
H -ti eoc — \o\\

From the Department of Occupational

and Environmental Medicine

Lund University, Sweden

COLORECTAL CANCER AND

NON-M ALIGN ANT RESPIRATORY DISEASE

IN ASBESTOS CEMENT AND CEMENT WORKERS

Studies on mortality, cancer morbidity,

and radiographical changes in lung parenchyma and pleura.

Kristina Jakobsson

Sm

\

.iirul



Errata

Page paragraph line presently should be

6 2

8 5

35 4

3X 2

40 4

paper IV

s339 5

3

1

3
2

13

8

339 5 14

length <5 urn length >5 ̂ im

diameter >3 (im diameter S3 urn

diagnoses for specimens from

among asbestos cement workers among the asbestos cement workers

excess for excess of

a cohort study, following

the initial one.,

keeping latency, age at

follow-up and year of birth..

a similar study

keeping age, latency,

year of birth and nativity..

pa |XT V

-, 2hh S

s 271 4

paper VI

country rates

mutagenic or u(carcinogenic

11 cohort

county rates

promotors

cohorts

l\iy( reference line prescnlh should he

paper IV

10 2 incidence mortality

paper V

17 Jones M. Jones M, Moore !•



%:*

h
7 •*

\

Organization
LUND UNIVERSITY

Department ot (U-ciip.it luna I .•iritl
( ru L [•(•nfii'Mif ;i I f led i CM ne
l ln i M T S I t \ (if L u n d . S-2J1 fl'> L u n d . Sweden

Author) s)

Kr i :;t m n J a k o b s s o n

Document name
DOCTORAL DISSERTATION

Date of issue
September 17.

CODEN:
I IJMF.nVI MLOC--1O! 1--F.I

Sponsoring organization

("o l o r e c t a I cancer rind r on-ma I i cjnunt. r e s p i ra t u r \ d i s e a s e in asbes tos
cement and cement w o r k e r s . S t u d i e s on m o r t a l i t y , cancer mur!) i d i t y , and r a d i o r j r a p h i r a I
chant,t 's i n lurui parenchyma and p l e u r a .

Abstract Radiologically visible parenchymal changes (small opacities >1 /[); 1LO 1980 classification) were
present in 20% of a sample of workers (N=174), employed for 20 years (median) in an asbestos cement
plant. Exposure-response relationships were found, after controlling for age and smoking habits. Workers
with high average intensity of exposure had a higher risk for progression of parenchymal changes after end
of employment, and experienced a higher risk for costophrenic angle obliteration than those with low
exposure intensity. In a sample of asbestos cement workers with symptoms and signs suggestive of
pulmonary disease (N=33), increased lung density measured by x ray computed tomography, and
reduced static lung volumes and lung compliance was found. In a cohort of asbestos cement workers
(N= 1,929) with an estimated median exposure of 1.2 fibres/ml, the mortality from non-malignant
respiratory disease was increased in comparison to a regional reference cohort (N= 1,233). A two-to three-
fold increase of non-malignant respiratory mortality was noted among workers employed for more than a
decade in the asbestos cement plant, compared to cement workers (N=l,526), who in their turn did not
experience an increased risk compared to the general population.

In the cohorts of asbestos cement and cement workers, there was a two-to three-fold increased
incidence of cancer in the right part of the colon, compared to the general population as well as to external
reference cohorts of other industrial workers (N=3,965) and fishermen (N-=8,092). A causal relation with
the exposure to mineral dus! and fibres was supported by the findings of higher risk estimates in

ubgroups with high cumulated asbestos doses or longer duration of cement work. The incidenceof cancer
i i the left part of the colon was not increased. Morbidity data, but not mortality data, disclosed the suhsite-
-peeilic risk pattern. Both asbestos cement workers and cemct workers had an increased incidence of
octal cancer, compared with the general population, and with the fishermen. The risk was, however, of
he same magnitude among the other industrial workers.

