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Drugs Act (1954) and Regulations. The Food and Drugs Act is a
consumer-oriented statute intended to protect consumers from health
hazards and fraud in the sale and use of foods (as well as drugs,
| cosmetics, and medical devices). Certain other federal Acts indirectly

affect food requlation, most notably those Acts dealing with

commodities and the Pest Control Products Act.

s
.

1
Although .the provinces do have some authority for food regulation

within their boundaries, Newfoundland is the only province with its own
Food and Drugs Act. Newfoundfand developed its own Act, and, due to
its Tate entry into Confederation, has chosen to maintain it. A1l
, provintes also Have some indirect control over food safety, through

various commodities Acts (see Table 6.2).

While there exist no federal-provincial committées or working
groups dealing with food_ regu]qt{ons, ‘both levels of gogéfnment
cooperate to ensure that the lfood supplied to Canadians has high
standards of Qafety and quality. Although the federal government alone
conducts food research and formu]ateQ“ standards, the provinces are
empowered to enfo?ce federal food regulations as well as to apply

stricter food standards of their own.

6.5 REGULATORY REFORM

Recent jears have witnessed trends not only towards deregulation

and the use of nonregulatory options for risk management, but an

+
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increased emphasis on regulatory reform. These initiatives have been

&

motivated largely by a sense that the regulatory apparatus in Canada

may have become too cumbersome and unwieldy. As such, public sentiment
) ) _ _ _ T

seemed to be in favour of ‘streamlining regulation with a view to

increasing both efficiency and effectiveness.

In August, 1980 a §pecia1 Pér]iamentary Task Fopce on Regulatory
Reform under the chairmanship of Mr. James Peterson, the Member of
Parliament from Willowdale, was‘estab1ished to review the feguﬁatony
process and Parliament's. role in the process. Executives from
regulafed industries, trade associations and senjor officials from
government departments gave testimony before the Committee. In
December 1980, this Task Force presented its reports which contained
some 29 recommendations (Report, 1980) to ParViament. In terms of the
work of the public hea1th; the following fecommendations were
particularly significant.

-

Fach Department and Agency should publish twice a year a
regulatory agenda giving notice of upcoming regulatory
inttiatives. : ’ _

Departments and Agencies should prepublish regulations whenever
appropriate and the onus -should be on them to Jjustify why
prepublication is not desirable or possible.

Al1 proposed reguiations should be subject to appropriate
ifpact assessment to be performed by the- sponsoring
Department. ' .

)
Each Department and Agency should review immediately its
regulatory statutes and regulatjons. -
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. Departmenfg and Agencies (should) ensure) that. all their
regulatory activities are evaluated periodically under the
program evaluation system. S

summary of progress made .on regulatory reform, a summary of
major . regulatory initiatives undertaken in. the pasthyear,
identification of those contemplated, identificatjon of program

evaluations comgleted.in the past year and a schedule of future
program evaluations. 3

.~ Annual reports of ODepartments and Agencies should 1;%::fe a

. Public interest group participation in the Federal regulatory
process- should be encouraged and supported by higher levels of
financial assistance.

Departments should consider the use of ' the consensuys process
wherever they have determined that a regulatory standard is an
appropriate policy. | IR

-

Where ,overlap duplication or conflict .of regulatory
requirements exists within the Federal government or between
Federal and Provincial jurisdictions, the Government should
take action to reduce or eliminate the burden in the private
sector. In particular, immediate action should be taken in the
areas of occupational health and safety, food 1labelling and
advertising and food production and processing.

A particularly noticeab}e theme throqghout this réport was the need for
the Government ;o improve communication concerning regulatory proposals
with the regulated industrips, public advocacy groups and other
1nterésted parties. This is 1in keeping with current trends fowardsv

improved risk communication practices and greater public partipation in

decision making (see chapter 9).

[

The parliamentary Task Force also suggested that all' regulatory

proposals - should be subjected to the following questioq;.

What is the problem? | \

What alternative solutions have been considered?
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. How will this proposal help?

What are its drawbacks?
What are its advantages?
Who will gain and who will lose?

Why is it the best means of dealing with the problem?

In response to these recommendations, the responsible regulatory review
committees within the Health Protection Branch incorporated these
questions into a standardized - protocol for application in the

establishment and review of regulatory proposals.

In summary, this Task Force con;1udéd that more discipline, bettef
commupication and'more.openne;s is needed in  the regu1étory precess.
Furthermore, regulatory proposals shou]d.a1ways.give consideration to
alternative solutions, Tncluding noq-regu1atory options as discussed in
Qhaptér 5. | | : | "

More recently, the Ministerial Task Force on Program' Review
re-examingd the patterns of regulatory contr81 of health and
environmental hazards at the federal level in 1985. This Task Force
consisted of the Deputy Prime Minister, the Ministers: of Fipance and
Justic;e, and the President of the Treasury Board, and utili¥ed 19
public/private sector s%ydy teams to comprehenstively, review all aspects-
of federal regulation as well as regu]atary relationships with the

1_provinces, territories and independent regulatory agenciés. The

~,
-
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purpose * of . the undgrtaking was to .proché a revised inventory of
federal programs so as to. improve service to the public, 1increase
efficiency, and reduce red tape.

£

Generally, the study teams found Canada to_be both over-regulated
and badly regulated. o These problems stemmed largely ~from the
cumulative éfﬁect of }egu1ation at three 1¢vels of government, and.from
the existence of outdated regu1afion§. Ovér]ap“and-.dup11cat10n of
'regulation bétween levels of government was found to be significant.
The Texk Force note that the cufrenf re§u1atory situation was acting as
an enormous impediment to economic growth, 1nitiative,fenterprise and
personal freedom, and that intergovernmental cooperation was required

to reduce the overa11'regu1atory burden.

As a result of the Task Force findings, the federal gerrnment has
déc%ded to 1mp1emen£ a comprehensive Regulation Re%orm Strategy. While
bearinglin mind the benefits of‘?hgu1a;ion, the reforms will act to
1{mit the'}ate‘of growth and pro1$feration of new regulations, alter
e;isting regulations as requiréd, increase the public's ro1e in'the
redﬁ]atony‘ proéyss, streamline the federal regulatory system and
1ncréa§é regulatory cooperation with the provinces, especially as- it
pehtains to overlap:and duplication (O0ffice of the Députy Prime

Minister, 1986).

) . 7
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6.6 SUMMARY AND CONCLUSIONS 'ﬁ

%
/ .
widely used and most

Regulation represents one of the most
forceful option available for risk management. - In this chapter, we
have- reviewed the major pieces of federal Tlegislation for the

protection of human health and the environmentﬁin Canada, including the

~ following. :

Fisheries Act (1939)

Food and Drugs Act {1953)

<

Canada Labour Code (1966-67)

Pest Control Products Act (1968)

Hazardous Products Act (1968) o

Canada Water Act (1969) |
-;"C1ean Air Act (1971)

Environmental Contamifants Act (1975)

Ocean Dumping Control Act (1975)

Transportation of Dangerous Goods Act (1980)

Many of these Acts are complementary in nature and may be 'joint1y
administered by one or more federal government departments. Taken as a
whole, these statutes provide a firm basis forthe establishment of
regulatory controls over potential hazaxds to human health .and the‘

<

environment.-
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In addition to federal .legislatien, many provinces have also
enacted related statutes by virtue of the .authority nested in them
under the Cdnstitution Acts of 1982 and 1867. Since the Constitution

Acts generally fail to explicitly assign a clear line-of-éuthority to

'manage risks  to either the federal or provincial governments, they

freqﬁent]y fall within the legisiative jurisdiction of b%ph levels of

¥

government. Although federal.legis1at10n generally takes precedence in
cases of conf]ict,?.the problem of 6v;r1apping juﬁisdictions has
frequently been resolved through the close coaperation of federal and
provincial officials. Freguently, féderél activity has been d1recfed
toward establishing national sténdard§ for adoption and enforcement\by
the provinces. fhe federal ﬁerrnment provides scientific informatdfon

to form the basis of cooperative actions and encourages standards

across the country.

v

t

As a result of the First Ministers Conférencé in 1981, the federal -
government hés begun to withdraw its exeréﬁse of authority from areas
of concurrent jurisdiction, both as a shown of good faigh and as a cost
saviﬁg measure: . This effort has been welcomed by the richer provinces
sucH as Ontario, Alberta and British Columbia, who have greqter
resources with which to develop risk management programs.  Other
provinces have not appreciated such efforts, as they lack the resources

to develop their own 7egu1atory agenda.

,
-’-‘\J
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At 'present there exists a strong. movemeﬁt towards fegu1atory

- reform and deregu]atién in Canada, particu1éf1y at the federa1 Tevel.
This wa§ most apparent in the recommendation of the Ministerial Task
Force on Program Review, which submitted its report to Pa;iiament in
1985. The Task Force put.forward a 1§rge ngmber of specific proposals
for streamlining the fedefa] regu]ator} apparatus, manylof which. are

: . LN
still under active consideration.
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7. DECISION ANALYSIS

\

7.1 INTRODUCTION -

The Fﬁ;id pace of technological deyelopment in ﬁodern industrial-
ized nations has resulted in the synthesis and use of many neﬁ chemical
compohnas in recent decades. This has been accompan1ed'by a heightened
awareness among the public of the potential health risks posed by
chemical substances, including food additives, drugs and pesticides, as
well as contaminants-bresent in the air, water and the environment in

general. R

W

ReguTatory agencies charged with the responsibility ta control
chemical exposures may employ different risk management strategies.
‘These agencies must both choose among the available control optiPnﬁ in
a reasonable and cost-effective manner, and determine the appropriate
level of yigour and expense with which to pursue the approach taken
(Munro & Krewski, 1981). ‘Depending on the nature of the problem at
hand, the control mechanisms can be adviﬁory, technological, economic

or legislative (chapter 5).

+
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Programs to improve human health by reducing the risks pdsed by
environmental hazards can be evaiuated within the same basic framework
used to assess other hea]tﬁ ca}e programs. That framework has‘evolved
and ‘developed over the years (see, for example, Torrance EE al., 1972;.
Weinstein & Stason 1977; ODrummond 1980; Neinstein, 1981; Warner & Luce
- 1982) to the poinf where it has now been applied to a wide range‘of
health care programs. This chéﬁtef deséribes how thaf framework can be
a :Tted and applied to evaluate programs designed to reduce the ris&s

of environmental hazards in general (Torrance & Krewski, 1986).

—

The basic framework within which toxic chemical control programs
may be evaluated is described in section 7.2 inc1udfng idenfification
of the major cost; and consequences of a risk §reduction program.
Measurement of the main cafegories of cost is discussed in section 7.3
along with the measurement of health and othen beneffts. The use of
. this information in evaluating alternative programs by formal decision
analysis procedures is describe& in section 7.4 with guidelines for
their imp1em€ntation provided in section 7.5. Section 7.6 provides a

brief summary along with the main conclusions of this chapter.

7.2 A GENERAL FRAMEWORK FOR DECISION ANALYSIS

Economic evaluation -is the comparative analysis of “alternative
courses of action considering both their costs and their ‘consequences.

There must always be at Jeast two alternatives, otherwise there is no
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need for an analysis. In the simplest case, one of the a1ternat1§es is
represented by the status quo, while the other alternative is the‘new
program under Ag?nsideration.' The evaluation {s-then based on the
incremental cosf§ and consequences of the new program as compared to

those for the existing situation.

~
Frequent1y there are more than two alternatives under consider-

ation so that a number of comparisons are requiréd. .Each alternative
can also be consjdered at several different levels of intensity. For
example, three alternatives for a particular problem méy 'be to do
nothing, to launch a public informatfon program, or to impose formal
regulations. Moreover, a public information prog;am may be invoked at
-different Tlevels of vigour and expense, while rggufations can be
proposed at different levels of stringency. Mu}f%ple a]ternat?ves and
multipte levels of scale within alternatives add to the complexity of
the analysis, but do not change the fundamental approach. For clarity®
of exposition, this paper will deal only with the simple case of one
ﬁrqgram being compared to the status quo.

Because sociéty's resources for health 1mprovfng programs are
scarce, both costs and consequences must be considered in evaluating a
risk reduction program. It is also essential to specify the viewpdint
of éhe analysis. Eossib]e viéwpoints include that of thefbroducer,
consumer, government, or society as a whole. Although ‘costs and

nsequences can differ from one viewpoint to another, the societal

L4
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viewpoint: would seem most appropriate for purposes of public policy

decision making.

A schematic representation of the major costs and consequences of
a toxic chemical control program is shown in Figure 7.1. Three
categories of cost are identified: program costs, producer costs and
~ consumer costs. A good program will have desirable consequences in
terms of reduced human exposure and subsequent improvements in human

health and environmental status.

The program costs incurred by the responsible agency are those
"that would be required for a particular toxic chemical control program.
These costs include those associated with program design,
implementation and operation, including the enforcement of any
regulations that may be e;ggb1ished. Producer coéts are additional
costs to industry of program compliance, including both direct- costs
associated with’ modifications fo the production process and indirect
costs dué to reduced productivity. Consumers may incur higher costs as
a result of increased production costs, a reduction in the quality or
availability of goods, or a preference for more expensive but less

hazardous alternatives.

The most immediate consequence of a good toxic chemical control

program will be a reduction .in human exposure. This will be followed
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by a corresponding improvement in human health stafu; expressed in
terms of direct health effects, the intrinsic value of improved human
health- to the individuals affected, and the economic benefits. of
improved health in the population at large. The improvement in humén"

health due td the control progfam is defined in terms of conventional

hea1thi indicators such as disability days prevented, reduction in

A

morbid}ty and mortality, or life-years gained. .The value of health
~ improvements per se is the va1J; people attach.to being healtgy rather
than sick. Direct economic benefits may occur due to rédqétions in
health care costs while indirect be;effts may arise as a Q:fsﬁ]t of
increased productivity in a healthier population.
.

Other benefits unrelated to-human health are alsoc possible. For
example, there ;re economic benefits associated with healthier crops
and livestock arising from ‘reduced production costs .as well as greater
yig1dsl There' are also intangible benefits such as the aesthetic value

of a cleaner environment.

7.3 MEASURING COSTS AND CONSEQUENCES
' )
. v
The process of determining costs can be broken into three distinct
steps: identification, measurement and valuation. The first step is
simply to identify all items of cost without concern for how they might

be measured. It is important to be comprehensive at this step, and to
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be uninhibited by potential measurement difficulties.  In this way a

complete itemization of costs is developed.

Cost measurement consists of determining the quantity of each cost

item in its natural units. For example, the development of a

particular regulation might require the use of scientific and technical

personnel, laboratory equipment and related supplies and overhead.

Naluation is ‘the step of attaching dollar values to the items of
cost. Generally, market values are used for the valuation of costs.
Nonmarket items, like consumer volunteer time, must be valued using
imputed prices -- often what you would have to pay to .obtain equiva1en%
services. Joint costs, 1{ke'overhead, are difficult to value because
there is no satisfactory method of allocating ,these costs to the
relevant program components {Kaplan, 1982). For each joint cost an
allocation basis must be selected which is judged to be approximately
proportional to usage of the joint resource. If the allocated joint
costs are relatively large (generai]y they are not), sensitivity
analysis can determine the robustness of the final coanusions to the

allocation judgments.

‘Present costs and future costs’ cannot be simply added together.
Future costs must be discounted to their equivalent present value.
Alternatively, initial startup and equipment costs can be annuitized

over future years (Richardson & Gafni, 1983). Either process requires

I



. 157 -

a discount rate, to remove the effect of inflation. AJthough the
choice of ah appropriatg rate is a controversial, theoretical issue
{ Sumner 1980ab;_ Jenkiné i980, 1981; Burgess, 1981), }ecent practice in
ﬁea]th;éare studies has been to use a central discount rate of 5% per

annum and to carry out a sensitivity analysis of this assumption (Boyle

et al., 1983).

7.3.1 Measuring Exposure

Levels of exposure t0§to§jc chemicals present in the environment
can be measured in a variety'of‘ways. These chemicals may enter the
biosphere either-as naturally occuring substances or as the.result of
man's activities. Surveys of énvironmenta] quality can be used to
evaluate the presence of chemica]sl in the general environment,
inciuding those present in air (Munn,l1981) and water (American Public
Health. Association, 1980). TheSe compounds may result in subsequent
human exposure via inhalation or the consumption of drinking water.

~

Ingestion of food additives and contaminants can be evaluated directly
using data on food consumption patterns (Nutrition Canada, i974)‘

coupled with information on the levels of these. chemicals in food (Food

Safety Council, 1978). . '

BTN



- 158 -

Occupational exposures .can be assessed using a  variety of
monjtoring instruments, including personal mon1t0r$ carried by indivi-
~ dual workers.  Biological monitoring can also be used to confirm
chemical exposures via the detection of certain metabolites in urine or

" other tissue samples (Tannenbann & Skipper, 1984}, although the

specificity of this approach remains to be established.

Programs designed to reduce chemical exposures can take a variety
of forms, including restr{ctions on usage, avoidance of exposure, and
reduc?ions in the Tevel of exposure using technological controls. The
purpose of this paper is not. to. describe 1in detail the range of
.po§sib1e alternatives, but rather to provide possible approaches to
choosing among these alternatives.

<

7.3.2 Measuring Human. Health Improvement

Health improvement can be measured in terms of healtﬁbeffects in
health units, the economic benefits of the health 1mprdvement in
dollars, and a measure of thE value of the health improvement per se
.using either dollars or utilities. Health effects are measures of
health improvement) expressed in traditional qnits such as
disability-days prevented, lives saved, or life-years ga1nedl Risk

reduction programs might often create a stream of su;h/ﬁéa1th bénefits

each year into the future. For example, a program might be expected to

’
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‘save 'f1fty lives per i?gr/.follbwing its imp]émentation. It is
discount future héé]th effects just as future
costs are discounted. Failure to do so can lead to bizarre policy

recommendations _(Kee]er & Cretin, 1983). Theoretical considerations

‘suggest that the same discount rate should be used for both program

costs and coh%equences (Weinstein & Stason, 1977): -
r .

o 4

Measurements of the health effects asSociated. with exposure to
toxic substances present ,in the environment can in some- cases be
subject to considerable uncertainty. For ekamp]e, on the basis ¢f the

epidemio]ogicé] data available to date, it has Beéh estimated that 4300

"deaths /nay be attributable to air poT]ut1on each year ,in Canada

'(Ham11ton, 1985), although the plausible va]ues range from O to 13,00C.

~

This "is due “in part to difficulties in accurateT%Eimn1tor1ng human
exposures and in .part to the uncertainty surrgund1ng dose response
re]afionships; particularly at low levels of exposure. In‘genera1, it
is important. that the uncerta1nty associated w1th measuremgﬂés of
health effects be determined and taken into “consideration in the
overall analysis.
N\
The direct econom1c benff1ts of improved hea1th are the sav1ngs 1n'

N

'éb§f§ of health care and social services reaT1zed becaute the

= . . -

' o e
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L

|/ Poputation is healthier (Fraserfet ai., 1976; Cooper- § Rice, 1976).

-

These savings are estimated in the same way that costs are determined:

. S \ : v
all - items arwg;1dent1f1ed, measured. and valued. Frequently, these
savings come from reduced utilization of physician services, drugs and
hospitals. The first two are réT@tively_easy to .value. The savings

due to reduced physician utilization can be determined from the

relevant fee schedule; savings in drug usage is simply the retail cost
i 3

;

of the drugs. \; . -

Reductions in hospital utilization can be more complicated. A
gross 'approximation to the financial savings can be ‘obtained by
multiplying the ﬁbSpita] days saved by the average per diem hospital
rate which is readily available for all hospitals (Stati%tics Canada,

1983). However, if more accurate estimates of hospita]‘;avings are

-~

desired, special studies- are req%jred to determine the actual costs for
 the tyﬁgiiof patients invb]ved. In many cases- 'the finangial savings

. associated with reduced hospitalization "are never actugij&}rea]iied in

4

the sHoft run, becduse the hospital beds are simply filled mfty other

patients. . ‘ j

-~

. - < o |
1Y

Indirect economic benefits are the increases in productive output

b%cause the popuiation healthier. This is normally measured by . the
increased eéarnings whiéﬁ result from the program under evaluation.
There has been a great deal of criticism of this approach because ‘it

discriminates against programs that imprdve the health of the non-work -
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ing: ehildren, tﬁé elderly, and the unemp1pyed (Klarman, 1982; Evans,
1984). This ¢riticism is appropriate whenindirect eepnomic benefits
are used as a proxy for'the'va1ue of -improved health per se, a§ it has
been 1nimaﬁy studies. hﬁ&pever, it does provide a measure of productive
resources returned to soc1ety as a result of a]]ocat1ng other resources

-

(Cl and C2) to the program. ' ) ’

The value of health 1mprovement for its own sake can be measured in
dollars using willingness-to-pay, or in utilities us1ng preference
measuremeng instruments. The willingness-to-pay approach has not been
w{de1y attempted due to ~certain measurément ~difficulties (Klarman,
1982)."' Faced with the certainty of adverse health effects, for’
examp1e, an '%ndividua1's wi]]ingness-tp-pay will depend _strong¥y on
incpme.'ﬂ By fore901ng reTat1ve1y 1nexpens1ve prevent1ve measures but
accepting greater costs for curative procedures, the va]ue of health
seems to be viewed differently depending on one's hea]th status (Evans,

-3

1984). o | R
. . . | o
T Ut111t1es for health states are cardinal values ta\k ;:2\3551gned

to each - hea1th state on a scale that is estab11shed by ass1gn1ng a

value, of 1.0 to being healthy and 0.0 to being dead. The ut1]1ty value,

ref]ects the quality of the health state, and allows morbidity and .

mortality improvements to be combined into, a single weighte& measure’
' 4 i

called Qua1ityrAdjusted Life-Years (QALY's) gained (Weinstein & Stason,

1977; Wilkins & Adams, 1978; Dillard, 1983). For example, if a
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program improved thé health of 1nd1'\;idua1 A from a 0.50 utility .tc.a a
0.75 utﬂity for one 3e$r and extended the life of 1nd1‘vjdualk B for one
_year in a 0.50 utility state, the total QALY's gained for thét year
would” be 0.25 for individual A plus 0.50 for indivigiua] B for a sum of
0.75.

Analysts havé tl:lree choices _for‘determining the ;Jtﬂity vaiués for;
use in a study. One'approaéh is to use values that have been measu[‘e“d
and published in other studies (Kaplan et al. 19"19). A seéond‘approach

which has been .used in a number of studies is to determine the utility
| values by judgment‘ and to perf.or_m extensive sensitivity analyses to
assess the robusfness of the conclusions to these judgmental’ va]ués
'(Neinsfein', 1981). A thi_rd 'e;pproach is to measure the .necessary
utilities using -preference measurement instrumentg.-on an appropria.te
sample of respondents (Sackest—g Torrance, 1978; Kaplan & Bush,- 1982';'
Churchil], SEL_EL"*lggﬂ)" As with other health effects, future QALY
increases must be discounted to their present value. ‘C(.)nsideration
should also be given to the uncertainty aséoc%ated with any - estimates

of such measures of health “improvement.

+ 7.3.3 Measuring Nonhealth Effects

rd

In addition to the benefits of human health improvement, a toxic

chemical control program may create other benefits which should be

ﬁ'dent}ﬁ\eﬁ and, to the .extent possible, quantified.' The value of

’ ’

s

T



healthier crops, commercial forests, farm animals and other nonhealth®

’ . ) »
benefits can be convérted into dollars by determining their economic.

value. These economic gains can be viewed as a partial offset to the
social costs of the program (Cl + C2).
Healthier plants, animals, forests and a c1eaner environment have
. . : ¢ i
assthetic value in addition to commerical value. Although this value
can in theory be measured by using “either willingness-to-pay. or

utilities, it would likely prove very difficult in pract1ce to make
'

these assessments. Given the current state of the art, it is probably

better simply to identify these benefits and not attempt to value them.
Neverthe]eés, they should form part of the discussion and the
interpretation of the results leading up to a policy recommendation

{Torrance & Oxman, 1986).

7.4 DECISION ANALYSIS : ) -
{

Programs directed at the improvement of human health are normally

evaluated using. cost-effectiveness analysis (CEA), cost-utility

analysis (CUA) ar _tost-benefit analysis- (CBA) (Thompson, 1982).
‘\Q, I ) - -
Frequently, several techniques and several viewpoints are jnvestigated

to broaden the base of information -on which to form a policy
recommendation.  The different techn1ques and v1ewpo1nts are s1mp1y

F

d1fferent{methods of combining and- d1sp1ay1ng the data from Fiqure 7. 1

to ass1st in dqc151on making.  Recall _tha{ for s1mp11c1ty, we are

f
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concerned only with the generic case 'of_ one alternative (one toxic
chemical control program). being .compared to the status quo (the do.
nothing alternative). In this case the data in Figure 7.1 afe all

incremental quantities indicating the extra costs and consequences of

the program as compared to the status quo.

7.4.1 Cost-Effectiveness Ana]ysis p

Cost-effectiveness analysis (CEA) may be based on the costs
required - either to réducé exposure R or to effect improvements 16
health staqu'E. (If Tittle s known about 1inkage of a particular
exposure reduction with subsequent health improvement; it may be: wise
to restrict the measure of health benefits to—a measure of exposure
reduction only. Inlthis.way alternative programs.?mn be compared using
CEA to dEtQ:EiEE,;thg alternative with thé/fTéwest cost per unit
reduction in exposure level. Cost-effectiﬁéness analysis can qL§o
determine a priority ragk@ng for addi ?6?@1 programs and- 1evélst of .
%nfensity for the-ca ihereha gﬁgﬁtéi}exposure reduction is desired

than that provided by the most cost-effective program. .

|
r

~ This approach was used by Logan et al. (1981) to compare the
cost-effect%veness of alternative programg.for reducing blood pressuré
i; hypertepsives. Thus, rather than attempting to estimate the
possible ultimate health impact in terms of' qardiovascu]ar disease,.

Logan restricted his measures to the reduction of blood pressure,
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The advantage of this apprbach‘is that it is easier to obtain the
: : P : )
necessary data. The disadvantage is that it has a more restricted
usefulness. While it can be used to determine the best approach ‘for a
particular toxicant, it cannot be used to compare different compounds

*

and_ it capnot compare toxic chemical control programs with other health

improving strategies.

In Eost-effectiveness analysis, the dollar cost of a program is
compared to the nondollar consedyences of the program by means of:a
cost/effectivenéss ratio, CE. ?If there are several alternatives
directed at thé same type of effect, this approach can identify which
of those is the most cost-effecti#e. If there is only one alternative,
an external standard or .a judgment by management is_ required to

determine whether or.not the program is\yorthwhi1e in terms of its

cost-effectiveness ratio.

A number of cost-effectiveness formulations -are-available depending
upon the viewpoint taken as well as the extent and quality of available
data. The primary viewpoint for making public policy recommendations

shou1di‘be that of society. Three CEA formulations from society's

viewpoint are shown below.
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i : -]
CE) =(C14C24C3-G1) /R - (CEA-1) Societal

CEp=(C14C2+C3-Gl-BL)/E (CEA-2) | Viewpoint
CE3=(C14C2+C3-61-B1-B2) /E (CEA-3)

CEA-1 would be appropriate if quantitative data on the human health
jmpact is nof available. Here, R would represent a numerica1tmeasure
of the impact of the program in terms of éxposure reduction. ‘Since
health outcomes are not available, economic benefits Bl aﬁd Bz.cannot

be incorporated in this formulation. The rema%ning ecohom1§ 1£ems must
‘,be handled with care to avoid double counfing. For example, higher
prices as a component of C3 should not be counted if they are simply
due tgvyigher production costs a1feady incorporated in C2. Similarly,
Tower product{On-costs identified as an “economic benefit in Gl should
only be counted once, eifher as a costloffset in €2 or as a gain in Gl,
but not both. The increased value of harvest identified as a potential
economic gain in Gl must be treated carefu1]y. If 1ivest6ck and crops .
ére healthier and heavier as a result of fhe_program, the increased
value of the harvest is an appropriate economic gain. However, 1f}the
-prodhct'is not improved but the price simp}y increases to compensate
prod;cers for higher costé of Broduction,‘there is no economic gain.
For example, suppose a particular brogram increases both the cost of

producing wheat and the average quality of the wﬁeat, and as a result .
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the price per bushel increases. The higher'prOduction costs would be
included on the cost side in C2. The pr1ce 1ncrease to offset these
costs would be listed under €3, but would not be counted twice in the
numerator of the CEA-1 formu]ation. waever the price increase due to

the qua11ty improvement is really not a pr1ce increase because “the

product is different and better, and it should count as a economic gain

* under Gl.

If quantitative estiﬁates on the human health impact of the program
are available, formulation EEA—Z or CEA-3 can be used. Here E w0u1ﬁ be
the health improvement attributable to the program measured in physical
lunfts such as dgsab11ity-days prevented or 11fe~years gaineq depending
on the hature of the health impact. The” only difference between CEA-2
and CEA-3 is that thé latter includes indirect economic bepefits B2,
The argument for incorporating_ this term s that B2. represents-'
resources returned to society as a resu1£ of the program and these
should be shown as an offset fo the resources which society must invest
in the program. Thﬁs‘ the numerator of CEA-3' is the net resource
_consumption of the program from society's viewpoint. Al though
inclusion of B2 seems appropriate from society's point of view, this is
subject to some-controversy {Klarman, 1982), so that CEA-2 is included

as an alternative formulation.

Cost-effectiveness ana1ysis'canlaiso be used to 1nvestigate'pther
viewpoints. For examb1e;-from the federal government’s viewpoint the

/
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formulation wou]djﬂpe CEA-4 or CEA-5, where the numerator represents

only those costs borne by the government. If a Joint

federal-provincial viewpoint is‘;de§1red, CEA-6 cou1d be used. This

¥nc6rporates the economic benefits of reduced costs for health care and -

sdéia1 services, a provincial jurisdiction.

Cey= C1/R (CEA-4)

Federal Government Viewpoint

CEg= Cl/E - (CEA-5)

CE¢= (C1-B1)/E (CEA-6)  Federal-Provincial Viewpoint

7.4.2 Cost-Utility Analysis

Cost-uti]ify analysis (CUA) is si%ply a special form of
cost-effectiveness ' analysis in . which th? measure of effect is
-qua1ity-adjusted tife-years {QALY's) ga1ne%, The CUA formulae are
identical to CEA-2,3,5,6 with E replaced bi U. The advantage of CUA
: ovér CEA is that it uses a common unit of méasurement for all programs
and thus allows comparisons across all pr&grams. 'Indeed, it wou{d
allow comparisons of toxic chemical risk reﬁuction programs to other
health enhancing programs, such as neoﬁatg] intensive care or coronary
artery bypass surgery. .The main disadvantage of this approach is the
difficulty in obtaining accurate data on QALY's as digcussed in section

1

7.3.2. p
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7.4.3 Cost-Benefit Analysis *

In cost-benefit ana1ysis ‘(CBA) all costs and consequences are
converted to dollars and summarized in the net benefit (MB) figure. A
program is'then considered to be cost-beneficial if the net benefit is
positive. If there are multiple alternatives of comparable scale, the
dne with the Targest NB is the best. .

