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Summary

The analysis in Section 2 of this chapter presents several lines of evidence that
implicate the environment in cancer causation; specificatly, findings from wildlife
studies, cancer trend reports, immigrant studies, childhood cancer studies and fwin
studies are reviewed. Having established the general evidentiary basis for the cancer-
environment linkage, in Section 3 we turn to a discussion of the current
methodological difficulties in incorporating the environmental context in the study of
cancer. The particular focus here is on exposure assessment - a key methodological
limitation in studying the cancer-environment linkage. It is reasonable to expect that
cancer cases arising from point source environmental exposure will tend to cluster
geographically. For this reason the role of exposure assessment and other
methodological issues in the context of cancer cluster investigations are considered.
The case of the Woburn Massachusetts leukaemia cluster is reviewed to illustrate
some of the pertinent issues involved. In Section 4, we move 10 a general discussion
of the implications of cancer risk assessment methodologies for cancer policy and
intervention. In light of the observational evidence concerning the cancer-environment
link (Section 2), as well as the uncertainties involved in assessing the risks associated
with environmental carcinogens (Section 3), it is suggested that the precautionary
principle be adopted as a guiding principle for cancer policy and intervention. The
precautionary principle calls for protective action, even when the evidence of harm
remains inconclusive and the adoption of this principle seems warranted under the
present technical and policy circumstances. The final section ends the chapter with
some recommendations and conciuding remarks.
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1. Intreduction

The 'environment' can be broadly defined as including the surroundings constituted
by the natural, built, and social dimensions. Today, natural environments (including
air, water, and soil) are often plagued with environmental pollutants that are
potentially carcinogenic. The toxic effects of these pollutants are difficult to
document because they generally result from low-level chronic exposure to a
maltiplicity of carcinogens through a variety of environmental routes. The analysis of
data concerning the body burden - the total sum of carcinogens in the body - becomes
quite complicated because it must cover all routes of entry (i.e. inhalation, ingestion
and dermal absorption) as well as all sources of carcinogens (i.e. food, air, water).

Unlike natural environments, built environments include the human-made
infrastructure, as well as the products of industrialisation - in particular, the
numerous synthetic and radioactive substances produced and introduced into the
environment after the Second World War. Concern over the health impacts of such
substances has prompted the formation of environmental movement organisations
that have brought to the forefront issues pertaining to the social environment, that is,
the institutional arrangements within society (specifically, the relationship between
industry, government and the citizenry). The social dimension is an important
consideration because it draws attention to the social, political and economic
ramifications associated with cancer risk management, especially issues such as risk
distribution and the question of voluntary exposures due to lifestyle choices versus
imposed exposures due to industrial activity and policy decisions. The importance of
all three dimensions of the environment in the study of cancer is well-illustrated by
the following historical study.

The linkage between cancer and the environment was noted as early as 1755 when Sir
Percivall Pott recognised the association between scrotum cancer (then referred to as
'soot wart') and exposure to soot amongst chimney sweeps (the active agent in the
soot was later identified as benzo[a]pyrene, now classified as Group 2A by 1ARC).
Although commonly regarded as the first documented discovery linking an
occupational environment to cancer, it is important to recognise that lifestyle played
a determining role as indicated by the fact that 'scrotum cancer was not a world-wide
phenomenon, but that which mainly adhered to British chimney sweeps’ (Butlin,
1892a: 1341). Further investigation into this matter led Butlin to the following
conclusions more than a century after Pott's initial discovery:

'[Clhimney sweeps in Great Britain typically wore loose clothing which was
often torn leaving parts of their bodies accessible to dirt when sweeping
chimneys, they lived in soot-filled homes in which two or more generations of
the business of sweep was conducted and they seldom washed the whole body
more than once or at most twice a week, unlike chimney sweeps in other

regions of the world.' )
(Butlin, 1892b: 5)

-
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This historical case clearly indicates that the cancer-environment relationship is quite
complex and very much infiuenced by the interaction of a multiplicity of factors such
as occupation, lifestyle and sociceconomic status. More recently, this research
tradition involving the avoidable causes of cancer is found in the classical anaiysis by
Doli and Peto (1981) and the present chapter builds on some of their general research
focus.

The percentage of cancer that is attributed to the environment varies between 2 per
cent (Trichopoulos ef al., 1996) and 80 per cent (Schneiderman, 1978: 559). Such
extreme differences reflect the polarities and debates that exist within the field of
cancer risk assessment, with those supporting estimates at the lower end accusing
those supporting higher-end estimates of being "alarmists’, while charges of being
'nay-sayers' and 'pro-industry’ flow in the opposite direction. To some extent, efforts
1o fix an exact percentage may be futile, simply because the number of variables,
assumptions, data-types and definitions that need to be considered in making such an
estimate is formidable. As such, a 'weight of evidence' approach may be more
appropriate. In this light, we consider several lines of evidence that build on some of
the classical approaches of Carson {1962), Doll and Pete (1981) and Schneiderman
(1978), in addition to our own emphasis.

2. Evidence for the Environmental Basis of Cancer

The first line of evidence discussed below examines studies on cancers in the wildlife
setting. Due to the varying susceptibilities of different animal species, an increasing
number of cancer cases in particular wildlife species may be the first hint of the
pervasiveness and impacts of carcinogens in the general environment. Secondly, the
examination of cancer frends may reveal Important information about the
environmental basis of cancer. If cancer was attributed solely to genetic factors, then
dramatic fluctuations in cancer rates could not occur over short periods of time nor
‘would they be sharply increasing in some cancers and not in others' (Schniederman,
1978: 559). A third important line of evidence involves findings from immigrant
studies. If genetics/ethnicity factors played a determinant role in cancer risk, then
immigrants wouid retain the cancer incidence of their homelands. On the other hand,
if the cancer rate of immigrants tended to approximate those of the host country, then
this would suggest that environmental factors play an important role in cancer
incidence {Steingraber, 1998: 58). Fourth, childheod cancer rates are noteworthy
because they minimise the confounding effects associated with a long latency period.
It is argued that although low-level environmental exposures may not affect adults,
they may have adverse effects on children. Increased cancer rates amongst children
may therefore signal the presence of environmental carcinogens, Indeed, studies have
shown that removal of environmental carcinogens may have an immediate effect, as
illustrated by the immediate decrease in different types of childhood cancer after the
cessation of atmospheric nuclear weapons testing (Mangano et al., 2002: 29). Finally,
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the findings from twin studies perhaps represent the most compeliing evidence of the
role of the environment in cancer causation. As will be discussed, since the genetic
makeup of identical twins is virtually the same. the occurrence of differential cancer
rates between twins cannot logically be ascribed to genetic factors, thus peinting to
the importance of environmentai factors in the onset of cancer.