K e y w o r d s A i | l ( , , j t , , s , . ( , n i l , n t . , - f . m . - n l . .

r>-1 a1 p ' t r 1 . . r u m - m a 1 i t j i i a n t r e s p I I at

asb .es t c . I • ; . I t i n ' j 1 i h ! us i s , p len t ' . '

Classification system and/or index terms (if any)

Supplementary bibliographical information

ISSN and key title

Recipient's notes

•pi

HI

,1

dt Mil i n 1 f

\ r l i s e

cha r i ( ] e

, ( ] \ , ( i c c i i p a t ( ina 1 h \ () i e n e

i s e . i att i D I ] ! a p h \ . \ - r a \

: , e n 1 i )i i i c u e n p I a ' .HIS . 1 e

Number of pages

, dose response
•ni;ipnt ml t omoiji aphs ,
•tal neop 1 asms .

Language
1 iidl isb

91-6L'H-I)''^ 1- 1

Price

Security classification

Distribution by (name and address) D e p a r t merit ni ( I c r u p a t i n n a I a n d f r a i ninrr i i i l a l M e d i c i n e

Un I M T S ] 1 \ i ) l I i n n ! . S - 2 2 1 H1 ' I i i n d . Svcv i i i

I, the undersigned, being the copyright owner of the abstract of the above-mentioned dissertation, hereby grant to all reference
sources permission to publish and disseminate the abstract of the above-mentioned dissertation

Signature . Date



From the Department of Occupational

and Environmental Medicine

Lund University, Sweden

COLORECTAL CANCER AND

NON-MALIGNANT RESPIRATORY DISEASE

IN ASBESTOS CEMENT AND CEMENT WORKERS

Studies on mortality, cancer morbidity,

and radiographical changes in lung parenchyma and pleura.

Kristina Jakobsson

Sm

AKADEMISK AVHANDLING

\ • som med vederbörligt tillstånd av medicinska fakulteten vid Lunds universitet, för

avläggande av doktorsexamen i medicinsk vetenskap, kommer att offentligen

försvaras i föreläsningssal 1, Lasarettet i Lund (centralblocket), fredagen den 17

sepk-mber 1993 kl 13.15.



1

From the Department of Occupational

and Environmental Medicine

Lund University, Sweden

COLORECTAL CANCER AND

NON-MALIGNANT RESPIRATORY DISEASE

IN ASBESTOS CEMENT AND CEMENT WORKERS

Studies on mortality, cancer morbidity,

and radiographical changes in lung parenchyma and pleura.

Kristina Jakobsson

Sm

\ Lund 1993



" Fundera flitigt. Försök förstå."

Alf Henriksson

- ur Alfabetets användning anar aporna aldrig-



This thesis is based upon the following papers, referred to by their Roman numerals:

I. Jakobsson K, Strömberg U, Albin M, Welinder H, Hagmar, L. Radiological

changes in asbestos cement workers. A study on prevalence and progression after

end of employment, (to be published).

II. Wollmer P, Jakobsson K, Albin M, Albrechtsson U, Brauer K, Eriksson L,

Jonson B, Skerfving S, Tylén U. Measurement of lung density by X ray computed

tomography. Relation to lung mechanics in workers exposed to asbestos cement.

Chest 1987;9I:865-9.

III. Albin M, Jakobsson K, Attewell R, Johansson L, Welinder H. Mortality and cancer

morbidity in cohorts of asbestos cement workers and referents.

BrJIndMed 199();47:6()2-10.

IV. Jakobsson K, Attewell R, Hultgren B, Sjöland K. Gastrointestinal cancer among

cement workers: a case-referent study.

Int Arch Occup Environ Health 1990;62:337-4().

V. Jakobsson K, Horstmann V, Welinder H. Mortality and cancer morbidity among

cement workers.

Br J Ind Med 1993:50:264-72.