& .
Cost-benefit analysis, 1ike CEA and CUA, can be undertaken from a

[y
1

variety of viewpoints, although the societal viewpoint is the most

common and the most appropriate for public policy decision makingl

NB, = Bl + B2+ Gl - Cl - C2 - €3 (CBA-1)

- (I
NB, = BL + W + Gl - Cl -C2 - (3 (CBA-2)  Societal viéwpoint
NBy = Bl + B2 + W + Gl _~ 61 - C2 - C3 (CBA-3)

[

Formulation CBA-1 represents the conventiongl approach to cost-benefit

analysis as applied to health care programs over the Tast fifteen

years. However, this approach has been severely criticized as being
biased in favour of programs for those who wérk and earn income, aé
opposed to programs that improve the health of children, housewives and
the erer]y. The criticism centers on the-va1fd1fy or lack of validity
of item B2. Howéver, the criticism fis inappropriaté if formulation

CBA-1 is used as a measure of the net resource drain of a particular

/\_

program on society.
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Since net resource drain as measured by CBA-1 provides only one
side of the picture (costs but not consequences}, it is 1nshff1c1ent
for_decision making. The value of the improved health ftse1f must be
entered  into the analysis, theoretically using willingness-to-pay.
Formu]ationé CBA-2 and CBA-3‘both incorporate the willingness to pay
factqr W, although this has proven. difficult to implement in practice.
The difference between these two formulations {is that CBA-2 omits B2.
This approach is favoured by some analysts because 6% the controversial
nature of item BZ2. However, because B2 is a‘va1id measure of resource
gains due to the program, forﬁh]ation CBA-3 seems the most ;bpropriate

decision oriented cost-benefit analysis formulation.

Cost-benefit analyses can also be calculated from other viewpoints,
in which case they become an economic impact analysis for a particular

organization or segment of society.

NBy = Bl - Cl (CBA-4) Federal-provincial viewpoint

i

NBg = Gl -.C2 {CBA-5) Producers viewhoint

For example, the net economic impact for the federal and provincial
_ dovernments is gjvenqby CBA-4. Actually CBA-4 is a sbmeyhat gross

S
approximation in %hat a full analysis would incorporate the extra taxes

coltlected on the extra earnings B2, the increase (decrease) in taxes -

due to ipcréggéd {decreased) profits by producers, and other relevant

changesf in transfer payments. . However, CBA-4 "is 1intended for

[

N )

N

NS
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governmental budgetary planning and comtrol, not for pﬁBgram decision

_makind; ' "l;; _ o

Similarly, formulation CBA-5 investigapes the .ovgra11 economic
imbact on the producers. éasicaTl}. this impdct is the economic gains
due to hea]thier crops (Gl) Tless the‘addedrcosts of production (cz),
being careful not to double count. A mare sophisticated analysis would
conSider‘;he impact qﬁ producers of other factors ;uch as governmént
incentive§ and subsidies. Again, however, "the point of this analysis
would be to better assess the producers' ﬁosjtion rather fhan to make a

decision on the overall net Renefit of the program,

!
.

7.4.4 Risk-Benefit Analysis
Ay with  CEA, risk-benefit analysis (RBA) recognizes the
difficulties of measuring health effects. In-contrast wigh CUA and

: A
CBA, this is done 1n43h ad hoc manner without making any attempt to

‘quantif} health effects. As defined by the Treasury Board of Canada

(1979, p. 10). RBA is o , - ,rf“Hu—~\\\§

. ‘? ) ' -
*a special case (of CBA) where explicit attention is - 5
devoted to categoyies of human costs (risk or loss of life or . ﬁ&
Timb) for which. ‘estabiished techniques of evaluation do<hot
yet exist, In risk-benefit analysis, benefits should be

‘
-~
1]

;»f"'h“f . interpreted in a net sense (i.e., the balance of the ordinary
— ~N benefits over the ordinary costs), but the risk of loss ofk
m . 1ifq.and of human suffering represent extraordinary costs, to
3l - be evaluated separately".
b . a
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The model of RBA is consistent with that ‘proposed by ‘the United States
Office of Techno1ogy Assessment {OTA, 1981}, in which health risks are
considered on a qualitative basis, only when comparing thé riet dollar

benefit of ail gther factors. ‘ o ,

Within the ~context of our evaluation framework, the net do]}ar
yalue of the nonhealth benefits wqu1d be summarized in terms of a risk
net benef%t value (RNB) to be'eVa1uatediin light of<;he conéommitapt
but’ nonmonetary 1nf6rmation on health effects. The RNB figlre fs

similar to that in CBA, exc]ud1ng the va1uat1ons of human health

improvement (B1, B2, and W) used in CBA. From the societa1 viewpeint :

for eXample, the RNB value would be as follpws.

f & | .
RNB, = G1- (c1+c2+c3) (RBA-1) - Societal Viewpoint
It is instructive to note “that RNBy, is simply the negative of the
“numerator in CEj. Thus, risk—behefit"ana1ysié is re1ated to

cost-effectiveness analysis in that, aithough not ferming a ratio, it

effectively lnake§$wse of formula CEA-T. The differénce is that ®in

risk-benefit ana1y51s, exp11c1t cons1derat1on is given to health risks.

and benefits, albeit in a qua11tat1ve fash1on.

[Eall
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7.4.5 Socio-Economic Impact Analysis ‘ s

In Cénada, a' socio-economic impact analysis {SEIA) is now required
for anj :ew government regulation pertaining 'to health, safety or
fairness which is ‘anticipated to result in major “costs. Even if

- specified cost criteria are not met, a SEIA may be required ig\the
proposed action weuld "have other important implﬁcations of potential

concern to interested groups or the public at 1ar§ef (Treasury Board of

Canada, ‘1979, pp. 23-24).

BN

Formally, a SEIA dinvolves an evaluation of tﬁe.aéséﬁéMeﬁt of "both
- the a31déétive-and nonallocative effects of the proposed regulation.
Allocative effecfs oh'mgrket efficiency can be measured in ferms of
production and consumption énd aré the traditional domain of CBA.
Nonallocative effects are aTso of- cdﬁﬁern"to‘_governmgnt; including
those invoiving the distribution of incomé, ;market structure,
international trade, and inf]atjon. These latter efffcts are however
less well suited to formal methods of economic evaluation. ‘

o
7.4.6 Analyses Based on Risks

Techniques for arriving at decisions involving toxic programs to
control environmental hazards which consider only information on
possible hea}th risks have also been discussed in the literature

(0ffice of Technology Assessment, 1981; Hendrick et al., 1984). Such

[
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strategies wi]] be referred to here under the genera1 heading of risk

analysis. Risk m1n1mizat10n a1ms at reducing as far as poss1ble

~Bxposures resu1t1ng‘4n adverse health effects. A special case of this

approach is the zero-risk principle, which calls for the‘ucomplete'

_elimination of -all exposures resulting in some Tevel of risk,“nd matter

how small. Risk/risk analysis seeks to put the risk in question in_
perspective by comparison wfth other known risks. A variation on this
theme is to compare the risk.of usfng a particular chemica] with the
risk qf not us1ng it, as with the- .use of drugs with the potential for
serious side effects to treat life- threaten1ng diseases. While these
procedures can be useful, they consider only consequences and not

costs, and are thus outs1de the scope of this chapter.

7.5 GUIDELINES FOR IMPLEMENTATION

As an aid in understanding.how the material in this chapter might
be applied in the evaluation of a particular toxic chemical control
program, the hypothetical example of a program to regulate the emission
_of _environmental contaminants is cons1dered briefly here. The purﬁose
of‘th1s d1scuss1on is to demonstrate how the methods proposed in this

paper might be app11ed in general terms, not to develop the ultimate

approach. o

The program couid operate at a number of levels of stringency with

Py represent the status quo (no regulation).” The first task is to
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;ssemb1e as much of the data as possible for each program alternatives
P{(1=1,;.,E). Cl would include the initial cost of designing and
implementing the regulation, annuitized on an annual basis, plus the
annual cost of enforcihg‘ and monitoring the regulation. . C2 would
include the annuftized value of equipment modifications plus the annual
increase in operating costs. C3 would include price increases, if any,
mu1t1p1iéd by annu§1 sales. R would represent tﬁe annué] reduction in
population exposure. E would be the annual reduction in 111-health or
mbremaiﬁr;»aééth aé a result of reduction in exposure. Bl would be the
preéent va]ﬁe of the stream of savings in health care costs and_sob1a1
services costs attributable to the health improvement E jn the year’
under study. B2 would be the present value of future productibh'aé"
measured by‘earnings attributable to E, the health improveménts which
5ccurred fn the yea;.under'study. W would be the sum that people would
be willing to péy for health ihpr0vement E. Q would be the
quality-adjusted life-years (QALY's) gained in reduced disability days
‘ahd reduced mortality. Gl would represent the annual economic benefips

from healthier crops, forests and animals due to the improved

environment.

-

? - - .
Obviously, much of this data would be quite crude and should be

accompanied by a measure of its uncertainty for subsequent use in
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sensi£1v1ty ané]ysis. If the human health improvement .data is
considered so uncertain as to be unré]iable, the evaluation would be
1imited to‘CEA with‘cost-effectivéness ratios expressed in terms of thé
cost per_hnit reduction in exposure R. Otherwise, the data can be

analyzed uSing the various models described in section 4.

_Further 111ustration;~of the use of the te&hniques described in
this chapter has been given by Kréwski et al. (1988}, who examined
dec{sidns taken in Canada, thé United States and the United Kingdom
wi th respect to different options available for reducing the levels of
lead in gasoline.  This analysis indicated that the detailed
evaluations carried out in these three couhtrigs-ﬁ11 fall within the
génera] framework provided by the model given in this’chapter. The use
of a cdmmon framéwork to systematically ang]yze the thfee decisions
also served to highlight different assumptions and judgments uséd, and

to clarify the reasons for the different decisions reached in the three

countries. ‘ - | N

7.6 SUMMARY AND CONCLUSIONS

In recent years, methods for measuring health benefiis and
evaluating health care programs' have undergone rapid development.
Organized consideration of ai1 of the relevant costs and consequences

is fﬁportant for purposes of identifying the relevant alternatives,

< , -
-establishing the perspective to be taken 1in the analysis, and

evaluating the uncertainty surrounding the potential costs and benefits

of the program under’ consideration.
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The two fundamental forms for this work are cost-effectiveness

analysis (CEA) andléost-dthfty analysis (CUA). Cost-benefit analysis

may also be,considered if sdﬁftcient information is available to place

a value on the human health" improvement.  Toxic chemical control

. programs designed to improve hd@@n health can be gVa]uated using the

same approaches. Methods have{@agg‘ﬁég J;ed~1n this paper to show how

these 'approaches can be applied ‘iﬁﬂ£ﬁ; rélative1y straightforward

manner. ) ' -

Although not immediately clear from their definitions, there is a
systemat?c refationship among the differeht approaches to decision
analysis discussed in this paper. CEA and CUA consider only

. : \ ’
nonaliocative effects and seek to determine the program providing the

' most cost effective approach to risk reduction, with risk expressed in
terms of QALY's or surrogate measures of health risk- such as reduction _

in  hypertension.  Risk-benefit analysis (RBA) “and CBA . include.

consideration of health benefits, although R%ﬁ doeéx so in only a

qualitative fashion. Socio-economic 1ﬁpact analysis (SEIA) considers

both allocative and nonallocative effects,, and would be of most

interest to broader programs with national or internaticnal economic:

T

The ‘practical application of these procedures will no doubﬁara1se'

certain hethodo1ogica1 issues, particulary in the area of 1inking
program proposaTs with specifit health 1mbrovements. In some caées,

this latter relationship may be subject to considerable uncertainty.

As  experience with these procedures accumulates, however, these:

difficulties may be overcome and sounder strategies for the control of °

environmental hazards may be achieved. \
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8. RISK PERCEPTION AND RISK ACCéPTABILIF¥=

. ' f\'
When the public worries, it is our responsibility to worry.
g ‘ ~ Dan Beardsly,
antronmental Protectton Agency

8.1 INTRODUCTION o

As discussed in chapters 3 and 4. risk analysis attemﬁts to
provide rational sc{entifih estimates of heé]th risks, and to identify
sources of uncertainty inherent in scientific data. Such measures ma#
subsequently -be used in determining the aporbpriate dearee of‘contr61

that may be required to manage risk.

Despite the obiectivp nature of risk ana1vsis, quant1tat1ve
‘estimates of health risk da not take into account how the public views
that risk. In contrast to risk analysis, risk perception is a process
in which individuals subjectively or intuitively combrehend. estimate,
and evaluate the proﬁpbi1ifies and cohsequences of ri%ks. Since risk
analysis fails to consider tﬁe subjective elements of risk percegfion
it 15 important for decision makers to rema1n cognizant of public
concern for health risks 1n order that risk- manaqement dec1s1ons may

recejve greater nublic acceptance.
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. in thig chapter, we review 'ééveral recent studies designéd -to
gauge public perceptioﬁ of health and _enyirqnmenta1 risks .in Cangda‘
 (section. 8.2)q5} Psychological ANdR sbc1o1ogica1 factors known to
influence risk perdeption are considered in section-p.B. Levé]é'of
risk which the pubiic appeafs to consiher acceptab1e 6r which have been
aliowed for regulatory purposes are d1scussed in section 8.4. A
discussion of .the role of. r1sk perception. 1n the risk assessment -and .
risk management process 15 g1ven din section 8 5 with a brief summary of |

the main findings of this chapter provided in section 8.6.

8.2 PUBLIC PERCEPTION OF HEALTH AND ENVIRONMENTAL RISKS IN CANADA

i

A nﬁmber of studiés have been conducted- to gauge the pubYic's
perception of health and environmental risks in Canadg, primar11y\jn'
the form of public opinion surveys focusing on specific 1issues of
' uconcerﬂ.: Although a systematic review of this-reséhrch will not be
attempted here, an examinat;;g%gof the findings of several such

“investigations will provide sgme insight into the Canadian 'pub1jc's

" perception of health risks. Speé??ica]]y; we consider three sepdrate

AW

studies focussing on the perceptlon of general health hazards, food

add1t1ves and water quality. : "f

8.2.1 General Health Hazards

In order to examine the public's perception of health risks 1in

Canada, the Policy, Planning and Information Branch of the Department
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of National Health -and Welfare conducted a bub11c opinion survey

invoiving detailed personal interviews with individuals from. across

oot

Canada {Health & Welfare Cénéda, i984b). A multi stage samp11ng

technique was used to gather the data, with interviews obtained from -

200 of-theIGOO'respondents contacted. The specific objectives of this

study were to ascertain the criteria people use to evaluate risks, to

collect data the Branch could use to improve its communitation with the

public, and to provide data for internal policy development.
'Each respondent was asked to rate 12 ac%ivities and substances on
a sca1e of one to seven, ranging from no health risk at: the 10wer Timit

to an extremely h1gh health risk at the upper limit (F1gure 8. 1) of

) the 12 potential r1sk factors cons1dered i11egal drugs, smoking and
" “alcohol were g&ven the h1ghest risk ratangs. The mdjority of these

_ risk factoﬁ% were percejved to be somewhat hazardous, in the sense that

-

their average ratihd was above the mid-point (4.0) of the scale.

”

In order to further delineate those characteristiéé which affect
risk pefception, the respondents were‘asked.to rate the extent to which
thirteen such characteristics were relevant fo each of the ‘12 risk
factors considered. By ayeragin@ the ratings of these characteristics
over respondents,. a risk profile for each of tﬁe 12 risk factors

considered was constructed.

»

The risk profile for smoking, for example, is shown in Table 8.1.

These results suggest that §m0king, is perceived as a health risk

15
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Table 8.1? A Risk ProfiTe for Smoking

Characteristics _ Average Rating
. : (1 to 7)
Risk is known to science o ' 6.2
Risk has 1itt1é compensating benefit ‘ 5.6
Risk affects many people ' 5.4
Pub11c is aware of and understands the risk ) 5.4
Risk TS 11ke1y to adverse1y affect hea1th ' 5.3
Magnitude of the risk is increasing ' ‘ 4.8
Consequences of the risk are likely to ‘
affect future generations ) 4.8
The government (6r other body with responsibility) _
controls r1sk minimally - ' 4.7
Harmful effects of the rlsk are read11y visible 4.2
Risk is likely to cause a disaster=(i.e. many
people affected concurrently) - 3.7
Risk affects the reSpondent personal]y . 3.6
The individual respdndent has contro] over
the risk : 3.0
Adverse effects of risk occur immediately 2.6
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largely because the risk 1is known to science, there is 1ittle

compensatory benefit, it qffgcts_pany peop1§, the public 1is aware of

the risk and it is considered 1ikely tqmﬂé;mhﬁéﬁlih._ On the-other. .

hand, the coné@rn over smoking s reduced by the belief that the
adverse health effects are delayed rather than immediate, and that the

risk is entirely voluntary.
An examinatidﬁ of the risk prof11e$ for the remaining risk factors

revealed that the scientific community was considered to be aware of

the risks involved in all cases. This observation suggests that the - -

provision of scientific evidence of risk can play an-important role in

enhancing perceived risk.

Further examination of the risk profiles for the.12 risk factors
'considered revealed that the. risk factors tended to cluster within four
broad groupings.invo1ving bad habjts, environmental risks, medicine and

day-to-day risks.

Bad Habits. The risk factors which had the highest perceived risk
(i11egal drugs, smoking and alcohol) all fell within the category of
bad habits. = These risks are of concern 1arge1y because they are

considered td 'be known to science, confer little benefit and harm

health. ' These- factors are, however, offset by the beliefs that the -

indivjdual " can exert control over theée risks, their effects are

delayed, and they do not personaliy affect the respondents.

S
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Environmental Risks. The environmental hazards (air pollution,

pesticides, tap water and food additives) were, with the exception of

. These
risks were considered to affect many people, present a risk to future

-

~ tap water, perceived as posing risks of 1ntermediaté concern

generations, -and be known to science. On the other hand, it was

believed that these environmental hazards induced only limited adverse

health effects wh%ch are both de1ay;d and nof readily discernible.
. L. )_ -

Medigine. Hithin “the category of medicﬁ] hazards,
ngn—prescription drugs were considered to present much lower risks than
prescription drugs. Medical risks were felt to be knoyn tdﬁscience,
affect many people, and affect future generétioné. “The belief tha£
preséription and non-prescriptjon drugs have little effect on
respondenté;persona11y and are largely under "individual control tended

‘to reduce their perceived risk.

Day-to-Day Hazards. With the .exception of driving, day-to-day
hazards were generally perceived as Tow risks. These hazards were
considered to present scientifically known risks, affect many peopie,"
and cause jmmediate effects. They were fé1t to be under individual

control and have little effect on future generations.

In order to examine tggp sources which people use to obtain
information on risk, respondents-were asked to identify their primary
sources of information from a list of six potential sources (Table

8.2). These results Jdentify the ner media is the main source,



Table 8.2 Primary Sources of Information on Health Risks

Source Percentagé\ of Respbndents
News Media 64
Health & ﬁe]faré Qaﬁada 22
Consumer G}oups 18
Boctor - 15
University Scientist/Professor . 4
Local Medical Officer 3
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consulted three times as often as any other single source. Health &
. Welfare Canada_ was the second most\\popu1ar source -of information,

providing information on a wide range of health risks, most often on

‘
i

smoking, alcohol and i1legal drugs.

Respondents were also asked to rank the credibility of each source
on a scale of 1-6, least to most trustworthy (Table 8.3). These‘
results indicate that the six sources of health risk information differ
in credibility, but not dramatically. Although the most p0pu1ar source

of information, the news media ranked Jowest in credibility.

In order to evaluate bublic exposure tq 'riskifiﬂjprmation,
respondénts were asked to identify which risk factors they had heard
about, most often from each of theii‘primary sources of information.
These results indicate that the threzdrisk faﬁtors assigned the highest
perceived risk score (illegal drugs, smoking and alcohol) were a]so.the
three risks the public had heard most about. Also, the two risks
assigned the 1owes£ perceived risk ratings (home hazards and tap water)
were the ones the public had heard the least about. These obseryations

support the hypothesis that public exposure to risk information is an

important determinant of risk perception.

g.2.2 Food Additives

Health & Welfare Canada (1979) conducted a cross-Canada survey of

consumers to measure their knowledge of food additives, their concern
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|
Tab]e‘8.3 Credibility of Sources of Health Risk Information

Average Rank

Source o (1 to 6)
‘Doctor . ' - 4.0
Health & Welfare Canada . ' - 3.7
Local Medical Officer _ | iJ - 3.5
Consumer Grbups ‘ 3.4
UniVersityVScientist/Professor ‘ 3.4r>
News Media . | 3.1




- 188 -

\
over food additives and their perspective of additives with gEgérd.to"
safety of the food supply. The sufvey invo&ved a Qroup of 24,940
self-selected adult Canadian shoppefs, representing about 0.1% of the
Canadian population. Information oﬁ 'pup1ic views towards .food

additives - was obtained by means of a brief self-administered

questionnaire.

This survey rendered that most people felt that there is‘
inadequate control of food aaﬁitives, and that the addition of colours
to food 1is not justifiab1e; Almost 90% of those surveyed were
concerned over possible adverse health Jeffects from food additives..
Most people indicated they made an effort to eat food with less
additives and were prepared to pay more for food with no additives.

Over 90% of respondents wanted more information on food additives.

The respondents were also asked to rank food additives in re]ation
to other potential health hazards in food (Figure 8.2). Hazards
associated with pesticides and bacterﬂa were rated about E%e same as
those from food additives, with industrial pollutants and other hazérds
being of much less concern. (Note that the sum of the response rates
for each hazard exceeds 100% since some respondents selected more than

one item as being of most concern to them.)

8.2.3 MWater Quality

L

Environment Canada (1981) sponsored a study of public opinion and

attitudes concerning water quality in the Canadian Lower Great Lakes
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Baﬁin in 1978. .Information was obtained by means ,of telephone
interviews w}th 3;06&;peop1e selected at random in Southern Ontario.
The‘objectivgé of the study included an assesgment of currenf ﬁub]ic
pégpeption of Great Lakes .water quality and public attitudes towards
1mprdv1ng.water quality. )

Over half of the feSpondents indicated a general dissatisfact{on
with waier quality (Figure; 8.3); While thé pub1i§'s percéption. of
waterfﬁua]ity.was influenced somewhat by personal experience; about‘65%
of Eespondents cited the mass media as their major source of 'water
quality inf;rmation (Table 8.4). The public identified the control of
industrial and general pollution as the most important’ strategies for
improving water quality (Table 8.5).

Over ha]f of the respondents felt that government was not doing
enough to improve water quality, and indicated a willingness to pay for
better water. However, a later study conrducted by Environment Canada
(1983) revealed that while the'majority of Canadians were wii]ing‘to
support extra taxes of $10 per year to reduce water and air pollution,

only 13% had actually donated funds to an environmental organization.
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Table 8.4 Primary Sources of Information on water‘Quality

i Source ' ! "Percentage of Respondents
-Newspapers/Magazines/Books 47.6
Personal Experience 20.2
Tv/Radio. 17.6
Other People . 4.8
Government ’ 0.9_
Water Tests ' 0.7
Educational Institution 0.6
Do Not Know 7.6
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Table 8.5 Risk Management Strateg1es Perceived as Improving
Water Quality

Strategy : Perceritage of Respondents
Reduce Industrial Pollution - | 29.9
Contro1-Po11uting Co _ 17.7
Stricter Enforcement of Regu1a£iqns 8.6
Improved Waste Treatment . 7.9
Public Education : ' 7.3
Stricter Regulations 3.].
Control Pollution from Birds ‘ 3.3
Ensure U.S. Co-operatioh - 2.7
Do Not Know . 19.5
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8.3 FACTORS INFLUENCING RISK PERCEPTION

Diff1cu1t1es in understanding probabilistic processes, biased.
ﬁed1a coverage, misleading personal experiences, and the anxieties

generated by 1life's gambles, frequéntly lead individuals to deny

uncertainty, misjudge risks, and maintain unwarranted—eonfidence iq}f/»“"'

-

‘jﬁdgements of fact (Slovic et al., 1982). - Information ptgcessjﬁg-in
humans 1is. hindered Lby biaseg and ]1m{tati09§,nwhféﬂﬂnaffeét their
- subjective ‘evaluations of'probabi1ities:'”?é6p1e do not perceive all
110&5 to be of equal Valuej_nor'&afthey perceive all forms of death as
equal. Frequently,*ﬁbnf;tal health impairment such as permanent brain
damage is seen as more serious than death itself. - in the pgb]ic'é
view, the signifibance of £;e probability of an event ténds to‘decnease
as conceivable consequences increase, until what js possible becomes

* more important than what is probable (Whyte, 1984).

8.3.1 Psychological Determinants of Perceived Risk

1

Sevéra1 1aborat6ry experiments conducted by Lichtenstein et al.
(1978) have provided insight into the public's perception of the
frequency.of lethal events. These studies have revealed iwo highly
consistent but systemgtic biases in judgements'of frequency. First,
individuals tended to overestimate.the f%equency of occurrence of Tow

" probability risks such as floods and underestimate the frequency of

high probability risks such as cancer and heart disease. Second,‘



1nd1v1dua1s tegged/tﬁfe;aggerate the frequency of some risks and to

-

/
undarestimate the frequency of others at different Tlevels of

e objectively determined frequency. The test subjects in these studies

| ' wefe' unable to correct for these squrces of bias when specificallx
instructed fo do- so. - |

Errors in the squectiee estimates of risks frequently result from

heuristic biases, which occur due to the:unconscious need to make sense

" of new information (STovic et al., 1982); Heuristics are inferential

‘ruies used to generalize using limited information, cand to reduce

difficult mental tasks jnto simpler ones. Such a process is often

valid, but can lead to large and persistent biases in judgement, with

e

serious implications for risk assessment.
=T s

The availability heuristic, for example, comes 1into play when an
event is perceived as probab]e to ‘the extent that instances ef it are
easily recalied or imagined. This heuristic is greatly affected by

"~ selectivity of information presentafion, sensafioha]ism, drama, and
recency of experience. ' In the case of low probability hazards, the
';very d{scussion of the event may increasethe perceived probability of

occurrence (Van Horn & Wilson, 1977).

(5

Scientific experiments and casual observations indicate that

individuals have difficulty thinking about and resolving risk-benefit
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confliicts, even 1n simp]e gamb11ng situat1ons (Slovic et al. 1979)‘
“In order to, deal with the anxieties assoc1ated with uncertainty,
1nq101dua1s frequent1y perceive patterns 1in event occurrence. .Suchf
perceptions increase feelings of control and belfefs that it is
possib]e to pred1ct the occurrence of future events. Th1s pr1nc1p1e is
embodied 1n the gambler's fallacy that a long 1os1ng streak necessan11y

heralds a change of luck.

Another “means cof ’COping with uncertainty is over-confidence.
Individuals frequently believe themselves to be less subject to risks
than otheré.. Congequentiy, there is-a tendency to accept higher risks
for themselves than théy would accept for society as a whole. The
‘problem with over-confidence is that individuals tend to Be insensitive
of how 1ittle information they "have in making thejr risk. decisions

(Slovic et al., 1979).

\Decisidns made under conditions of uncertainty. are frequént]y-
affected;hy the.way in wh{ch the prob1em'i5.féamed. A aec1sion frame
reflects an individual's conception of the . acts, outcomes, and
contingencies .associated with a particu1ar choice (Tversky & Kahnemén,
1981). The decision frame adoptéd by an 5ndiviaua1 for any_&ecision;ﬁs
é%ntrol]ed‘paft]y by the formulation of the problem, and partly by the

noﬁms, habits, - and persoha1 Character1st1cs of the decision maker.

~

Rational choice requires that preferences between opt1ons not bé\

reversed when frames are changed. However, due to the 1mperfect1ons of
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humah perception and decision making, changes in perspective often .
reverse the re}atiﬁe desirability of options, usually unbeknownst to

the individual.

The .framing of a problem is particulariy important for new.and .
comp1ex risk issues, for which people have no well dgfined preferences.
iﬁ such situation;, individuals may be- unfamiliar with the terms 1in
which the issue is represeﬁte¢,'or may hold contradictory values due to
. their occﬁpaﬁcy of different roles in Jife. They may also experience
shifting view; with time and be uncertain as to which sﬁou1d form the
basis if their deci§fons. Even when their own fnconéistencies in
jﬁdgement are recognized, they may not want. tﬁ resolve the

corresponding conflicts, resulting in an impasse (Fischhoff et al.,

1979).

8.3.2 Sociological Determinants of Perceived Risk

Knowledge and -attitude are related to socjoeconomic and
demographic variables (Whyte & Burton, 1982}. Knowledge about the
technical, scﬁentific, and medical aspects of hazards tends to be low,
but is generally higher for wales, younger adults, and better eduéated
individuals. Despite their general lack of knowledge, most individua]s
feel capable of making risk decisions. Attitude; especially concern
about risk, is 1é§s clearly defined than.is knowledge, although older
individuals and women,  particularly those with young children,

generally express the most concern.
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The passage of time %enera11y has the effect of 1ncreas1ng
popu]ation awareness, and sometimes knowledge, about hazards Since
knowledge is cumulative, the introduction of new information over time
has the efféct of redefining risk problems and priorities.” For
éxamp]e, prior to July 1979, the problem of acid rain was virtually
unknown to the Canadian public. Foilowing media -publicization .of fhe
acid rain problem, awareness increased t9 the point that, in 1982, acid .

rain was believed to be tﬁe'principle risk to the environment (Whyte &

Burton, 1982).

According to a recgnt sfudy, Canadians perceive the gﬁfﬁ?ﬁ}; of
risks in relation to the level at whidh they feel responsibiiit& for
protection 1ies (federal, provincfa1, local, or individual). Thus,
differences in the perceived importance of risk problems across Canada
may reflect variations in economic and political conditions.  For
example, public awareness of acid rain in 1982 was highest in Ontario,
and lowest in Quebec, possibly due to differences in scientific,
government, and media attention to the issue at brovinciai levels.
Strong regional and local differences have been found for environmental
and energy related risks in general, since they are perceived to be
within the jurisdiction of the provincial or local governments (Whyte &

Burton, 1982).

Given the 'increasing scientific and technical complexity of many

current risks, individuals must accept much of the information and
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interpretations of facts by experts on. faith. The perceived
credibility of 1nfo}mation sources influences how 1nf6rmation is
received. Credib%]ity appears tg'be high among'dqctors and govérnmegt
agencies, with the news media having the lowest credibility (seé'TabTe
8.3). The level of trust that the public p]aces} in government 1is
important, as the public tends tq believe warnings of ‘danger, but not
reassurances of safety (Nh}te & Bufton, 1982). |

-

8.3.3 Characteristics of Perceived Risk

Since the public clearly does not perceive ai1 risks in the same
Tights, it is impdrtant to understand the specific characteristics of
risks which influence how they are perceived. Many. risk
characteristics are highly correlated with one anothef. Analyses of
their }nterrelationships indicates that in general, three main factorsh
largely influence risk perception: the degree to whicﬁaig\:;:k is
understood, the degree to which a risk invokgs,fee1ings of dread,. and
the number of people exposed to the hazard (510vic‘gi_gl., 1982).

- A detailed review of factors known to influence risk percept{oﬁ
was conducted by Whyte & Burton (1982). Their findings are consistent
with those qf Slovic et al. (1982) gnd are summafized in Table 8:6.
These results indicate that a risk is perceived to be'more-serious if
its consequences are immediate and it directiy“*impacts on the

individual, as opposed to causing only an indirect effect through a
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: & _
complex chain of events. Dread hazards which create great ' fear or
anxiety -are of greater concern as are those 1nvo1v1ng a large numbgr‘of
fatalities simultaneously particularly if thé“fata1iti$s are grouped in
space or time as is generally the case in a)major accident.