2.1, Wildlife Studies

Sitent Spring by Rachel Carson (1962} was perhaps the tirst and most influential
document that dealt with the issue of how envirenmental carcinogens, particularly
pesticides, may affeci a disturbingly large number of different species ranging from
robins to caddis fly larvae, to quail, salmon, cats and ultimately humans. Increased
frequencies of unusual disease outcomes in wildlife may represent the first warning
signs of the health impacts of environmental contaminants on humans (Colborn er al.,
1997) because 'wild animals living in contaminated habitats are exposed to fow levels
of ever-changing combinations of chemicals throughout their lifetimes,' just as humans
are (Steingraber, 1998: 142). The enhanced sensitivity of animals to particular
environmental contaminants has been known for some time as, 'over a century ago.
coal miners carried caged canaries into underground mines to alert them to the
presence of carbon monoxide gas' {Manuel, 1996: 934). Similarly, diseased wildlife
may also signal the widespread presence of carcinogenic agents and/or pollution in the
general environment which may in turn endanger human health; the three examples
that follow illustrate this,

An increased rate of cancer deaths amongst beluga whales in the St. Lawrence estuary
{which drains the North American Great Lakes system) was found to be related to
pollutants; more specifically pelyeyciic aromatic hydrocarbons (PAHs), originating
from the nearby aluminium simelters. (Fox, 2001; Watanabe, 2000; Steingraber, 1998;
Colburn ef al., 1997). "The human population living in the proximity of this beluga
habitat is affected by rates higher than those found in people in the rest of Quebec
and Canada. and some of these cancers have been epidemiologically related to PAHS'
(Martineau ef of,, 2002; 285). Such increases of cancer within a particular community
are also known as a cancer cluster, as further discussed in Section 3.3,

A second example includes the refationship that was found between liver cancer in
wild fish and PAHs that entered the Black River in Lorain County. Ohie from storm,
sewer and road run-off (US Fish and Wildlife. 2000; Baumann and Harshbarger,
1995}, Similar findings have been documented in other seaways (Pinkey ef al., 2000,
Harshbarger and Ctark, 1990; McMahon ef al., 1990).

A third exampie pertains to the high levels of Persistent Organic Pollutants (POPs},
particularly hexachiorocyclohexane (HCH - one substance within the class of POPs;
IARC. 2000 Group 2A carcinogen). found in Arctic wildlife. The accumulation of
POPs tn the Arctic region readily occurs because of the particular chemical and
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physical properties of these substances, such as the capability to undergo long cvcles
of volatiiisation foltowed by condensation (McGinn, 2000). Since HCH is fat-
soluble, it tends to bioaccumulate in the fat of Arctic mammals that are at the fop of
the food chain, such as polar bears, seals and human beings. In fact, Canadian Inuit
mothers have been found to have some of the highest HCH body burdens in the
world (NRTEE, 2001). Furthermore, HCH tends to concentrate in the mothers' miik
because of the high fat content, thereby posing a threat to infants (NRTEE, 2001).

2.2, Growing Cancer Trends

In the current world population of 6,157,400,560 {The World Fact Book, 2001) it is
estimated that 20 million people have cancer (WHO, 2002: iii). The annual world~
wide cancer incidence is estimated to be over 10 million new cases, while 6 million
people world-wide succumb to this disease each year. Two decades ago, the
respective figures were 6 million and 4 million (Tematis ef ¢f., 1990). Such findings
are particularly alarming in light of how 'in the middle of the nineteenth century,
cancer deaths accounted for onty 1.3 per cent of all deaths' (Logan, 1982: 8}, while
‘today cancer is the second-leading cause of mortality in the developed world and
fourth in the developing world ~ accounting for 12 per cent of all deaths world-wide'
{WHO, 2002: 17). Furthermore, in approximately 20 years' time, it is projected that
the annual cancer mortality will increase from 6 to [0 million (WHO, 2002: 17).

Cancer incidence for specific sites varies considerably between different world
regions and by gender, For instance, North American females are found to have the
highest age standardised rate of breast cancer incidence at 90.41. compared to Middle
Africa at 13.46 (Ferlay er o, 2001). In the case of esophageal cancer, males in East
Asia experience much higher rates (21.79) than their female counterparts (8.92} and
mates in Western Africa (1.08). There is no real consistency between sites, country
or gender; it is only known that certain countries are more prone to specific types of
cancer(s) (see Tahie 1), thus indicating that lifestyle and environmmental factors must
play some role alongside genetic factors in cancer causation. In this connection,
Taubes {1995: 165} notes "the fact that no single cancer affects every population at
the same rate suggests that factors external to the human body cause 70 per cent to
90 per cent of all cancers'.

[t shoutd also be noted that relatively rapid changes in trends in cancer incidence rates
cannot be accounted for by genetic changes alone, thus providing supporting evidence
for the role of environmental and lifestyle factors in influencing cancer. The most
notable iftustratior: of this involves changes in lung cancer incidence trends that tend
to reflect changes in culiural norms related to smoking. Specifically, this refers to the
dramatic increase in male fung cancer incidence after the approximately 20-year
iatency period that elapsed following both World Wars. as well as the increase in
female lung cancer incidence following the Second World War (during which time
changes in gender roles led to increased smoking in females as an increasing number of
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females entered the workplace). The subsequent decline in lung cancer incidence experience increasing rates of obesity (Tung et al., 1999; Nagata er al., 1997). Such
thereafter also reflects the decrease in smoking among both genders (ACS, 1994). findings suggest that factors associated with a Westernised lifestyle may increase the
, susceptibility of Japanese women to breast cancer.
3 Table |, Incidence of most common cancers, 2000 (WHO, 2001; 2002; Ferlay ef /., 2001).
oies — A study of cancer incidence amongst Asian migrants to New South Wales, Australia
Rank Cancer ASR*  Rank Cancer ASR* from 1972 - 1990 found that 'for cancers of the breast, colorectum and prostate, rates
World ] Lung 7492 1 Breast 15 66 were relatively low in the countries of birth, but migrants generally exhibited rates
2 Stomach 21.46 2 _ Cervix 16.12 : nearer those of the Australia-born' (Grulich ef al., 1995: 400). It was concluded that
. w QWMWMME m hwm M ho_om_“ MMEB me " :@. these cancers, environmental factors related to the migrant's adopted country, and
. 5 Liver 14.97 5 Stomach 10.38 . migrant selection appeared to have a major effect on the risk of cancer’ (Grulich er al.,
- More developed 1 Lung 55.62 1 Breast 6322 . 1995: 400). Further, in an analysis by Mohandas and Desai (1999) it was noted that
countries 2 Prostate 46.65 2 Colonfrectum 2537 an increase in the 'incidence of large bowel cancers in immigrants and urban Indians
3 Colon/rectum 37.30 3 Lung 15.62 . . .
2 Siomach 2463 1 Cervixuteri  11.33 compared to rural populations supports a role for environmental risk factors -
5 Bladder 18.94 3 Corpus uteri 11.33 . including diet' (Mohandas and Desai, 1999: 118). It should be noted however, that
Less developed 1 Lung 24.79 | Breast 2347 : 'while certain aspects of the physical environment (e.g. air and its pollutants, water
countries w mﬁmmw_m: #www W mwﬂww%ﬂ _%@.\% | and trace elements, irradiation - solar and other forms) may change abruptly on
4 Oesophagus 12.80 4, Lung 8.44 m migration, other aspects of lifestyle - patterns of diet, childbearing, alcohol and
5 Colon/rectum  9.91 5 Colonfrectum  7.88 . tobacco consumption - will likely be retained to a greater or lesser extent in the new

