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Environmental asbestos exposure and mesothelioma
Marla R. Orenstein, MSc, and Marc B. Schenker, MD, MPH

Eprdemiologic studies of mesothalioma have focused primarity
on occupational exposures to asbestos. Nonocoupational
exposure to asbestos can be grouped into thee main cate-
gories: paracccupationat (familial), neighborhood, and true
environmental exposures, Elevated mesothelioma rates not
attributable to occupational exposures have been observed in
asbestos mining and manufacturing areas. Asbestos is one of
the most dangerous environmental carcinogens because of
tie small dose known to causs mescthelioma and the rapid
lathality of the disease once it develops. Further research is
needed to characterize the contribution and risk profile for
environmental ashestos and mesothefioma, and for the devel-
opment of pubfic health palicy. Cur Opin Puim Mad 2000, 8:371-377
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Mescthelioma

Mesothelioma is a rare canver that primarily affects the
plevra and peritoneum—the linings of the lungs and
abdominal cavity, respectively, In che United States,
2000 wo 3000 new cases of mesothelioma are reported
cach year [1]. Although mesothclioma is rare, the social
impact of this disease is devastating because there is no
satisfactory clinical rreatment, and the survival time
after diagnosis is cypically less chan 18 months [2—4].

Mesothetioma eccurs in the substantial majority of cases
as a result of asbestos exposure in occupational and
environmenral settings, alchough mesotheliomas from
other exposures have been recognized [5,6]. Inhuled
fibers that pass through the alveoli migrate to the pleura
of the lungs, where they affeet the mesothelial cells,
thereby producing mesothelioms, Mesothelioma may
also occur in the pesitoncum of the sbdomen, or even
more rarely, the pericardiom of the heart. Risk s
strongly related to the intensity of asbestos exposure
and w latency, so a very short period of exposure may be
followed decades Jarer by the sudden onser of malig-
nancy and death. The lutency petiod has a wide range,
from a minimum of about 5 years [7] o a2 maximum of
72 years, so those cxposed arc at nisk alt cheir lives [8],
Children appear to be especially susceprible to even
sharr periods of ashestos exposure and typically develop
the discase ar ages 45 1o 50, whereas those exposed afeer
age 20 most often develop the discase at age 60 to 70
Exposed women have been reported to develop pleural
mesothelioma at rates at least as high as men with the
same exposures, although their overal]l numbers are
much lower since fewer women have occupational expo-
sures [9]. Of greatest concern with regard to environ-
mental ashestos exposure is the recognition thar smaller,

nonfibrogenic doses of ashestos are adequate o causc
mesothelioma.

Asbestos

Asbestos is the name given collectively to che fibrous
forms of several naturally occurring silicate minerals
that form under high pressure in che earth’s crust and
are commonly found zround carthquake fauls.
Geologists divide ashestos into two categorics, which
differ in both structure and chemical compesition: (1)
serpentine, of which chrysotile is the only asbestiform
type, and (2) amphiboles, which includes cracidulice,
amosite, anthophyllite, and the fibrous farms of actino-
lite and tremolite.
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Although most investigators agree that amphibole
asbestos is more potent in causing mesochelioma, there is
still debate as to whether all mesatheliomas are caused by
amphibeles (by themselves or as contamination of
chrysotile ashestos), or whether chrysotile alone can cause
mesothelioma. ‘T'he amphibole hypothesis suggests that
mcsothelioma is caused primarily by the amphibole
species of ashestos, This is supported by lung burden
studies, which have demonstrated that amphiboles accu-
mudate to a2 much greater degree in king tssue, including
cases of malignancy, despite the Eict that chrysotile is the
predominating type of asbestos [3,10-12]. McDonald &
af. [13] have found thae amphibole fibers. including
tremulice, are also more likely than chrysotile fibers to
cause fibrogenic changes in the hing. Stanton & af. {14]
postulared thar fibers with large aspect ratios (she ratio of
lengeh to width) are most responsible for the carcinogenic
effects of ashestos. Given larger aspect ratios far amphi-
bole species, this theory lends credence to the idea that
amphibole ashestos is the most toxie.