VI. Jakobsson K, Albin M, Hagrnar L Asbestos, cement, and cancer in the right part

of the colon.

Br J Ind Med (in press).

All papers are reprinted with permission from the publishers



CONTENTS

ABBREVIATIONS AND DEFINITIONS 6

INTRODUCTION 7
Asbestos 7
Cement 7
Exposure assessment 8
Non-malignant respiratory disease 9

Asbestos 9
Cement 10

Gastrointestinal cancer 11
Asbestos 11
Cement 12

Site-specific cancer within the large bowel 12

AIMS OF THE THESIS 14

PLANT, SUBJECTS, AND METHODS 15
Plants 15

Asbestos cement plain 15
Cement plants 15

Subjects 15
Asbestos cement workers 15
Cement workers 16
Referent workers 17
Case-referent study 17

Methods 17
Asbestos exposure assessments 17
Cement exposure assessments 1X
Tobacco smoking IX
Plain chest x-ray findings 19
Lung density measurements 19
Lung physiology investigations 19
Cancer diagnosis and causes of death 19
Cohort analysis 20
Statistics 21

RESULTS AND COMMENTS 23
Exposure assessments 23

Asbestos 23
Cement 24

Non-malignant respiratory disease 25
Chest x-ray findings 25
Lung density and lung physiology measurements 26



5

Non-malignant respiratory nionality 26
Asbestos cement workers 26
Cement workers 27

Colorectal cancer 28
Asbestos cement workers 28
Cement workers 28

GENERAL DISCUSSION 30
Exposure 30
Reference populations 31
Effects 32

Radiograph ic changes 32
Non-malignant respiratory mortality 33
Colorectal cancer 34

Practical consequences and issues for future research 36
Respiratory disease 36
Colorectal cancer ( 38

GENERAL CONCLUSIONS 40
Non-malignant respiratory disease 40

Colorectal cancer 41

ACKNOWLEDGEMENTS 42

REFERENCES 43

PAPERS I-VI



ABBREVIATIONS AND DEFINITIONS

ILO
OEL
WHO

International Labour Office
Occupational Exposure Limit
World Health Organization

f
f/ml

fibre
fibres per milliliter air

(length <5 |im, diameter <3 urn, length-diameter ratio >3:1)

VC
TLC
FRC
RV
RL

vital capacity (1)
total king capacity (1)
functional residual capacity (1)
residual volume (1)
pulmonary resistance (cm H->O/l/s)
static lung compliance (I/cm HiO)
static recoil pressure (cm H->0)

CI
IRR
OR
RR
SMR
SIR

confidence interval
incidence rate ratio
odds ratio
relative risk
standardised mortality ratio
standardised incidence ratio

ICD-7
ICD-8

right sided colon cancer

left sided colon cancer

rectal cancer

non-malignant respiratory
mortality

International Classification of Diseases, 7th revision
International Classification of Diseases, 8th revision

ICD-7 1530-1531
(caecum, ascendent and transverse colon incl flexure)
ICD-7 1532-1533
(descendent and sigmoid colon)
ICD-7 154
(rectum, incl anus)
ICD-8 460-519
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Asbestos

Asbestos is a physical parado\ • a minaaloijical i>eijetab(e, both fibrous and crystaUine,

dastic and brittle; as capable of bcimj carded, spun and woven as wool, f(a\ or silf^....

It occu-s in ei'enj country, but it L> nez'er found in ami tn'o countries atilce, nor, indeed, in

anu two parts of the same country."

W E Cooke depicted in 1927, in a description of a case with pneumoconiosis, the
intriguing properties of asbestos (Cooke and Hill 1927). Its unique qualities of being
durable, yet flexible, have been taken advantage of since ancient history, and have come
into industrial use in the late nineteenth century. Its market expanded markedly, especially
for military purposes in ship building during the Second World War, and in the
reconstruction of housing and other types of infrastructure thereafter (cfSelikoff and Lee
1978). The asbestos cement industry is now the largest user of asbestos fibres (WHO
1986). A marked decrease in asbestos use has occurred in Western Europe and North
America during the last decade. In contrast, the use in Asia is still increasing (The
Asbestos Institute, personal communication 1992).