*ASR: Age-Standardised Incidence Rales place of residence’ (Parkin, 1993: 1-2). Nevertheless, in general, it is evident that
where people decide to settle physically will influence the risk(s) of disease.
2.3, Immigrant Studies

. . . 2.4. Childhood Cancer .
Although Maskarinec (1996: 704) has found that 'cancer risk is strongly associated
with ethnicity - Japanese, Chinese, and Filipinos have a much jower risk than
Caucasians and Hawaiians', it has also been found that cancer incidence rates among
some immigrant groups tends to converge with the existing (non-immigrant) rates of
the host country. 'Such changes in cancer risks experienced by migrants for particular
sites, such as the breast, esophagus, large bowel, pancreas and prostate, have
provided some indication of the relative importance of environmental factors in

Childhood cancer is rare in comparison with adult cancer as ‘childhood incidence is
only about 1 per cent of that found in adults (for developed countries)' (Parkin ef al, -
1998: 1). However, Schmidt (1998) notes that the rate of childhood cancer in the US .
is increasing by approximately 1 per cent each year. Notably, cancer is the main
cause of death by disease in children between [ and 14 years of age in the US (ACS,
2002: 10). 1t is the most common cause of childhood disease mortality in developed

aetiology, and to the stage of carcinogenesis at which they may act (Parkin, 1993: D). countries (NUH, 2002: 2), although, 'mortality from childhood cancer in general and -
. . .. . . childhood leukaemia in particular has sharply declined in economically-developed
Several studies have mza._omﬁa m,_mm .Em?ﬂ breast cancer Eo..&mgw and mortality rates countries over the last 30 years' (Vecchia er al., 1998: 2223). Nevertheless, this . . -
have occurred among migrants originally from countries with low breast cancer rates decline is much less pronounced in South America, Eastern Europe, and other . /H.
N b e . 3 - - | . - * > N .
:uacmﬁﬁ-mwnmor mﬁ. al., 2000; W_wws,ﬂ.u m.:a Smith, 1995; .Nﬂmm_mﬂ ef al., Gou.v. Mou economically less-developed areas (Levi ef al., 1995). Such trends may be attributed - WM
mxmn:w < mm: analysis oquwmmﬁ:amm_nwa incidence m&o&m&ﬁrsﬁ. mmﬁwswﬂw_ ,Hogm.ﬂ n o.w to the modernised treatment services now available in the more developed countries e
Angeles .oca@ revealed that ‘oreast cancer meigence 13 .ﬁ. ¢ hig mmﬁ, reporte compared to the less-developed regions of the world (Levi ef a/., 2001; Craft. 2000 @z
anywhere in the world for Japanese [women] and is nearly as high as the rate for non- Vecchia et al., 1998; Hesseling and Wessels 1997; Lukens, 1994; Draper er al., 1994).
Hispanic whites, who, alongside non-Hispanic blacks, have had higher breast cancer ’ ’ . o o
. -

rates than other ethnicities in the United States' (Deapen et al., 2002: 747).
Conversely, an increasing trend in breast cancer incidence in Japan has been attributed
to the fact that Japanese women's 'lifestyle has become progressively more

it should be noted however, that differences in opinion exist concerning the reliability
of US childhood cancer data gathered from 1973 - 1993 because of problems related
to age-group classification and inconsistent data-coliection methods employed by M

Westernised over the past several decades' (Deapen er al., 2002: 749) as evidenced by
the fact that, relfative to previous generations, contemporary Japanese women tend to
marry later, have fewer children, are taller, engage in less physical activity and