Other researchers have concluded that chrysetile is an
eyually potent carcinogen with regard to mesothelioma
115-17). Lung bucden studies that analyzed ashescos
content in the pleura (a5 opposed to lung tissuch have
vielded greater amounts of chrysotile in mesothelioma
cascs. Becuuse mesorhelioma is a cancer of the Jung
pleura, this would seem to support this view. Chrysotile
fibers are cleared more rapidly from the body than
ashestos fibers, and it is conceivable thue they may “hit-
and-run,” initiating discase before thoy are cleared [18),

Although the matter remains uncesolved, most nawral
chrysotile deposits arc contaminated wich amphiboles,
clouding the issue for exposed populations.

Occupational and environmental ashestos
axposure ‘

The association between ashestos exposurc and
mesothelioma was first demonstrared in 1960 by Wagner
¢/ al. [19]. Mesatheliomas of the plcura were observed in
people living or working in a crocidolite mining region
in South Africa. Ten of the 33 patients with mesothe-
lioma were bormn in the vicinity of the mines and had no
occupational asbestos exposure. Many paticnts had
reported exposure to ashestos dust as a child. Although
occupational cxposures constitured the majority of the
cases, the report suggests that childhood exposure to
asbestos was g cause of several cases. [t is not possible to
definitively separate occupational from familial or envi-
ronmental ashestos exposure in this case serics.

Current rates of mesothelioma worldwide miceor raw
asbestos consumption, and there is general agreement that

occupational asbestos exposure accounts for the majority of
mcsothelioma cases. The incidence of mesothelioms has

been on the rise [2.20] and is expected to reach ics peak in
2000 in the United States [{] and around 2020 in Furope
[21,22«+] (Tabk: 1}. This end reflects the averege 25- 10
A0-year latency period between asbestos exposure and
discase presentation while wking into account the slow
decline of usbestos usage after World War 1111,23],

Exact estimates of mesothelioma attribucable o asbestos
exposure vary from 60 to 88% of al} cases [20,24,25].
Identifying prior asbestos exposure in mesothelioma
cases may be particularty difficult because smafl amounts
of asbestos cxposure many decades before the disease
onset can result in malignancy. ‘The estimated prevzlence
of privr asbestos exposure may in part vary with how
intensively such a history is sought. However, there is no
questian thut the substantiz] majority of cases arc attribue-
able to prior asbestos cxposure.

Few studies have delved deeply inte the question of
whether natrally occurring environmental asbestos poses
any stgnificant threat to the health of thase living near such
depuosits. Epidemiologic studics of mesochelioma have
focused primurily, on occupational exposures to ashestos (¢,
asbestos miners, milway and construction workers, brake
mechanices, building maintenance workers) {26-28).
Although these sudies have yielded a great deal of impor-
tant information, there are many wiys in which cnviron-
mental expaosures are likely to differ from oceupational
exposures, and Htle is known abour the accurrence and
risk factors for mesothelioma from environmental ashestos
exposure, Occupational exposure to asbesros is generally
mitch greater in concentrution and occurs ac different ages
than environmental exposurc. Environmental exposiires

Table 1. Incidence of mortality of mesothvelioma In varlous
countries and areas over ime (per milllon inhabitants per year)

Counitry or area Yaar Male Fenale
United Stalas 1958-81 21 08
North America 1972 28 0.7
Nantes-Saint-Nazare, 1956~74 6.2 0.2
Franca
Texas 1676-80 5.8 241
Selected cilies, 19708 44~-11.1 1.2-3.8
United States
Uinited States 1986 7.0~-13.0 1.0-20
Barcelona, Spain 198390 el 4.7
Great Britain 1968-~T1 8.4 23
Fintand 1990-84 10.0 29
Great Britein 1972-78 128 28
Nanles-Saint-Nazare, 1975-84 17.2 0.8
France
United Kingdom 1688 178 a2
Denmark 1978~80 14,7 70
MNantes-Saint-Nazare 1985-92 194 4.0
Gireat Britain 1868-71 20.7 43
Ausiralia 1982-88 2843 33
Groal Britain 1982-~-86 305 49
Greal Britain 1987~-01 440 84
Augtralia - 1904 449 48