Asbestos is the common krm for groups of naturally occurring crystalline inorganic

mineral fibres, belonging to either the serpentine (chrysotile) or amphihole (crocidolite.

amosite, tremolite. actinolite. antophyllite) silicate group. Chysotile is the main fibre used

over the world, while crocidolite has been used as a further reinforcment. e g in asbestos

cement pipes, or for special purposes (Wagner 19X6). The use of tremolite has been rare,

but exposure to tremolite occurs, as the fibre can be present as a contaminant not only in

certain chrysotile ores, but also in dolomitic lime-stone, talc, and iron ore (Turner 1968,

Speil and Leineweher 1969). Amosite has been used mainly for insulation and in asbestos

cement sheets (Selikot't and Lee 1978). A history of asbestos exposure is common in the

male population, with reported prevalences ranging from l'7f in non-industrialized

municipalites to 2>ri in industriali/.ed ones in Sweden and Norway (Hilt et al 1986,

Malmberg and I lillerdal 1991. Bakkeetal 1992)

As Cooke stated, asbestos " is never found... alike". Not only fibre types, but a'so fibre
size, surface area, mass, and dimensions vary as a consequence of its origin and
handling. These variations have profound effect not only for the properties of the
materials produced, but also on human risks (Lippman 19XX).

Cenu-ni

The know ledge of how to hum limestone to produce quicklime, mix with water, and add

sand to produce a suitable mortar for building purposes is ancient. Remains from a lime-
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kiln from 2450 BC have been f< :md in Mesopotamia <cfDavey 1961). The ancients ;ilso
discovered that the addition ot certain materials, as volcanic ash or clay, diatomaeeous
earth, and powdered tile or pottery, improved the hydraulic properties and the strength of
the mortar. Concrete, i.e. solid material bound together by such cementitious matenals,
was used by the early Romans.

The great engineering works, creating internal communications as railroads, canals and
harbours in the period of the industrial revolution, called for the development of
dependable cements that would resist the penetration of water. At that time, natural
septaria stones, or a mixture of finely ground chalk and clays were calcined and reground
to form the basis of cement. To produce the modern Portland cement the same ingredients
of chalk and clay are used, but the temperature of calcining is high enough to sinter or
vitrify the material to form a clinker, which is subsequently ground to a fine powder. A
British bricklayer, John Aspdin. took oit the first patent in 1X24. and was the first to call
the cement 'Portland', alluding to the well-known Portland stone, used for building
purposes. Since 1X45, reliable Portland cement, based on the vitrified clinker only, has
been industrially produced. The invention in 1X54 of a method of producing reinforced
concrete and, particularly, concreate beams was to have tremendous impact on building
construction in the years to come.

In Sweden, the first Portland cement plant was started in 1X72. Of a total of 15 plants,
three stili remain.

Exposure assessment

Linkage of exposure (quality and quantity) with medical data is vital for risk evaluation.

Several techniques for exposure assessment are available. Asbestos and cement dust

concentrations in air were originally monitored by total dust sampling, either by

gravimetric method or by impinger (Senior Medical Inspector's Advisory Panel I96K)

The present recommended method is sampling on a membrane filler.

Asbestos fibres (length >5 fim, diameter >3 Jim. length-diameter ratio >3:1: in Sweden

requiring 5:1) are counted in an optical phase-contrast microscope. Fibres with a diameter

of 0.2-0.4 ^m are below the detection limit for this method (Chatfield 19X3). Hlcctron-

microscopy is recommended for monitoring of environmental asbestos concentrations,

which are orders of magnitude below the occupational levels normally encountered

(Fsmen and Hrdal 1990). Using the standard fibre criteria in different industrial

environments, and for different types of asbestos, the ratio between fibre counts using

electron and optical microscopy will be highly variable (Gihbs and Hwang 19X0, Krantz

and Tillman 19S2). It is not clear to what extent these differences account for variations in

the slopes of the dose-response curves in epidemiological studies.