registries (Bukowski, 2001; 2000; Mangano, 2001; 2000, 1999; Gurney er al., 1996},
which in turn makes interpretation difficult and contradictory. Taking into account
such limitations, Coleman er al. (1993) report that, since the early 1960s, the
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incidence of childhood cancers, particularly childhood leukaemia, has remained . also because of increased public sensitivity to the possibility of neighbourhood
" relatively stable, or at the very most, has risen moderately in those geographic areas . cancer clusters (for examples refer to; Michelozzi er ¢l., 2002; San Sebastian ef al., .
] where there are adequate cancer registration systems. Similarly, Stiller and Parkin 2001; Balter. 1996; 1995: Bithell er af.. 1994 as well as Section 3.3. of this chapter). .
{1996) observe that the forg! childhood cancer incidence rates exhibit little variation : On the other hand, at the medical level, it should be noted that the fypes of cancer that
between different regions of the world, whereas McBride (1998) concludes that ‘there . oceur in childhood are very different from those experienced in adulthood. For this . .
- are differences in how common childhood cancers are in different parts of the world, _ reason, Parkin ef al. (1998: 1) note that 'it is essential that childhood cancer be -
suggesting that there may be environmental factors that contribute to disease’. : classified by histology rather than by the tumour site’ (i.e. the reverse of what is
. conventionally done with aduft cancer classifications).
In regard to specific cancer types ameongst children, it has been noted that leukaemia :
and brain cancer have increased in the United States (Linet ef al., 1999; Gurney ef al., : Table 2. National estimates of incidence rates standardised to world standard population age 0-19
1996; Ries ef al., 2002). Childhood leukaemia, brain/CNS and lymphoma continue to : _ (ACCIS, 2003).
rank amongst the top 3 most common incidence types for children under 20 years of
age {see Figure 1). This is also true for those afflicted between the ages of 0 - 19 in . ¢
the European context {see Table 2). . E E m = m m m
1CCC group m g m ..,m“ Hn g M m m 2 m z
Eoad a0 7 2 2 = & F% 2 < 2
Lymphoma - I : I 1YY VEVH VI IX X XE Xl
BrainiCNS ” Europe 1446 373 210 295 7.1 33 71 14 7.6 94 8.8 9.9 29
. Buigaria 1040 328 17.0 131 43 28 44 09 79 6% 45 T3 19
Sympathetic Nerv. [V ! Denmark 157.6 417 185 373 8§22 33 73 16 68 93 105 106 21
. i Estonia 1301 353 228 236 53 28 97 22 64 69 59 69 24
Retinoblastoma - V' . Finland 1594 450 190 358 83 36 &6 13 71 107 72 117 12
Renal - Vi i France 1436 363 234 234 114 335 94 b 81 91 71 102 06
I Germany 1386 325 220 300 72 28 62 06 83 64 117 69 1.1
Hepatic - VIl H [celand 140.9 355 166 307 39 26 56 13 90 104 87 144 00
! [reland 1410 37.0 185 37.0 56 24 52 L4 87 86 69 82 1.7
- Bane - VIl [ Maly 165.6 467 285 302 96 23 68 1.5 85 102 735 116 22
Soft tissue - IX | i Lithuania 340 282 174 78 40 78 08 66 7.1 53 104 61
I Malta 1434 £E1 195 244 126 635 92 00 69 112 45 531 09
Germ cell - X i the Netheriands 1516 36.6 232 269 64 49 79 12 83 115 $2 152 03
. : Norway 1491 397 157 323 73 39 63 235 77 9% 106 16 253
Carcinomas - XI ; Poland 1130 299 187 225 49 13 67 14 73 52 61 48 42
Other - X I Partugal 1391 280 280 236 96 31 7T 13 8% 118 38 89 23 .
_ . v : ' Romania 975 283 16 150 18 14 38 L1 65 41 43 30 121 -
[} 10 20 30 40 50 Stevakia 360 334 223 277 77 32 63 17 65 835 490 80 13
Rate per 1,000,000 _ Slovenia 1206 330 2018 203 5% 23 61 b4 57 B4 71 89 14 .
*SLEER 9 Areas. Rates are age-adjusted to the 2000 US Spain M55 389 250 236 97 27 61 2082 97 61 98 18
standard million population by 5-year-age groups. Sweden 1582 370 182 402 40 37 82 1% 77 99 72 104 192
Switzerland 1613 426 246 287 96 36 73 3 94 108 91 141 0.0
Sigure 1. Childhood cancer SELR® incidence rates _oﬁ-_oooﬂ by TCCC group under 20 years of age, Turkey 1195 362 212 170 61 26 56 08 90 &1 54 54 10
both sexes. all races (Ries er o/, 2002, . . -
United Kingdom 1333 387 17.5 24% 75 38 57 10 6% 87 76 105 (3
At the societal level, childhood cancers have raised public concerns partly because of Yugoslavic Ro e i my A TP T 08 e 07 70 102 52 .
'the special emotional attention that is focused on children' (Savitz, 2001: 562) and .
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tn addition, particular attention must be focused on the emvirommental actiology of
chitdhood cancer because, generally speaking, ‘children are highly vulnerable to

environmental toxicants’ (Suk, 2002: »qm. i

Citing work by the National Academy of Sciences (NAS, 1993), Suk (2002 AZ84;

points out that this enhanced childhood susceptibility is relaled to four factors. First.

because of metabolic differences, 'children have greater exposures to environmental
is is a consequence of the fact that children tend to breathe

toxicants than adults'. This
in more air and eat more per unit body weight compared to adults, Second. ‘children's
pathways. especially in the first months after birth, are immature compared to those
of aduits’, thus making the child's internal _u&ws;? particularly vulnerable to toxic

effects of foreign environmental agents. Third, 'children’s growth and development

oeeur very rapidly, and their delicate developmental processes are easily disrupted'.

Lasthy x_ dren have more future vears of life than most aduits, therefore they have
more time to develop chrenic diseases that may be ﬁ:r red by early exposures’. For

these reasons, children are ﬁu_.:c: 7,. susceptible 1o the levels mm:ﬁ.m.:e, found

environmental exposure scenarios.

Several researchers (Mangano ef ¢l 2002; Guizard er «f., 2001: Pobel and Viel, 1997;
Zaridze. 1994} have presented convincing evidence concerning the association
vﬁﬁ._onm childhood cancer and proximity of residence {o nuclear facilities. In a study
by Mangano ef ol {2002: 233, itwas found that 'cancer incidence in children under the
age of 3 fell significantly after shutdowns of nuclear plants in proximate areas’. This
that 'smaller exposures may resalt in measurable improvements in healih,
rmm:f in infants and voung children’ {Mangano ef of.. 2002: 29). (This has certain

-

:z_u:nuxosm for risk assessment and risk management as elaborated in Sections 3.2
5¢

and ). Aside from ionising radiation, several other environmental factors have also
beent examined as links to childhood cancer, for example the association between
melanoma and sunburn during early childhood (Comunittee on Environmental Health,
1999: 330; Nasir, 2001: 633). Furthermore. there exists supportive but inconclusive
evidence for links between childheod cancer(s) and a wide range of other
environmental factors. including: pesticide exposure from ambient air conditions
(Revnolds er ol . 2602; \Lr m and w Ward, 1998; Danicls ¢r of., 1997, Baker e o, 1996:
Hawthorne ef wl. 1996 Majev and Capel, 1995): parental occupational exposure
{Fevchting er «f . 2001; ui per ef wl, 1997: Peters et af . 19813 parental use of
tobaceo {(Sorahan er of L 2001; Boflena ef of.. 2000); household solvent exposures
{Epstein, 1998: Freedman e of.. 2001); genetic factors (Felix and Lange 1999; Li o
cf.. 1997 radiation used to combal childhood cancers at risk of 1 second malignancy
(de Vathaire ef o, 1999; Kony ef al, 1997); and vi ion ?o:aom.rac m
Stewart, 2001; Doll, 199%a).

| int

[

DSTUDY OF CANC
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INCORPORATING

2.5 Twin Studies

In addressing the nature versus nurture’ debate, Floover (2000: 313) remarks that 'the
cold standard for distinguishing genetic from environmental iraits has been the study

of twins'. Since identical twins have the same genetic :.::&mc {i.e. genotype).
differences in cancer incidence between twins cannot be afiributed to m enctics atone,
but must necessarily invoive differential environmental exposures (converse Iy,
similarities in cancer incidence between twins will support the mmmmro basis of
cancer). Thus. Hoover {2000, citing NCI, 1999 notes that 'information aboui types
of environmental exposure that affect the risk of cancer should point to genes that
modify this risk. and the identification of genes mmmoc.:imm_ with risk could help to
indict previously unrecognised risk Eﬁcm.m_. Conclusions from several important and