Publwhed with permission [22e],
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may begin at a younger age and continue for a longer dura-
tion than the normal working lifettme. Nonoccuparional
exposure to ashestos can be grouped inw three main cate-
gorics: paroccupational (familial), neighborhood, and true
environmental exposures,

Paracccupatlonal {(familial) exposure

In close association with occupational exposures are
those of spouscs and children of exposed workers,
These fumily members breathe ashestos dust broughe
home on the worker's clothing. These have been culled
“familial” or “domestic™ exposures, and have been clas-
sified as both environmental and vecupational exposures
129,30, Although there is disagreement on the issuc of
definition, there is agreement thar the dose associzted
with increased mesathelioma risk in these cases is lower
than that resulting from usual workplace exposures.

Nelghborhood exposures

The most ubiquitous environmental ashestos source is
from ashestos mining, which produces so-called “neigh-
borhood™ exposures. Studies of mining areas in
Australia, South Africa, and Canadu have documented
elevated rates of mesothelioma among residents wha

never worked for the mincs. Other studies have exam-
ined neighborhood rates of mesothelioma around facto-
rics producing asbestos-based goods and found elevated
mesothelioma risk {Table 2). Ateributing mesotheliomas
to envirormental exposure is difficult in some of these
studies because of their coologic nature, and it can be
difficult to prove an zhsence of oceupational exposure to
ashestos in some cases.

Rees # a/. [31]) coaducted a large, multicenter, case-
control study of mesothelioma in South Africa. Since
parients were cnrolled as they were diagnosed, exposure
information was obtained from live subjects—an excep-
tion with this rapidly fawal disease, Twenry-two cases
{t7.9%) kad exclusively environmental exposure, The
odds ratio for chose environmentally exposed in the
narthwest Cape region (where asbestos is primarily
crocidolite) was 32.7 (95% CI [confidence interval],
8.1-131); for the northeast Transvaal region {crecidolite
plus amosite asbestos), itwas 12.7 (95% C1, 1.9-84.7).

A large retrospective cohort study was conducted in
Wittenoom, Westzrn Australia, the site of a targe crocido-
lite mine and mill [32]. Mesothelinma was tracked

Table 2. Studies of mesothelioms st neighborhood asbestos expasure

Emnvironmental
Typaof Source of Study mesotheliomas
Location  Year asbestos  asbestos  Type of study  population {r) Mesothetioma risk Comments  Reference
Northwest  19B0-91  Chrysotile, Industial  Retrospactive Hospitat ] 64 Men: 4.2-7.4 Magnani et af.
Itaty crocidofite cage sories  admissions Cases par 13s]
[510%) from fpcal 100,000 person-
area years
Women: 2.3=7.1
cages per
100,000 parson-
yearg
New Jersey, 1979-80 - lhdustial  Retrospaclive State cancer - Males: SR = 10.1 Barry [38]
USA case geries  ragisty (85% CO,
tonds 58-164)
Foemales: SIR =
224 05% G,
0.7-44.2)
Westem Roving Crocidolite  Mining, Retrospective 4659 resi 27 %8 casas por 24727 cases  Hangen et &l
Australia botwaen induslnal cohod denis who 100,000 perscn-  had domes-  [39]
1943- navar years tic (familnd )
19083 worked far orposure
mining
company
South Alrica 1988-80  Cmcidolle, Naluralty Case-control  Patients in ail 22 OR-32.7 (85% 0O, Reos ot at [31]
smtaile,  ocouming, hospitals in B.1-131) for
; chrysotile  minkng, aix major those environ-
industyisl South mentally exposed
: Aldican in NWY Cape
cemers tegien; ORO12.7
{1.9-84.7) inNE
Tranavaal,