For determination of total cement dust, a gravimetric method is used. The respirable

fraction is determined after sedimentation, and crystalline quart/ is analysed by v ray



diffractometry ( ef Öhman 196S, Ödelyckc 1968).

Also, analyses of mineral content in biological tissues are used for exposure assessment.
Using light microscopy, the counting of asbestos bodies, or identification of birefringent
crystalline particulates is one way of assessing exposure, e g in the absence of a
conclusive work history (College of American Pathologists and the National Institute for
Occupational Safety and Health 1982, Craighead 1988). Quantitative analysis and
identification of mineral content in lung tissue, using electon microscopy, is mainly used
for research purposes (Pooley and Mitha 19H6, Craighead 1988)

Nun-malignant respiratory disease

Asbestos
At the turn of the century Adelaide Anderson, Lady Inspector of Factories, had included
asbestos among the dangerous dusts (cf Selikoff and Lee 1978), and soon thereafter the
first case of asbestosis was reported (Murray 1907). Some years later the features of the
rapidly progressive disease - fibrosis of the lung, thickening of the pleura, dense strands
of fibrous tissue from the pleura intersecting the lung, and the "bodies" that later were
named asbestos or ferrugineous bodies - were described (Cooke and Hill 1927). Not only
a pattern of a restrictive lung disease, but also evidence of airway symptoms and
obstructive impairment is frequently found in asbestos workers (cf Becklake 1991),
although clinically manifest chronic airway obstruction is not an expected consequence of
asbestos exposure in the absence of more important causal factors, most notably,
smoking (Weill 1987).

Even if the clinical picture of asbestosis, as seen today, in most instances is a non-fatal,
slowly progressing disease, the occurrence of fibrosis seems to be intimately linked to the
risk for lung cancer (among others Liddell and Me Donald 1980, Browne 1986 a,b,
Hughes and Weill 1991, O 'ighead 1992), and thus have profound implications for
prevention. Differences h.> en work forces in exposure-response relationships for
radiologic abnormality suggest both a fibre and a process effect. Differences in the slopes
of the cumulated dose-response curves for the prevalence of radiolog1': changes indicative
of fibrosis have been observed in cohorts of chrysotile-exposed workers; from the
asbestos cement industry data are not consistent (cf Becklakc 1991), and more
information is needed.

Suggestions on the relation between cumulated dose and fibrosis have been made from
clinical examinations (radiographs, persistent rales, and spirometry; British Occupational
Hygiene Society 1983), but these are likely to detect only moderate or severe disease.
Thus, studies using more sensitive outcome variables are needed.

In association to asbestos exposure different types of pleura! reactions are seen. The main
reactions are hyaline pleural plaques on the one hand, and acute pleurisy and diffuse
pleura! fibrosis on the other, f'leural plaques, which may become calcified, were
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recognised early (Jacob and Bohlig 1955). The lesions are well demarcated and localised
to the parietal pleura, often laterally and dorsally on the chest wall and on the diaphragm
(College of American Pathologies and the National Institute for Occupational Safety and
Health 1982). The lesions may appear after only slight exposure, developing slowly over
decades. The clinical significance of plaques as an isolated finding is minor (cf Jones et al
1988), although a small reduction in lung function is sometimes noted (among others
Fridriksson et al 1982, Jarvholm and Sanden 1986, Hilt et al 1987, Schwartz et al 1990)