-ecent twin studies are briefly summarised below,

A large study of 44,788 twin pairs in the Nordic regions conduc ted by Lichtenstein ef
al. ﬁooS concluded that 'the environment has the principal role in causing sporadic
cancer'. Similarly, findings by Harris (1997: 270} suggests that generally onl Iv'S10 10
per cent of specific cancers can be altributed t inheriting very high risk genes'
Eurthermore, an examination of childhood leukaemia in twins by Buckley et df
(1996} found that 'there is generally nol a strong constitutional genetic component for
childhood cancers other than retinoblastoma’, while the results of a study by
Verkasaio ef al. (1999: 747) suggests that 'at least two-thirds of the inter-individual
-ariation in general susceptibility to cancer can be attributed to non-genetic causes’. In
addition. Buckley ef wl {1996} found that both twins experienced the same type of
cancer only 3 ﬁﬂ. cent o_ the time. The cumulative evidence from twin studies
ther FET to st w_uo: the conclusion that environmental agents must play some

etor
key role in the incidence of cancet
3. Studying the Cancer and Environment Relationship

3.1 Approaches to Studying the Cancer - Environment Relutionship

Despite the various types of observational evidence outlined above, the
establishment of a causal relationship between the environment and cancer has been

fraught with inherent methodological difficulties, as re :fected in the wide range of

estimates regarding the percentage of cancer that can be attributed to the environment.
meaoE._wom clinical trials are generatly thought to be the best method to use 1o study
causality in medical research but the experimental requirement of exposing humans 1o
suspected carcinogens is ovio&? unethical. Consequen:ly. evidence from

experimentally-based clinical trials is large ely nonexistent in the study of human

b=l

cance

vy
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The main advantage of experimental trials pertains to the ability of the researcher to
control for various types of systematic errors (bias), confounding and chance,
thereby eliminating alternative explanations of causality (Hennekens and Buring,
1987). To some extent, the advantages of controlled conditions may be pursued in
toxicological risk assessment studies done on animals. Such animal studies, however,
have been criticised for two main methodological reasons. First, the suspected
carcinogen doses administered to laboratory animals are in much higher
concentrations than those found in the real world; the environment created in a
laboratory does not realistically parafle! the environment humans live and work in.
Consequently, high- to low-dose extrapolations must be made through mathematical
models and may introduce uncettainties in the analysis. Second, the need to make
animal-to-human comparisons also introduces significant difficulties in interpretation.
The International Agency for Research on Cancer (IARC, 2000: 4) notes however,
that, in the absence of evidence from human data, it is ‘prudent’ to consider that
chemical agents which are carcinogenic in animals may be carcinogenic in humans
because 'all known human carcinogens that have been studied adequately in
experimental animals have produced positive results in one or more animal species'
(Wilbourn er al., 1986; Tomatis ef al., 1989). Such conclusions also highlight the need
for future research to more seriously consider the results of wildlife studies (see
Section 2.1.).

The role of bias, confounding effects and chance must be carefully considered in the
design of all epidemiological studies, but they become even more critical in
investigating the relationship between cancer and the environment. First, the long
latency period of many cancer outcomes poses particular difficulties in assessing
exposure, In refrospective case-control studies, past exposure is usually assessed on
the basis of subject interviews and/or workplace exposure records, thereby allowing
for the possibility of recall bias by subjects or systematic errors from incomplete
historical records. On the other hand, the long latency period may make
interpretation of prospective cohort study data difficult because prior knowledge of
exposure by the researcher may lead to observation bias (while the long follow-up
period may lead to the loss of study subjects and high financial expenditure). Second,
the investigation of the environment-cancer relationship typically involves situations
in which there are a large number of exposures that occur in low concentrations and in
complex mixtures over a long period of time. Consequently, there are problems with
controlling for confounding effects in all epidemiological studies of cancer (Pekkanen
and Pearce, 2001: 1), Third, as we shall later discuss with respect to cancer clusters,
the ability to rule out the role of chance is particularly difficult in the establishment
of a causal connection between envirenmental exposure and cancer.

The above discussion alludes to the point that exposure assessment is the 'weakest
methodelogical link' in determining carcinogenic risks from both the risk assessment
and the epidemiological approach (Cole ef af, 1999). This problem is further
compounded by the fact that the role of the biophysical {and social) environment
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tends to be minimised by both approaches. This problem stems from the fact that the
controlled conditions of the experiment consciously eliminates the influence of the
environment, while the qualitatively defined categories of cancer incidence/non-
incidence and exposure/non-exposure (however defined) used in epidemiological
approaches tends to minimise the intricacies of the environmental pathways of
exposure. Consequently, improvements in the techniques related to exposure
assessment represents a necessary first step in incorporating the environmental
context in the study of cancer - an important step in light of the evidence reviewed in
Section 2.

3.2.  The Importance of Environmental Exposure Assessment

Traditionally, exposure measurements are almost always ecological because exposure
is measured by taking air, water, food and soil samples from particular locations
(Hertz-Picciotto, 1995: 487). 1t is therefore assumed that the concentration present in
environmental emissions represents the amount of substance that is absorbed by the
body (i.e. the internal dose). This can be misleading unless multiple sources and
pathways for exposure are carefully considered (recall body burden, as defined in the
introduction). For example, Lioy {1997, citing the work of Wallace, 1989) notes that
previous policies aimed at reducing benzene exposure targeted motor vehicle
emissions because it was found that tailpipe emissions accounted for 83 per cent of
the benzene found in the environmeni. It was therefore thought that tailpipe
emissions would be the major contributing factor to the benzene burden in humans.
This was later found to be an incorrect assumption when other exposure sources and
pathways were considered. In fact, through the use of personal monitors, it was later
found that the predominant source of benzene exposure in Aumans was from cigarette
smoking {over 50 per cent). Consequently, regulatory strategies aimed at reducing
benzene exposure based on emissions data were misguided because they incorrectly
targeted motor vehicle emissions rather than cigarettes. As we shall discuss lfater, such
complexity in exposure analysis is an important consideration in studying the cancer-
environment refationship in general and in assessing cancer clusters in particular.

Recently, personal monitors and biomarkers have facilitated greater accuracy in
exposure assessment. First introduced in the early 1990s. personal monitors (also
called micro-environmental monitors) are worn by individuals during their daily
activities to identify the primary route of contaminant exposure as well as to develop
an exposure database (Lioy, 1997: 955). On the other hand, molecular biomarkers of
exposure/dose are measured from samples of bodily fluids (NRC, £989a; b). For
example, volatile organics and pesticides in blood and urine were measured through
biomarkers in studies that dealt with environmental exposures at hazardous waste
sites {(Bennett and Waters, 2000; Pellizzari et /., 1993). Additionally, biomarker
techniques now exist to measure metabolites and DNA adduets (Ashley er of., 1992;
Perera et al, 1987). Notably, & major advantage of the use of biomarkers is that they
integrate exposures from different pathways {or media), thereby yielding an
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integrated dose measuremens that gives a better indication of the total body burden of