- ~ | |
Congern is enhanced if the process or nmcyaﬁﬁgh Teading to the
risk in question is not understood or if the 'Aﬁividual has little or
‘no éontro1 over the risks. Sihilar]y, invdKuntary risks are less
readily accepted than tidse which are voluntary, and unfamiliar risks
are of greater concern than familiar ones. Situations in which
children are at risk are viewed with greater concern than otherwise as

are situations in which the victims are identifiable as opposed to

statistical.

- Concern is also heightened when there is little knowledge about
the risk. Tﬁis issue is complex: initial awareness may cause'a1arm,
which decreases once ﬁnderstanding is gained. When more knowledge is
obtained, however, the uncertainty associated with scientific knowledge

becomes more significant than the gain in reassurance.

Risks for which the information source is not perceived as
credible tend to be viewed with greater concern than those fof which
thé source of information is reliable. Concern may also be heightened
when there is much media attention, although the net effect depends on

the kind and conhtent of coverage.
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Table 8.6 Factors Inf1uencing'Risk Pé?cep;ion

.,

~.
S,

Factors tending to
increase risks as perceived

Factors tending to reduce
risks as perceived

Examples

Immediate
Direct

Dread hazards

Large number of fatalities
per event

Fatalities grouped in
space and time

Mechanisms or process not
- understood

Uncontrollable

Involuntary

Children at risk

Identifiable victims

Lack of knowledge

Lack of belief in authority
of source of information

Much media attention
Unfamiliar

Major accident

Latent or delayed

Indirect

Common hazards

Small number of fatalities
per event

Fatalities scattered or
random in space/time

Mechanism or process
understood

Controllable

Voluntary

Children not at risk

Statistical victims

Knowl edge

Belief in authority of
source of‘information

Little media attention
Familiar

No major accident

Tornado-drought; fire
ashestos

Flood; drought; bridge
failure; mercury in lakes

Cancér; influenza

Air crash; auto crash;
avalanche; snhowstorm

Food additives; smoking;
radioactive fallout;
mountain ¢limbing

DDT in human mother's milk

In-plant workers; cancer
from environmental radiatian

Private industry;
university scientists

PCB's;, LNG transport
Nuclear accident; house fire

™I reaCfor; Pickering;
Flixborough; Dow plant at

Sarnia; Mississauga chlorine
derailment; LNG transport

ky
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8.4 RISK ACCEPTABILITY

While it is important to take into account public perception of
risk in the risk assessment procesé, it is also necessary to consider
what level of risk may be considered acceptable for risk management

purposes. Although zero risk is clearly the ideal, this is impossible

e

to achieve with certain naturally occurring contaminants such as dioxin
which are hbiquitous in the environment. In other cases, zero risk may
only be achieved at great expense, thereby raising the question as to
whether or not some small but nonzero level of risk may represent E
satisfactory goal in practice. On; may also question the advisability
of controlling manmade hazards with such vigour that the resulting
Tevel of risk is insignificant in relation to risks from common natural
hazards or voluntary human activities. For these reasons, it s
importgﬁt .to consider what level of risk should be considered as

socjally acceptable.

8.4.1 Revealed and Expressed Preferences

Traditionally, two proxy measures have becn utilized in an attempt
to determine what level of risk the public finds aééébtable (Whyte &
Burton, 1982). The revealed preferenceﬁéﬁﬁrdadh, first propagated by
Starr (1969) is based on the assumption that society{ through a process

of trial and error, has arrived at a nearly optimal and thus acceptable

balance of the risks and benefits associated with any 'actiyity.
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Consequently, it should be pdssib1e to use -economic risk-benefit data
from recent years to reveal patterns of acceptable risk-benefit trade

offs.

Starr's findings suggested that the aéceptab111ty of any risk is
“roughly. p;opcrtidna1 to the third power of its benefits; that -the
public seems willing to accept risks from voluntary activities roughly
1000 times greater than those to]erated frpm involuntary activities
that produce the same level of benefit; that .the level of risk
tolerated for voluntarily accepted hézards is similar to that from
disease; and thqt the acégptab]e level of risk‘ for any hazard ?;\\\

inversely related to the number of persons exposed.

A]though‘the'revea1ed preference approach utilizes objeétive data,
it has a number of drawbacks {Van Horn & Wilson, 1977; Fischhoff et
al., 197952 In' general, it infers public values indirectly, using
Procedures that may be theoretically and politicaily uhtenab1e. it
giso assumes that bast behaviour ‘is a valid predictor of present
preferences, which may not be true in light of vrapidly changing
technology and changing» societal goals. It assumes that income
distribdtiqp and soqja1/5tructures of the past were satisfactory to all
‘parties. . The reﬁea1ed preference approach assumes that reason or
choice would not have led to different preferences if risks and

benefits had been analyzed in advance and it assumes that people have

full information and can use it optimally. It may also undervalue
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risks to which the market responds slowly, such as those involving Tong
time 1ag§ between exposure and consequences, and it makes strong, not

always suppbrted assumptions about the rationality of public decision

making'in_the marketplace.

The expressed prefergnce aﬁproach uses such tools as opfnion
surveys, detatied questioning of selected groups, and interviews with
public interest ﬁd&ocates to directly elicit current per;eptions about
risks. The expressed preference method is useful in that it allows for
w1desprea% public participation, and allows consideration of all types
of risks .and benefits, not merely those which are measured ip dollars
or in annué1 fatalities (Fischhoff  3§ al., 1979).  The \expressed
ﬁreferencelmethod suffers from samp]ing_gifficu1ties and is sensitive
both to the formulation and wording of questions as well as the féi]ure

of individuals to present their true preferences (Van Horn & Wilson,

1977).

Fiﬁdings in expressed preférences studies have nonetheless
generally concurfed with those 1in reveaTeh preference studies, in that
society will ‘to1erate greater risks for greater benefits and that
double standards exist for voluntary and involuntary activities.
However, such studies did find that -perceived risk. decreases sliéht]y
with overall benefit so that high levels of risks which might be

acceptable in Starr's theory would not be acceptable using the

expressed preference theory (Whyte & Burton, 1982).
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8.4.2 De Minimis Risk

Recognizing that the goal of zero risk is often una;tainab1e or
even -undesiiable, risk management policy makers have debated the
concept of a de minimis or trivial level of risk with which society
need not concern ftse1f (Spang1er,'1987). This is an analogy with the

legal dictum de minimis non curat lex which states that "the law is not

concerned with trifles".

As illdstrated in Figure 8.4, there exists some small Tevel of

risk which most people would consider acceptab1e in the senée of being
insﬁgnificant or not worth worrying about. What the actual de minimis
Tevel of risk should bé is not clear, although it may be comparable to
or less than the rouéﬁ1y one in a million chance of being killed by
1ightning each year:kwi1son, 1984). With respett to this point, the
Royail Societj Study Group on Risk Assessment (1983, p. 181} suggested

that

"...the figure of 10-° is probably... appropriate, except
perhaps if clear causal links are established in the risks
from certain consumer products. In such circumstances we
would consider 107 to be an annual level below which
further control was certainly not justified, but even there
the problem of the very salient situation (i.e. that
certain risks are feared at any level) may well remain."

"At the other end of the spectrum, there are c1eaf1y risks
sufficiently high so as to be deemed unacceptable by the majority of
the population. hThis includes annual risks of death in the order of

one in a thousand or one in a hundred, which are greater than the

D
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. 7

annual risk of a fatal accident. The greatest challenge for decisioh

makers lies not with very small or very large risks, but for those

which 1ie in between these two extremes.” In this regard, the Rova1'

Sbciety Study Group further_stafed that

... it is for annual risks of between 10°3 and 1076 that 3
risk management should consist of compar1nq risks,
detriments, costs. and benefits. rather than in seeking

. prohibitions at the upper level, or concluding that no

‘ﬁ special action is npeded at the 1ower figure".

The establishment of an acceptable level of risk for exposure to
substances 1in the environment capable of causing cancer has assumed
.particular prominence in discussion of de minimis risk. This debate
has its origins in the 1957 Delaney Amendment to the U.S. Food and Orug
‘Act, which prohibits the use of food additives whjch have been shown to
induce -cancer in eijther an1mals or humans. ‘While such a zero risk
phiTosophy seemed em1nent1y reasonab]e from the pubtic health point of
view., this legislation was later seen by some as being unduly
restrictive.

Mantel & Bryan (1961) subsequently took tpe bo1d’steb of‘prbposing

that a lifetime cancer risk of one in 100 million might be viewed as

insignificant. While this proposal stimulated further discussion on’

the topic of de minimis risk. no regulating initiatives were taken in

this direction until 1977 when the U.S. Food & Drug Administration

(FDA, 1977} proposed using the Mantel-Bryan procedura to establish

!\ 1

]
v

1

L
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regulations for carcinogenic residues of feéd animals found 1in the
edible tissués of food producin§ .animals, with the lifetime risk
limited to one in a million. MWhile the ﬁe]aney Amdendment Qou1d still
apply to direct  food additive§ lintentiona11y “incorporated into
processed. fbéd, non-zero residues of indirect food additives in
-

commodities such as beef and poultry could now be allowed at de minimis

levels. . .

Subsequently, the U;S. Environmental Protection Agency suggested
that trace_]evé]é gf carcinogenic contaﬁinants in drinking water might
be folerated provided that the lifetime cancer fisk did not exceed one

~in 100 thousand (EPA,I1979): The following year, the Agency issued
revised vgaideliﬁes-hfor estab1ishing water quality criteria Iwhich
céutioned thqt while exposures corresponding to lifeline risks ranging
from 1077 to 107> would be estimated, these figures did not represent
an Agency judgeﬁeht on what constitutes an -acceptable level of risk

(EPA, 1980).

L

This view reflects that curreht1y held by -other regulatory
agencies in both the United States and Canada. Thus, although no
nonzefo- level of increased cancer risk is likely to be condoned as
acceptable, lifetime riskg in the range 10-7 to 10-% are often implicit
guide1iﬁes established for expogure to environmental contaminants in’

water, air and soil.
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One concern often expressed about such analysis is the potent1a1
for adtumu1ation of risk as a result of exposure to several components.
For examp]e 'exposure to ten chemicals each having an estimated risk of
10~ would lead to an accumu1ated risk of 10-°> 1in the absence of any
synergistic effects. While this argument is superficially corrgét it
does presume that the individual risk estimates are accurate, and makes
no allowance for the.fact that the iﬁdividua1 estimates are actud11y
upper‘bounds rather than best estimates. 1In general, risk assessm;nt
techniques for joint exposures are not well established and require

further development before this and other issues relating to mixtures

can be adequately addressed (NAS, 1988).

8.5 IMPLICATIONS FOR RISK MANAGEMENT ‘

A fundamental objective of government is to provide regulations
thch ensure an adequate degree of public protection and which enjoy a
béoad'base,of‘pﬁb1ic«support. The goal of regulation. acceptability
%mplies that regulations wust, in some manner, be responsive to the

preferences and beliefs of the public {Otway & Thomas, 1982).

Mgasurement of public perception of 'risk can provide decision
makers with an important tool to evaluate the significance of the state
of the- enVironmeht and of their proposals for devélopment .and
conservation of the envirohment (Whyte, 1984). Studies of public
attitudes can highlight the concerns of people at risk, and be used to

forecast their reactions to hazards and their management. Lack of such

JEERY
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information could -increase’ the 1ikelihood that well intentioned’

poHcies will fail to meet such goals (Slovic.et al., 1982).

&
.Covello et al. (1982) suggesf that an understanding of risk

perception is crucial because it contributes, through bc\>th societal and
p*o11t'1ca1 processes, to societal decisions about risk acceptability.
Risk management policies governi’ﬁg various types of hazards are in fact
determined to a 1large extent by peopl'e who are not scientists or

experts. in risk assessment (Hohenemser E_E_a_]__., 1983).

Although risk perception does have a place in risk management
decision making, it sho;ﬂd nbt rep1abe objective risk analysis (Royal
Society, Study Group ‘1983). Governments frequently have information
"that is geneka]]y‘not available to the public, and generally enjoy a
broaderl perspective on risk issues. Further, governments have a
‘responsibﬂity to lead, and conse_quentTy have ‘permission to act at

times in a manner co'ntrary to the wishes of segnients of the population.

Policy directed primarily at alleviating public anxieties can result in

large expenditures having low cost effectiveness. Conversely, serious
risks may also be neglected due to public indifference. In general,
risk managers should thus strive.to keep risk perception broadly in
line with the actual magnitude of (hazards so as to avoid distortion-of

i

public health priorities.

£

LB

Y
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kI? risk perceptions Ys.to be considered in risk assessment gnd
risk management, decision makers must determine how best to measure
these perCéptfons, how to reconcile conflicting perceptions, and how to
balance public perception, expert opinion and other inputs in the
decision making process (Whyte, 1984}. These are not easy questLgns to
ahswer, but they must be addressed if decisions are to be aFcebted'py

‘the public.

8.6 SUMMARY AND CONCLUSIONS , > ey

~ In contrast to the scientific endeavour of risk analysis, risk
. perception is a subjective process by which indjvidué1;\ intuitively
assess risk. Because of'human limitations in”information processing,
the public often misjudges risk and arrives at ﬁerception of risk which
can be at 6dds with objective estimates. Nonetheless, dec1sion'm§kers
need to be aware of the public's peréeptidn of the risk associated with
different hazards,, andf give their views. proper consideration in
selecting an appropriate.risk management strategy. This is 1mpo;tant

-
in order that decisions on the control of risk enjoy public

L.

acceptance.

Information on public perception of health and environmental risks
in Canada may be obtained from public opinion surveys. In a recent

study of twelve activities and substances, illegal drugs, smoking and

alcohol were rated as being of greatést concern, whereas home hazards

f-3
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»and tap water were ranked 1owes§. While the'majority of reSpondents.iﬁ
this su}vey identified the news media as being their primary source of
information on health risks, the news media ranked lowest in terms of
credibility. |

A number of studies designed to elucidate the factors influencing
risk perception haﬁe been condﬁcted over the years. - Psychological
studies have demonstrated that people teﬁd to overestimate the
frequency of rare events and underestimate the frequency of common

.events. Perceptions of risk are also known to change over time as new

information becomes available.

A number of particular risk characteristics are known to influence
'risk'perception. For example, individuals tend to voluntarily accept
higher risk Tlevels for themselves than for society as a whole,
‘frequently because they feel that the benefits are worthwhile and that
they have autonomy over their lives. In general, three_main facto?s
have been shown to influence perceived risk: the degree to which the
hazard is understood, the degree to which it involves feelings of

dread, and the size of the population at risk.

In an attempt to develop risk policies which are satisfactory to
the public, de;ision makers have frequently adopted the notion of
acceptable risk.’ Acceptable risk is based on the assumption that there

exists a nonzero level of probability of occurrence for any event,
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be1owrwhibh thé public as a whole is willing to accept the risk. This
concept has been wide]f debated as a means of estab]ish1ﬁg acceptable |
levels of ekposure tdL&race levels of carcinogenic agents present in
the human environment. ‘A1though.regu1étony authorities aré retuctant
tb establish "a precise level of risk which they would support das .
tolerable, Vifetime risks in the order of one in a million seem to have
been accepted in previous regulatory actions. |

-/-

Although an important' éqﬂponent ‘pf risk éﬁseéshent, risk
perception should not replace rfsk analysis,. .Those charged w{fh making
critical risk decisions Qenera11y enjoy. a ‘broader ‘perspective and

access to more information than the pubiic. Since risk perceptiondoes
‘contribute to societal decisions, the challenge for decision makers is
to remain attuned to the public's perceptioh of risk, and to balance
that perception not only against the scientific inputs into the risk
assessment process, but also against'the social, economic and political

factors inherent in most decisions. ) e
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9. RISK COMMUNICATION

9.1 INTRODUCTION

Communicatibn of risk re}ated 1nforﬁation i; clearly a critical
part of the risk assessment procesé. In particular, it is important
that risk data be expressed in understandable terms, that
uncgrtainties surrounding estimates of risk be hnderstood, and that
effective channels of communication be established among individual

and corporate actors involved in the assessment of risk.

o
L]

The term risk communication has come into use in recent years -
to describehthis process, and has been formally defined by Covello

"hh,_._ .
et al. (1981{ as “any purposeful exchange of information about

health or env)rqnmenta] risks between interested parties". More

Y
specificalTy, they state that

' . Y

", ..risk communication {:\¥he act of conveying or
transmitting information between interested parties about

(a) levels or health or environmental risks; (b} the
significance or meaning of health or environmental risks;

or (c) decisions, action, or policies aimed at managing

or controlling health or environmental risks. Interested

parties include government agencies,. corporations and

industry groups, unions, the media, scientists,

professional organizations, public interest groups, and
. individual citizens.”
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With this broad definition, risk communication.encompasses'most
forms of communication within the process of risk assessment and risk
management, inciuding information flows between academic experts,
regu1at6ry authorities, special interest groups and the general public.
Howévef,‘it also focuses on the commun1cative.processes through which
indiVidua1; and institutional acters negotiate their interests and
concerns about the assessment andzzgnagement of risks in coqtemporary

society. Thus, rjsk communication is what all participants 1nvthe risk
assessment process' engagé in by virtue of their public involvement.
This includes their attempts to inform, persuade, or warn others, to
~analyze problems and circulate findings on new knowledge, to change

attitudes or behaviour, to set charges or rates for costs, or to carry

out Tegally-mandated responsibilities.

.- It is well known that there are fundamental disagreements within
contemporary society over the proper assessment and management of
health and environmental risks. While expert koowledge of many
different kinds. is called upon to address the complexity of such risks,
non—experfs are also called upon to approve or disapprove, ultimately

through po1iticé1 processes,..decisions based on accumulated technical

fact and reasoning.

In such situations, the risk communication process itself often

becomes an explicit focus of controversy. Charges of media bias or

_sensationalism, of distorted or selective use of information by
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advocates, of hidden agendas or irrational standpoints, and of the
inability or unwillingness of regu]atﬁry authorities to communicate
vital information in a language that the public can understand, are
common (Slovic, 1986; Keeney & von Winterfeldt, 1986; 'Mﬁzur, y1984;
Sharlin, 1986). Such charges are tradad frequent]j at public hearings,
judicial proceedings, and conferences, expressing the general and
pervasive sense of mistrust felt by manylparticipants.tdwards others.
O0f course there are also genuihe differences of principle, outlook and

values among the citizenry; disagreements will persist even with the

most complete and dispassionate knowledge of others' views.

As a discipline, risk communicatiqn tries to échieve anradequate
understanding of the cammunication processes 1in the risk area, an
understanding that responds to its inherent complexity and array of
participants. In terms of 1its practical oriéntation, risk
communication seeks to improve the workings of these processes, and so
reduce the Tlevel of mistrust amoﬁg participants. The ultimate
objeétivé is to assist in the formation of a .reasonable consensus in

contemporary society on how to assess and manage risk.

In this chapter, we attempt to elucidate “the role of risk
communication in the process of risk assessment and risk management.
We begin with a discussion of three theoretical models which have been

proposed to describe the process of risk pomﬁunication (section 9.2).

. !
This is followed by a review of current risk communication

,
>
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practices used. by 7individuals and institutions (section 9.3). A
summary of the main'points of the chapter is provided in section 9.4
along with a diseussion of the importance of good risk communication

practices in risk assessment.

9.2 RISK COMMUNICATION MODELS

A number of models have been developed to describe the nature of
,the risk commu%ﬁcation process. These include the information flow or

institutional model, the message transmission model, and the

communications processes model {(Leiss & Krewski, 1987).

The dinformation flow model is oriented towards the flow. of
jnfofmation on ﬁechno]ogida1 risk among institutional actors (éaram,
1984, 1986ab). Its focus is on the ways in which such information is
transmitted from those who initially possess it to those who may

ultimately acquire it.

The -message transmission model draws upon a well-known engineering °
interpretation of -communications theory (Shannon & Weaver, 1949). This
theory was adépted to the specié1 case of risk communication by Cové]]o
et al. (1986, 1987). The message transmission theory is based on the

categories of source, channel, and receiver, together with the message

that is carried in the system.
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A third model seeks to combine the essential featufes of the
previous two, namely institutional structures and message transmission

processes, to provide a more complete and dynamic representation of -

" risk communication. The basic idea underlying this concept is that

risk communication is a. process that essentially 1n§olves the
interplay of two social domains, called the expert sphere and the
public sphere. This intéraction is consfrained both by the nature of
risk and by the conventional institutional channels that direct the
flow of information and opinion in contemporary society. These three,

models are discussed briefly below.

9.2.1 The Information Flow Model

In the information flow model, the primary communication pathways

. are from the institutions which generate the basic 'knowledge about risk

- industry, researchers or experts, and regulatory agencies - to

individuals and the general public {paths A, B and C in Figure 9.1}.

There is also a two-way information flow between industry and agencies

and between agencies and researchers {paths B' and C'). The media
acquire information about risk from industry, researchers and
regulatory agencies (path D') and transmit that information,_ to

interested parties and the general public along path D.

-~

-~
Y

This model is rooted within a Tegal framework in which duties,

respon;ibilities, culpability, and Tiability can be assigned to the
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various institutional or individual actors, on the'basis of the risk
information which they.transmit {or fail to transmit) to others. This
framework ref]ec;s the fact that society has attempted to face the
dilemma of ‘risk geherationa by creating dinstitutional and Tlegal
structures of increasing complexity By. which to monftor and manage
risks, and to compensate those harmed by the accompanying hazards.

-

In the United States, the responsibilities of regulatory agencies

tend to be mandated in legislation (National Research Council, 1983).
This includes generic requirements for information,ﬁeneration un&er the
Administrative Procedures Act and the Freedom of Information Act. The
Administrative Procedures Act gives rise to elaborate ‘ru1e-making

procedd&es with the corresponding documentation published regularly in

the Federal Register. Other more specific statutes such as the Toxic

Substances Controf Act establish authority for setting eavironmental
standards and impose requirements for information generation, notice of
hazards, and disclosure of information. These responsibi]ities are
supplemented by obligations barn by industry under the common law of
torts in the U.S., especially the "duty to warn" of product-related or
occupational hazards, and the corresponding entitlements to
compensation enfbrceab]e through individual or c1a$sfaction lawsuits by

those who suffer injury as a result of "them.

In Canada, the correSpon'ng instruments are the Canada Gazette

and the Access to Information Act. However, a .very,b different
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constitutional structure means that the purely!legal exercise of these
types of duties existé in a much more restricted form. In contrast to
the seyaratidn-of:powers doctrine fﬁ.the U.S., the unified authority of
the parliamen;ary system means that generally neither the judiciary nor
legislative committees will challenge tﬁe administrative acts and
proceduréQ‘ of government departments, or _férce them to disclose the
information base or rationale -for their decisfons. For the same

reason, individuals and special interest groups by and large -have been

unable to forte disclosure of additional information from either

government agencies or private industry through legal action. To date

there has been a relatively limited flow of risk information in Canada-

along all of the communications pathways identified in the information
flow model. However, both government égencies and iﬁdustry'recent1y
have been moving in the direction of enhanced risk information flow in

an attempt . to increase public confidence 1n'indﬂ§try practices and in

regulatory aecision making.

‘The information flow model does have severa1.1imitations. First,
this is an effective risk communication-model only when the capability
exists to stimulate an adequate level of information flow through
frequent resort to legal action, or the threat of:sdch action. In this
regard, it describes the U.S. situation we]la but not that of Canada or

of Western European nations (O'Hare, 1980). Second, it represents the
media as a simple transmiésion mechanism for risk information, rather

than as an active player in the dynamic tension of risk

-
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communication processes. And third, it represents the category of
"interested -parties and the general public" as .the purely passive
recipient of the sum total of all the risk information travelling along
the A-B-C-D pathways. This overlooks the crucial impact of public

understanding and perception of risk on societal.deéision making.

9.2.2 The Message Transmission Model

The message transmissién model is based on a well-known
engineeringl theory of communicétions. In the pﬂre version of this
model, the message is simply an electronic signal, and the system
- objective is to feproduce the source s%gna] without distortion at the

receiving end (Figure 9.2).

In human communicatigns, the basic idea for .this theory is

illustrated by te]ephoné and telegraph communications. A message ("I

will arrive at the airport at 9 0'c10ck"f is carrieq from sender to
receiver via a specific technological system. Problems may arise in
any one of four dimensions: (1) source (sender): speaké pbor]y and is
misunderstood; (2) channel (transmission technology): static on the
line; ({3) receiver: is inattentive and misses the words or their
intended meaning; {4) message: is ambiguous or incomplete (morning or
evening?). In_the telegraph version, possible problems at the sending

or receiving points involve encoding and decoding.
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SOURCE

CHANNEL

RECEIVER

MESSAGE

Figure 9-2{’,}‘%9 Message Transmission Model of Risk Communication
-
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Covello et al. (1986, 1987} adopted this model for their
comprehensive review of the risk coﬁmunication. In particular, they
have organized their discussion of outstanding problems in this field

in terms of the four dimensions given above.

Message Problems. Message problems include both deficiencies in

the knowledge base and ana1ytic§1 techniques used by experts to assess
risk, as well as difficulties in expressing inherently complex risk
assessments in a way that the general public can understand. There are
deficiencies in the current state ofgscientiTic understanding of risk
and in the methods used for assessing risk. The difficulties
experiepced by the general public attempting_'to_ understand highly

technical analyses, especially quantitative analyses, represent a

barrier to risk communication.

&
Source Problems. Source problems include such regular occurrences

as disagreements among experts which fuel public uncertainty and
.concern. | In many cases, resource Timitations 'mean that these -
uncertainties cannot be redgced. There is also a lack of data
addressing the specific fears and concerns. of individuals and
communities and a limited understanding on the part of many experts of
the interésts,‘concerns, fears, values, priorities, qnd preferences of
individual citizens and public interest groups. Finally, the use of
bureaucratic, legalistic, and technical language can lead to a lack of
trust and credibility in experts on the part of members of the general

public.
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Channel Prgblems. In this model, channel problems are primarily a

function of e role and practi;es of the mass media .in risk
_ communicationy The main problems are thought to include selective or
biased media reporting, premature disclosure of information and
oversimptifications, distortions, or inaccuracies in interpreting
technica1 risk information (Mazur, 1984;.Shar1in. 1986; Slovic, 1986;
Keeney & von Winterfeldt, 1986). However, these phenomena are not well
understood and furthér fesearch on the role of the media in risk

- communication is needed.

vl _
Receiver Problems. The most serious problems associated with the

recejver include inaccurdte perceptions of risk and indeed lack of
. sufficient interest in risk on the part of many citizens. Research on
risk perception has shown a significant level of overconfidence in
one's ability to avoid harm, as well as strong beliefs based on this
overconfidence which are resistant to change; both of these factors
make the tasks of risk communicators very difficult to carry out. :
There are also unrealistic expectations about the effectiveness of
regulatory action; demands for 1eve1§ of scientific certainty that are

/
impossible to achieve; and a reluctance to accept trade-offs.

In the light of these problems, Covello et al. (1987) suggest that
the most promising approaches to better risk communication are to

efféct improvements in the following areas: information and education;

behaviour change and protective action (to encourage risk-avoidance);

i
)
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_disaster,warnings and emergency information; and joint problem-solving

and conflict resolution in which the public is actively involved in

risk management decision making.

The model has many strengths, especially in comparison with the
information flow model. First, it identifies a single basic structure
that is at the core of all risk communication processes - namély, the
tension between experts or expert knowledge and the public or Qarious
pup]ics, which operate with what we might call common-éense
understanding. Second, the preceding review of problems shows that
difffcy1ties arise at every point along the message transmission Tine.
This allows us not just to assign legal or ethical responsibi]it§vto
actors in these processes, but also to pinpoint specific types of
deficiencies and thus to explore remedies for‘them. Third, and most
important, this model represents the message Vor the communications
process as the dynamic core of risk communicatfon. This is because in

all four domains {source, channel, receiver, and the message proper),

-both opportunities and problems actually arise when the system is

activated for the purpose of message transmission.

There are somg notable weaknesses, such as the fact that the
theory on which the mgdel is based portrays ;ommunications processes as
a collection of one-way transmissions. Thus, although the model's
p;oponents are'certainly well aware that most problems arise in the

interactions among participants, the message transmission theory does

not and indeed cannot represent them well. .
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Another principal difficulty with this model is its inadequate
represeptation of the role of the media, which is placed in the domain
of channet problems. In the message traﬁsmission theory._the channel
is seen as simply a technological solution to theesystem requirement
for undistorted signal reproduction. However, the mass media in
soéiety are not, and do not pretend to be, a neutral transmitter of
information. The media are, in the fullest sensé, independeﬁt actors
in social communications processes, with the various forms of print and

electronic media each having its own organization agenda and modus

operandi. An adequate model for risk communications must represent

them as such.

9.2.3 The Communication Processes Model

The communication processes model proposed by Leiss & Krewski

(1987) seeks to jncorporate the best feature of the previous two, and
to improve upon them. As 'i]1ustratéd in Figure 8.3, thfsl model
essentially involves the interplay of‘%wo domains ca11ed the “expert
sphere" and the “public sphere! (Covello et al. 7986, 1987; Fischoff et
El.ml983).,.fhe reasons for holding such a view will become apparent if

we examine each side of this interplay in turn, ' (

4]

On the expert side, we must recognize that hazard identification

and risk estimation are matters requiring considerabte technical

knowledge, including measurements gand analyses employing highly,

L

\

g
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sophisticated methodologies. The probabilistic dimension of risk

necessarily entails the “use of technical lénguage for its description.

In addition, insurance coverage and legal 1¥ab111ty mean that

non-scientific but nonetheless high!y professional exbertise also will
be called upon in the assessment of risks and their cohséquences.

On the publ%c‘side, the determination of risk acceptability is, in
: ihe final analysis, made'by the citizenry as a whole through political
decision making processes, including the electoral support of
politicians and parties with certain stances on the management of
risk. Of course, most decisions wi]q still .be made by public~ and
private-sector officials, acting with the advice of experts, 1p a great
variety of forums. However, in a democgratic sociéty.the parameters
within which the dﬁscretionary authority of these officials may be
exercised at any time will be set by the general character of risk
acceptance and perception in society as a whole, as well as by relevant
édonomic, social, and political factors. The stafe of sdcieta1 risk
perception and acceptance must be factored into risk management
decfsion making; if risk managers do not do so, théy themselves run the
risk of igniting bitter public controversy and possibly -the reversal of

their decisions.

The model highlights the tension between expert and public spheres

which, it is submitted, is a distinctive feature of risk communication.
(Other forms of social communication, such as political discourse or

advertising, are not structured in this way.) - This is ‘an implicit

é

ph
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'feature of the message transmission mode] as well; howevef, that model
a1so embodies, in a form that is not fu]]y clarified, an unacceptab1e
prssupposition - namely, that the process originates with a
straightforward "signal" (message content) that 1is subject to
distogtioq as it travels onwards to the recipients. This

suggests a degree of apathy on the part of the senders that is
snrea115t1c. The communications processes model, on the other hand,

assumes _that all participants have an identifiable set of interests

that bear upon their involvement, and that these interests’ play a part

in the outcome of risk communications processes.