Diffuse pleuralfibrosis, initially described by Cooke and Hill (1927) and Gloyne (1933),
affects mainly the visceral pleura. Adhesions to the parietal layer are frequently seen, and
the fibrosis can extend to the intralobular visceral fissure region. Also, a thin subpleural
fibrosis without appreciable diffuse parenchymal disease can be present (College of
American Pathologists and the National Institute for Occupational Safety and Health
1982, Stephens et al 1987). The effects of diffuse pleural fibrosis on lung function is
greater than the effect of plaques (McLoud et al 1985, Hillcrdal et al 1990, Schwartz et al
1990). In advanced cases, the constrictive effect (Wright et al 1980) may be of such a
severity as to cmse respiratory failure (Miller et al 1983). From necropsy studies it is
evident that the tissue fibre burden is greater in patients with diffuse pleural fibrosis than
in patients with plaques alone (Stephens et al 1987), but less than in patients with
asbestosis (Roggli 1990).

Diffuse fibrosis can be the sequelae of acute episodes of pleural effusions. Benign
effusions in connection with asbestos exposure were reported in the 196()'s (Fiisenstadt
1965). The effusions are often asymptomatic and unilateral, but can recur on the same or
on the other side (Sluis-Cremer and Webster 1972, Navratil and Dobias 1973, Hpleret al
1982). In contrast to the long latency required before plaques are radiographically visible,
effusions have been reported to occur with short latency following onset of asbe:;tos
exposure (Epler et al 1982). Dose-response relationships are however not well described.
Little is also known about between-fibre differences.

In asbestos cement workers an increased risk of non-malignant respiratory mortality or
reports of deaths attributed to asbestosis have not been reported in cohorts exposed to
chrysotile only (Thomas et al 1982, Gardner et al 1986), whereas in plants were
amphiboles were also used, the risk for non-malignant respiratory deaths was increased
(Finkelstein 1984), or cases with pneumoconiosis deaths reported (Laquet et al I980,
Hughes et al 1987, Magnani et al 1987) in some, but not all cohorts (Ohlson, personal
communication 1983).

Cement
In 1928, a report dealing with "the health of workers in a Portland cement plant" inferred
that the inhalation of cement dust produced a pneumoconiosis, with slight linear
markings on the chest radiograms, but not productive of symptoms in any of the men
examined (cf Gardner et al I939). In a large survey in 1935 of cement workers, many
with prolonged exposure, it was concluded that the cement exposure produced little or no
abnormality on the radiograms; slight "linear exaggerations" were seen, but only 0.4%
had silicotic nodulation (Gardner et al 1939). Since then, others have reported
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radiographic changes consistent with silicosis (small rounded opacities) in cement
workers (Scansetti et al 1975), but the prevalence of abnormality generally seems low
(Sander 1958, Oleru 1984). Four cases of alveolar proteinosis in cement exposed men
have also been reported in the litterature (Rosen et al 1958, Abraham and McEuen 1986,
McCunney and Godefroi 1989).

In heavily exposed cement workers (Kalacic 1973 a,b, Kalacic 1974, Saric et al 1982,
Shamssain et al 1988) there was evidence of chronic bronchitis and obstructive
impairment. In studies where cement workers from Denmark and USA were compared to
other blue-collar workers, ventilatory decrement was, however, not demonstrated
(Rasmussen et al 1977, Abrons et al 1988). Lower exposure levels may well explain
those differences. The prevalence of dyspnea was increased among cement workers
compared to blue-collar workers (Abrons et al 1988); compared to white-collar workers
cement workers h;.d more dyspnea and cough (Vestbo et al 1990). However, Danish
long-term cement workers did not have a higher morbidity of severe respiratory disease,
as refleCi'd by hospitalizatior. due to chronic obstructive lung disease, than other blue-
collar workers (Vestbo and Rasmussen 1990), and men denoted as cement workers in
1939 did not have an increased non-malignant respiratory mortality (McDowall 1984,
Snashalletal 1987).

In summary, there is little reason to expect an increased non-malignant respiratory
mortality among cement workers, but studies investigating exposure-response
relationships have not been reported.