Quebec 1970-89 Chrysotila  Mining Casecontrel  Population- 7 EMR=7.63 (05% Somecases Camus efal.
based CL2.06-16.03)  mayhave . (23]
mortality oCoupa:
survey tianal expo-

e to
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through a mundacory tumor registry, so casc ascerzinmenc
was likely complere. The 4659 people who had lived in
Witeenoom for fess then | month beoween 1943 and 1993,
and who never worked for the mining company, were
enrolled. Twenty-seven cases of mesothelioma were
found, yiclding an age-standardized incidence race of 26 in
100,000 person-years for residents aged 15 years or more,
The rate was similur for males and females, This study did
not exclude parients with “familial” exposures, which
could have accounted for 24 pur of 27 cases, One case
occurred in an individuat who went to Wittenoom after
the mining operations ceased,

A recent study from Quebec designed to rest an
Environmental Protection Agency dosc-response mexdel
for ashestos among women in 4 chrysotile miring commu-
nity found 2 high standardized morrality ratio for mcsothe-
tioma (7.63; 95% CI, 1.06-15,03) [33). However, che study
was designed ro specifically address lung cancer, and
mesotheliomas were based on a historical death centifieate
review, which may be inaccurate, Seventy percent of the
women in the study had lived in the house of an ashestos
worker, suggesting that famifial exposures accounted for
seme of the cases. The study has also been criticized
because high levels of amosice and crocidolite fibers were
found in the lungs of some patients, indicating occupa-
tional exposure to ashestos in other industy [34].

Magnani ¢f al. [35] surveyed pleurs! mesothelioma in
health authority rccords of 3 town in northwest Ttaly
where o large asbestos cement factory was located.,
Eighty-cighe cases of histologically confirmed mesothe-
lioma were identified in the arca from 1980 to 1989,
with no occupational or paraoccupations! exposure 1o
ashestos. Mesothelioma mortalicy rates in men were 4.2
w 8.2 per 100,060 person-years; in women rates were 2.3
to 5.1 per 100,000 person-years. These rates compared
o narional rates based on ftalian cancer registry of 1.8
and (1.6 per 100,000 for men and women, respectively,

Mesothelioma incidence rates were analyzed in New
Jersey, in the arca of the largest asbestos plant in Norh
America, Berry [36] found standardized incidence catios
among residents in the rown with the factory to he 10.1 -
for men (95% CI, 5.8-16.4) and 22.4 for women (95%
Cl, 9.7-44.2) compared with New Jersey rates.
Swndardized incidence ratios for the rest of the county
{minus the wwn) were 1.9 and 2.0 for men and women,
respectively, No personal inteeviews were conducted

and some occupational cxposures may have been
missed.

Naturally occurring asbestos .

There have been few epidemilogic studies tooking
speeifically at exposure t natwrally occurring asbestos.
Naturally occurring asbestos (pardcuderly amphibole} is

common tn scveral populated arcas of the world, and
cxposure o environmental sources of ashestos is thus an
impartant public health concern. Liuman aetivities that
perturb ashestas-containing rock are pacticulatly of
concern due 1o the high potential for asbestos dust w be
released and inhaled. Construction, grading, quacrying,
or cars travelling on unpaved roads are examples of
activities that may generate ashesros dust. Also, natural

wesithering and crosion may release ashestos fibers into
the air.

Exposure to naturally occurring amphibole ashestos and
relaced fibers is thought to be a cause of malignant
miesothelioma in scveral arcas of che warld (‘Table 3)
Most of these studies have focused on areas of the world
in which asbestos deposits have been used by the Jocal
populition for demestic purposcs, such as grinding
asbeseas by hand to make whitewash, insulation, or
plascer. This practice has been almost entirely aban-
doncd, and the extremely high rates of mesotheliomu
scen in these studies resuleed from high fevels of expoe-
sure 30 w 40 vears ago. The high rares are not necessar-
ily representagive of rates in chese locations in the
future, ar in pares of the world in which asbestos is nor
used for such purposes.