Ths message transmission model is deficient because it lTocates the
primari‘basis for distortion or bias of the message in the channel,
which usué]]} is assumed to be the mass media. Selectivity in the
choice of emphasis or'$h the presentation of evidence is, by no means
—the monopoly of a single group of actors; among other things, this view
ignores the fact that a good deal of valuable risk inform;tion -
including some that otherwise would never have seen the light of day -

has been forced into circulation as a result o& media efforts

The _main point 1is that an adequate model of communications

processes must assume that all participants are generally interested in
risk communication and that all play the game pretty much in the same
way. A complete set of case studies on risk communication would show,

w1th6ut a doubt, that all actors - industry, governmeht, and the public
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- have behaved with complete candour at some times, and ét others have

been demonstrably biased or selective in their communications on risk.

9.3 RISK COMMUNICATION IN PRACTICE : -
\‘\- . , .

As indicated in section 9.2, nstitutions and’ individuals have
been engaged in cdmmunicating information about risk in various wéyé
for a long time. What follows is a sketch,pf'some risk communication
strategies and practices being used in Canadéadeay (see also Grima et
al., 1986; Krewski & Birkwood, 1987; Salter, 1985b). This overview
does not pretend to be a complete survey of risk communication
practices, but rather is intended to 111ustrate some of the information
flow patterns identified in the various models discussed earlier.

- .

Within the context of the communication brocesses model,
information flows between the e&pert and public spheres is illustrated
by print-media information distribution mechanisms and conSuitation‘and
feedback strategies. Within the expert sphere, the activities of
expert committees may be wused to illustrate risk communication
practices among technicai specialists. Within the public sphere, the
interactions betweeﬁ the media and interest groups represent an bbﬁious
form of risk communication. Specific i]hustnations drawn from risk

communication practices currently employed by departments of the

federal government of Canada are given below.
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9.3.1 Print-Media Information Distribution Mechanisms

A wide variety of information distribution formats have been
deve]opeq for communicating with an array of publics, -fnc]uding
industfy, pravincial and federal officials, and environmental groups.
To begiﬁ; let us consider some formats used by the Pesticides
Directorate of Agriculture Canada for matters relating to the

assessment and registration of pesticides.

The Department dissues formal memoranda providing up-to-date
infoymation on mattecf of special concern (such as the memorandum of
September 11, 1986 on 2,4-D) for distribution to puklic interest and
pesticides user groups as wel}'as members of the Canadian Association
of Pesticide Control Officers (CAPCO). Trade memoranda and meﬁoranda
to registrants are directed at the manufacturers of registered
pesticides, .users, and government agencies, and contain information on
. al matters affecting specific regulatory pracfices for registered
pfoducts under the Pest Control Producfs Act, such as changes in data
fequ?nsgents for product registration. Discussion documents used to

summarize the background and rationale for a particular regulatory
decision are avai]aﬁ]e to the general public. New product notes are
similar in format. to the discussion documents, but also include
directions for use, storage and disposal of pesticides, and discuss
limitations on uses and first aid treatments foi emergencies. The

Department also issues a regular bulletin directed at the members of
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the Canadian Association of Pesticide Control 0fficers called CAPCO

Notes. A regular publication called Pesticide Information contains

current information for applicators on all -aspects of ' pesticides use,

as do more specialized reports on current research.

Health & Welfare Canada's Information Letters are diégéted-

primarily to scientific researchers 1in industry, doctors, and

. pharmacists. Such reports are authored by various units in the Health

Protection Branch and contain up-to-date 1nformation'oh all aspects of
health concerns.  Health '& Welfare Canéda's programs for pup]ic'
information on medication and prescription drugs, on the other hand,
are directed ét the general pub11c. The program for supplementary
information on medication deals with sich matters as side effects and

1

interactions between drugs. For example, a patient package insert is

provided for oral contraceptives; and there is a special advisory on

acetylsalicylic acid and Reye's syndrome.

The Heaith Promotion Branch of the Department is charged with
motivating Canadians to adopt healthy lifestyles and has a greét array
of communications programs in all forms of .media (leaflets and
bu11etins, magazines, booklets, . dispiays ‘and audio-visual materia]s)
directed at the general public. There are major programs on smoking,
drinking, the workplace, diet) and physical exercise;‘ It is generally
accepted today that visually-oriented communications strategies have a

greater impact than do print-media formats, especially for messages
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directed at younger persons’(Leiss et al., 1986), although this varfes

somewhat according to the type of message. Unfortunately, gove}nment
information cémﬁa1gns still are often desighed"without exp]icié
provisions to measure the 1ikelihood of their effectiveness as, for
example, by testing alternative communications strategies. In general,
major. 1n§estments in pubTic-infofmation campaigns should always be
accompanied by evaluation programs that seek to test their comparatiﬁé

effectiveness.

9.3.2 Consultative and Feedback Strategies

Environmentl Canada has formulated a "Public Consuitation and
Information Aygi]abi]ity Policy" which forms an integral part of the
formqutjon of Depaftménta1 requlations. This. program has a standing
provision for consultation between officials and members of the public,

including regular discussions on matters of mutual. interest at

~

Departmental headquarters and in the regions. It provides an

opportunity for members of the public to comment on all significant
regulations proposed by the Department. It allows access by members of
the public to most Departmental data and published méteria]s. The
program also provide§ financial assistance for public interest groups

and professional associations t@ attend designa}ed Departmental

meetings.

There are two recent examples of the implementation of this

policy. In September 1986, the Department issued a report.entitled

-
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From Cradle to Gravé: A Managemeﬁt Approach to Chemicals, which was
prepared by a task force with represehtativgs from 1ﬁdustry,
government, Tabour, consumers, and environmenta1.groups. This report
recommends the 9doption of a "life cycle" approach to toxic chemicals
management, which seeks to track the uses and dispositions of chemicals
through all of the typical stages that'ﬂave been 1dént1fied: research
~and develobment, introductidn into the marketplace, manufacture,

transportation, distribution, use, and-disposal.

A\
In October 1986, the Ministers of Environment Canada and Health

and Welfare Canada issued the Final Report of the Environmental

Contaminants Act Consuitative Committee. This Committee, consisting of
F-.3

representatives of the federal and provincial governments, industry,

labour, and environmental interest ,groups, was'charged with advising
the two Departments on proposedl changes td¢¥the Environmental
Contaminants Act in areas where a substantial amount of consenéus
‘agreement exists. FOE' example, a recommendation has been made for
establishing a notification system whereby new chemicals being put into
use in Canada mﬁgt be accompanied by a specific data package that w{11

permit assessment of potential environmental hazards.

To take another example, the mandate of Agriculture Canada's Pest .
- Management Advisory Board is "to improve the pest management process in
b .

tbCanada by assessing pest management issues with its constituents in a

fair, open, balanced and compliete manner, and by making comprehensive
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recoﬁmendations'concerning the resolution of these issued. The Board
~ seeks té identify matters of significant general concern within its
mandate (such as proprietary information), and to utilize a variety of
consultative mechanisms - workshops and regional public meetings,
commissioned studiés, and the facilitation of exchanges among members
of different constituencies - to carry out that mandate (Pest

Management Advisory Board, 1986).

9.3.3 Expert Committees

Departments such' as Health and Welfare Canada have established
many expert advisory committees, usually composed of outside experts
with a Departmen;ai official serving as secretary. These committees
undertake detaiied assessments df particular areas of concern such as
analgesics, coughs and colds, heroin avai]abilit&, dermatological

products, herbal medication, human reproduction, -and biotechnology.

Many technical publications arise from the work of such éxpert
committees, which aim at giving a state-of-the-art assessment of
scientific knowledge in an area that is, or may become, a matter of
regulatory concern. The Federal-Provincial Working Group on the

Development of Guidelines to Control Risks for Women in fnduétry (a

o 1

Subcommittee of Health and Welfare Canada's Federal-Provincial Advisory

Committee on :Environmental and Occupational. Health) recently publ{shed

a special report entitled The Pregnant Worker: A Resource Document

-
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for Health Professionals. This report evaluates potential chéhica1,

physical, microbiological, ergonomic, and physcosocial hazards to

pregnant women in the workplace. Health and Nelf&re'Canada, together ‘

with Environment Canéda, has established an Environmehta1 Contaminants
Advisory Committee on Mutagenesis, which issued a report ent1t1éd

Guidelines on the Use of Mutagenicity Tests in the Tox1c016g1§a1

Evaluation of Chemicals in 1986; This Feport proposes a system for

classifying and testing chemicals actording to four "levels of

concern", arranged according to types of human exposure; testi

data reporting requirements for chemicals would be dependent” upon the

place assigned to them in the 1eve1s-of—con;ern scheme.

[

o p

Interdepartmental committees have been formed in -such areas as,
biotechnology and pesticides where several departments have
responsibilities for different aspects of an area. Federa1-Prov1nc}a1
Advisory Committees, such as Health & Welfare Canada's Committee on
Envirenmental and 0ccupatfona1 ﬁea1th, regularly exchange information
and advice in all areas of health concerns. Finally, mosp departments
have officials who serve on intergovernmental technical or expert
committees at the international level, such as the Codex Alimentarius,
the Joint Expert Committee on Food Additives, and International Joint

Program on Chemical Safety.

TN
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9.4 SUMMARY AND CONCLUSIONS

Risk communication practices of various kinds have long _been
undertaken by governments, industry, researchers; interest group#, and
the media. The phrase "risk communication" itself, however, has come
into popular use only within the last five years or so. Dufing that
time, risk communication has become more clearly separated from other
areas that are related closely to it but which.have quite a different:
focus, such as risk perception. The acceptance of the phrase "risk
communication" is a positive'step, for it helps td call attention to a
vital area of concern shared by all those .who are invelved in risk
management endeavours, providing a common language with which fhey can
discuss issues and perspectivus. And the rapidly. growing body of
Titerature on risk communication is helping to clarify those issues and
result in recommendations for improﬁements in practiées.

In this chapter, three theoretical models of risk communication
were disgussed in an attempt to provide some insight into the risk
communication processes. The first model is orjented t?wards the flow
of information on technological risk among institutional actors. Its
focus is on the ways in which such information is transmitted from.

those who generate it to those who may ultimately acquire it.

The second model draws upon a well-known engineering
interpretation of communications theory. This message transmission
theory was adapted to the discussion of risk communication and is based

on the categories of source, channel, and receiver, together with the

message that is carried in the system. >
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A third kind of ﬁodel‘seeké to combine the essential features of
the other “"two - namely, message transmiséion processes and
institﬁtiona1 structures - to produce thgreby a more complete and
dynamic representationiof risk communication. The basic idea 1is that
risk communication is a process that is defined by the interplay of two
~ social domains, called the'eXpert sphere and the public sphere. This
process is cpﬁsfrained both By the nafure of the r&sk problematic and.
by the conventional institutional channels that direct the flow of
information and opinion in contemporary society. e -

Current risk communication practices in Canadian federal
government Hepartmenty confirm that the pathways between experts and
public spheres in the third model are in practical use. In particular,
various'prin£~media information distribution formats serve as a means
of communication from experts to the'various publics, as well as for
communication among experts in different séctors. The consuita£1on and.
feedback forums operate largely in the pubiic sphere, where non-expert
Tanguages predominate. On the other hand, expert commi;tees,'by their

very nature, afe concerned largely wifh discussiéns at a highly

technical feve].

s

=

» .
The importance of effective risk communication in risk assessment
should not be understated. The current limitations of risk assessment

result from the inherent difficulties in communicating research

findings from experts to a lay audience which are based on complex
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theoret1c$1 constructs that necessarily incorporate assumptioﬁ,
probab111ties, ranges of uncertainty, and subjective judgementis.
Current limitations of pub]ic understanding, occur because people’ P
perceptions of risk are often simply inaccurate, because risk
information by its very nature often frightens the public, because

strongly~held beliefs are hard to modify, and because 'views are easily

influenced by the ways in which information is presented.

At this&bPo1nt several steps may be taken to improve r1sk
communication practices in’ the future (Slovic, 1986). With respect to
1nformation presentation, there is a strong nee;\\for de]ivering
quantitative riﬁk estimates in intuitively meaningful terms that do not

oversimplify problems of uncertainty. We need to know more about how
to present the consequences of risk, as well as the probabilities of
occurrence, in order to make the appropriate impact at the individual
level at which people evaluate how they should respond personally to
risk information\ We need to know more about the bases of informed
consent with respect to establishing an acceptable risk for the public,
evaluating bdth the public's information needs on risk ahd also the
adequacy of information presentations. More research should also .be
done on the ways in which messages about risk are receiveq by the
public, including tests for measuring the "comprehensibility" of

different tyﬁes of messages.
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10. CASE STUDY NO. 1: ACID RAIN

%

- 10.1  INTRODUCTION

The phenomenon of acid deposition, commonly know as' cid rain, is

one of ;he most pressing enyi}onmental. issues facing Eastern ;orth
Amerjca, Western Europe 'and Scandinaiia (0ffice of \Techho]ogy
Assessment, 1984), Most ‘of the fcid rainiin Eastern North‘Aﬁerican may
be attributed to poliution from sulphuric and‘nitric acid. Th p;6b1em
begins with anthropogenic emissions of sulphur and lnitroge oxides
relating primarily to industrial activities and the use of mdde;n-
transportation vehicles (Ontario Ministry of the Enwironment, 1989)..
Acid precipitation itself evolves through a cycle of four
consecutive stages beginning with the emissions of sulphur and ni;rogeﬁ
compounds, emitted primarily in the form of sulphur.dioxide‘(SQg) and
oxides of nitrogen (NDX),l and transported by winds and air‘ currents
at both high and low altitudes. Metearo]ogica1.conditions can carry
these pollutants hundreds”and even thousands of miles form their ﬁoint
of origin, allowing time for chemical transformation td acids and other
secondary poliutants. They return to earth in the form of acidifigd

rain or snow (wet deposition} or as particulate matter or gases fdry

deposition).

“'\
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Since SO, :and NOx are the dominant precur;ors of sulphates,
fine particles and dzone, the basfc.oxidation mechanisms -involving SO,
and NOy are of interest. Energy from sunlight facilitates a.number
of chép1cﬁa'reactions that transform sulphur and nftrogén oxides into
sul furic acid and nit}ic acid respectively. Homogénous gas phase and
heterogeneous reactions are the two basic processes in the pxidaéion of
'S0, to sulphuric acid or neutralized sulphates (Ozkanyak,i1986)f NOx

{(mostly NO) is directly emitted from combustion sources and

automobiles, dand converted 'tq NO; following a series of reaction

¢

steps.

.Nit;ate formation in the atmosphere-is‘1ess wel]l understood than
5u1fatés. Like su1fates, both homogenous and heterog;neous reactions
contribute to n%tfate ~aerosol  formation. d Various nitrogen oxides,
‘vo1ati1e acids, -and gaseous nitrates are invoTveq as precursors- in
nitric acid and nitrate aerosol fprmation reactions. The ultimate
production of nitrate aerosols is assumed to involve. condensable
species such as NH,NO; in the gas pﬁase or complex set of reactions
inc]ﬁding particulates. Due$to limitations of available data baseuand

inherent measurement difficulties, it is difficult to evaluate the

nitrate formation mechanisms in the troposphere (Ozkaynak, 1986).

,; .

Acid precipitation is known to have serious effects on the natural

environment, particularly lakes, rivers and fisheries, as *well as

_(‘H
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man-mi&g' structures and buildings. There 1is also- cottern over
long-term effects on -fbrests “and otﬁéfifvegetation. The effects of
acidic precipi;ation on vegetation and forests include toxic effects on
p1§5t' cells, disturbances of nprmal growth, dinterference with
reproductiveﬁaprocesses and. 1qpreased suscebt1b11ity to other
environmental stress factors '(MchﬁdghiinZ; 1985).  The effects of
acidification on aquatic system§ range from the reduction of food
sources by accelerated fungi grgwth to the deq1ine of fish stocks in
1akgs and streams (Ghelardi and Murphy, 1981}. Hydrogen- and $u1fate
ions in rain can stimQL?te corrosion of building materials such as
steel, copper and wood. Fufthermore, Timestone and'-concrete a}e
vulnerable to accelerated deterioration from acid rain (Ghela%ﬁi and

-3

Murphy, 1981).

At present, neither the Hiretf health’ impacts of dry’ deposition
nof the jndiréct effects of wet deposition are as c1ear1; dg11neéted
as those in the environment. Iﬁ this Chgpter, tH@\ex1sting body of
‘knowledge cqncerning‘the potential health effects ofﬁacid deposition;

both of a direct and indirect nature, is reviewed {section 10.2).

Epidemiological -and toxicological studies currently underway within -

x,‘\
P
Health and Welfare Canada are also considered, along with the special

problems involved in the design of studies intéhﬁed to detect subtle

£
_ abnormalities. Data op human exposure to acid deposition is considered

* . ¥
. .
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estab]%shing an effect :;ﬁ air po}1ution on health. The strongest

g'
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P
in .section 10.3. This informatfon is used to evaluate possible risk
management strategies for tﬁe coﬁtro] of acid deposition from the poiﬁt
of view of human health (section 10.4). An analysis and eva]uatiop’bf
the acid rain problem within the context of the framework f6r3 risk
assessment and risk management distussed in the previous chapters ié
presented jh seg;ﬁon 10.5J A brief summary of the key issues involved

the assessment of human hea1thhefchts attributable to acid rain is

‘given in‘section 10.6.

o

10.2 HEALTH EFFECTS OF AIR POLLUTION

Epidemio]ogicgljﬁgigdies have provided much of the evfdencegin

| N o

evidence of the public health hazard posed by ambient air pollution was
provfded by a series of short-term pollution episodes.- Between 1930
and 1960 it became ¥vident that exposure to very high 1eve1s of air
pollution over a period of several days was «potentially fatal in'

certain sub-populations, namely the elderly. In London, 1952,_a fog

'epiéode was associated with 4000 excess premature deaths. Other

stugdies throughout the world, including Donora, the Meuse Valley; New
York and Tokyo have consistently demonstrated a pattern of increased
respiratory mortality and/or morbidity on days or during periods of

increased pollution burden. Although healthy persons are at risk 6f
adverse PR N
' /

-
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health responses to air pollution exposures, the highest levels of
mortality and morbidity occurred in those-with pre-existing

cardj respiratory disease

Epidemiological research into the potential health effects of air

pollutants has focused on tﬁé study of general or selected poﬁu1ations-

exposed to various pollutants in ambient air. The type of pollutants
studied are generally dictated by dindustrial, geographical and
topographical factors within the area of interest. In these studies,
the dominant pollutants are generally perceived as being caﬁ§a11y

related to a quantifiable health effect, usually respiratory health.

-

10.2.1 Mortality Attributable to Air Pollution

-

Despite many years'of multidisciplinary study, health effects from
air pol1utiqg§ are’ not well understood. Problems "in measuring
exposure, 1n§e§tigating human effects at Tlow exposures, and in

translating animal data to humans combine to yield uncertainties in

2 s -
— dose-response relationships and in mechanisms of damage.

Several studies (Firket, 1931; Schrenk et al., 1949:; Ciocco and

- Thompson 1961; Waller and Commins; 1966; Gore and Shaddick, 1958;

Scott, 1963; Martin and Bradley, 1960; Appling et al. 1975; ; Glasser

and Greenbrg, 1971; Schimmel and Greenburg, 1972) have demonstrated a

relationship between air pollution (particularly sulphur diox{ﬂes and

Y
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tota] suspended particulate matter) and morté]ity inf'as d{verse
situations as the Meuse Valley in Belgium in 1930, Donera,'Pennsy1~ania
in 1948, London in 1952 and 1962, and New York Citylin 1953 and 1963.
These are 1{isolated instances of air pollution episodes
influencing human health. However, there exists evidence that aif
pollution in general 1is associated with mortality (Lave—and Sgskﬁﬁ,

1977). However, the influence of transported pollution is not as
‘ .

A

clearly understood.

 To date, the only repart attempting.to quantify fhe total heé1th
risk of airborne acidic deposition in Canada Has been Hamilton's (1985)
analysis of excess hort{]ity attributabie to transported air pé]]ution.
Transported pollution is composed of several areometric factors {such
as fine partic1és, sulphates,” nitrates, ozone, sulphuric acid,
temperature, barometric pressure and relative humidity) which may not

act independently of each other,

]

The health effects of each of these factors have. not been
'separated from the mix. Sulphates are used as an indicator of the
poliution mix but it is the mix itself that is most likely related to
any harmful health effects. | |

g

The estimated deposition of sulphates in Canada is determined in
the following manner. Sulphates are formed by chemical reactions of
S0, enffssions with .other atmospheric pollutants. S0, emissions from

power plants are used as an estimate of total S0, emissions. A steady

~4

2



- 247 -

. # .
state diffusion equation is used in conjunction with average wind speed

and direction to predict the deposition of sulphates in an area from -

1oca1, regional and dlstant sources. ‘ N

“In order to translate these exposure estimates into estimates of

morta11ty attributab]e to ai4/p011ut10n. an estimate of the Jevel of
mortality resulting from a given unit of exposure was. required.
Because of the lack of “scientific consensus, Hamilton (1985) used' a
subjective probability distribution as desﬁribed by Morgan }33 al.,
(19781, to arrive at a measure of sulphate health damage. This hea1fh
damage function is essentially a compilation of expert opinion of five
scientists conCern1ng the relat1onsh1p\between sulphate pollution and
premature mortality. On average, these results suggest an excess of
3.7 deaths per 10° persons exposed to 1 ug/m® of sulphates; There is a
considerable probability of a smaller effect and a. 14% chance of no
effect. The range of uncertainty based on the central 90% of‘th1s
distribution is 0-11 excess deaths per 10° persons pgh§ . '}he range
ref]ects_e divergenee of opinion over the validity of epidemiologicai

studies indicating a relationship between mortality and air pollution

Tevels. It includes estimates from scientists who be]iefe there is a

i

~* negligible effect at prevailing sulphate concentrations as well as

those believing these levels can result in excess mgrta11ty..

This health damage function wars primarily derived from studies of
mortality on large, heavily po11ﬁted, American cities. In these

studies, sulphates correlate with S0, and TSP. The health impact of

da
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this Jocal pollutant mix may not be the same as the tfansported mix.
Thus, in the absence of direct information on the influence of the long
range transport of air pol1utants (LRTAP) alone on human mortality,
estimates of health damage can only be made using the sulphate-health

damage function of Morgan et al. "(1978).

Use of linear non-threshold doseeresponée functions for poliutants
other than carcinogens can be criticized as unrealistic. Many
pollutants, pafticdﬁgﬁly irritants, are likely toﬁ.have physiological
thresholds - exposure levels below which fhe body's natural défense
mechanisms are able to counteract -their harmful effects. Thus the
dose-response function of Méfgan et al. (1978) may not be
repreéentative of' the .LRTAP situation. ' Furthermore, since the
central 90% of the health damage distribution includes zero, there does

not exist Strong evidence of an association between LRTAP and

. mortality. , ' y

This health ﬁamage function may nonetheless be used in'conjunction
with exposure data to estimate the level of mortality attributab1e'to
air pollution ih\ Canada: ’ The estimated sulphgte pollution
concentration in each of the ten Canadian prdvinces based on 1978 S0,
emissions for Canada and the U.S.A. are given fin Table 10.1. In
addition to fota] exposure, the 1ikely contributions of local, Canadian
and U.S. sources are also provided. Note that for each province,

Canada receives more sulphate deposition from the U.S. than is

generated within its own borders.  The corresponding estimates of
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excess mortality based op 1980 population figures are given in Table-
10.2. Although it is estimafed that:-there may be 4300‘excess Canadian
deaths from air po]iution,‘the range of uncertainty sur}ounding this
~ figure 1is 0-13,000. Eleven percent of the excess deaths are due to
local pollution, ]10% are due to ;;)1ution transﬁorted from other parts
of Canada and about 79% are due %o pollution originating in the U.S.
The Hamilton model predicts‘that 79% of su1pﬁate‘ deposition in Canada
originate from the U.S. However other estimates are much lower at 50%
(Ontario Ministry of the Environment, 1986a). VThis may be due to the
fact. that 65% of U.S. S0, emissions is due to power plants while only
15% of S0, emissions 1s'due to this source in Canada (Franklin et al.
-n1985). Since Hamilton (1985} uses only emissions of S0, from power
plants he may be overestimating the U.S. contribution to- SO, emissions
and thus sulphate deposition.
£
Due to the wide range of uncertainty surrounding these figures,
the estimate of 4300 excess Canadian dgaths must be viewed with
cauﬁjon. \In faét, there s no direct evidence of any Canadian

mortality due to LRTAP. Clearly more research is needed which focuses

directly on the LRTAP"mixture and Canadian mortality data.
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" Table 10.1 Estimated Sulfate Pollution Concentrations in Canada by
= Province and source

{1978 50, Emissions)

Province

Concentration by Source {ug/m)

Local Lanada USA Total

British Columbia 0.15 0.09 0.60 0.84
Alberta and Saskatchewan 0.45 0.15 0.95 1.5
Manitoba 0.37 0.32 1.1 1.8
Ontario 0.95 0.36 6.0 7.3
Quebec 0.48 0.97 4.5 5.9
New Brunswick 0.12 1.1 5.0 6.2
Newfoundland and Labradér 0.40 0.63 1.9 2.6
Nova Scotija and P.E.I. 0.14 0.92 4.0 5.1
~
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Table 10.2 Estimated Excess Mortality from Trangported Air
- Polfution 1n Lanada

\ (1978 S0, Emission, 1980 Population)
Excess Deaths Per Year*

Province Tocal Canada ‘USA\“ “Total
British Columbia - 14 8 57 79
" Alberta and Saskatchewan 5. 16 100 170
Manitoba | 14 12 44 70
Ontario 300 - 110 1900 2300
Quebec | 110 230 1000 1300
‘New Brunswick s 29 130 160
Newfoundland and Labrador . 1 13 4 55
Nova Scotia and P.E.I1. 5 33 150 190
Total 500 450 3400 4300

* The 90% uncertainty interval is 0-3 times the expected valie Shown
in the table. '

~

/ hY
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. 10.2.2 Morbidity Attributable to/Air Pollution

Recent work 1in the Netherlands, France, the U.S. and Canada has
_ suggeéfed assocjations between components of ~acidic deposition and
adverse health responses. 'Van der lLende et al. (1981) has monitored

two areas in the Netherlands of differing levels of air pollution for
15 years. At intervals of three years, 2,000 subjects aged -15-54

completed respiratory questjonnaires and performed Jung tests. After

~

: Y ) . .
nine years, decreases in lung function were greater in the pojluted,

area. Similarly, the prevalence of respiratory symptops wis also

higher in subjects 1iving in the polluted region.

Two large U.S. studies have reported associations between
pollutants and health responses. Detels et ai (1984) have demonstrated
a positive assé&iation between oxiqgnts and a decline in pulmonary
function in residents of Los Angeles. Naﬁé_gzlgl. (1986) have studied
over 8,000 children in six cities in the U.S. ;fth varging degrees of
air po11utio£. They have shown that total suspended particulate matter
and sulphur dioxide are positively related tb an Iincrease in the
frequency of chronic respiratory .illness and symptoms but no such

assoctation was found with pulmonary function. )
v
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Bates and Sizto (1983) reported‘_positive .associations between

ambient sulfate levels and hosp1ta1 admissions in southwestern Ontario,

The analysis focused on two time intervals namely Q;Ju]y/A‘ugust and

January/February for'the years 1974, and 1976 to 1984. The strength of
the association Qas not dependent on asthma since the correlation was
still significant without considering asthma-related admissions. These
findings are relevant to the Canadian trqnsported pollutant problem
since the sulfates present in this region ;}é predominantly due to Tong

range transport.

Sharratt and Cerny (1979) studfed thé_ respiratory health and
function of . 100 grade one chiidren 1living in two cities also 1in
souﬁhwestern Ontario. Using local monitoring stations in Windsor (high
pollution) and London (low poliutiop) children were compared_bn the
basis of a series of héanh parameters. The authors reported higher
‘prevalences of respiratory-related symptoms and Jlower puimonary

function indices in children residing in Windsor.

Neri et al. (1976) studied 6,000 adolescents and adults living in

Sudbury and Ottawa, Ontario. The main health metrics were sp1rometry \

values and the responses to a questionnaire on chrdnié respiratory
symptoms.  The two cities varied in the level of 562 measured at
standard wmonitoring stations, with Sudbury haﬁing higher
concentrations. zThe authors concluded that a history of residing in
the more polluted aréa was associated with a higher‘risk of adverse

_respiratory health.
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Kerigan et al. (1983) initiated a £hree year prospective study of
3200 school children between‘seven and ten yeahs of age in Hamilton, a
steel producing town din southern Ontario with high levels of air
pollution, primarily Sozland.particu1ate mattef. Children in different
socio-economic groups were selected from eacH of four quadrants of the

city corresponding to different air pollutant levels. The respiratory

status of each child was assessed by means of a detailed questionnaire

and pulmonary 1lung function testing. Total suspended particulates

ranged from 35-76 pg/m® on an average annual basis during this period

with peaks of 110-120 pg/m®. In this study, factors such as outdoor

air pollution and the use of gas stoves for cooking were overwhelmed by

the effects of maternal smeking in the homeqand previous history of

respiratory iliness.

A 10 day investigation focusing specifically on transported
pollutants was performed by Health and Welfare Canada in the summer of
1983. Using serial measures of -sp}rometry and sé1f—r9ported
respiratory symptomatology, 52 campers ages 8 te 16 attending a
residential sumﬁer camp were studied. Twenty-three of the subjects
were diagnosed asthmatics. Using mohitoring equipment located at the
camp, pollution levels were monitored continuously. The'LRTAP miXx was

associated with decrements in pulmonary function.

A pilot study to assess the chronic respiratory health effects in

children from LRTAP was undertaken by Health and Welfare Canada in

1983-84. The respiratory status of over 1400 children aged 7-12 years -

was examined in Tillsonburg, Ontario {high LRTAP exposure) and Portage
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la Prairie, Manitoba {low LRTAP eiposure). Respiratory status was

determined by three means: pulmonary function testing, questionnaires .

assessing - chronic ‘resp1ratory symptoms, and bi-week]y"télebhone
interviews ‘Esse551ng acute effects. Iﬁhalable iﬁartic]es (with
elemental analysis of .sulphates and nitrates), SO0, and NOy were
monitored in both fowns from October 1983 to March 1984. While NOy
and inhalable par£1c1es differed little between the towns, T}llsonburg
had somewhat elevated levels of S0, sulphates and nitratés., The
children in‘ Tilisonburg had increased incidence of early
hospitaifzation due to respiratory illness, inhalant allergies, chest
colds and a higher incidence of stuffy nose and cough with phlegm than
their counterparts in Portage la Prairie. Furfhermbre, ch11drenl in
TiT]Eonburg demonstrated a dgcrement'iﬁ pu]monaky Tung function when
compared to chi1dren‘in Portage la Praire-(Burnétt et al., 1988). Due
to the confounding effects of region and the clustering effects of
community the results oflthis study d0'not cohc]usive1y'demonstrate an

association between LRTAP and respiratory health.