a particular carcinogen (Bennett and Waters, 2000; Henderson ef o, 1992}

Improvements in exposure assessment measurements have prompted movemenis
towards the integration of xf_, as mr,}_jr_: with nm %Emo_c&nm_ data. Thus, Heriz-
Picciotto {1993) provides a framework for classifying individuai epidemiclogical
studies in terms of their samgammw for use 5 n_o.m_w-m,wmﬁo:mc exirapotations, while
specitic examples of efforts in this direction have been made concerning the
carcinogenic risks of 1.3-butadiene (Stavner, er ol . 2000) and acrylonitrile (Schulz e
al., 2001 However, as noted by Hertz-Picciotio (1995 485 difficul ties arise in
integrating the two tvpes of w:_%mm because of different methodological orientations.
terms where the oulcome is

in risk assessment, exposure is defined in quantitativ

defined as added risk (i.c. m%wom:ﬁ risk, excess risk or risk diff: _a:ri whereas, in
epidemiological studies, exposure is usually operationalised as qualitative categories
and the outcome is expressed in terms of refative risk (or odds ratio). Furthermore
risk assessors ask. 'How many excess cases of disease Y will occur in a population of
size Z due to exposure to agent X at dose level I On the other hand,

isk of disease Y in the

epidemiciogists tend to address the question of, "What is the
presence of agent X relative to the risk of disease Y in the absence of X7, (Hertz-
Picciotto, 19935 483). Notably, the former questions tend 1o be of greater relevance to
regulatory policy-makers who are inlerested in quantifying the amount of exposure
associated with specific levels of risk in order to establish OOQGm:o:m_ and
envirenmental standards for ﬁoﬁﬁ.é carcinogens (Kaldor, 1992: 91; NIEHS, 2000).
On the other hand. the latter questions tend to be of greater interest to wc@: health
officiais, particularly those involved in the investigation of cancer cmcﬂﬁ.m.

3.3, Cuancer Clusters

According to Matthews (1988). any disease that is associated with environmental
factors will tend o cluster geographicatly. f such, a cancer cluster is defined as a
geographic area, time period. or group of people with a greater-than-expected number
of cancer cases. Cancer clusters have been identified in occupational settings such as
the mesothelioma cluster traced to asbestos in the shipbuilding industry during the
Second World War (8lot ef ¢l 1978}, as well as clusters of hepatic angiosarcoma
associated with occupational exposure 1o the vinyl ar_om.ao monomer {Creech and
Johnson, 1974). In addition, cancer clusters have been detected in the m:ﬂ.%ﬁ: of
toxic environmental disasters such as the radioactive contamination in Chernobyl
{Balter. 1995). and the chemical spills in Bhopal, India {Anderson e «f 1983} and
Seveso, italy (Bertazzi ef ., 1989; 1993).

Complicalions in the identification, analysis and inte Qﬁm:c: of cancer clusters may
arise because of the possibility that %m risk factors are evenly distributed across a
given population. As a result. associations would not ?. _.auam discernible from a

completely random process {(Martthews, 1988). That is, since the environmental
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exposures are universal, comparing individuals (as is done in conventional
epidemiological study designs) will not achieve sufficient contrast in exposure. Thus,
Pekkanen and Pearce (2001: 3) suggest that the focus should be on the comparison of
populations and not individuals m econdly, if exposure-incidence associations are
discernable. they will wsuvally vield low m,mr:?m risks, as relative risks for
environmental exposures are tvpically found to be below 1.5 (Pekkanen and Pe

20015 23, Such low relative risks tend to dissuade u:U:r officiats from investigating

potentially serious envirenmental health problems in the community.

The value of studying cancer clusiers has been guestioned by those who contend that
little has been gained in terms of %Q:Em: :owcm cal understanding {Alexander, 1999:

Robinson, 2002}, Such critiques commeonly cile the issue of _E.m-mn_mnscm biag' or the
‘bulls-eve problem’. That is. :. mm argued :EH %m practice of defining the geographic
borders of a cluster on the basis of ?..Sm. knowledge of where cases are located

{referred to as 'reactive clustering), artificially leads to the identification of non-
genuine ciusters, so that what is actually M‘m:ao_j appears to be a cluster pattern - a
product of the study design (NCL 2001). Furthermore. since identified clusters
usually involve a refatively small number of cases. statistical analyses tend 8 indicat
that the ::EUQ. 3. cases could occur f::_uT by chance (Heath, 1996). The ove

emphasis on the use of such limited statistical criteria in cluster m:iu
however. be misguided, because. as Sir Austin Bradford Hill (1965) remarked in his
classic exposition on ‘causality’ in epidemiological rese ﬁtw n.E:m:E_ significance in-
and-of- m.ﬂmo_maomm not contribute to ‘prool of cause and effect. Second, conventional
tests of significance do not explicitty take into account mmmm._m_ parameters that are so
integral to defining clusters in the first place. That is, statistical tests (e.g. chi-square
and t-test) consider only the relationship between the qualitatively defined categories
of disease and exposure. In response to this inadequacy, specialised techniques for
assessing the significance of spatial patterns have recently been developed, including
spatial Monte Carlo randomisation methods and Geographic Information Systems
(GIS) technigues {dacquez, 2002; Hoover and Devesa, 2001; Haining 1996: Hjalmars
el al.. 1996 Oliver, 1996). The science of cancer clustering is constantly evolving
{(Whelan. 1999} and the application of newer spatially-sensitive technigues may
prove more useful and valid in the application of statistical criteria in future cluster

analysis

may.

Regardless of statistical significance. clusters at the very least should signal the
possibiiity ::ﬂ there may be a common source or mechanism for ozﬁscmf es51s
amongst members of the cluster, This is especially true if the cluster invelves a larger

pumber of a rare, site-specific cancer that is found within an age/sex/race grouping
that 1s not Cm:m:w affected by that type of cancer (NCI, 2001; Heath, 1996 135},
For example. the identification of a cluster of just seven cases ol'a rare form ol vaginal
ancer E%:ofsimoﬁ& amongst 15 - 20 vear-old women in the Boston are aled to
the g erv that maternal intake of a drug used to _um,@«m.ﬂ M.:an:: age

{diethy m@_uri:m esulted in cancer amongst the daughiers: previously this type cm




26 ACNOVOGRADEC and 5. HARRIS AL

cancer was [ound only in women over 50 vears of age (Herbst and Scully, 1970).
tight of such evidence. and in the spirit of precawion and ethical responsibility, the
investigation of childhood cancer clusters (in mm_.ﬁ.maa_u_.w must be pursued in a more
case study of one cluster situation,

diligent manner. We now turn to an illustratiy

34, The Woburn Lenkaewnin Cluster

Woburi., Massachusetts (population 35,0000 is focated about 13 miles northwest of
Boston. In Ea\u. parents of childhood leckaemia victims identified {2 leukacmia
cases focated within several blocks of each other (Brown and Mikkelsen, 1997),
Around the same time, the illegal dumping of the m:g:ms.wmm selvents trichioroethylene
{TCE)Y and ca chloroethylene (PCE) - both probable carcinogens {IARC. 2000 Group
2A) - was discovered near two drinking-water wells that served the community, The
residents suspe Fg that their drinking water was comtaminated by these chemicals

ince i
believed that there was a link between the contaminated water and leckaemia, After
considerable urging on the part of the residents, the Ma
Public Health (MDPH) conducted a matched case~control study: however, the
vielded negalive resuits.