Naturally occurring tremolice ashescos is abundanc in
the Mewsove area of Greece. [n a retrospective review of
hospital cases from 1981 o 1985, seven cascs of malig-
nant mesothelioma were found in a population of
approxinmately 5000, carresponding to 28 cases per
100,000 person-years [37]. [n a follow-up study, the
mesothelioma rate had decrcased o 14 in 100,000
persan-years for 1985 ta 1994 (3R], This drop pamalicled
the decrease in domestic use of asbestos, which had
fulicn from 92% of houscholds in 1950 w (8% by (980,
and which disappearcd altogether by 1983, Howerver,
the numbers of cascs were small (7 and 6, respecrively),
so a statistical overlap aof these rates is possible.
Addidanatly, the follow-up was aor age-standardized,
preventing a dircer comparison between them, It is
likely that the median age of the populucion shifted
upward, which would make the carlicr figure relatively
undervalucd, and the difference in age-standardized
rates larger than the unswandardized figures.

Several studies have investigared environmental expo-
sure o tremolite deposits in Turkey. Yazicioghy o #l.
[39] document a serics of mesotheliomas in southeast
Turkey. Tn 1977-78, 22 of 23 patients admitted to the
regional hospital with pleural mesocheliomas came from
ashestos districts, which contained only 51% of the
population. The mesothelioma rate for chese distriets
averaged 9.7 per 100,000 person-years, However, rates
were between 146 and 19.1 per 100,000 persan-years in
the three districrs in which ashestas surcrops were most
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Table 3, Studies of mesothslioma and snvironmantal sxposure to naturally occurring asbestos

Typa of ¢ of envivon,
Localion  Year asbestes  Typeofstudy  Studypopulation  mesotheliomas Mesotheliomm risk  Comments Reference
Sautheast 1977-78  Tremolte  Retrospectve  Hospital admis- 23 9.7 casesper Mozt highly conta-  Yazicioglu et o/,
Turkey some case séries aions from Yocal 100,000 person-  minated {aa]
chryzofde ared yoan vilages have
ten up to 17
per 100,000
peEoryoan
Cantral 1980-87  Tremolile, Retrozpective Headth cenler 2 ' 69 cases per . Darls ot al. [40}
Turkey s0me c368 . racords 100,000 porgoct:
. chryaglile  series’cohort . yeors
Cantral 1981-1500 Tremolite Casa sories Hospital sdmix- 7?7 - Cannothbe calcu Selouk ef al. [41)
Tusrkey Bams sions from local Inted
chrysatile FrrY
Central 10891997 Tremolite  Prospectiva case Patients from ane o7 8694 of prasenting Weolintas ef al.
Turkey some peries clinic mesothelioma 42
chiysolile patients had
nosoccupational
. sqonren,
Northwesl 1981-85  Tremolite  Retrospeciwe  Hospital admis- 7 28 cases par Constantopouios
Greace £ase erigs gions from lacal 100,000 person- etal [37]
reg year
Norlhwost  1985-1094 Tremokte Cakhort Hospital admis- ;] 14 per 100,000 Domestic use of  SukeBariou ef 2l
Greece . sions from local Pporaon-yeam ashesfos white-  [38]
area wash dmopped
from 829% in
. 1950 t¢ 18%
by 1980,
Central 7-1986 Chrysotils, Retospective  Unspecifiad 4 A of 12 patiants had ‘Mining also McConnochia ef
Cypug . some casa series apparent occupa-  located in area . [46]
tremwlite tional or paraoe-
cupational expo-
nre
New 1978-87 Tremofite  Retrospective  Unspecified 12/9 [see  BN6.2casospar 12 cassy of Gokdborgy of af.
Calodania case geries commanis} 100,000 person-  pleural cancer, K7
years of which 3
were “proba-
bla" mesothe-
fioma
Northeast 1873-81  Chysolle, Retiospective Huospital sdmis- 14 10 capas per Rey et al. {46]
Corsica tremolite cave sories sions from focal 100,900 person-
' . anga, yoars

frequent. Buris [40] reports two mesathelioma cases in a
population of 425 people in central Turkey over a
period of 7 years (59/100,000 person-years). However,
the number of cases and papuludon in this report are
both small and statistically unstable, Addidonally, occu-
pavional or other possible exposures ta ashestos were not
explored, although the argument for overwhelming
cnvironmental exposure is convincing.