Based on the results from the Portage/Tillsonburg pilot study

| Health and Melfare Canada récent1y initiated a study to assess the

potential health effects of transported pollutiom on the respiratory

health in éOOO, seven to eleven year old children in ten communities

with popE}QLidns between 3,000-15,000 pedple in Canada. Each of .these
towns generates Tittle of its own p011ut10h. The five communities in
south-east Saskatchewan receive little transported pollution-and Ehe
five towns in southweét Ontario are exposed to the highest 1eve1s‘of

transported pollution anyWwhere in Canada.
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'10.2.3 Indirect Health Effects of Acid Denositign

-

Indirect effects of acid: precipitation result from the

- . . ' _ _— -

co;rosivenes§ of Tow pH precipitation and runoff, which may dissolve
toxic heta]S such as aluminum, cadmidm, copper, 1ead and mercury from
soils and rocks in iakes and from drinkiﬁg water distribution syftems.
In areas cﬁaracterized..by acid precipit%tfon. the ‘grinking .watéé ‘ |
criteria for toxic heavy metals- are being exceeded inhCanada (Méranger.
ét al., 1983), the Unitéd States "(Morse“et al., 1979; Fuhs & Reddy, .
1980) and in southern Séandinavia (Hultberq and Wenblad. 1980). .
Lakgs in\\gahada‘s f?ecamﬁrian Shield with 1limited buffering

capacity are sensitive to acidification from LRTAP: A study of

3 -~ ) i » w N ) - .
-drinking water nﬁmned from such Takes in Ontario showed concentrations .

of coPper and lead to exceed the 1eve1s recommended in the Gu1de11nes

for Canadian Drinking Water Quality {(Méranger et al. , 1983).

Acid leaching of plumbing was implicated as a potential sourcé of
elevated copoer, lead, and aluminum concentrations in drinking water
sampled from Qe]js'and shallow springs in the 01d Forge-Eagle Bay-areaé\

(Fuhs & 01sen,-1979). Copper exceeded the U.S. ‘water quality criteria
V ’ T ' * ‘ . - N ' i ., .
by a factor of 7 afd{iead exceeded the lead critemion by 'a factor of ~ - a

o=

4 - . ™

! . a0 ' e
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Elevated qruuﬂd water and tapwater concentrat1qns of aluminum and

Lopper as welt as elevated tapwater concentrations of cadmium and zing
are réported in southwestern Sweden (Hultberg and Wenblad, 1980%.
Hu1tb§rg and Wenblad also reported water dua]itv results from surveys
of predominantly shallow weﬁ]s in three countfesﬂ in southwesterg
- Sweden. The main source of acid precipitation in the study areas'wa;

lTong range tradsport of sulphur from other countries. Of the 494

samnled wells, 315 had pH values below 6.0. In one countv_}b% of the

wells had a pH below 5.5 -and 13% of the owners . reported severe
corrosion of copper water pipes.

Studies which attempt to establish a direct relationship between
acid deposition and degraded - drinking water quality are rare and
inconclusive.  Even though no deleteriocus health effects have been
associated with these metal concentratidﬁé the  potentia) for meta1
toxemia exists. Hea]th ahd Welfare Canada is cur:ent1y undertaking a
¢ ¥

program td examine the poﬁent1a1 health effects resu1t1nq from heavy

metals leached into dr1dk1nq water due to acidic deposition.

110.3 HUMAN EXPOSURE’ . \

4

Currently, thére exists several aiE/ﬁ 1lution monitoring networks

-

iﬁ Canada oﬁe?atinq on an. ongoing basisg The National Air Pollution
4 .

Surveillance (NAPS) monitoring network (Epvironment Canada, 1984a3)
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- maintains air monitoring -stations 'in most Canadian cities.,with a
~ population base in excess of 50,000 people. The pollutants measured
'inc1ude sulphur dioxiqe,' nitréqen dioxide and total suspended
" particulates, all of which are re]evant\ to the problem of acid

deposition.

Every two years emission data on theset?ol1utants is compiled by

.th1ronment Canada {Environment Capada, 198 In 1978, the highest
Sdz emissions in Canada occurred in the 'major population areas of
Southwestern Ontario and in the city of Montfgal. The mining regions
of Quebec, Ontario.-Manitoba: Saskatbhewan apd Alberta aTso.havgﬁhigh

Emissions. High levels of nitrogen dioxide are mostly céntered in

large population areas, while .high levels of particulate matter are
'H\ -

associatgﬂ witH?both Targe population and mining regions. In recent
years, the levels of sulpﬁhh dioxide,'nitroqen dioxide and suspended
.particulates have fa1lenf A§ of 1981, all these pollutants were at or
below thé maximum desirable 661ectives (Environment Canada, 1984a).
4 |

The Air and Pre;ipitation Monitoring Network (APN) maintaiﬁéd by
Environment Canada monitor§ airﬁ%ua]ity in areas containing no local
ségrce pollution. As such, pollutants monitored at these sites will
héve' been transported from other reaions. Data from this netiwotk
indicate that southwestern Ontario is subject to the highest Jevels of
LRTAP exnosure,.the;Maritimes has moderate exposure and weste?n Canada

receives Tittle transported Doi]ution'(Bérrie et al., 1982).
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The Canadian Network for Sampling Precipitation (CANSAP}Y, Canada'sj

1argest monitoring network (54 stations}, is a long-term, countrywide

system and provides -data on the chemical composition of precipitation.
The CANSAP program 'began ~in 1977 and is designed to éamp]e wet
deposition only. Iﬁ geﬁ;ra1, pH values have decreased from 1955 to
1977 and pH's of 5.6 or less (the pH of natural rain water) have spread

from the Ohio Valley to the entire éastern U.S. and central Canada.

o

10:4 RISK MANAGEMENT STRATEGIES

10.4.1 Canadian Risk Management Strategies

There _are a variety of potential strategies available for

management of the acid rain situation. As discussed in chapter 5,

>

these strategies may be broadly classified as regulatory, economic, .

. Tl .
advisory, and technological. The current Canadian effort relies on a
N \ . 9
combination of all four strategies in °the context of a Federal

Emissions Reduction Program.

+

In March 1984, the Canadian government announced its intent to
p .

. deve]bp and implement controls to reduce S0, emissions. Computer

simulation models revealed that a 50% reduction in S50, emissions in
eastern North America would meet the annual wet sulphate deposition
target of 20 kilograms per hectare, the Tloading rate which would

protect all bﬁi‘ the most sensitive aquatic ecosystems. Federal and

et _ TN

-
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Provincial Environment Ministers agreed to implement such a decrease by

1994 in two phases (25% by 1990 and 25% by 1994) for those provinces

east of Saskatche@an, and agreed in February 1985 to an initial
. (N

interprovincial allocation of reductions. Federal and provincial

governments also agreed _to financially support abatement efforts

F(Environment‘Canada, 1984h, 1985ab; Lewis & Davis, 1986).

_Requlation.  There exists legislation at both the federal and

‘*"/j;;;;incial tevels which influences the nature of acid rain control

measures. The Clean Air Act (1970) allow§ “the federal government to

set ambient air quality objectives as gquidelines for the provinces.

—

Provinces, through their own clean air legislation, control emissions

“within their borders: the federal government 1is responsible for

international matters. Although provinces maintain responsibility for

stationary sources of emissions, that for vehicle emissions is a shared
one. Both levels of government also play a role ig jnterprovincial

matters (Environment Canada, 1984b, 1985a). /i)

The Clean Air Act was amended in 1980 in order to afford the

federal qovernment authority -over transboundary pollution originating

= in Canada. However, the provinces a}epgiven the first opportunity to

“control such pollution. 1In addition, the’ Amendment allows the federal

R

Minister:of the'Environment to recommend éite specifié standards for
i
sources ‘that jmight reasonably be anticipated to constitute a

.- ," i . . '
significant danger to the HRealth, safety. anJ‘we1fare-of persfhs in
i | | |
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another country (Clean Air Act; 1980}%. Althdugh the Clean Air Act has
successfuﬁly reduced Tocal air quality problems, it has not fully
resolved problems of long-range transpo%t aﬁd long-term 1oad1ng of air

pollutants,. in part because only source emissions, not transformation

products, are controlled (Ontario Ministry of the Environment, 1986b).

In response to the acid rain situation, the federal government has
issued NOy emissions standards for all new (i.e. 1988) motor
vehicles., Three way catalytic convetters w11§ be placed on all suqh
vehicles sold in Canada, reducing NOy emissipns by 20%. Ontarfo and
Quebeg, the two 1argest-emitters of acidic gases; have regulated 50;
emissibn redﬁctions at INCO (Suﬂbury), Ontario Hydro, and Noranda
(Rouyn and Murdochville).  In _addition, the Ontario government s
currently preparﬁpg legistation to control new and modified boilers.

The regulation will place a constraint of 1% sulphur content on fuel or

require removal of an equivalent amount of 50, from flue gas

12

1.
Economic Measures. Federal and provincial governments are using

fiscal support td finance the development and imp1ementatjon of new
technologies through cost sharing contributions. A part of the
Emissions Reductién Program, the federal government has allocated $25
million to cost share, with indu;try, thg_debe1opment and demonstration
‘of néw proceSses' and pollutian control technologies for nonferrous

smelters; $150 million to cost share implementation of these new
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.techniqugs with the provinces and industry; $470 million for
'deve1opme;t and testing of néw coal burninq‘ processes, 61ending of
different varieties of coal, and cleaning and reméva] of sulphur from
coal: and extended a $3N million federal-provincial sc%entific';esearch
program, afmed in part - at monftoring tﬁe éfficacv_ of the' Canadian
abatement program (Environment Canada, 1985a; Lewis & Davis, 1986).
According to Turner (1988) the Emission Reduction Program goes beyoéq_'
the +traditional concerns o% 'impLoving focal air <quality. and
specifically deals with the cause of the acid rain problem: total .

pollution loading.

- . -
.‘;,? \
i

Advisory Efforts. The federal LRTAP program transfers research

information to industry and pfomotes public awareness of the acid rain
prob1em. In both cases, the program serves in an advisory capacity.

h | ~

The LRTAP program endeavours to reduce annual wet sulphate
deposition to uﬁder 20 kilograms per hectare so as to nprotect
moderately sensitive areas, secure necessary emission reductions in
both Canada and the, United States, mdnitér acid deposition and its
effects, provide the data required to refine abatement programs, and
suﬁport public informafion efforts. (especially in the U.S.). The
program also has the mandate to assess the risks to health posed by
airborne po1iutants which are subjected to 1ong—ran§e transport and to
monitor the impact of abatement programs on human health (Franklin et

al., 1985).
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Technological Controls. Federal and provincial governments aré

utilizing a technological approach by allowing polluters to select

their own emission control technologies and processes. As a result,

the smelter industry s considering -suth alternatives as process
modernization, increasing ‘su1phuric acid préddctibn, more selective
mining; and enhanced mineral separation during mining. The utilities
" industry is examining the use of load management, operational changes
in generating stations (greater use of low sulphur coal or washed
coal),‘énd 1ncrea$ed use of hydraulic and nuclear capaeity. Both types
of industry are also considering expansion of the techniques used to

improve local air quaiity (Environment Canada, 1985ab).

- 10.4.2 Canada - United States Relations

Joint Canadian - American efforts to address the probiems
b
associated with Tlong-range transboundary transport of airborne

pollutants -have occurred\“’ within the context of a -longstanding

" tradition of environmental cooperation. The Boundary Waters Treaty Act

of 1909 set a precedent for this relationship, and was followed by the
Great Lakes Water Quality Agreements {1971, 1978}. The desire of both
countries to reduce transboundary air.pollﬁtion was further revealed bJ
their subscription to the philosophies of the Stockholm Declaration Act
(Principle 21, 1§72) and the Convention on Long Range Transport of Air
Pollution (1979). The Stockholm Declaratior Act néted the

responsibility of countfies to ensure that activities. within their

L]
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jurisdiction did not damage the environment of others. At t;§'1979

- Convention, signatory sfates from the Economic Commission for'Europe-

expressed their intent to control transhoundary air pollution as far as

possible (Environment Canada, 1984b: Lewis & Davis, 1986).

Acid rain was first publicly recoqnizea as an important
bilateral envi;bnmental problem in the mid-1970's. By 1976. the
Canadian Network for Sampling Precipitation had collected sufficient
data to indicate the transhoundary nature of the acid rain prohblem, at
least in eastern Canada. In that same year recommendations made.by the
Departments of Fisheries: and Environment, along with the pofentia1
imb1icat{ons of a propﬁsed large scale oil to coal conversion in the
.S., prompted the establishment of an integrated program on long-range

7

transnort of air pollutants in these Canadian Departmedts (Turner,

1988).

Late in 1978. the U.S. Conqre;s passed a resolution reaquiring the
State Denartment‘to negotiate a cooperative air gquality agreement with
Canada. In response, a Joint Canada - United States Statement on

B b
Transboundary Air Quality was issued in July 1979, the emphasis being

on long-range transport of air pollution and acid rain (Lewis & Davis;

1986). The statement was followed in Auqhst 1980 by a Memorandum of
Intent, which formally committed both countries to active enforcement
of existing air po]]ution']egié1ation'and to working toward a bilateral

agreement. Following the Memorandum, the Canadian Parliament amended

a“{"t



- 265 -

the federal Clean Air Act 50 és to permit reciprﬁ;ity'wgih similar U.S.
legisiation (Lewis & Davis, 1986). | |
. - ‘ . -

An “indication of future Canadian - American cooperation in the
.matter of acid rain was providéd during the first Shamrock Summit talks
in March 1985. 1Both President Reagan and Prime Minister Mulroney noted
the severity of the'prob1em as it pertained to bilateral relations.
éonsequent]y, they appointed Special Envdys Drew Lewis and William
Davis- to assess - the international environmental problems associated

with transboundary ajr pollution, and to recommend actions to help

solve these problems.

In January ]986, the envoys reported that acid rain is a serious
transbouﬁdary, environmentai problem in both countries, and that a
limited number of ‘potenfiaj avenues exist for -achieving major.
Weductions in acidic air emissions, each bringing with it high
socioeconomic costs. The envoys issued recommendations in the areas of
innovative control technologies, cooper&tive actions, and research

(Lewis & Davis, 1986).

|
Although both countries accepted theydocument, the U.S. has -not
yet committed itself to the recommended five year government-private
sector plan for technology research. The second Shamrock Summit in

March 1986 produced only an acknowledgemeﬁt from that acid ra1n is a

problem from President Reagan. The U.S. government did not indicate

~
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when or if 1t would create. an acid.rain ﬁontro] program having specific
takget dates for SO, emission reductions.
' “

In late May, the U.S. House of Representatives Energy anq Commerce
Subcommittee on Health aﬁd Environment approved new acfd‘vrain
1e§1s1at10nQ The bi1l proposed a 50% %eductfon in S0, emissions from
coal fired power plants, smelters and boilers, and a 25% reduction in
NOy emissions from motor vehicles. Costs woﬁ]d be absorbed largely
through a fiftyycent surcharge on all electricity bills. This is the’
.%1nst time  that a major acid raiq biTT)had beeqbpassed.in the House.
However, the bill still faces strong oppésition from the House, Senate,
and the Reagan administration before becomfng law (Canadian

}Environmenta1 Control Newsletter, 1986).

10.4.3 Future Perspectives o

.

Based on current Ecientific evidente] there is no question as to

. the severity of the acid deposition problem in Eastern North eriba;
the key policy question fis not so much whether to att, but whenfand how
to act (Office of Technology Assessment, 1984). Such a decisfon must
be based on a number of factors, many of which are plagued with
uncertainty. These factors inciude the extent and Jocation of existing
acid rain-induced damage; the risk of further damage to human health

"and the environment; the 1ikelihood that significant advances in

T

_\‘
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science and control technologies will occur  within a reasonable
timeframej the effectiveness of alternative cgntro] strategies; and the
magnitude and distribution of the socioecohomic 1mp§cts'of any action
on affected parties. These uncertainties, éombined with disagreements
over the costs and benefits of control measures in relation to other
sociéta1 priorities, make management of the acid rain. situation
difficu1t_(0ffice 6f Techn610gy Assessment, 1984). The existence of
uncertainties does not necessarily imply that decision making should be
postponed, however. Rather, it implies that policymakers should be
aware of 'such uncertainties and their implicationslkn development of
any strategies for the control of acid deposition. ‘ |
°

The current Canadian strategy for SO, emission reduction fis
exﬁected to result in capital expenditures of $1.1-1.5 bﬁ]]ion.fn the
noqferrous smé]ter industry, and $1 billion or more .in the utilities®
'sector. The overall cost‘i§ expected to be $600 million to $1 billion
per year (Turner, 1986). Proposed control measures for réduéing NOx
emissions ‘From motor vehicles is expected to increase the costsflof'
vehicles to consumers by $160-$200 milljon per year for the first ten
years. ‘During that timé, capital and operating costs to industry maj
be as high as $494 and $42 ﬁi]]ion per year respectively (Turner,
1986). | '

Lo

Y
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10.5 ANALYSIS AND EVALUATION

The phenomenon of acid rain has evolved in recent years from a
. ! 4 .

relatively unknown problem as recently as ten years -ago to a_iggsis of

major proportions throughout Eastern Nor;h America and much of Hestern
Europe. The problem origiﬁates with anthopogenic emission of sulphur

" and nitroge;' oxides which are subsequently transported ov‘ 1oﬁg

_distances and return to earth as acidified wet or dry déposition.

4

Ipe environmental effects of acid rain were identifjed 1ongibef0re)
suggestions of potential adverse impacts on human health became of
concern.  These envirénmen;a] “impacts inclyded widespréad'.damage to
forests and other vegetation; marked de¢1ines Jn fish.stocks in many
lakes and streams, .and corrosion of buildings! In the presence of

these wide ranging environmental effects, questions arose  as to the

potential for adverse.effecyé on human health.

t
Nh11e' many epidemiological studies had previously demonstrated
iqc;eased morbidity and mortality from,ﬁ?r poliution }n\genera1, few
studies had focused §pécif16a11y on transported air ipp]iution.
A1thougﬁ ,pre1im1nary studies conducted by' Health & Welfare .Canaga

suggest that small decrements in pre1im1nary iung function may Occur in

L]

. ~ ¥
children exposed to LRTAP, further research is required both in Canada

Hgﬂd abroad to corroborate these 1nit1af results.  Because of the
. £ ri a N
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complex nature of the acidic deposition, toxicologicaﬁ studies havéf‘

been of 1imited value in explaining the health effects of exposure to
LRTAP. Given the vagueness of the current information on human health

risks, it s not surprising that quantitative estimates of LRTAP

mortality are highly uncertain -and thus of only limited use for -
purposes of risk assessment. Howeyér, despite the dncertainty in ¢

l{g]at1ng hea1th damage to exposure, it is clear that’ the greatest

contribution to overall exposure® 1n Canada is, provided by emission
sources in thef United :States.

It is of interest to note that the current Canadian strategy for
contro111ng ac1d rain eqp]oys a combination of - the r1sk manageﬁgnt
options discussed in chapter 5. .Spec1f1ca11y, the regu]atory option

o v ' .
has been employed, through ambient air quality objectives established

under the Clean Air Act (see chaptegus). New technologies ﬁfr the.

control of - source emissions. are being developed with .some fiscal

sunport from the federal government. Fina11y,-the government has aiéb ‘

been active 1in promot1ng public awareness of the acid rain problem and

in adv1s1ng 1ndustry ‘on the need for new emission contro]s

Another "interesting dimension ofﬁihe acid rain problém 1s its

transboundary nature. Because emissions of sulphur and nitrogen oxides.

are transported from Canada to the United States and vice versa, it

would be impossible for Canadian actions to resolve the prob1em§w1thout :

concomitant action in the United States. Although this has lgd to
N

4 .

o]
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bi]atera]VHegotiatigﬁ on acid rain, it is only in recent months that

_any positive steps have been” taken in the United States to reduce
emfsSi&h levels. If  approved, the proposed 50% reduction in S0,
emissions in the United States would match a previous unilateral

commitment of this type taken by Canada in 1983.

The acid rain case also underscores the need for more information -
for effegtive risk management. Confidence in any decision pertaining
to the managéhéht of environmentaﬁ problems s enhanced when -the
outcomes of various alternative courses of éct{dhxhcah be 'predfcted
(Tﬁrnéf, 1988). In the case of acid rain, éc{entific uncertainty
regarding the severity and geographical extent of damage as'we11 asithe
time frame for futuré‘damége have_been subject to much debate (Office

o

of -Technology Assessment, 1984).

al

Scientific unce(taiptiés impact significantly on several policy
concerns. These 1nc1ﬁde makiﬁg the control action as fair as possib]é,‘
minimizing cumulative and irreversible damage and'its impact on future
generations, weigﬁing the risk; of damage against gains which might be
‘made by waiting for the development of better information and

technologies, and assuring that the social benefits of the program

justify its costs (0ffice of Technology Assessment, 1984).

Further investigation bf key scientific issues could _facilitate

development of a more effective control strategy for the acid rain
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problem. Amongst -these key issues are the effects of jons other than
S0 (gspecia1]x‘ﬂ0x aﬁd ammonium fons) on acidity the contribution’
of dry - acid deposition to acidity: the nature_ of the spec%fic.
.sens1£ivft1és of natural resources: thg're13tionship Between depqsition
rate and damage to sensitive receptors; and the linking of specifig
poliution sources and réceptof~sjtes {Office of'Techno1ogy Assessment,
© 1984; Turner, 1988). |
g
1d.6 SUMMARY AND CONCLUSIONS

A brief description of the phenomenon of agjq rain and its
environmental and health impact is given in this chapter .fdr the
Canadian context. The emission distribution of several pollutants in
Canada is illustrated and areas of highest long range transported

nollution are identified.

In general, there is much uncertainty regarding the health effects.

.. of specific pollutants, especially those which are created by chemical

and bhysicq] reactions in the atmosphere and transnorted long distances
(Hamilton, 1985).. While several epidemiological, clinical, and animal
studies have demonstrated the respiratory effects of suiphur and
njtrogen oxides on humans, few studies have examined.the effécts of

their atmospheric transformation products (Franklin et al., 1985).
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K _A]though elevated levels of air pollution have.. been 1linkéd to
increased respiratory morbidity and mortality in Both North America and
EUFOpe;.UO sin§1e pollutant or specific atmospheric reaction has been
positively shown to cause these health outcomes (Franklin et al.,
1985). ProbTems are associated with measur%ﬁg exposures, investigating
_ human effects at low expésures, and transtating animal data to‘ the

hum?q_situation. Such difficulties combine to produce uncertainty in
© the dose reéponse reiétionship and in proposed mechanisms of ' damage.
Further complicating the matter are uncertéintieé associated with the
' Jocation of the poT]ﬁtion source, the nature of ftﬁ transport patterns,

transformation products, and deposition sites, and with identifying the .

. demographic variables which affect human exposure (Hami]ton, 1985).

Seve?a] studies have revealed significant correlations between
atmaspheric air pollution concentrations and mortality. The st}ongest
evidence is provided by several short term episodes of pollution which
occurred between 1945-65. High 1éve1s of air pollution over a period
of sevpral days were found to be fatal, especially in the elderly and
in individuals with preex#sting cardiorespiratory disease. A recent
ana]ygis suggests that the number of excess deaths in Canada from LRTAP
is estimated to be 4300 (wiph a 90% uncertainty. interval of 0-13,000),

with 79% of these deaths caused by pollution originating in the U.S.A.

Recent ostudies have suggested an association between the

components of acid deposition and adverse respiratory health effects.
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In general, these studies found that 1ndiv1dﬁa1s living in areas having

high air po11ﬁtion levels, had lower levels of 1un§ function and/or

“higher instances of respfratory illness, relative to those Tiving in

Tess polluted areas. However, fe1ative1y few .studies have ‘addressed
the question of separating the effects of local and ‘transported air

p611ution.

The current Canadian strategy for management of . the acid rain
situation using a combination of regu1étory, economic, advisory 'and‘

technological options appears to be a rqasonab]%' one. The use of;

_regulation provides a Tlegal imperative for emission reduction.

Provision of funds to industry for development and implementation of

new technologies increa§es the Tikelihood that action will be taken
Qithin the spec{fiéa fiﬁeframe w{thoﬁt imposing d significant financial -
burden on pé]iuters.‘l Provision 6f government financéd scientific
information to industry through the LRTAP. program se;ﬁes- to broaden
industry's information bése without utilizing its own research funds.
Finally, flexibility regarding the -choice of technological options

1lows individual _companies to select that which is best suited to

“their particu1ar situation, and thus increases the 1ikelihood of

compliance.

" The recommendations of the Special Envoys on acid rain 1arge1y
advocate advisory options, advocating greater sharing of scientific and

technological information between the government and industry in Canada

%



and the United States."\Tﬁus; the recommendations are a well suited

“supplement to the current Capadian strategy.

The decision to implement.;a control strategy at présent has been .
ez i X i

made in light of the risks ‘diitiated with delaying action. However,

it is not clear whether inqependéht Canadian action will have any
© significant impact on the acid rain _prob]em without corresponding

controls being implemented in the United, States.

The ﬁotentia] impact of the uncertaintﬁes associated with the acid
rain situation on both human health and the\%nvironment7h1gﬁ1ight the
need for further résearch,‘_Adaptation of current control strategies to
accommodate new findings can facilitate the development of better
management strategies andlbetter use of the 11m1te&fresourceslava11ab1e

for improving environmental health.
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11. CASE STUDY NO. 2: SACCHARIN

*

Anyhody who thinks saccharin 18 injurious to ‘health ig an idiot.

Theordore Roosgevelt:
Pregident of the United States

11.1 INTRODUCTIdN
4 .

Saccharin was discovered accidentally in 1878 by Constantin
Fahlberq while working in Ira Remsen's laboratory at Johns Hopkins
University in Baltimore (Remsen & Fahlberg, 1579-1880). Faﬁlbeﬁg was
investigating the oxidation of toluenesulphonamide when a compound he
was working with spilt on his fingqrs;. Fahiberg. who apparently wés
not the most fastidious of individuals, failed to wash his 'hands.\
édequate]y. As a consequence, while eating his subper that evening he
noted'thb sweet taste of his bread and traced the sweetness to the

chemical commonly known as saccharin (Munro et al.. 197879,

Being 200-700 times sweeter thgn sugar, its potential as a
non-nutritive sweetening éqent was quickly recognized. One of
saccharin's first commercial uses in North America was in fact as a
suqar substitute in canned vegetables and beverages that were subiect

to heat damage due to lack of refrigeration (ACSH, 1979).

In the iﬁterveninq years. saccharin has been alternately
castigated and aporoved for human use by various requlatory
authorities. The controversy ‘regarding the saféty of saccharin for
human consumotion was well underway by 1890 (Hunter. 1971) and haslnot

appreciably abated in the intervening years.  This melodrama has
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involved meﬁbers of the scieﬁtific' community, trade associations,
1 . : .

legislative and regu1atorv‘authoritﬁes. the press, the public and even

a president of the United States.

11.2 EARLY HISTORY

In one of the first tests, in which saccharin was administered to
man, diabetics were reported to ﬁavé to1erated five grams of saccharin
'per.déy for a period of five months, Another-report c]aimed_that.the
only adverse effect observed in an ihdividuai Who‘cbhsumed 52 grams of
saccharin over a period of nine days was diarrhea (Neumann, 1927).

LY

However, there was apparently sufficient concern about saccharin to -
ho]d an international meeting in Brussels in 1908 for the purpose of
recomméndan ways of contro111nq saccharin in food and bevpraqes (de

Boer & Borqsma 1943).

Some early testing techniques required a degree of self sacrifice
rarely se;n_today. It is recounted that in 1902 fhe renowned Harvey
Wiley. then Chief Chemist with the United States Department of
Agriculture, formed a ‘"poison sauad" of volunteers to test food
ingredients (Marine & van A11eﬁ, 1972). Aftér one such test, Wiley
recommended to President Theodore Roosevelt that saccharin should he

banned because it was "highly injurious to health". Roosevelt declared

that "anybody who says saccharin is injurious to health is an idiot" on
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" - grounds that his personaf phys1c1aﬁ, Dr. Riley, prescribed. it for him

every day (Coon, 1975}.

Although 'Preéideni Robseve1t was 'apﬁareht1y donvincea that /
saccharin was safe for human use, he nonetheless formed a Referee Boarq
in 1907 to evaluate the influence of saccharin on autrition andlhéa1th..

The chairman was the cordiscoverer of saccharin, Ira- Remsen. The
Board's findings were announced in 1911-dur1hg the prgsidency'of W.H.
Taft, and saccharin wés banned from ﬁse'in soft drinks and other foods

hd .
as_ an adulterant under the Pure Food and Drugs Act (Munro et al.,

1974).

S%nce sugar was not readily aQai]ab1e duriﬁg World War I,
restrictions on the use of saccharin were 1lifted both in Europe and
North America. After the war, its use as a food additive continued and
the United States gdbernmeht brought suit against the Monsanto Company
‘for violating the Pure Food énd_'Drugs Act in 1919; the case was
eventually dismissed in 1925 (Munro :EE'.él" ‘1974).  Subsequently,
ﬁumeréus animal tests of relatively short duration Qere conducted to
ascertain potenEia] adverse heg1th effects in man. In 1951, Fitzhugh
et al. reported an excess incidence of lymphomas in certain groups of

rats fed diets containing saccharin for prolonged ‘periods.

In 1955, the U.S. National Academy of Sciences/National Research
-Council {NAS/NRC} Committee on Food Protection reviewed the scieatific

evidence on the safety of saccharin. They conciuded that the maximum

-
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expected consumption was not 1ikely to be hazardous and suqgested that

» ‘an acceptable ihtake of .saccharin was at least one gram per day.
. . Lo :

l,The consumption of‘saccharin had been increasing steadily in North
America after the case against Monsanto was dismissed .in 1925, and its
use further esca1ateﬁ ‘after 1959 when the“ U.S. Food \and DFuq
“Administration (FDA) allowed artifitial sweeteners to bé used in a
variety of preoéred foods initially designed for use in special diets.
Later. in the diet soft-drink revolition of thelsiktieg, such foods
were marketed not only for consumption by people who had to restrict
their sugar or caloric_ intake, but as non-nutritive or"ncn—ca1oridi
products for use by tﬁe.qenera1 pubTic (Munro et al.. 1974),
P | .
Due to the increased use of_ saccharin, either alone -or in
combination with cfc1amate, the United‘ States Food & ODrug
Administration requested a re-eva]uation of all ‘of the toxico]pqica]
data on saccharin by an Eé hoc Subcommitfee of the NAS/NRC Committee on
Food Protection.in 1968. }This commi ttee conc1dded that an intake of
less than one gramhof saccharin per day by an adult should present no
hazard, but recommende& further stﬁdies on the basis that the e;istinq
animal experiments concern{nq' chronic toxicity and potential
carcinoqehicity of . saccharin were outmdded by‘.current standards

(National Research Coun€11, 1968).
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The bulk of “the 1nfofmation on Awhich‘ saccharin's current
regu1atory‘statUS is based became availabie subsequent to this review
by tpe United State§ vNat1onaﬁ‘ Academy of ‘Sciences in 1968. As
discussed in the next séct1on, the major toxicologica1‘finding was the
1ndJ;tjon'qf-tumoufs of thé urinary bladder. in secoﬁd generation rats
whose parents 'weke also fed saccharin. Thesé th1co1ogic§1 results

prdmpted an extensive series of epidemiological investigations of human

popu]atﬁons in attempt to confirm the results of the animal studies.