was consistently discoloured. with a bad odour and taste. As such. they

sachusetts Department of
stuely

In response, 301 volunteer residents collaborated with several epideminlogists from
the Harvard School of Public Health and conducted their own telephone sur /ov from
April to September 1982 and surveyed 57 per cent of the éogw: res ts {Brown
and Mikkelsen, 1997). Their study found that children with leukaemia ?#_ received
an average of 21 per cent of their vearly water supply from the contaminated wells

ident

compared to 9.5 per cent for children without leukaemia (Lagakos er af.. 1986},
cominunity-based study was criticised for various reasons, 9: the most frequent
charge was that of observer bias, since the survey was conducted by members of the

the fact that the study passed various tests for

Woburn community {desy
reliability).

By 1996, nine additional cases had been diagnosed, and the MUOPH {1997 initiated
more carefully-designed matched case-control study that found: (i) the risk of
developing leukaemia was greater for a child whose mother drank water from the
contaminated wells while pregnant (O.R. = 833 C.1 = (.73, 9467 and. (ii} the

r the amount of conmaminaled

existence ol a dose-response relationship (the ,n:.rm
water provided to the house during E egnancy, the greater the risk of the child
develoning leukaemia {p < 0.05]). There did :c‘r raﬁ ever, sgem to be a relationship
between the consumption of warer :dE the contaminated wells by children and the

development of leukaemia.

Woburn case also Em:mmja the importance of reliable exposure assessment in
the inv L ;ation of cancer clus IDPH (1997) study
emploved a more accurate Ecgﬂ E exposure assessment, based on a refined water

Az alluded 1o above, the
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*} {developed by a hvdraulic engin

to the place and length of residence. The investigative

: that incorporated household

distribution mode

water-tlow data link

[ed

eemed to be on waier couswmpliion. ZQ&.@{Q.. this may onls
N

hasis nevertheles

em
represent one route 1 xm‘»izr. In preparing for the civil action suit against the local
for

_:m_mm:.?ﬂ respons Ic the contamination, experts recruited by the lawyer
epresenting the victims noted that the highly volatile TCE could vaporise and
accumulate in the ¢ z::?m space of a bathroom at concentrations two 1o three times
higher than that found in the wep water (Harr, 1993 207). Consequently, a 10-minute
rwould result in 2 TCE air concentration equivalent to 60 gallons of water -
nsation felt by some Woburn residents during
= exposure through inhalation could be f:w ticant. Furthermore

W Ec: may explain the buming eve
their baths. Thus. TC
TCE may be absorbed during bathing when warm water dilates pores in the ,,:5,
especiatly in body areas af aﬁcg by rashes {or sunburn and Q:.L - and rashes had
been common in the Woburn victims {Harr, 1993 208). As such. although tamiliss
may

had consumed only about one guart of water each day, their exposure 1o TCH
have been much higher, thereby accounting for the discrepancy between the severity
of the

els of exposu

nptoms and the {alleced) low le

4. Implications of Risk Assessment for Cancer Policy and Ingervention

The results of technically-based risk assessment and epidemiological studies are used
by government agencies to develop regulatory fevels, as well as to evaluate the public
consequences of these derived levels (NRC,

health, economic. and socio-politic

{983). This sccond phase, referred 1o as risk management, tends to be controversial
because of m e issues that arise in translating inconclusive and uncertain technical
results into public policy.
may ensue because of the different logic, assumptions and language used in the two

phases, as well as the nature of 552 Yy versus non-voluntary exposure,

5 %mo:mmmm in the examples below, such controversy

4.1, Uncertainties in Environmental Exposure Assessment

hs mentioned in Section 3.2, exposure assessment s otten limited for several
ne b

reasons, including an incommnlete a at of multiple exposure routes

L5518
M

and the fack ol attention given o the synergistic. interactive and

assuUMplians concerning exposul

exposure. Conseguently, dift
derived regulatory levels that vary guite dramatically. For ex :%M . Hoberg
Harrison 1994 263 found that differences in assumptions about “worst ¢

ypical exposure’ resufted in a regulatory level for the pesticide

exposure’ versus 'ty
alachlor that was a thousand times greater in Canada than in the US Such differences
d 10 contentious publ

P

ic aa?;a within and between these two countries.

have
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4.2. Statistical Significance versus Practical Significance

As illustrated in Section 3.3., the level of significance required for intervention in
cancer cluster situations is a frequent source of contention, as many community
efforts to document cancer hazards are often thwarted by citing statistical criteria
(Brown and Mikkelsen, 1997: 133). However, Paigen (1982) argues that statistical
criteria is simply not appropriate in making decisions concerning environmental risk
issues. Supporting this position, Ozonoff and Boden (1987) contend that, on the
basis of ethical considerations, public health significance should be given priority
even if statistical probabilities are not realised. They therefore recommend that risk
management decisions be based on the criteria used in clinical medicine rather than
that used in laboratory science - that is, by erring on the safe side of false positives
(i.e. claiming a relationship when there may not be one) instead of false negatives. By
adopting this logic, the degree of risk to human health does not need to be proven as
statistically significant to justify public health or reguiatory intervention.
Furthermore, the investigative and policy emphasis would then be on assessing the
likelihood that an individual is exposed to the suspected carcinogen rather than on the
probability of the disease outcome itself {(Couto, 1986). This is a particularly
pertinent and potitically volatile issue given that many exposures 10 environmental
carcinogens are involuntary. We now turn to the implications of this exposure-based
rationale for cancer risk policy.

4.3. The Precautionary Principle and the Cancer-Environment Relationship

In light of the mounting observational evidence concerning the cancer-environment
relationship (see Section 2), policy and interventionist strategies should place special
emphasis on reducing public exposure to suspected carcinogens. For several reasons,
such strategies must be guided by a precautionary and preventative orientation
informed by an ethic of 'better safe than sorry’. The precautionary principle is rooted
in the primacy of environmental and public health and is generally comprised of four
major components: decision-making in the face of uncertainty; shifting the burdens of
proof; a full analysis of alternatives to potentially harmful activities; and democratic
decision-making structures (Raffensperger and Tickner.1999: 350). All of these
components fall within the realm of risk management and follow from the need to
politically address the limitations of risk assessment and epidemielogical studies -
particularly those uncertainties related to exposure, the models used to relate
exposure to cancer, and the uncertainty due to individual variation in human
susceptibility (Raffensperger and Tickner.1999: 350).