Seleuk ef af, (417 reported 77 nenoccupational, nonin-
dustrial mesothelioma cascs from 30 asbestos villages in
central Turkey. Metintas o 27 [42] found thae 86% of
pusients diagnosed with mesothelioma in cheir clinic
came from villages with large natural asbestos deposits.
Incudence rates cannot be calenlated for gither of these
studies, as the contributing poputation is nat recorded.

Erionite is 2 nonasbestos fiber morphologically stmilar o
amphibole asbestos. It kas been implicated in causing
mesothelioma in people environmenclly exposed. The

Cappadocia region of Turkey is rich in natunally occor-
ting crionite and has been found w have exceedingly

high rates of mesothelioma in both present and former -

residents. Mesothelioma is thought o account for S1%
of deaths among villagers living in the area [H,43) and
up to 78% of former residents whe had emigrated o
Sweden [, I these figures are accurate, they suggese
that erionite is more carcinogenic than even crocidolite
asbestos,

An interesting study in Cypros by MeConnuochic o #f. [45]
eported on 14 cases of mesothelioma over an unspecificd
number of years. Ashestos depaosies in Cyprus contain
mostly chrysotile, bur there is some tremolite contamina-
fion, The arez is rich with natarl deposits, but slsahas an
ashestos mine in the central mouncains, These imvestiga-
tors used cnvironmental dust sampling and fiher analysis
of human tung tissue to confirm the presence of ashestos
in the air. Uniquely, they also used sheep as “mobile air
samplers” and furcher confirmed the presence of both
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tremolite and chrysotile in the lung. The rescarchers
suggested that the impact of envirenmental exposure was
high'because the number of occupational exposures
amonp cases was low {5 of 12; 3 more had familial expo-
sures, two had ncighbothuod exposures, and two had no
apparent asbestos exposure). However, the article does
not indicute the source of the cascs, so the represenative-
ness of the sample is unknown.

Studics on exposurc o naturally oecurring asbestos 2lso
have been conduered in New Caledonia and Corsica.
Goldberg er 2/, [47] recorded all cases of pleurl cancer
between 1978 and 1987 in New Caledonia. There were
nine definite mesotheliomas and a furcher chree that
were classified as “probable.”™ OF the 12 patients, 3 had
worked in the-nickel industry, which can diswrb naturat
asbestos fibers in the soil. Mesothelioma rates were
compared to five reference registries (from France (2),
Britain, New York, and Australia). Standardized inci-
dence ratios ranged from 201 to 517. An earlier scudy by
this group (1978-1981) had detecred a relationship
berween pleural cancers and zones of residence within
New Caledoniz; however, the later study did nor estab.

lish an association with purticular areas of the country, of
with nicke! mining sites,

Rey o al 48] collected mesothelioma cases in Corsica,
in an area where both chrysotile and remolite can be
found, and which is remote from asbestos mines. They

found 14 cases in the papalation, with an incidence rate

of 18 per 100,000 person-years. fe was ascertained chat
ashestos-relared industrics were not the nsual oecupa-
tion of the patients. However, other ashestos-using or -
producing industries were not excluded.

Taken together, these findings confirm the ability of
natural asbestos deposits to cause mesorhelioma in
nonoccupationally exposcd populations. However,
further characterization of the routes of expasure,
latency, and risk are needed.

Conclusions

Asbestos is ant of the most dungerous environmental -

carcinogens because of the small dose known to cause
mesuthelioma and the rapid lethality of the discase once
it develops. However, many questions remain unan-
swered about the cantribution of environmental
asbestos exposure to the development of mesothefioma.
These include the cxtent and nature of ashestos cxpo-
sure in nonoccupational environments, the proportion of
mcsothelioma cases with purcly eavironmental expo-
sure, and the relative risk of chrysetile and amphibole
asbestos. These issues have direct public health rele-
vance for many areas in the world where development is
occurring in arcas with naturally occurcing asbestos.

-8 BianchiC, Giamti 1, Grandi G, et al.: Latncy

16 Smith AH, Wright CC: Ch
) mesgthelioma.
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