11.3 HEALTH EFFECTS

11.3.1 ‘Tox1c01ogica1 Studies

Saccharin has been - the subject of .extensive toxicological
investigation over the years“(sge Arnold et al., 1983, for a.detai1ed
review). _Of‘ the mahy studies cbnducted, the ﬁost important
toxicological 1ffindir.\gs have been the induction of tumours \of the
urinary bladder in rats exposed to high doses of saccharin in tﬁe
]aborétory. 'ThESe' results were first observed in two-generation
studie;’?n which.offgpring of  the parent generation were subjected to
dietary exposure to saccharin for the duration of their TffeSpan;
Because the pafent generation is a]gb exposed inKtDiSAtest system, the
.second generation animals may also beﬁexposed in utero prior to birth

as well-as via their.mother's milk following parturition.
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The first Ewﬁ-generation‘bioassay was conducted by the‘Nisc6ﬁ51H
'A1umni Research Foundation.- In this study; groups of Spfague-Daw1ey
raté were fed diets containing 0.0, 0.05, 0.5 or 5.0% sodium saccharin
produced by the Remsen-Fahlberg procedure for 14 weeks prior to mating,
P1us during matiﬂg and 1a¢tat10n. ‘Following parturitjon, the seggﬂg
.generaﬁion was weaned onto.their parent's diet, whfch‘they consumed
uﬁt11 thé study was terminated 100 weeks 1$ter. Thus, the second
generation animals were exposed to saccharin and Tts impurities Euring-
gestation, throudhout lactation via “the dam's milk, and for the
remainder of their 1ifetime-viq'the diet.f In this.study,.the incidence
of. tumours ‘was apparently increased by the consumption of the 5%
' sacchqrin diet. 1n particular, Squambus cell caréinomas of the uterus
and transitional cell carcinomas of tHé urinary bladder were sden
exclusively in the.treateg_groups.and occurred with greater frequency

at the higher dosage levels.

Since this experiment was thé first chronic study undérfaken using
the two-generation model, it seemed natural that the results would be
critiéa]}y evaluated and the éubject of confirmatory studies. Thus,
the United Stétes Food & Drug Administration carried out a similar o
study with™ Sprague-Dawley rats being fed diets containing 0.0, 0.01,
0.1,°1.0 and 5.0 and .7.5% sodium saccharin. The pathological findings’
included 9 urinary bladder neoplasms (7 males and 2 females) in the
" high dose groups fed 7% sacﬁharin,‘as well as one such lesion in each

of the 0 and 5% dose groups.
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The high “dosages ¢f saccharin- required to e11c1t b]adder tumours
in the twongeneration stud1es, as we]] as the apparent pred1;ect1on for
the second generation @a1es, resulted in more questions than answers as
to‘the carcinoéenfc poteﬁtia1 of saechariﬁ. These findings suggested
thats an- impurity in }ieccharin‘ might be responsible for  the observed
tumourigenic effects; Studies conducted in the ‘Héalth Protection
Bfanch {(HPB)  laboratories 1ndicated that 0-to]uenesu1phonamide
(common1y ca11ed 0-TS) was the major impurity in all of ‘the saccharin.
samples used in the varibus long-term feeding studies. These and other
observations led to the hypothesis that o—TS, a known inhibitor of
carbonic pnhydrase,_the enzyme involved in‘the acidification' of urine,
would increase the e%cretion of bicarbonate. This action could produce
an alkaline urine, prediSpo§1ng‘ the animals to urolithiasis in" the
kidneys and bladder. Irritation from these stones over a Tong period
of time could produce hyperplasia and ultimately tumours.
| HPB scientists. proposed that an additional two-generation chronic
feeding study be undertaken to ascertain whether o-TS did 1n'fect have
tumourigenic potential. The initial protocol for this study calied for
groups of rats to be fe§§3E1ther a standard ‘control diet or one
containing graded levels of o-TS. In'addifion ammonium ch1oride was
to.be added to the drinking water of one of the highest o- TS dosed

groups to prevent the formation of alkaline urine. Comments on this

experimental protocol were. solicited from other regulatory
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agencies, a number of 1nternat1qna11'3.(‘ recognized toxirc'o1ogists, and
from several industrial org'apizatibns. ' RN
. S ¢ |

Just prior to the start of this study, a quantity of saccharin
produce('i"by the Maumee-procedure__ became avaﬂdble‘._. .This method of
sacchar‘in-,[lar'oduction results iq no de;ectable Tevels of 0-TS and the
total _amou.int of impurities is less than with the Remsen-Fahlberg
procedures. This sacchaHn was to be 'fed-.to an additional group of
rats at a level of §% ih the diet, a level comp\arable to the highest
dose used in the previous t,wo-generation studies.

The results of this experiment _1'nc1uded a signéficant increase in
bladder tumours in both first and second generation male rats fed'-uthe
dietb containing 5% sodium saccharin as compared to 'their resPective
control groups (Arnold et al., 1950). The incidence of bladder. tumour‘;s
in all of the other treatment groups was not sigﬁificanﬂy different

from that of the respective control groups.

Ed

Since saccharin had never been fed to rats at dietary Jlevels

‘between 1 and 5% in a chronic feeding study prior to 1977, there was
J ' 4

some interest.in whether it might produce bladder tumours at dietary
levels below 5%. The only chronic feeding stqdy_‘ conducted -since that |
time was financedl by an industria]"organization, ‘the Calorie - Control
Council (CCC), and conducted under contract: by the I‘.r‘\ternationa1

Research and Development Corporation {IRDC) ‘in Michigan. ) This™ study
3 ’} o
o5
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used an unba}gnced design in which\ﬁncreasinq numbgrs of—animals were
assiqngd to the lgwer dosé groups, tﬁereby making it more sensitive for
risk. assessment purposes at'the'1ﬁhet'dose levels (Shuhik,'1985). In
addition, it contained oﬁe‘grohp of animals exposed to saccharin from

birth onwards 6n]y, thereby allowing for an assessment of ij_ uter

exposure reqarding bladder tumour induction.

In this study. there was a stétiética11y significant increase in
the incidence of bladder tumours at the 3% dose level, in addition
' tﬁére was a numerical -increase inlthé number of bladder tumours at the
1% dose level compaéed to controls which, while not statistically
significant, may be of some biological siqnif%cance. It was also
conclusively demonstrated that in utero exposure to saccharin was not
necessary to elicit bladder tumours in the rat. Previously, the only
convfncinq data demonstrating that saccharin was responsible for
b1édder tumour induction were studies in which the two-generation or jﬂ
Hﬁg:g exuoéure model had been employed. Unfortunately, the results of
the study did not provide any appreciable insight into the mechanism by

which saccharin produced the bladder tumours.

Studies which have attempted to elucidate the mechanism by which
saccharin produces bladder tumours generally revolve around animal
models wherein the bladder is sensitized by an initiating dose of a
known bladder carcianen followed by exposure tol saccharin in the

drinking water {Hicks and Chowaniec, 1977) or feed (Cohen et al., 1979:

L~
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Nakanishi et al., 1980). Concebtﬁaﬂy,.thig’hode] can be considered to
occur in two steps (Hicks, 1984). The "r“irs'{c step s to administer a
. chemical which is a known bladder cart;f.no‘ng:nl via the diet' or drinking.
water' for a few days or weeks. The dose chosen is one at which, if the
tr.eatnient was discontinued, the incidence of bladder tumors will be
extremehth when the animals reach two yeal.”s ’of ;agg‘. This first step
is termed initiation. If another chemical is now added to the diet
after the initiator is no longer administered, and an appreciable
number of bladder tumdfjrs subsequently occur, this 1a-fter Chemical
would be termked a bromoter in that it was résponsib]e for the

development of a bladder tumour in:initiated cells.

~ Recent studies by Cohen and c‘oﬂeagues (Coh_en et al., 1982;
Murasaki and Cohén, 1983ab) have demonstrated that sodium saccharin.
will increase fhe incidence-hof bladder tumours when administered to
rats following -an initiating dose of the c’henﬁca1 FANFT ((N- 4-(5-
nitro-2-furyl)-2-thiazolyl]) formamide)‘ or following a traumatic
physical event such as freeze-. ulceration. Both initiating events
result in regener;ated hypePplasia of the bladder 'ﬁ;d\theﬁum. Unlike
models wherein chemicals are used to sensitize the b}a’éder, Hasegawa et
al., (1984) have also shown that \the carcinogenicf process resulting
from um;nary bladder freeze ulceration followed by the feeding of
saccharin appear§ to procéé\d withoyt any frflutagenic agent being detected
iln the urine. In addition, Hajegawa et al., (1985) have recently

L
reported promotion of the freeze Julcerated bladder tissue by saccharin
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even when the induced regenerated hyperplasia appeared to be
morphologically normal. |
® , .

+ Clayson (1984) has reviewed the data concerning the- toxicological
effects of éacchariﬁ in rodent studies and has suggested that the
induction of bladder cancer in male rats as a- result of adding
saccﬁarin to their diet is related to the integrity of the urothelial
barrier. If this remainé'intact, then sgcqﬁarin would not attain a
sufficient concentration in the‘ufothe1ium to exert its carcinogenic
potential. He suaggests that tge carcinogenic effects may be mediated

by saccharin's abjlity to inhibit enzymic processes.

Both the commercial grade and highly purified sacchariﬁ have béen
tested in a number of in vivo and in vitro test systems to ascertain
its mutagenic potential, with equivocal results. If has been suagested
that these variable observations may be attributed either to
impurities or weak mutagenic activity (Arnold et al., 1983). The
interpretation of these results, and the corresponding implications for

human health is thus not readily apnarent at this time.

11.3.2 Epidemiological Studies

Since the finding of carcinogenicity in animal experiments,
saccharin has been subjected of extensive epidemiological investigation

(see Armstrong. 1985, for a detailed review). Such studies have
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/invo1ved time trend"anaiysis of bladder cancer morta1jty rate§ in
kj relation fd‘per ;apita cohsumption of saccharin; compafison'of cancer
mortality rates in diabetics with those in the general population; and
-case-control studies in which past consumption of artificial sweeteners

-

by bladder cancer patients is compared with that in disease, free

e

control subjects.

Although studies of average trends in bladder cancer mortality
have been negative, such studies are of 1im1ted.va1ue due to the small
proportion of the population at large exposed to large quantities of
artificial sweeteners, and the uncertain influence of other known risk
factors for bladder carcinogenesis such as smokiﬁg and occupation.
Changes in diagnostic criteria and methods of‘treatment may also affect

the interpretation of data collected over a peried of time.

. Because of their greater consumption of artificial sweeteners,
diabetic populations have been selected for study 1in several
investigations. A1though. clearly negative, these studies did not
monitor artificial sweetener consumptién on an individual basis, and
could not control for the possible effects of smoking or 6ther known

factors for b]addér.cancer.

In addition to these investigations, the review and evaluation of

the epidemiological data cdnducted by Armstrong (1985) considered

thirteen case-control studies conducted between 1974 and 1982 relating
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individual dosages of artificial sweetenefs to - the risk of. bladder
cancer. Since that time, one further study has been conducted
(Mommisen, et..al., 1983} An additiorial case-control study involving
cancers' of all types was reported" by Horrisoni (1979), including, 13

cases of bladder cancer.

Most of ‘these studies were unable to distinguish between use of
saccharin and cyclamate. Since information on exposure to artificial
sweeteners was obtained either via a mail questionnaire or personé1
interview in all of these studies, the data on exposure may be subject
to recall or interviewer bias. Another potential source of error is
nonresponse, which was as high as 50% in some studies. Selection bias
may also occur in those studies using controls comprised of hospital

patients 1f their -disease states were in any way related to the use of

artificial sweeteners (Silverman et al., 1983).

Taken as a whole, this extensive series of case-control ﬁtudies
provides little evidence for the carcinogenic effects of artificial
sweeteners on the human urinary bladder (Cordle & Miller, 1984).
Nonetheless, Howe et al. {1977) reported an excess risk in males using
artificial .sweeteners, although other suggestions. of a positive
association have been 1imi£ed to population subgroups. Hoover &
Strasser (1980) noted elevated risks in nonsmoking white females

otherwise at low risk for bladder cancer and male heavy smokers with a

high baseline risk. While the same findings for the 2yrmer



subpopulapion were "also reported by . Mommsen et al. (1983), other
studies have implicated different'subqroups. FoF example, Cartwrigﬁt
et a1: {1981} reported an increésed fisk in nonsmoklﬁq males, but
tended to discount this finding on the bas1s of the 1nconsistencv

‘ between males and females and between smokers and honsmokers.

11.3.3‘ Yuman Exposure

Theﬁfirst significant commercial use of sacﬁharin in North America
involved its addition to Canned vegetable products including infant
foods, ﬁs a sweetening and bacteriostatic agent (Ross, 1915). Because
saccharin does not result in calorie production, it has heen prescribed
for diabetics (Lepowski, 1977) and used for the treatment of obesity 1in
Great Britain (Ross, 1915). However, its use as a foog additive was

somewhat Timited due to the bitter aftertaste that follows the

ingestion of larger quantities.

In 1944, cyclamate was discovéred‘and subsequently 1ntroducedlinto
the marketplace as a second artificial sweetener. Soon it was found
that when cyclamate was added to saccharin, the unpleasant aftertaste
of saccharin was e1Tm1natéd. This cy§1amate—sacchar1n mixture was

known commercially as Sucaryl (Munro gﬁ al.. 1974).

ﬂrtificia1 sweeteners are currently used im a variety of food

products (Table 17.1) and as a table top sweetener (Arnold et al.

|.|
o
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1983). Additiona]ly} saccharin has been tested as an additive to-

1ivestock rations for the purpose of improving body weight gain.

Table 11.1 Uses of Artificial Sweeteners

1. Beverages: soft drinks, pbwdered.juices and drinks, wine,

2. Sweets/Desserts: ice cream, popsicles, canned fruit, dessert
_ toppings, cookies, candies, pudding.

3. Condiments: sauces, dressings.

4. Miscellaneous: chewing gums, pickled vegetables, jams, jellies,
flavour enhancer.:

5. Table-top Sweeteners: tablets, solutions
6. Foods: canned vegetables, ketchup, mint sauce, sweet ham, bacon.

7. Pharmaceutical Products: oral liquid pediatric preparations,
cough syrups, chewable tablets. ’

8. Cosmetics: toothpaste, dentifrice powders, 1ipstick, mouthwash.

9. Tobacco Products: chewing tobacco, snuff, wrapper paper,
mouth-pieces.

. The consumption of saccharin has increased dramatically in many
countries since 1950, but probably more so in North America than in
Europe. For example, the consumption of saccharin in the United States
in 1953 was 21,000 1b. whereas in 1962, 2.5 miliion 1b. were consumed.
Following the bén on cyclamate in 1969, consumption rose to 4.0 million
1b. in 1970. 0f the saccharin consumed by North Americans,
approximately 70% is ingested in diet soft drinks, 13% in various

dietetic foods, 12% as a table top sweetener, and the remaining 5% used

- s I'.!
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in miscellaneous cosmetic, tobacco and medicinal préparations. These
consumption patterns do not appear to have,changed-appreciably in the

ensuing years prior to March, 1977. ‘ ;

The best data on recent cbnsumption patterns come from a 19727
survey of beverage consumption conducted in the U.S. and Canada
(National Research Council, 1978). This report indicated that 49.7% of

the population drank carbbnafed beverages,i of which only 12% used

low-calorie beverages. It may thus be presumed that approximately 6%

. of the population 1ingested approximately 70% of .ai] the saccharin

consumed as \a‘food additive. Ba;kin ;EE al. (1977) further reported
that 3 of their patients had consumed 8-12 boté]e; of diet soda pop,
1-2 cans of d%et'fruit, and upwards of 20 tablets containing cyciamate
on a daily basis for up to 6 years. When evaluating any potenfﬁa1 risk
associated with the ingestion of saccharin, itlis necessary to examine
the cbnsumptfon patterns for particular segments of the population
rather than gauging exposure simply in terms of per capita
consumption. | .
. }

The best available data on artificial sweetener consumption by
Western Europeans indi&ate that on a per capita basis, they consume
less artificial swegteners than do ‘North Americans (Armstrong & Doll,

1974). However, saccharin was extensively used by Europeans during the

First and Second World Wars when sugar was unobtainable and the 1aws_
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regarding the sale and use of saccharin were generally -more liberal -

than in North Americp.

11.4 REGULATORY STATUS ) ‘ =

11.4.1 The Decision to Take Regulatory Action—_ -

P

t - e

When " the results of “the Canadian two-generation study became
availahle in thé hid-seventies, officials of the U.S. Food & Drug

Administration met with their Canadian counterparts and concurred that

ha .

sodium sacéﬁarin itself rather than any _1mpurity was most Tlikely
to be responsible for the induction of bladder tumour in rats (U.S:
Food & Drug Administration, 1977).

Direct epidemio]ogiqa1 evidence was Tooked ‘for' and the results
from a then unpublished study in pfoqress at the 6aﬁadi$n National
Cancér Instithte=wefe drawn on. Alfhouqh the study.was combarative1y
small-scale, it was consisteht‘ with saccharin being a bladder

carcinogen in man with the relative risk of exposed to unexposed males

astimated to be about 1.6 (Howe et al., 1977).

It was well recognizéd that saccharin was used commercially not
only as a substitute for sugar, but also to replace sugar in certain
foods, such as carbonated beverages consumed by diabetics and other

people who wanted a sweet low-calorie drink. People bought saccharin
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or saccharin-cyclamate tablets and uséd \tﬁemlin thé preparation- ﬁf

food, notably to sweeten hot beverages. In'thesé circumstances a more’
overt decision to ﬁurchasg~and tonsume saccharin was made. Further
uses of SACCharin_in drugs and cﬁsmétics v?ried from‘Seéminq1y trivial

benefits to masking drhq tastes:§hat could interfere with maintenance
of therapy for geriatric patiéntgﬁo}_the conéumption of vitamins and

_mineral supplements by infants.

The question as to whether 6r not saccharin was of dnique or'even
significant benefitlin the treatment of obesity, the maintenance of
1dea1 weight, or the maintenance of“the health or quality qf-11festyﬁe
for the diabetic, wés considered. The scientific literaturk available
on this subject prior to March 9, 1977, however, did not support the -
existence of these purported beﬁefits to any apnreciable degree (Farkas
& Fofbes, 1965: see also Office of Technology Assessment, T977;

National Academy of Sciences. 1978; Rosenman, 1978).

Discussion with representatives of the éahadian Medical
Association, the Canadian Dental Association, the Cané&ian Diabetic
Assocjatibn-and the Regist}ars of Phérmacy were held to discuss the
above information, mutual concerns and the options available. The
vaTBg of saccharin to diabetics versus its potential health risks‘was

qiven.particu1ar consideration.
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In addition‘.to' an eva1uatf6n _eqpompassing all of the available
‘ toxfco]ogica]_and epidemiological -data, many othgr factors were given
~ due cons1deration.‘_These included the regilatory status of Eacﬁharin
| under -the Food'anJ'Drugs Act and Regulations, the héa1th'spétus pf
individuals conéuming various saccharin-sweetened products, the
potential héa]th'bengf1ts dgrived from consumption of these products,
the tendency of consumers to continue consumption of producfs they
habituaj]y-lﬁonsume {such as tobacco) despite the potential health
_ hazards, the economic impact df changes in the Food 'aﬁd Drug
Reguiations; the use of warning labels designed- to promote .informed
choice by consumers, and the;potentia1'avai1abi1ity of less hazardous
subs%?¢utes or alternatives {Munro & Krewski, 19813. It was recognized
.that in the long run, saccharin might be replaced by other nutritive
sweeteners currently being developed and undergoipg toxicological
thting {Health and Welfare Canada, 19q1a)._\rt was also recogfzed that
any changes' in th;\\regu1atory status of a product shoqu allow for
disposal of "existing stocks provided that the potential hazard was not

judged to be unduly great.

‘ While there was little doubt that saccharin per se was the agent
responsible for the 'b1adde; tumours obsetved in all three of the
two-generation animal feeding ﬁtudies conducted in the seventigs,'an&
that some form of regulatory action was therefore necessary, it was

also recognized that further research was required in several areas.

One of the primary needs was further epidemiological research to
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supp]ement the preliminary findings by‘Howe et a]! (1977) that bladder
tumours in man could be associated with the consumption of saccharin.

Other areas for stydy concerned the efficacy and potent1a1 hea]th
benefits of sacchar1n use {0ffice rof Technoloqy Assessment, 1977) as
well as studies to gscertain the mechanism by which it ‘elicifs its

tumourigenic response in rats {Arnold et al., 1980).

¢ The Minister of National Health and Welfare announced his decision
regarding saccharin on March 9, 1977, _wherein he scheduled a
phasing-out of saccharin as a food additive and restricted sale as a
table-top sweetener to pharmacies. The sale of saccharin in soft
drinks, beverage mixes and beverage bases would be phased out by
July 1, 1977 and in other foods by November.1, 1977, The sale of
saccharin alone or in combination with cyclamate would be restricted to

pharmacies as of September 1, 1977 (Health and Welfare Canada. 1977b).
q He later agreed ?o a request from Canadian food manufacturers for a
short-term extension of these deadlines to October 1, 1977, December 1,
1977 and February 1, 1978, respectively (Health and Welfare Canada
1977c)}. Even with the extensions allowed, not all product§ would be
sold within the time 1limit, and small specialized companies suffered

significant losses. )

The decision that the sale of saccharin for use as a table-top
sweetener be restricted to pharmacies was in part attributable to the

benefits of saccharin perceived by certain segments of the population,
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primarily diabetics. Such an outlet restricted general availebility . .

‘whi1e'1eav1nq an avenue onen for those whd perceived a benefit from
saccharin and would result in .such consumers makinq their own
benefit-risk evaluations when pukchasiqq such products. | .
Concurrently, on March 9, 1977, the U.S: Food and Drﬁq
. Administration also announced its intention’ "to ban ﬁaccharin because
the artificial sweetener may cause cancer in humans“ (Consumer Reports
1977).  The ensuing public and congressional debate (Consumer ﬁeports
1977: Food Chemical News,- 1977a) ultimately Fesu]ted in . a
congressionally mandated 18 months ‘moratorium on FDA's proposed ban of
the artificia1v§weetener (Food Chemical News. 1977b: U.S. Food & Drug
Aqminfstration,LiQYY). This moratorium has been periodically extended

through to the present day.

11.4.2 The Saccharin Controversy

The initial public response in Canada was laragely favourable
towards the saccharin decision, although in the United States, - the
response was more emotional (Consumer Reports. 1977). 1In an attempt to
minimize the -anticipated fears of the saccharin-consuming public,
especially pregnant women, requlatory officials attempted to place the
risk of saccharin consumption in a context which may have down-played
such concerns. This course of action resulted in charges from industry

that the requlatory decision was made hastily. On the other hand,
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various consumer groups in the Uﬁited States charged. that the °
qovernment had waited too long. and the results of the HPB study onlv.

confirmed results found almost five years previously (Rhein & Marion.

1977},

In «aintﬁon,_ é substanfia1 number of arguments: regarding
risk-benefif considerations were put to the Ministef§ in Parliament and
became a hatter of public recbrd {Han ard.'1971). Press comment at the
time very Targely took the form of straiqhtf0r¥§;p reporting of
Parliamentary exchanges. Later lobbying and pdb11cfty in the United
States designed to stay the FDA's proposed controls on saccharin was
headed by the diet food industry supported by the U.S. Calorie Control
Council (Consumer Reports. 1977: Rhein & Marign, 1977). It provided
Cénadian readers with media exposes ~th§t sometNmes ridiculed the
Canadian studies as irrelevant or unscienfific,-and indicted'cont;o1
measures as bureaucracy run wild (Food Chemical News, 1977a). One U.S.
Senator even criticized the HPB studies bécause of the use of
“Canadian" rats (Rheiﬁ & Marion, 1977) whereas in point of fact, the
animals used were actually of United States. origin (Arnold et al.
1980) ! | "

v

11.4.3 Recent Developments

In .November of 1977, the U.S. Congress passéd the Saccharin Study
and Labeling Act. This Act requested the.U.S. National Academy of
Sciences (NAS) to examine the risks and benéfits accruing from the use
of saccharin, and to consider other issues surrounding fedéral food

safety policy in general.

-
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The committee convened by the NAS accepted the. validity of the

animal tests regarding saccharin. Saccharin not only acts by itself

toproduce bl adder tumours, but s%ccharin promotes : the cancer—causing'
effects of some other carcinog@ﬁ%c compounds in rats. Whether as an
jnitiator or promoter, saccharin was viewed fpg~~the committee as a

potent1a1 cause of cancer in humans. . /

: }

The committee also evaluated various procedures currently
available for gxtrapo]ating results from animal test to human
populations and concluded that the art of extrapolation does not permit
confident estimates of saccharin's potential to cause cancer %n humans.
Although saccharin would Se_expected to be of low potency in humans
based on the animal studies, the committee pointed out that even low
risks-app]ied to a large number‘of exposed persons may lead to public
health concerns. The commiftee also concluded thaﬁ saccharin itself,

and not its impuritiés, is most Tikely responsible for saccharin's

carcinogenic properties.

-

The committee was' unable to find any studies that permitted an
objective assessment of the alleged health benefits of saccharin use by
the general public. The committee did recognize that theére is a
peréeived need or psycho]oQica] reliance on nonnutritive sweete :rs by
certain segments of the population. However, at the time of their
deliberations, the committee was unable to draw conclusions about the

implications of the perceived need. The committee also accepted the
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. premise that the use of nonnutritive sweeteners in drugs and dentifices

presents 1ns1gn1f1caﬁi risks and involves possib]e benefits.

The committee concluded that the epidemio1ogylstudies available
did not provide clear evidence to support or refute an association
between past*sacchafin use and bladder cancer in males. A1l but two of
the séudies either suffered from methological difficulties or were too
insensitive for reliable measurement of potentially low-level effects
from saccharin usage. The committee noted that when_health effects in
the human population are weak, such effects are difficult to
distinguish from ejther random variation or from the influence of more
potent carcinogens, particularly in the case of bladder cancer.
{Bladder cancer 1is known to be associéted with ciggrette smoking and
occupatioﬁaT exposure to various chemicals, each of which appear to be
more potent carcinogens than saccharin).

The International Agency f;r Research on Cancer (IARC) also
conducted a detailed review of the carcinégenic risks' posed by
saccharin. IARC was established in 1965 by the World Health Assembly
as an independently financed ~organization within the framework of the
World Health Organization. The Agency coﬁducts a program of research
concentrating'pafticu]ar]y on the study of potentiq] carcinogens in the
human environment and prepares monographs on the evaluation of
carcinogenic risks to ‘humans posed by industrial chemicals (IARC,

1982a). In a 1980 publication, IARC concluded that:
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“there is sufficient evidence that saccharin alone, given at
high doses, produces tumours of the urinary tract in male
rats and can promote the action of known carcinogens in the
bladder of rats of both sexes: and there is limited evidence
that ortho-toluenesulphonamide 1is carcinogenic when given

. orally to rats: hut the available data suagest that
impurities at the 1levels normally found in commercial
saccharin do not contribute to the carcinogenicity of
saccharin. .

Although -a small increase in the risk of urinary bladder
cancer in the general population or a larger increase in some
individuals consuming, very high doses of saccharin and
cyclamate cannot he excluded, the epidemiological data
nrovide no clear evidence that saccharin alone, or in
combination with cyclamates, causes urinary bladder cancer.

There are no epidemiological studies oan a npossible

association between use of saccharin and cvclamates and

cancer at other sites in humans.”

Reconciliation of the toxicologqical and epidemiologica1'evidence.r
on the carcinogenic pbténtfa1 of saccharin was subseauently attempted
at a symposium sponsored by the International.Adgency for Research on
" Cancer (Wald & Doll, 1985). The consensus of opinion among the
participants was that the epidemiological data was on balance of
greater relevance to the human situation. However, although it was
concluded that "saccharin, used either alone or in combination with
cyclamates, is not a demonstrable cause of bladder cancer in the human
poputation at large under past conditions of use", it was noted that
the possibility of a.weak effect could not be completely ex&ﬁuded as in

the previous IARC review in 1982 (Krewski, 1985).

Althoudh considerable data on the potential risks posed by
saccharin has become available since 1977, this has served pfimari1v to

support the requlatory decision taken at that time. In particular, the

N
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- Calorie Control Council sponsored study has servedr to support the
evidence regarding the induction of urinary bladder tumours in the rat,
while ru]ing out the necessity of in utero exposure in ordér for this
to occur;l Simitarly, although 1argeiy negative, the epideﬁiologicaﬁ
studies have been unable to rule out the possibility of carcinogenic
effects in man. As a result, the regqulatory status of saccharin in

Canada remains unchanged.

11.5 ANALYSIS AND EyALUATION

Since 1its synthesis in 1879, -saccharin has been the subject of
numerous toxicological invesﬁigations and reviews by public health
authorities. The findings of the expefimenta] studies conducted with
sac?harin in the seventies have led to recommendations from several
national health authorities for curtailment of the use and availability
of saccharin. These recommendations and their application through the
force af Taw have been the subject.of4considerab1e controversy. This
grew rather than diminished as -successive studies 'appeared in the
" literature, djabetes agd obesity control, ‘consumer protection, law,
public administratidﬁ and politics responded in print and the
electronic media. Their response often arose from positions based on
science,_ philosophy, personal judgement, public interest, sectional
interest qnd self-interest. Saccharin made its way from the small
print on thé Tabels of food products to leading articles qﬁd evén to

that touchstone of society, the funny pages.
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Within the context of the ICTC model for risk assessment and risk
management as described in chapter 2 (Figure 2.2); the potential health
hazards posed by saccharin were first 7identified using toxicological
investigation. Of particular concern, and the basis of the current
status of saccharin in Canada, was the observation of tumours of the
urinary bladder in second generation male rats whose parents had also
been exposed to saccharin. Because most known human caréinogens have
been shown to be active in one or more animal species, saccharin was
thus considered to pose a potential hazard to human health. Although
subsequent epidemiological studies were unable to provide direct
evidence that saccharin is a significant factor in the production of
bladder cancer in man, these studies are also unable to exclude the
possibility of some small increase in risk in the human population and

are therefore not necessarily inconsistent with the animal data.
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Risk estimation based on the extrapoiation of animal datz to man
is always difficu]t, éven with the traditional one-generation chronic -
toxicity/ﬁarcinogénicity bioassay. - For the two-generation ,bibassay.\
the problem of inter-species convefs1on takes on new dimensions due to
differences in the physiological characteristics of the yolk sac and
the fact tﬁat the fetus may or may not be exposed to metabolites which .

the human fetus can either further metabolize or eliminate.

The options available for the control of foad additives such as
saccharin with demonstrated carcinogenic potential are limited. In the
United States, the Delaney Amendment proscribes by law that no
substance known to cause cancer in animal or man may be pefmitted for
use as a direct food additive. Although the regulatory eﬁvironment in
Canada is less rigid, there has been a clear tendency to adhere to this
policy in practice. As such, Canada took action to ban the use of

saccharin as a direct food additive under the Food and Drugs Act.

Perceived benefits " that have been associated with the usé of
saccharin include the prevention of diabetes, obesity, dental caries,
hyperlipidemia and hypoglycemia, and its role in drug formation. These.
rperceived behefits were evaluated vis a vis the potentiai health risks

. of saccharin consumption, and resulted in the availability of saccharin

in pharmacies for those who felt a need for its use.
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The saccharin decisien was based on the llatest scientific
information available at the time.“ The initial public ﬁeaction'-in
Canada was largely ih favour of this decision, althpugh greater pubTic
opposition orchestrated by - certain special interest grbups was

) enéoﬁntered in the United States.