The precautionary principle is implicitly invoked by Tomatis ef ol (2001) who note
that difficulties in assessing cancer risks due to low-level exposures to multiple
carcinogens do not warrant the denial of these risks. This recognition is especially
important considering that there are thousands of existing chemicals whose
carcinogenic risk potential has not yet been assessed (NRC, 1983). Several
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approaches have been put forward as to how to address the magnitude of this
problem. First, Cranor (1999} recommends the adoption of quicker. inexpensive
scientific approximations to identify carcinogens, such as mutagenicity and structure-
activity tests, as well as screening for cancer precursors (for further details concerning
cancer precursors, refer to Franco and Rohan, 2002). Secondly, efforts could be made
to at least stem the tide of new carcinogens entering the environment. For instance,
by reversing the burden of proof, it would then become the responsibility of the
manufacturer to demonstrate that the chemical agent is harmless, before it is put into
circulation (as is presently done with the licensing of new medicines) (Jordan and
O'Riordan, 1999; Wahlstrom, 1999). Tn addition, O'Brien (1999; 2000} suggests that
all possible alternatives to the potential carcinogen (or potentially harmful proposed
undertaking) be considered before approval for use is given. In this way. that
atternative which eliminates (or at least minimises) exposure could be identified and
preferentially adopted in the interests of public health,

The alternatives assessment approach may be considered an example of a larger class
of preventative approaches to cancer risk. Although cancer prevention initiatives are
considered to be the most effective way of reducing cancer incidence, they are not
considered high priorities in many health research and policy programmes (Tomatis ef
al., 1997, Jasny and Bloom, 1998). Perhaps such reiuctance is due to the view that
the adoption of a preventative orientation will require large-scale structural changes
and costs. However, there already exist various feasible preventative engineering
strategies that eliminate the very possibility of carcinogenic by-products and waste
entering the environment (thus eliminating the problem of exposure altogether); these
inciude approaches such as: Industrial Ecology {Allenby. 1999), and Design for
Environment {Graede! and Allenby, 1996). Such strategies need to be more seriously
considered in recognition of the fact that effective cancer prevention necessarily
requires a multi-pronged, integrated approach that is sensitive to the complex
retationship between cancer and lifestyle, genetics, society and environmental causes.

The democratisation of risk assessment and management is particularly important
because ordinary individuals are often the first to discern environmental health
problems - as illustrated by the Woburn leukaemia clusterepisode. This is not
surprising, as 'people wha inhabit and intimately know a single place day after day,
understand things about environmental risks they face that no outside or objective
perspective can provide' {Slove and Scammell, 1999: 252}, For this reason, public
input into cancer risk assessment should not be regarded by officials as 'interference’,
rather, at the very least, as a useful way to gain better insight into the complexities of
exposure assessment. Furthermore, increased lay involvement will certainly help
curtail the conflicts that frequently arise when lay and expert ways of knowing about
environmental health risks meet (for examples of collaborative expert-lay methods,
see the work of Phil Brown (2000} on 'popular epidemiology’).
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onmental carcinogens cannaot
hed through m.wm_,_mm.x.x;.. :: ventions alone. mnmﬁ_uﬁ_.w. infervention is
perhaps better
However, for there 10 be a signif] :macg ne in cancer incidence. attention also needs

Finally, it should be noted that reduced exposure to e
h

be aecomphi

suited 1o :Eéfd :

ks stemming from inmvolwsiary

posure.

o be directed towards ::SE: exposure. such as those associated with Iifestvie and

behaviour. In this connection, Sir Richard Doll (1999 18) notes that
"Wayvs of living might well be possible that would reduce the age-specific
incidence of Mnmzmﬁ._ 5.. some B0 to 90 per centl ... even i attention were

s soon concluded that more than half th
ﬁ.,:m:.: } mean deaths occurring under mqﬁx

estricted o practicabls chang:

aremature @S.m.rw from cancer -

TG vears of age - could be avoided,

both voluntary and

As such, the reduction of cancer

involunlary exposures to environmenial carciy

5. Conclasions

Undoubtedly cancer may arise from non-environmental factors because of th

e

production of carcinogens within the bady and the occurrence of unrepaired gengtic
.mdmu,_m.ﬁ./,:rriz:3moﬁm,,.c_..ﬁ,:azmw:o_,c_,a,znf..,,,.‘mﬁng:37_EFW

indicates that cancer may also arise

:.S:xccizfgpcmcmczmm:zﬁ
environment. The guestion of what percentage of cancer can be atributed to
sus non-environmental causes, so passionately pursued by some

environmental ver

esearchers, may not perhaps be so worthwhile. The _.m:z:m_m behind this guest
seems to be that if the percentage were known. then better decisions could be made
m_cc..z the allotment of scarce resources (Tinancial and otherwise). To some extent this
may be true. but what should be noted is that even it the aciual

lower end. this would still represent, in absolute terms, an immense E:ﬂwﬁ. of cancer
victims world-wide. The kev poim
largely prevemiabie ::.c:mw the reduction of uspected
carginogens. Thus, a great number of lives could be saved through exposure reduction.
This reali sigificant inplications

perceniage fell in the

that envirommentally induced cancers are

lic exposure 10

ation has several

First, becs

sposure playvs an bmportant connecting role in the relationship

a4

between the environment and cancer, more attention needs to be pald to improving

CXDOSUIS as

essment lechniques. Second, the emphasis on environmental exposures

should inspire efforts to reduce carcinogens at the (usually industrial) source, that i
the adoption of a more _:ﬁw:.ﬁ:i and preventative mswx,cmnw {as wel as 5 jr%oa

Third, due to the inherent uncert:

of alternatives e

1558 ties involved in cancer
risk methodologies. a “Jy.acﬁww.pmmaw.ﬂws.v. approach to cancer risk management wuo_:;
shouid be adopted. Fourth. although exposure reduction may be partly accomplished

through individual Ifestyle change. thi

only addresses voluntary exposure; i should
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that non-voluntary

be explicitly acknowledged in risk management process

exposure - such as exposure to industrial carcinogens in %a gnvirenment - is a
violation of the fundamental right to a safe environment. As such, cancer risk ucwuaw-
makers should strive to close the gap between those making decisions about cance
M.er and those affected by these risks {as exemplified in comu:_.&. ﬂu&gwogmﬁ.
s in this direction can only be accomplished i public health significance is given
priority over statistical significance. In addition, rather than the current practice of

‘pes of cancer risks in the community. the adoption

exclusively focusing on specific t

of policies that focus on reducing exposure is necessary.
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