While the curtailment of the uses of saccharin is still
controversial, it is not considered to be an inappropriate reséonse to
the ﬁrob]em at hand. In retrospect, it seems that by today's standards
the decision was not accompanied by. a suffiéient1y comprehensive
attempt. to communicate its scientjfig basis and rationale to the
public. The use of detailed Information Letters such as those issued
in the case of théﬁ food additive aspartame <and the packaging
contaminant 'acry1onitri1e} may provide a vehicle for greater public

-\ﬁgi:eness into the. safety evaluation process and requlatory

decision-making.

This case study clearly shows that the regulation of food
additives can be a highly complex issue, involving some of the most
fundamental and challenging problems in_ human risk assessment and
social decision-making. Briefly, the§e include the appropriate
determination of toxic effects in animals. the extrapolation from these
effects to what might be seen in man (ahd the lower intakes), the
evaluation of scanty and sometimes inconsistent epidemiological

evidence, the assessment of health and other benefits. consideration of
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the concerns df'specia1 groups such as diabetics and the-impact on
industry and trade, conformity. with- 1ega1 constraints, and the timing
of the decision and its 1mp1ementat10n The saccharin example also
‘i1lustrates the feas1b111ty of dealing with such prob]ems through

comprehensive regulatory action wh1ch takes cognizance ‘of the balance
between risks and benefits as well as the degree of informed choice

that consumers are able to exercise.

11.6 SUMMARY AND CONCLUSIONS

The present review of the histery of saccharin has shown that it
_has been alternately endorsed or banned by various regulatory agencies
during the last one hundred yearsland that after a century of use,
scientific studies are still clarifying the nature of the toxicologitaT
effects of saccharin. = At this time, saccharin 15. available 1in
pharmacies 1in Canada but it is not permitted in foods. In other
countries saccharin is hsua]]y subject to varying degrees of control,
.often severely limiting the use or requiring warning Jabels. Saccharin
is an example of a chemical whose use has been.managed so that in these
-céuntries, any risk to the consumer is through indtvidua1 choice rather_

“than inadvertent exposure.

Regulatory agencies are often confronted with problems for which

there is 'either @ lack of data or Tess than the desired amount of

_informatibn, "as is -clearly the case regarding any risk-benefit
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assessment- pertaining to satcha}in. The present unknowns apply to
toxicological \and eﬁidemio]ogica1 studies, both of which have large
qigﬁvin the scientific databése against wh1§h the safety df saccharfn
must be assessed. - These unknowns have been a large part of sacchanin's;‘

. past and will Tikely remain so during the foreseable future.

~

While it is not yet possible td'quantify the potential risk to
human health from ingesting saccharin with any degree of certainty, the
data available today permits a somewhat better estimate’ than in 1977.
Thus., the decision tq ban saccharin in 1977 has not been contradicted
‘b;-.the data which has become available in the intervening years.
Nevertheless, the availability of saccharin in pharmacies continues to
~allow }DdiV1danS the freedom of choice to eva]ua&e ‘the various
alternatives on a personal basis, wﬁich is in Kkeeping with the
attitudes prevalent 1in many segments of our current day society.
Conver;é1y, tﬁe benefits attributed to saccharin remain largely.
unsubstantiated. Under these circumstances, and the fact that a
perceived majority of consumers desire an "absolutely safe" food supﬁTy
(Hi]]iamson; 1981}, “regu]atory agencies in North America are often
viewed as " being somewhat ‘cqutious in their regulatory actions.
However, until more definite data on the potential human health risks
of saccharin are developed, this prudent course of actiqn appedrs

' “ :
warranted. when viewed from the perspective of public health

protection.
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12. CASE STUDY NO. 3: -FORMALDEHYDE

. : ‘ Ger

12.1 INTRODUCTION

Formaldehyde is ubiquitous in the human environmenfl occurring in
both. indoor and _outdoor air as a result of release from -industrial
processes, and forma]dehydeQCQnta1n1ng materials such as
fﬁrea-forﬁaidehyde foam insulation (QFFI). [t is also emitted as a
by-product during'combustion, fs formed naturally in the atmosphere and

is present at low levels as a ‘normal body constitutent.

?

The fact that formaldehyde causes sensory dirritation in humans has
.1oﬁg been recognized. More recently, forma]dehyde has'beén found to be
carcinogenic in certain animal species, phereby prompting concern as to
-its poténtia] carcinogenicity in humans. Although several
epidemiological studies. have been conducted to- investigate this
possibility, the avai]ab]e results are not definitive. The resulting
uncertainty regarding the possibility of carcinogenic effects in humans
has had considerable influence on the ﬁanner in which formaldehyde and

related products have been regulated in Canada.

In this chapter, the available data on the health risks associated
with exposure to formaldehyde are examined. This involves

consideration of general characteristics (séction 12.2); data on human
exposure (section 12.3); toxicological and epidemiological studies,@ﬁ@

2



- 307 -

[ _
adverse health effects (section 12.4); and regulatory status (section

12.5). In view of the uncertainty surrounding the potential h.uman .
health risks posed by exposure to formaldehyde, we also consider areas

in- which furthe} information may serve td‘faci1ita$e our understanding.
thereby providing a stronger base upon which regulations may be based |
in ségtion 12.6. A brief summary of this case is presented in section

12.7.

12.2- PROPERTIES, SOURCES AND USES

Formaldehyde, the simplest and wost éommon aliphatic aldehyde in
the environment, fs a colorless gas with a pungent suffocatin& odor.
It is formed at Tow Tevels in ambient air as an intermediate in the
oxidation pf methane with higher concentrations occurring in poliuted
atmospheres due to the presence of increased levels of methane and
oxygen. precursors (Squire & Cameron, 1984). Forma1dehyde is also‘
emitted during the incomplete combustion of wood, coal, hydrocarbon

fuels, and tobacco.

Formaidehyde 1is generated industrially by superheating air and
methanol mixtures, -using either Silverhcrysta1 or mixed metal oxide
catalysts. It is released into the atmosphere during the manufacture
and use of both the gas itself and formaldehyde-containing products.
Formaldehyde jas first produced commercially in 1901 in the United

States for- use primarily as an embalming agent and disinfectant
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(Morris et al., 1975)._ Most of the formaldehyde generated in récent. |
years has‘been used in the production of urea-, phenol-, acpl-, and
melamine~resins. )
Urea-formaldehyde 1is primarily used for -the manufacture of
particle board, med i um density fibre bﬁa?d, and hardwood plywood {IARC,
1982b). It is also uged in the production of foam insulation, moulding
“ compounds and foundry resins as well as in the treating and coating of
paper, textiles and surfaces. Phéno'lic resins are used as adhesives in
water resistant plywood and as bi'ndefs in fibrous glass insulation.
Polyacetal resins are used as unreinforced thermoplastic .resins,'whﬂe
thermosetting melamline resins are used in surface coatings, moulding
compounds, laminates, dinnerware, and the treating and coating of paper
" and textiles (Meek et al., 1985).
. ‘W}

Formfa’_}"cTéhyde is also used in the preduction of chemicals, most
notably 1",4- butanediol, and to a lesser extent in the production of
_e]astomers, .exp1os1'ves, plastics, fibers, fertjh’zers, textﬂes,-

“cosmetics, and dyes (Wong, 1983).

12.3 EXPOSURE

a

Formaldehyde levels in remote outdoor areas are generally in the 2

ppb range, the value predicted for unpolluted air (Meek et al-., 1985).

Concentrations in populated areas tonsistent1y fall between 2-12 ppb
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{Cleveland et El;' 1977; Guicherit.&-Schu1ting,'1985; Tuazon et glf,
1978; Desuiel, 1985; Bortoli et al., 1985). |
FormaTdehyde concentrations in indoor,air‘are influenced E¥ the
type, qua]ity and age of bu11d1ng materia]s and furniture present, the
level of occupancy and human activity, and env1ronmenta1 factors such
as temperature, humidity, and ventilation rate. The use of gas stoves,
fireplaces, wood stoves, and kerosene heaters, as well as indoor

tobacco smoking, also affect fornaTdehyde Tevels (Meek et al., 1985).

-

Formaldehyde concentrations in indoor air are generally less than
0.05 ppm in conventional homes, although higher concentrations have
been feund in some nomes containing particleboard or urea-formaldehyde
foam insulation (UﬁFI)(Hea]th & Welfare Canada, 1986). However, the
higher Tevels somet{mes found 1in newer homec resulting from release
mainly from partic1enoard tend to decrease with time. Formaldehyde
Tevels in mobile homes tend to be somewhat higher than in conventional
homes, with levels ranging up to 1 ppm. This is beljeved to be a

result of the higher proportion of particleboard and plywood used in

mobile home construction and due to lower ventilation rates.



- 310 -

12.4 HEALTH EFFECTS ' ' : _ ' 2

12.4.1 Toxicological Studies

-/.

-

\i_Acute‘Toxicity. Acute exposure of laboratory animal

7 to airbornz)//
‘“éahééﬁtrations of formaldehyde greater than 100 ppm ; produce

salivation, acute dypsnoea, vomiting, cramps, and déath (IARc; 1982b}).
At concentgations of 10-50 ppm, decrease§ in Fespiratoryrrates, adverse
effects on pulmonary function (Chané EE.EL': 1981; Barrow & Steinhagen,
1981;.Amdur, 1960; Kane & Alarie, 1%]7; Davis EE;Sl's 1967) and eye
irritation (Salem & Collumbine, 1960) have been 6bserved. VAEute
exposure to concentra@ions of Tess than 1 ppm also. result in decreased
respfratory rates in both rats and mice (Barrow & Steinhagen,.lgsl) gnd

<

adverse effects on pulmonary function(jn guinea pigs (Amdur, 1960).

‘The results of short term studies reveal species differences in
the adaptive response of rodents to formaldehyde 1;ritancy, with mice
being more responsive than rats (Chang et al., 1981). . The dose
response relationship for sensory irritation in mice appeaﬁs to be

L)

quite similar to that in humans (Gamble, 1983}.

Subchronic and Chronic Toxicity. The effects of subchronic and

chronic exposure to formaldehyde in animal species are confined mainly

to lesions in the nasal cavity and decreases in body weight gain
(Health & Welfare Canada, 1986). These effects have been observed in

some species following exposures of 1-2 ppm for six months or more.
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There are c]eér species differences in the develcp#cnt of nasal
lesions, with rats and mdnkejs being mosf susceptible and hamsters
'being least susceptible. Mice are of intermediate suscebfibiiity.
These species differences correlate well with differences in adaptive
responses (i.e., 'decreases in respiratory rates) observed in short term
studies and with differences in formaldehyde deposition in the nasal

cavity (Chang et al., 1983).

Formaldehyde has been ';aréinogenici in two strains of réfs,
producing a high incidence of nasal tumours :(38-5ﬂ%)' in both sexes
following Tong-term exposure.to.approximate}y 15 ppm (Kerns et  al.,
1983; Sellakumar et al., 1985; Tobe Ei'él'- 1986). In mice, nasal
éa;;hgi have also been observed at 15 ppm (Kerns EE.El;’ 1983} although

;he 19trea§e was not statistically significant and was restricted to
ohe  sex. More limited studies have provided no dindication of
carcinogenic effects in hamsters (Dalbey, 1982).' There is currently no
evidence to indicate that formaldehyde increa§es the occurrence of

tumours at sites other than the_nasa1 cavity.

In rats, the dose response relationship for nasal tumours-over the
range 0-15 ppm is high1y curvilinear, with a disproportionafe increase
inltumour incidence occurring at higher concentrations. There is some
evidence that protective mechanisms such as'mucoci1iary clearance and

DNA repair are saturated at the concentration at which tumours. develop.
Inhibition of nasal mucociliary function (Qorgan et al., 1983),
extensive tissue damage (Swenberg et al., 198£X{”and/an increase in

cell proliferation .have been observed in the nasal cavities of rats
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exposed to this level for periods as short as six hours. Similar
tissue injury haé.not been observed in the hamster .at iﬂis level of

exposure.

Genotoxicity. Formaldehyde has been shown to cause damage to

genetic materfal 'in a number of assays including those in cultured
mammajian cells, Drosophila, fungi, and bacteria (Auerbach :gE al.,
" 1977; Consensus Workshop on Formaldehyde, 1984). It should be noted,
however, that the genotoxic potential of formaldehyde has not been
consistently demonstrated in related assays. For example, although
formaldehyde leads to sister chromatid exchange in Chinese hamster
ovary cells, mutation of these cells has not béen observed (Boreiko &
Ragan, 1985). Based on a recent review of the in vitro studies, it was
‘concluded that formaldehyde may be considered a weak mutégen, inducing
less than a 10-fold increase over background in those assays where it
tested positive (Consensus Workshop on Formaldehyde, 1984).

The results of the in vivo studies conducted to date are mixed.

While formaldehyde is mutagenic in Drosophila under certain conditions
{Boreiko & Ragan, 1985), other tests have been eitﬁer negative or
marginally positive (Consensus Workshop on Formaldehyde, 19§ﬁ). No
increase in the freque\cy of either chromosome aberrations or sister
chromatiﬁ exchanges were observed in bone marrow cells or spermatocytes
in six pathology workers as compared to five unexposed controls

(Thomson et al., 1984).
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Metabolism and Pharmacokinetics. Formaldehyde is an important

metabolic “intermediate and a required precursor in the endogenous
synthesis of formic acid; conseq'uently‘,ilit is normally -present in low
concentrations in body fluids (Meek et al., 1985). It is rapidly
metabolized to formic. acid by enzymes in the Tiver, and to a Tesser
extent in the brain, kidney, muscles, and erythrocytes. Formic acid is
then further oxidized to carbon dioxide and water. - Carbon dioxide may
be eliminated in urine as a sodium salt, or enter the single carbon
metabolic pool, a biosynthetic pathway which leads to the formation of
amino acids such as serine, choline, and glycine (Squire & Cameron,

1984). N

In addition to being oxidized to formic acid, formaldehyde can
form adducts with proteins, histones, and nucleic acids. Reaction with
DNA has been found to result in irreversible denaturation of the DNA
helix (Newell, 1983). If a formaldehyde molecule reacts with two
ﬁaired-_strands of a DNA helix, the adduct forms a cross-link which

cou]c-iuinterfere with DNA replication, and lead to mutations.

12.4.2 Epidemiological Studies

a

Irritancy and Pulmonary Sensitization. Sympfoms of irritation,

particularly of* the eyes, nose and throat, have been reported in a
: v
number of cross sectional studies of workers exposed to Tlevels of

formaldehyde ranging from less than 1 ppm to greater than 5 ppm (Meek
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concentrations less than approximately 0.5 ppm. However, the potential

for subject bias (overreporting of symptoms based on knowledge: of

exposure) and lack of specificity of the acute effects of férma1dehyde,

complicate the interpretation of the results (Meek et al., 1985).

-

Mild symptoms of eye irritation at Tevels as low as 0.3 ppm were

noted in early clinical studies (Rader, 1974; Schuck et al., 1966). In
more recent and better controlled studiés, significant differences
between exposed and control groups have been detected in the frequency
of symptoms of irritation only at levels of exposure approaching 1 ppm
for periods up to 30 minu;es in length (Bender et al., 1983;

Pl

Weber-Tschopp et ‘al., 1977).

1

Carcinogenicity. A series of historical cohort studies have been

performed to examine the potential carcinogenic effects of formaldehyde-

in humans (Blair et -al., 1987; Acheson et al., 1984; Harrington &
Oakes, 1984; Levine g}_gﬂx,"1984; Wong, 1983; Harrington & Shannon,

1975). None of these studies revealed any excess of nasal or

nasopharnygeal cancer associated with exposure to formaldehyde.

However, given the rarity of such cancers, the power of these\ studies
to detect small increases in risk ywas limited. Exposure levgls were
poorly determined and the effects of confounding factors co d not

easily be taken into consideration in the analyses. These studies

also generally involved exposure periods shorter than desired for a

disease such as cancer which can have a relatively long latent period.

{"Z

/



- 316 -

. )

In some of the cohort studies, carcinogenic effecis were reported
at sites distant from the nasal cavity. Harrington & Shannon (1975)
'npte —-excess lymphatic and hematopoietic lesions 1in ‘British
pﬁfgjtogists‘and Acheson_gg_gl;'(1984) reported- increased lung, rectal.,
bone, and thyroid tumours in British ghemica] workers. However, it is
not clear that these tumours were attributable to formaldehyde
- exposure, For example, the incidence of 1lung tumours in chemical
workers in the study by Acheson et al., (1984) was increased compared
to the British population as a whole, but not when compared to local
residents. th'n"ecv.r‘ev.‘L there was 1ittie evidence of an exposgge response
relationship and the number of deaths from cancer of the bone and

. L

thyrpid was small.

\\ Increases 1in nasal or nasopharnygeal cancers dttributable to
formaldehyde exposure have also nbt been found in the case-control
studies perfoﬁmed to date (Hayes et al., 1984; Olsen et al., 1984;'
érinton_gg_gl., 1983; Fayerweatherlgi_gl.; 1983; Hernberg_gl_gl., 1983;
Anderson et al., 1982). Whiie it was possible to adjustn%br exposure
to confounders such as smoking and wood dust in some of these studies,
confounding remained a serious problem in others. For example, in the
case-control study of nasal cancer din Denmark, Finland and Sweden
conducted by Hernberg et al., (1983), the association between

formaldehyde exposure and nasal cancer was clearly confounded by wood

dust exposure. Whereas 15 out of 18 of the formaldehyde-exposed cases
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were also exposed to wood. dust, none of the 6 formaldehyde-exposed

controls had been exposed to wood dust.

An associatién between forma]dehydé exposure and cancer incidence
has been observed in several of the proportionate mortality studies
. conducted fo.date. Walrath & Fraumeni (1983) detected excess skin,
kidney, and brain.1esions in embalmers; Liebling et al., {(1984) found
excess co1o-fecta1 as well as buccal and pharyngeal tumours in factory

workers; Stayner et al., {1985) found excess cancers of the buccal
cavity, biliary passage and Tiver as well as the lymphatic and
hematqgoietic ;}stem in embalmers. .These results add little to the
weight of the evidgnce concerning the carcinogenicity of formaldehyde
however, because of the potenfia] for bias in selegtion of the exposed
population and the tendency to overestimate the mortality experience‘of
occupational gfoups, such studies should be considered only as
preliminary screening tools. ) In this case, these findings wefe not
corroborated by the inherently more sensitive cohort or case-control .

studies discussed above.

Taken as a whole, epidemiclogical studies ‘conducted to date
provide 1little convincing evidence of..the carcinogenicity of
formaldehyde in human "pu1ations. Positive results have been reported
in certain proportionate morta]it& studies; however, thg number of

excess deaths has been small, the pattern has varied from study to

.study, and the findings have not been reproduced in analytical studies.

[
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Stilu, the possibility that.fofmaldehyde is & human carcinogen cannot

be excluded on the basis of the available data due to the Timited -
sensitivity, Tack of quantitative “exposure:data, insufficient exposure

periods, and confounding in studies conducted to date.

12.4.3 Risk Estimation

Evidence for tarcinogenicity in humans {s most persuasive if
derived from analytical epidemiological studies (Squire & Cameron,
1984). For‘formaldehyde, such evidence is lacking; éﬁy assessment of
potent%a] cancer risk mﬁst thereforé be based on the aﬁa1ysis of animal
bioass;y data. ATthodbh there are data ava{lpb]e for admjn{stered
doses of formaldehyde ranging from _Ojg to 15 ‘ppm' there "is still
considerable uncertainty regarding the shape of the dose response cuEve )
at Jower doses, largely because of the lack of understanding regarding
the mechanisms- of formaldehyde-induced cancer. Often because of this
lack of understanding, some form of linear extrapolation is used to
estimate risks at Tow doées (Krewski et al., 19865. Such an approach
provides an upper bbund for low dosé risk estimaEeS'such that the trué
.risk to humans exposed to forma1déhyde by inhalation is not likely to

be higher than this limit (Consensus Workshop on Formaldehyde, 1984).

It is -also generally assumed at least implicitly that the
administered dose -(the external measure of exposure that is directly

controlled in laboratory studies of toxicity) is proportional to the
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delivered dose to the target tiésue {in ‘this case, the amount. of
formaldehyde covalently bound to respiratory mucosal DNA). The

delivered dose is presumed to be the direct causative variable in

mechanistic descriptions of the carcinogenesis procéss at the cellular

and molecular levels (Starr & Buck, 1984).

Extrapolation of the risks associated with formaldehyde exposure
from rodents -to humans requires consideration of interspecies

differences in formaldehyde metabolism, nasa]Aanatomy ana physiclogy,

and adaptive response {Squire & Cameron, 1984: Starr EE al., 1985).
The nasal exposure of rodents to airborne substances such as
formaidehyde is higher. than that of humans, as the former are
obligatory nose breathersy Rodents ,have internal nasal structures
which act as baffles to deflect Targe volumes of afr;.humans do not.
Rodents-also have a much larger surface aréa for filtering air relative
to their respirétory réte; which implies that if both species
were exposed to similar cohcentrations of airborne material, rodents
would receive a higher dose per unit area. It is possiblie however,
that in humans, formaTdehyde might induce cancers of the reSpifatory
tract other than nasal and nascpharyngeal cancers, most notably those
of the buccal cavity, larynx, trachea, esophagus, and bronchi (Acheson,
et al., 1984), due to the fact that humans breathe partiq]]y through

the mouth.
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- Information on the mechanisms of forma]dehyder toxicity 1is also
levant to interpreting the risk estimates for formaldehyde. Such
*‘“‘?:Sta include the effects of.the sensory irritationh response énd the
mucociliary clearance mechanism on delivery of forma]dehyde to targéf
tissues, “the~disposition of delivered formaldehyde in target cells via
metabolism and macromolecular binding, and the cellular proliferative
‘response to. cytotoxicity (Starr & Buck, 1984). In an attempt to
incorporate some of the mechanistjo. détq% .Starr  and  Buck (have
quantitatively estimated the éanger_risks at low levels of formaldehyde
exposure incorporating' delivered dose (amouni of formaldehyde
covalently bound to respiratory mucosel _DNA) as the measure of
- exposure. This‘ approach -‘takes into consideration the non-uniform
relationship between administered and delivered dose observed in a
recent study by Casanova-Schmitz et al. (1984).
s o
The risk of cancer associated with exposure to low airborne levels
of forma]dehyde has been quantitatively estimated on the basis of the
incidence of nasal squamous cell carcinomas in rats observed in* the
CIIT study. Using the multistage model, the estimated Jower 95%
coﬁfidence limits for virtually safe concentrations associated with a
lifetime risk of 10-5 is 0.0064 ppm. Taking delivered dose as the

measure of exposure (Starr and Buck, 1984), this value is increased to

0.016 ppm (Health and Welfare Canada, 1986).

[}
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. 12.5 REGULATORY STATUS

12.5.1 Qccupational Exposure Limits

Over the years there has‘been a steady decreaée in the levels for
formaldehyde pérmitted in the workplace. In 1949, a Maximum Allowable
Concentration of 10 - 20 ppm for an 8 hour exposure period was joint]}
recommended by the Department of Nationé1 Health and Welfare and the
Ontario Ministry of Health. In 1978, the Americgn Confer;nce of
Governmental and Industrial Hygienists (ACGIH) established a Threshold
Limit value (TLV) of 2 ppm for an 8 hour exposure. Thjs is a ceiling
value and does not permit short term excursions at a higher level.
This value has been adopted for, federal workers under the Canada Labour
Code and by most of the provinces. At the present time, however, the

ACGIH Threshold Limit Value for formaldehyde is being reviewed (Corpus

Information Services, 1982).

12.5.2 Non-occupational Exposure Limits

Guidelines for formaldehyde 1eVe15 in indoor air have not been
established in any province, with the exception of British Columbia
which has introduced a value of 0.1 ppm. Such guidelines have,

however, recently been established by the Federal-Provincial Advisory

Committee on Environmental and Occupational Health. This Committee has .

recommended an action level of 0.10 ppm for formaldehyde in indoor air.
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IF was also recommended that every effort be made to reduce

concentrations below a target vajue of 0.0S-ppm. It is likely that
these guidelines will prompt the introduction of ventilation
requifements and product specifications to ensure that formaldehyde

levels in indoor air are(EEwa\the recommended values.

12.5.3 Urea Formé]dehyde Foam Insulation (UFFI)

-,

Increasing concern over possible health problems associated with
residential uses of UFFI prompted formation of a Working Group on the
Toxico1égy of Thermal Insulation, in 1978. In 1980, this Group
recommended specific dinstaliation procedures for UFFI. They also
recommended a guideline of 0.1 ppm for free formaldehyde in
UFFI-containing homes based on the application of a 20—f01d_ safety
factor to the ACGIH TLV for occupational exposure. This Timit was

comparable to that established in Norway and the United States {Corpus

‘

Informdtion Services, 1982). 7 ' /

In 1980, an Expert Advisary Commitiee was formed by Health and

Welfare Canada, to _assess potential risks to health to per§ons
occupying buildings insulated with UFFI (Corpys Information Services,
1982). The committee recommended that a moratorium on the use of UFFI

be imposed until it had completed its detailed investigation. In

!

¢
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response, the federal government announced a temporary ban on UFFI for

residential homes, effective December 18, 1980.

In Aprj] of 1981, the Committee concluded that UFFI can be an
unstable material of variable composition, being susceptible to
breakdown and the release of formaldehyde gas. It was recommended that
the ban remain in place until industry satisfactorily demonstrated that
a safe, stable and defined product had been developed. Government and

industry were also to develop standards to ensure that the recommended

level of formaldehyde (0.1 ppm} would not be exceeded by installation

of UFFI (Corpus Information Services, 1982).

On June 11 of that year, the Department of Consumer and Corporate
Affairs ({CCA), initiated -a UFFI program which 1nc1ﬁded a national
indoor formaldehyde testing survey, "a Hazardous Products Board of
Review to hear representations f%om interested parties, and a toll free
Across Canadé Telephone System fof computerized retording of inquiries

and complaints {(Corpus Information Services, 1982).

On December'14, 1981, the governmént released "The Report on the
National Testing Survey to the Board of Review", which revealed that a
small fraction of homes not containing UFFI had average indoor
formaldehyde levels greater than 0.1 ppm, as did a large fraction of
UFFI—eontaining homes 1in which health problems were reported (Geypus

Information Services, 1982).
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The f01iowing week, CCA announced de%ai]s of a $110 million
. assistance plan for owners of UFFI homes. The ﬁ]an included free
screening of formaldehyde Tevels in homes, with a more comprehensive
examination if levels were greater than 0.1 ppm, advice to homeownefs
on remedial work, along with up to $5,000 in granfs‘to cover costs, and
financial assistance and technical advice to persons in homes having
levels less than 0.1 ppm if their health was affectéd‘ by the

formaldehyde gas (Corpus Information Services, 1982).

During its final meetfng in January of 19&2; the Board of Review
concluded that the only effective solution to fhe problems associates
with UFFI used, was to maintain the ban {Corpus Information Services,
1982}. The ban remains in effect to date.

12.6 ANALYSIS AND EVALUATION

The facp that formaldehyde acts as a'sensory irritant in, humans
: has long been well documented in workergnzkposed to levels above 1 ppm.
This epidemiological data on sensory.health ﬁazards is supported by
toxicological studies in animals. More recently, long-term exposure to
formaldehyde in rats has been shown to induce malignant tumours of the
nasal cavity. These latter effects Wave not yet been observed {p
humans, although the epidemiological studies conducted to date are

insufficient to preclude this possibility
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Based on the noncercinogenic effects of formaldehyde, a TLV of 2
ppm over 8 hours has been established for occupational exposure. Based
on estimates of carcinegenic risks .obtained from* the' toxicological
studigs, a lower level of‘O.H ppm has been established for indoor air.
These‘ latter effects have also been respohgib1e for the banning of

UFFI, an action which is currently being challenged in the courts.

4

This action indicates. that several strategies have been used
jointly in order to control the health risks posed by formaldehyde.

Recognizing that formaldehyde cannot be completely eliminated from

ambient air, this has included the establishment of guidelines for
occupational and nonoccupational exposure in order to en;ure minimal
risk. In contrast, a zero-risk philosophy was apparent with thé
banning of UFFI on the basis of the potential for caréinégenic effects
of formaldehyde gas released from “this product. This position was
supported by the availability of other less hazardous insulating

materials.

The establishment of regulations for formaldehyde use in Canada
has been a difficult and controversial process 1argq1y due to the
limitations of the pertinent scientific data. G;eater understanding of
the mechanisms of formaldehyde toxicity and of advé;;e health effects

in humans could lead to the refinement of current regulations. In

particular, more detailed scientific information concerning exposure,

-
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pharmacokinetics and metabolism, i{rritancy and sensitization,

carcinogenicity and genotoxicity, and risk estimation.-is'desirable..

More valid data are, required on the extent and magnitude of
occupational exposuréhto formaldehyde, particularly in industries such
as texti]é manufacture where there are large numbers of people at risk.
. More data are also needed formaldehyde levels in workplaces such as
mortuaries and foundaries in which high concentrations have been
reported and in workplaces in which epidemiological investigations are
being or have been conducted. More accurate data are\a1éo required on
the variability of formaldehyde concentrations in indoor air, S0 as to
better define both short term peak exposures and long term (seasonal)

variations {(Consensu$ Workshop on Forma1dehyde, 1%?4). Development of
more reliable portable methods for determination of forma]dehyde levels
in the air of public and residential buildings wouid also “be
desirable. - |

It has been difficult to precisely establish the Tlevels of
formaldehyde which induée symptoms of irritancy in human populations,
due to the limitations of available clinical and epidemiological
studies. More carefully designed clinical studies of sensitive
individuals and epidemiological investigations ‘of occupationally and
residentially exposed p0pu1ation§ would provide valuable additional

information.  Such studies should involve examination.of populations

) .
with longer exposure periods, estimation of the degree of exposure:to

\uktk
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¢ .
formaldehyde and to other chemicals, and assessment of the effects of

important confounders (especially smoking).

' Further carcinogenesis'bioassays in rats at doses above,. below,
and between 2-15 ppm ‘would allow scientists to better define the dose
reSponée curve for the garéinogenicity of formaldehyde {Consensus
Workshop on Forma1dehyde, 1984). However, since rats are obligatory
nose breathers, comparative toxicity/carcinogenicity “studies should
also be conducted in primates which have oral and nasal breathing
patterns similar to those of humans.

" -

The relationship between formaldehyde levels in ambient air and
formafdehyde concentrations at target cells needs to be more clearly
established in’ ;oth animals and humans (Starr et al., 1985}. In
particular, additional data on the absorption, transport, tiésue
distribution,‘and metabolism of formaldehyde would be desirable (Starr,
1986).  Comparative studies on related aldehydes may facilitate
understanding of the metabolism, reaItion with macromolecules, and
toxic effects of formaldehyde. Since formaldehyde is known to. form DNA
adducts, the structure of such adducts, the response of DNA' repair
" mechanisms, and the relationship between chromosomef.breaks and

formaldehyde dose, should also be investigated (Consensus Workshop,

on Formaldehyde 1984).
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A better understaﬁding of the nature of formaldehyde - induced
"DNA lesions 1is desirable (Starr, 1986). Eiperimentﬁ should be
conducted to determine whether such adducts pre%erentia]]y form 0; :
single stranded DNA within cells, whether these lesions are associated
with the _cjtotoxic, mutagenic, and transforming activity. of
formaldghyde, and what repair mechanisms remove such lesions {Consensus .

-

Workshop on Formaldehyde,~1984).

-—

Estimation of fhe risk of formaldehyde-induced carcinogenesis in
humans could be Iimproved through the expansion and refinement of .
existing epidemiological databases, and by consideration 0; add%tionq1
data from apima1 studies involving short term or intermittent exposure
in species with bfeathing patterns similar to those of humaqs
(Consensus Workshop on Formaldehyde, 1984). Refinement of mathematical

dose response models through incorporation of critical mechanistic data

is also needed (Health and.Welfare Canada, 1986; Starr et al., 1985).

12.7 SUMMARY AND CONCLUSIONS

Forma1dehyde is formed naturally in the environment/and is
released from anthropogenic sources\inc1ud1ng the manufacture, use‘and
decomposition of formaldehyde-containing products and combustion. .Du%
largely to the extensive 'uﬁe of fofma]dehyde-contain%ng res}ns in

building products, levels of formaldehyde in indoor air are greater

than those in ambient air. -
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Formaldehyde is a vita11y jmportant intermediate in the metabolism
of cells. Exposure to e#ogenous sourcés, however, results in sensory
1rr1tation. In c¢linical studies, significant increases in symptoms of
irritation of the eyes, nose and throat have been observedrpt']eveTs
greater than 1 ppm. Data derived from observational studies of
populations exposed to formaldehyde in the occupational environment or
in public or residential buiidings are less reliable owing to
Timitations of the 1nvestigatjons conducted to date; however, in the
well-conducted studies, Fymptoms of irritation have not been associated

‘ with exposure td levels less than 0.5 ppm. It has also been suggested

that formaldehyde may cause asthmatic attacks in sensitive individuals,

although the available data are inconclusive in this regard.

The database on ‘the possible carcinogé}icity of form&]dehyde is,
by cohparison, much less complete than that concerning the drritancy
of the compound. Formaldehyde has been shown to be carcinogenic in two
strains of rats producing a high 1ncidence‘ of nasal squamous cell
sarcinomas following administration of approxfmate1y “is ﬁpm.
Epidemiological studies conducted to date have not been ‘ab1e to
unequivocally demonstrate that formalidehyde i; carcinogenic in human
populations; however; this possibility cannot be excluded, particularly
in light of the recent suggestive fesu1tsuof Blair et al. (1987).
'Estimatidn'of the potential risK of cancer associated with exposure to

. formaldehyde can sti11'be dqne using data from the animal bioassays.

These estimates are however also uncertain due to a lack of

understanding of the mechanisms of formaldehyde-induced carcinogenes#@ﬂx_
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and interspecies differences in nasal struéfure. and breathing
patterns.

As data on the dirritancy and possible carcinogenicity of
forma]dehyde “have -accgmu1ated, however, 1increasingly more stringent
regu]atiqns to limit oc%upationa1 expdsure- and the use of certain.
-%orma1dehyde-cohta1n1ng products in Canada have been 1ntroducedf A
threshold limit value of 2 .ppm for occupational exposure has been’
adopted in many of the provinces; this value is currently undek review
and may well be reduced. Indeed, in Ontakio, a value of 1‘ppm has been
recommended to prdvincia] occupational health autﬁorities (Farber et

v

al., 1985).

Fol1owing deliberation of -an expert advisory committee, urea
formaﬁdghyde foam insulation was banned in Cana;a fn 1980 and
guidelines for formaldehyde Tevels in indoor ajr have recently been
established by a Federal Provincial Advisory Committee. It is Tikely
that these guidelines will prompt the introduction of ventilation
requirements and product specifications to ensure that formaldehyde
levels 1in indoor air are “below the recommended value. Indeed,
formaldehyde eﬁissions from particleboard have, over the past few-

years, been reduced dramatically due to changes in production methods

-introduced by the Canadian particleboard industry.
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It is apparent, therefore, that the uncertainty about the risks,

~associated with exposure to 1eve1s'of formaldehyde currently present in
the occupational and geneﬁa1 environment has prompted the adoption of a
prudent course of action 1in Canada. Wherever ﬁbssib]e, formaldehyde
emissions -and pefmitted 1gye1s of exposure have"bgen reduced. .
Moreover, although additional epidehio]ogfca] and mechanistic data on
the carcfnoéenicity of formaTdeﬁ}de are desirable, it seems unlikely
that thié information wj]] be available in the near future and it is

probable that current trends to reduce exposure to this possible

carcinogen will continue.

9
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13. CONCLUDING COMMENTARY

Safety assessmegnt is a risky business.

John Kirschman
‘General Foods’ Corporation

13.1 RISK ASSESSMENT AND RISK MANAGEMENT

Recent vears havé witnessed a surge in public: and Drofess?oﬁa1
interest in the assessment and mahaqemeﬁf of health and environmental
risks, as reflected if the qarked increase in the appearance of
newsnaper articles and scientific publication on risk. Following the

)

pioneering work of Lowrance {1976 and Rewe {1977),‘ this trend has
culminated in the birth of a new discipline called risk science
focussing on the systematic study of risk. Several universities have.
established special nrograms in risk assedgment of risk management. At
the same time, professional associations suph as the Society for Riék
Analysis have been formed to soonsor conferences on risk and publish

-

professional ioukna]s devoted exclusively to risk.

A natural component of this evolutionary process has been the. .~
development of conceptual models of risk assessment and risk maﬁagement
to describe the risk problematic. The first suéh model was pronosed by
Whyte & Burton (1980) who envisaged a‘simple four stage model comprised
of hazard identificat{On, risk estimétfon. risk evaluation. and risk —‘)
management. TYhe first two stages combined constitute the rigk analysis

phase; the first three comprise the risk assessment phase. Since that

-~

L2 ]
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time, this model has been refined by a number of national and
international organizations with strong interests in health _and

énvironmenta] risks. While these later models portray the process in

much greater detail, thereby clarifying our understanding of risk
assessment and risk management, they all involve the original four

broad steps of identification, estimation, assessment and managgment.

The first step‘ in the ‘brocess is hazard identification.
Epidemiological studies of human p0pu1at10n§ and toxicological sfudies
conducted {in the Jaboratory currently provide the bulk of the
information used to identify human health hazards. Since both of these
approaches to hazard identification have distinct advantages, neithér

approach should be preferred to the exclusion of the other.

Epidemiological studies have the unique advantage of providing
evidence of adverse health effects directly in humans. However,
observations on human populations caﬁ be of limited sénsitivity Qhen_
exposures are low. Given that human beings are constantly exposgd to a
myriad of eqvironmenta1 health hazards, the ana1ysis of such data must
allow for the possibility that any adversé heé]th effects observed in
epidemiological studies may be attE}Butab1e to some uﬁsuspected
confquding risk factor. Since human exposure must take place prigr to
the conduct of an epidemiological invéstigation, moreover, epidemiology
cannot be used to evaluate new materials prior to their introduction

into the human environment. ' \ —
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Toxicological tests conducted in the laboratary can be designed 50 °
as to be 1argé1y' free from bias, and can achieve great sensitivity
through the use of exaggerated doses.  These resuits are however
achieved at the expense of obtaining “only indirect evidence of the
potential for substancé; tested to harm humans. Nonetheless, since
most agents known to induce adverse.health effects in humans also do so

in one or more toxicological tests, it has become standard

assume that materials which are shown to be active toxicological

tests should be fegarded as presumptive human health hazards.

0

O p

Once a potential human health hazard has been identified, it fis
often useful to determine the magnitude of the risk presented. This
may be =acc6mplished by -a'.morl quantiiative analysis of the same
toxicological énd epidemiological data base used to identify health

hazards. Since this ggnéra11y requires analysis of dose response

‘relationships, the data requirements for risk estimation may be more

extensive than for hazard identification. In particular, while
po%gntial hazards may.be identified using only one or two re]ative]y
high dose groups in toxicological tests, a series of increasing doses
may be required in order to delineate the slope of the dose response
curve for purpose of risk estimation. '

wh

One of the most difficult problems id risk estimation is to infer

L

the level of risk associated with exposure to low levels of

environmental  toxicants. Traditionally, acceptable levels of human
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e;poéurglhave been established by dividing the dose at which no adverse
health effects were observed in toxicological test by a suitable safety
factor designed to aﬁ]bw for both inter- and intra-species differences
in senéitfvify.' This approach is based on the assumption that there
exists a threshold dose below which there is no.risk of an adverse
health effect occurring.

The threshold assumption may not be valid for certain delayed
irreversible health effects such as .carcinogenesfs and mutagenesis.
For these effects, it is generally considereq that the risk isldirectly
proportional to the Tevel of exposure in the wa dose region, so that
any nonzero level of exposure will be associafed with some nonzero
risk. While absolute safety can then only be guaranteed if exposure is
comp]eté1y eliminated, a virtually safe Tevel of expasufe corresponding
to "some suitably low or de -minimis level of risk may still be

b
considered.

bl

Because of the uncertainties involved in -estimating low dose
cancer risks, there has been a general tendency towards conservatfsm in
risk estimation. Specifically, linear extrapolation may lead to upper
bounds rather than best estimates of risk in some cases. (Although
. this may be viewed as a conservative practice, the present state of the
_art of cancer risk estimation does not permit the calculation
defensible best estimates.) Similarly, conservative assumptions are

often made in extrapolation results obtained in animals to humans.

3
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This can present problems in balancing risks against benefits since
conservative practicés are generally not emponed in assessing

benefits.

What an acceptable levellof'risk should be in this'context is a
difficult qugstion. It seems reasonable to suggest that there exist
trivial risks which are not Qorth worrying about, ,and, %t,the other
extreme, that there are risks sufficiently high so as to be considered
unacceptable by the majority of the population. While regulatory
agencies are reluctant to endorse a specific level of risk as being
acceptable, previous regulatory actions taken on>certa1n carcinogens
-present in thé environment have allowed for lifetime risks on the order

of one in a million.

Once risk analysis is complete, risk manage’s must selé&t é
suitable risk management strategy. The options available to decision
making are many and varied, and may be broadly c1as§1fied as
regulatory, economic, advisory or technological. In Caﬂéda, as in most
developed nations, regulation represents perhaps the most commonly used
and certainly the ;ost forceful option for risk management.. At the
federa1:1eve1, there exists ten major statutes for the protection of
human health and the environment. Many provinces have a1so‘enacted
~related legislation under thé authority vested 1in them by the
Constitution Acts of 1982 and 1867. Although there is some overlap
between jurisdictional boundaries, the federal government has beéun to
withdraw its authority in areas of concurrent jurisdiction.

Y
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At present, there is a strong movement towards regulatory reform
and = deregulation, resulting in an increased consideration of the
nonregulatory options for risk management. In“this regard, economic
incentives and d1s1ncentives offer powerfu1' tﬁﬂis for-'inf1uencing
1ndhstr1a1 po11¢1es“63 pollution control. Similarly, insurance schemes
- may be ysed to provide compensatioh without undufy burdening individual

risk ducers. Advisory .approaches to risk management rely on the
‘ provision of information .either to risk producers in an attempt to
encourage risﬁ reduction or to risk consumers if as to promote risk
. avoidance. Technological approaches to ﬁb]]utio

abatement represent

another risk management option which s 'bécoming increasingly

effective. These approaches are not mutually exclusive and may be

applied jointly, as with fiscal support programs sponsored by
government to - facilitate the development of new technologies for

po]]utio#xcontro].

The selection of a particylar option or combination of options for
risk management generally requires consideration of factors other than
risk. Since hézardous materials also carry with them significant
economic benefit, it can be reasonably argued that decisions based on
risk alone (other than situations in which zero risk is mandated as the
only permissable objectﬁve) are incomplete. To achieve a balance
between fisks and benefits, program eva]uation; techniques such as

‘hhcost-henefit analysis may be invoked. In the United, States, this is

required by law under several statutes. This legal motivation is Tess
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consequences.

A major difficulty in the - -application ofw~r15k-\enef1t‘ and- -

cost-benefit analysis }n°the health area is the monetarizatiaqn of human
heal th effecté. .This is a cpntrovgrsia1 area for which no\consensus
has yet been attained or for which no generally accepted methodology
presently exiiys. Thus, less ambitious program evaluation teéhnﬁques
such as cost-effectiveness-analysi; may-be ;onsidered. By seek}ng the
Teast cost solution to exposure reductijon, cost—effectivenessl stops
short of quantifying health effects. Howéver, this sim;11f1cat10n
isobtained at the expense of eliminating comparisons’ bgtween risk
reduction pgbgrams.%nvo1ving different exposures af différent health

effects.

In practice, risk management decisions must also consider factors

other than risks and benefits. In particular, decision makers need to .

" be aware of public perception of risk, and give their viéws

<

consideration in selecting a risk management- strategy. While there aﬁe
clear differences between perceived and actual risks, it ‘should by no
means be assumed that scientific estimates of risk are'to be treated as
an immutab]e.-baseline against which to géuge public percept1on3
Uncertainties 1in risk‘estimation-abound, including those 1nvo]véd in
extrapolating fromlthe high doses used in laboratory tests to the lowex
doses corresponding to human exposure levels, and in converting animal

data to the human situation.

Y
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Less well recognfzed is the fact that even basic scientific
observations can be subject to considerable unce;ta{nty. For example,
the djagnos1s of a neoplastic lesion in an animal fo1[ow1ng complétion
6f a léboratqry carcinogenicity tést may be influenced by the degree of
autolysis experienced during the cause of the study, the attention paid
"to tissue 'acquisition and preservation at. necropsy, and Ehe use of
special stains or more detailed evaluations using electron microscopy
Cor morphometric analyses. Such uncertainties should be clearly borne

in mind when evaluating the results of objective scientific studies of

risk.

Throughout the process of risk ésséssmenp and, risk management, it.
is essential. that information on risk be communicated in clear and
unqerstandabTe terms and that effective channels of communication be
established among "individuals and institutlons involved 1in the
assessment of risk. Despite its importance to successful risk
éssessment, it is only within recenf years that risk communication has
been the‘object of‘systemaéic study. Mbde]s of risk communicatfon have
been developed to examing the process of risk commuhication in detail.
These models reflect the messége transmission proéésses and

institutional structures involved in risk communicatjon, and

Hi’gh’light the 1interplay between experts and "the public M risk

assessment. ) * A

({"
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While risk communication has:.recentiy been viewed as _being
_distinct"from related areas such as risk percéptian, specific' risk
~communication pechniqug§‘ have been in practical use for some time.
These include print-media 1nfo;mation distribution systems fo convey
data on ?ﬁsk primarily from experts to the ppb]ic, consultative and
feedback mechanisms for public partic?ﬁation in risk management, and
highly technical discussions within expert committees. In the future,
we need to know more about how to effectively present quantiiative data
on risk without oversimpiifying uncertainty and on how this information

14

is received an unde™tood by the general public.

»
¢

13.2 PRACTICAL IMPLICATIONS ) *

In the preceding séction,htﬁe main features of the model used here
to describe the process of risk dssessment and risk‘managemen} were
reviewed. The model itself is Sased on a systemic analysis of this
process, and offers considerable insight into the key elements of risk
managemené—'decisions ?Bvo]ving environmental health hazardgf “To
further evaluate. the utility of our model, it was applied to three
environmenta1‘@p;ard§: acid deposition, saccharin and formaldehyde.
These case studies sapport the validity of\fhe model, and provide a
basis -for some’ general observations concerning its practical
N

implications.

l

[ . 2
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In two of the three- cases (saccharin and forma]dehyde) health

hazards were. first Tdentified on the basis of tox1go1ogica1
experimentation. In particular, both compounds were shown to cause
cancer in rodents following long term exposure. In both casee; these
tox1¢o1ogica1 ffndings spawned a series of ep1dem1o1og1ca1
investigations 1ﬁ/su1tab1y chosen human popuTat1ons to the point where
saccharin ' and forma1dehyde are among the most extensively studied
chemica]s““epidemio1ogica11y. " This tendency to rely primarily on
toxicological data for hazard identification may be reduced in future
as epidemiological techniques - for human health monitoring become more

refined.

Despite the large epidemiological daea Béses aseémb]ed\Bh these
- two substances, the human evidence remains somewhat ambiguous. Since
this mey be dye to the re]at1ve1y Tow levels of exposure within the
human population, 'regulatony action has begn taken on both compounds

This is not to say that the apparent d1screpancy between the an1ma1 and
'human data is not.a point of controversy. On the contfary, the question

as to whether either saccharin or formaldehyde is a human‘carcinoéen
has been the subject of much scientific debate. For example, critics
of toxicological testing point out that the dose of saccharin required
to induce cancer in aﬁima1s is roughly equivé]ent td that received by

consuming eight hundred bottles of diet-soda each day» This Tine of

argumenf of course misses the point that high doses are used in
toxicological tests to achieve maximal seﬁsitivify and that

N\,

SO AN
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-carcinogenic effects observed at high doses may weT] be indication of
similar/ effects at lower ééses, albeit with reduced frequency. Thus,
public hééT%h officials prudently treat saécharin and formaldehyde as
presumptive human carcinogens even at the low levels. of exposure to
which people are ggnera11y subjected.

Identification of the hazards associated with acid deposition is _

different in many respects., First, the most relevant health effects
are respiratory disorders, not cancer. Second, §ince'the éfmospheric
pollutants which characterize acid rain are ‘nAt -amenable to
toxico1ogi§a1 tesging,'it is hecessary to rely aimost exclgsive]y on
epidemiological 'déta for hazard identification. In Fddition to
limitations in sensitivity due to low levels of exposure, these studies
are difficult to conduct because of the problems in seﬁara}ing‘out the

effects of common air pollutants not associated with acid deposition.

-

Nonetheless, the studies conducted to data are suggestive of a smaTl

but detectable reduction din 1lung function performanée in certain

_segments of the population. Even if such effects can be confirmed, the .

biéTogica1 significance of such changes remain to be established.

wr
Il .

Haviﬁg identffied these hazards, we next considered the extent to
which quantitative estimgtes of risk played a role in subsequent risk
management decisions. Once saccharin was labetled as a presumptive
human caréinogen, it could no longer be used as a direct food additive.
Thus,“in accordance with the zero risk princip1e, its use as a food

/

additive was banned.

~r

k]
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Since exposure to formaldehyde could not be so éasily eliminated,
quantitative estimatgs of cancer risk were prepared and used in
gstablishing the  threshold 1imit value for occupational exposures as
well as guidelines for levels in indoor air. Using a pharmacokinetic
adjustment to take into account the dose reaching the target.tissues in
the nasal cavity, the TLV was set to 11m1; the lifetime risk to one in

_ \
one hundred thousand (10-°). .

In the case of acid rain, gstfmates of the level of mortality
attributable to acid deposition have been prepared and.have'regeived
‘much pub11city; Although it has been estimated that some 4;000 deaths
‘may be caused by air pollution in Canada each year, this figure s
highly specu]étive and could be as low as zero or as high as 13,000.
Because of this uncertainty, and because of the problems in associating
these effects with those air pollutants which characterize acid rain,
these estimates hgve not ﬁ]ayed a major role in the management of

acidic deposition.

The three case studies considered here showed that a variety of
risk management options have been deployed to control the hazards
involved. Because of its carcinogenfc effects, saccharin was banned as
a direct food additive under the Food and Dfug-Act %n 1977. Because of
jts low potency and perceived benefit as a means ‘of calorie control,
hoWever, it could continue to be sold in pharmacigs without a

prescription for personal use,

<1

’
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Recognizing that formaIdeﬁyde cannot be comp]ete]y eliminated from
indoor air, nonzero guidelines for b;%h occupationa] and
nonoccupat1ona1 exposure have established in attempt to ensure minimal
' r1sk At the same time,byrea formaldehyde foam insulation was banned
in 1980 under the Hazardous Products Act because of the avai]abi]ity of

other equa]]y effect1ve yet less hazardous insulating materials.

The control of acidic deposition 1in Canada s based on a
combination of regulatory, economic, advisory, and technological risk
managément strategies. In particular, air quality objectives for major
pollutants associated with acidicUdeposition have been estab]isﬁed
uhdér thé Clean Air Act. Both federal and Provinciél governmentg-are
using fiscal support ‘to finance  the development of new prlution
control technologies. Both levels of govefnment have also implemented
major programs to promote public awareness of the acid rain problem.
Finally, governments have allowed the technologies used to control
industrial emissions contributing to. the acid rain problem to be
selected by individual polluters. |
_ .

The rolF of pubiic perceptioh of risk is apparent to some degree
in each of these three c;se studies. In‘the_éase of sacchaﬁin, there
-was a widespread perception that this artificial sweetener was
‘harﬁ1ess, coupled with a perceivéh benefit in terms of calorie control.
While the perceived benefit cpu1d not be documented scient1f1ca11y; the
pub]ic'§‘-perception of saccharin as a safe sweetener resulted in a
Congressional moratorium on the 1977 ban in the United States, a

moratorium which remains in effect to this day.
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Unlike saccharin, the public ﬁerceived»the risk associated with
exposure to formaldehyde to be ;enious, as reflected in the deluge of
inquiries received by regulatory authoritiés. This perception was
réinforced by the marked drdp in property values in homes -insulated
with UFFI.

v

The case pf
K
perception can change over time. Prior te 1979, acid rain was

acidic deposition clearly illustrate how risk

virtually unknown to the public. By the early 1980's, however, this
issue was rated near the top of the, public' list ofﬁconcerhs. Today,
acid rain is known .more for its demonstrated adverse effects on the
-lenvirqnment rather than on human health.
3

'‘Risk communication has also been an issue of interest in these
three cases. There were clearly problems in_;ommﬁnicating g;e nature
of the risks- posed by saccharin to the public, as reflected in the
deéree of public skepticism over the‘ hazards of this artificial
sweetene}. In the United -States, a massive advertising campaign was
mounted by the Ca]or{b Control Coun¢11 _to promote this pérception.
This phgpomena provides support for the communication processes model
of risk communication which revoives around the interplay betweeﬁ the

expert and public spheres.

The formaldehyde case also highlights the communication between

exberts and the public. Once a potential hazard was identified,
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regulatory authorities were besieged with fequiremeﬁts for information
-on the, risks invoTved; and what could be done to eliminate UFFI from

homes which have been insulated with this material.
M i 'f . X

The public 'awareness programs 1ﬁp1eménted by go#ernments have
served to rajse the level of public consciousness regarding acid rain.
This information has been provided in different print and electronic
media: formats, andﬂpas been highly successful in making Canadians aware
of this important environmental issue. The success of these programs
may be measured in part by the enthusiasm with which this issue has

been embraced by environmental groups.

13.3 THE FUTURE OF RISK ASSESSMENT

&

By most ﬁeasures of human mortality and morbidity, the current.
CanadiQn population is safer than that of previous generations. This
is e&ha]]y true fof other developed nations. Much of this
“improvementin tie quality of 1life can be attributed to impressive
advances made in the biomedica]land 1ife sciences in recent decades;
particularly in sanitation and hygiene.

While few would question the assertion that technological
advances have provided us with a great number of health and other

efits, it is becoming increasinély evident that many such

o
innovations are not without an attendant degree of hazard. Much
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recent attention has been focussed on the risks and benefits of the

many synthetic chemicals introduced into the'human environment since
the begimning of the post-war era; the hazards associated with many
other technological advanééé aré only now becoming better 1dentif1ed,
including those relating tolsolﬁd waste dispg§a1, new medical device

technology, and'the transportation of hazardous products.

A ﬁumber of recent major events have served to sharpen public
awareness of certain f?sks.. The unheralded incident at Three Mile
Island in 1979, for example, served to heighten public concern as to
the safety of nuclear reactors. The derailment of a chlorine tanker in
metropolitan Mississauga raised the spectre of accidental spillage of
hazardous materijals during transport. The more recent tragedy of
Bhopal showed how d;ngerous the uncontrolled release of toxic chemicals
can be. While particu1ate and gaseous -emissions into the atmosphere
have long been recognized by gnvironmenta1 scientists, the dramatic
effects of acid rain on our Canadian Takes and forests served to

underscore the risks due to air pollution.

If the current debate over environmental hazards has accomplished
one thing, it is widespread recognition of the ineluctable fact that
1ife is not risk-free. The most trivial activities in Tlife carrj with
them some attendant degree-of risk. In the real world in which

absolute safety is an unachievable goal, it is necessary to weigh

health and” other benefits in 1i§ht of the risks.
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In recent years, formal ‘decision-making proéedures which may be
applied in environmental risk management have come under stu&y by a
ﬁumber of groups, including the Royal Society in the United kingdom_and
the U.S. National Academy of Sciehces. A]though-the déve1opment of
straightforward decison-making criteria which would satisfy all corners
of the risk triang]g'comprised of government, 1ndustry‘aﬁd the public
- appears to be an unattainable xgoai for the 1mmediate future, these
investigations have at Tleast clarified some of the compTexities

involved in risk management decisions.
' \

Many problems in risk management, for example, are characterized
by, overlapping Jjurisdictional boundaries at both the intra and
international }eve] and by the need for interdisciplinary approaéhes to
risk assessment involving experts in dﬁvers;- fig]ds ranging from
toxicology aﬁd epidemiology to economics and sociolsgy. I111-defined
problems are often subject to l.almost continual redefinition with the
passage of time and the unfolding of new events and accumulation of
knowledge.

Fuﬁdamenta] to the complexity of many risk management decisions is
unceértainty: uncertainty as to the effects of long-term Tow-level

éﬁFBSure to environmental contaminants, uncertainty as to the relevance

for huma pulations of the effects induced in toxicological test

system and \ﬁhcenpainty as to environmental exposure pathways and

individual susceptibility. The assessment  of benefits and the
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distribution or rftks, benefits and costs among different segments of
soc1ety ;s a whole can be even more vague. Nonetheless, critical
decisions must be ﬁade now even in the face of incomplete know]edgé; , |
‘whjlg it is evident that not all of the environmental problems
- wizh which we are éﬁ%rent]y\faced can Be solved through the ﬂ;ssage of
‘ a;' ever-increasing number of specific hregu]%tions, a solid
armamentariuh of formal statutes may be called upon should regulation
be selected as the risk manageﬁent strategy host appropriate to the .
problem at hand. Other mechanisms for conveying information which may
come 1into greater pléy _ in the future include Tabelling of consumer

products, media advertising and public service announcements as well as
-

educational programs designed to foster informed public choice.

The recent, groundswell of public concerﬁqiover environmental
hazards has been accompanied by demands for more information from
governments of potential health risks and for increased public
participation in the risk assessment process. itself. Although only
introduced within recent years, both the Acgbss to Information Act and
Charter of Rights of 1982 represent powerful new forces guaranteeing
freedom of information and whose full impact remains to be

established.

As we look to the future, it is clear that both the spectrum of

risks and the processes of risk sessment will change over time.' With



- 350 -

increasingly complex environmental issues becoming comm%nplace, it is-
possible that governments may be called upon to play an even larger
‘role in the management of risk._ This will require careful ranking of
our concerns and the deve10phent'of explicit and consistent strategies
for the control of environmental haiardsﬂ Scientific research may be.
expected to reduce, although nog eliminate, the consideraﬁTe
uncertainty invo]ved in the identification and: estimation of risk.
Refinements in the methodologies for assessing health and other
Eenefits may also serve to sharpen comparisons between risks and
benefits. Greh;er understanding of the risk assessment process among
all segments of society, coupled with new information on bofh risks and

benefits, may foster more acceptable if not better decisions in the

~ years to come.

Lﬂf{? .

<7
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14. GLOSSARY OF KEY TERMS

I3

ACCEPTABLE RISK: A risk whose probability of occurrence is so small,
whosg consequences are so slight, of whose benefits (perceived or
real) are so great, that persons or groups in society are willing

to take or be subjected to that risk. ‘ ;

EXPOSURE: Contact between a receptor and an agent.

N
The receptor may be a molecule, ce11;)tissue, orgsﬁ}xindividua1,

or population.

EXPOSURE ESTIMATION: Estimation of the amount and duration of contact

between a receptor and an agent.

-

May consider such factors as concentration, route, receptor,

population, and timescale. .

EXPOSURE IDENTIFICATION: Identification of the conditions of contact

- \
between a receptor and an agent.

May involve identification of concentration, route, receptor

population, and timescale.
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HAZAR:  The 1ikely adverse fimpact on health that can result from

exposure to an -agent, or from an event, or from updertaking or ndt

undertaking some activity.
HAZARD IDENTIFICATION: Identification of the likely adverse impact on -
health that can result from‘exposure to an agent, or from an event,

or from undertaking or not undertaking some activity.

May utilize case reports, toxicological studies, -epidemiological
investigations, or structure/activity analysis. "May involve
qualitative extrapolation from nonhuman test systems or from one

PR

route of exposure to another.
OPTION EVALUATION: The process of deve1dping and analyzing options for

risk management.

Deve]obment of options may involve consideration of program
objéﬁtives and current institutional policies, and the regulétory
gnvironment. Option analysis may in901ve'consideration of risks and
ipéneﬁits; uncertainties 1in risk»estimations; public awareness. and
Lbé;gébtion; technical feasibility; and economic, social, politica?r

and cultural impacts.

PROBABILITY: The likelihood or frequency of occurrence of an event.

{\\ . T\Q
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& : . '
RISK: A measure of both the probabilfty of and hazard to health

“resuiting from an event or activity.

May involve quantitative extrapolation from animals to humans and/or
from high dose/short time to low dose/long time. May consider
potency (eq. phvsica1/chém1ca1 properties; bjo1ogica1'reaEtivity):‘“‘

N . - j. .
susceptibility (egq. metabo]ic_activé%ion: repair mechanisms: age:

sex: hormonal factors: Wmmuno]oqical status); level of exposure (eqg. .

sources: concentration; initiating events: routes; pathways): and

-~

adverse health effects (eg nature- severity: onset: reversibility)

of the e!éng or actigify.
a |
RISK-'ASSESSMEQT:. -Assg§smen; of the overall risk resulting from an.
event of activitﬁ, by hazard identification, risk est1mat1on QQ%A,

lontion evaluation. _
<G

The. process involves Considerapion of such ?actor§ 'as Trisk
- X , ' ‘

acceptabi1ity,‘pub11c perception, socioeconomi¢ impacts, benefits,

and technlcaT feas1b111ty, and leads to a dec.s1on based on befh

quantitative and qualitative factors.

. - ! : ) Y
LI : .. s '
RISK COMMUNICATION: A purposeful exchange of information on health or
: AR & o , )
anironmenta1 risks betweeninterested narties. ' ”g/r

\ | . _
This may invdlve the transmission of information on the estimation, .

assessment or management of risk between government . agencies,

\ ) . [N
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? —

. L : X - .

1ndustry, s public interest groups, professional ‘organizations. and
/, . .

individual scientistis or members of the nublic.

\.:"\

RISK ESTIMATION: Determination ofﬁ the hazard and prohabilify of

\

X

: . ¢ -
occurrence of an event or activity.

. ¢ ’
Involves statistical analysis of toxicological and epidemio1ogica1

-

data and of the level of human exoo\:re. Examines the severity., .

extent, and distribution of the effects of an event or activity.

Leads to a specific numerical point estimate or to a range of values

. i, o+ )
RISK MANAGEMENT: The selection and implementation of a strategy for

control of a risk,' fo11ohed by monitoring and evaluation of the

effectiveness of that strateqy.

el

3

The decisjon to.select a particular strateqy may involve f{jf
o : . . ) . PR
consideration of the information obtained during risk evaluation./

¢ ~ - .
Implementation. may involve . a commitment of resources and gff

\l

communication with affected parties. (Monitorinq and eva1u9tion may

-

utilize such \techniques -as environmental samnling; post-market

" . surveillance: prospective epidemiology: and analysis of new health
5 .

risk information; as well as effonﬁgﬂto ensure compliance with the

4 -

decision. ) g
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