Gastrointestinal cancer

Asbestos
As early as in the 1930s several cases of lung cancer in connection with asbestosis were
reported, and the first case reports of pleural and peritoneal mesotheliomas in asbestos
workers appeared in the 1950s {c( Selikoff and Lee 1978). A connection between
gastrointestinal cancer and asbestos exposure was not suspected until an epidemiological
study of mortality among insulators revealed a two-to threefold excess of deaths of
colorectal cancer and cancer of the esophagus and stomach (Selikoff et al 1964). Since
then, a large number of cohort studies of workers exposed to asbestos have been
published. Some show an increased risk for colorectal cancer while others do not.
Likewise, some studies show an elevated mortality from esophageal and gastric cancer,
while others do not. Hspecially in cohons from the asbestos cement industry, mortality
from gastrointestinal cancer (Laquct et al 1980, Thomas el al 1982, Finkelstein 1984)),
colorectal cancer (Hughes et al 1987, Magnani et al 1987), or colon and rectum separately
(Gardner et al 1986) has not been increased. Colon and rectal cancer morbidity was not
significantly in excess in a Danish cohort (Raffn et al 1989). In one Swedish asbestos
cement factory there was a nearly significant increase of coloicctal cancer mortality
(Ohlson and Hogstedt 1985) but no increased morbidity in gastrointestinal cancer,
allowing for a latency period. Thus, there are reasons to elucidate this matter.
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Cement
Several previous studies have suggested that workers exposed to inorganic dusts,
especially miners, have an increased risk of stomach cancer (among others Rockette
1977, Office of Population Censuses and Surveys 1978, Craven et al 1979, Fox et al
1981, Wright et al 1988, Sierniatycki et al 1989, Gonsalez et al 1991). However, it has
been questioned if the excess of stomach cancer in dust exposed men is associated with
socioeconomic class, rather than occupation (Stukonis and Doll 1969, Creagan et al
1974), and several studies have failed to demonstrate a relation between dust dose and
risk (Weinberg et al 1985, Atuhaire et al 1986, Swaen et al 1987). An excess of stomach
cancer in short-time employees has been shown in some studies of dust exposed workers,
e.g some asbestos exposed cohorts (Raffn et al 1987, Hughes ei al 1987). Thus, the
causality between exposure to inorganic dusts and stomach cancer is still unclear.

In a British registry study of men, denoted as cement workers in 1939, an excess of
stomach cancer with an SMR of 1.75 was found (McDowall 1984). Preliminary results
from a similar study showed a slightly raised, but not significant SMR of i.19 for
stomach cancer (Snashall et al 1987). No data on duration of exposure were presented. In
a cohort of 4231 cement workers from six cement plants in USA, a non-significant SMR
of 1.35 for stomach cancer deaths was found (Amandus 1986). No association with
duration of employment could be demonstrated.

An association between large bowel tumours and inhalation of various dusts has
previously been reported (among others Peters et al 1989, Spiegelman and Wegman
1985, Svensson et al 1989, Robinson et al 1980). In one study of cement workers
(McDowall 1984) a non-significantly raised SMR of 1.88 for rectal tumours was noted,
but no further information on the relations between colorectal cancer and cement dust
exposure exists.

Site-specific cancer within the large bowel

In occupational epidemiological studies wide categories of diagnoses, as 'all
gastrointestinal' or 'colorectal' cancer are often used. This may be acceptable in studies
with small numbers of cases where a detailed subdivision is not meaningful. If the agent
under study has a harmful effect only in a specific site, this inight however easily be
obscured by inappropriate disease classification.

There are many reasons to consider cancer in .he gastrointestinal tract by specific sites.
The descriptive epidemiology of esophageal, gastric, and colorectal cancer differs
(Nomura 1982, Schottenfeld and Winawer 1982, Tollefson 1985, 1986). There are also
reasons to consider cancer in the rectum and the anatomic subsites of the colon
independently (Weisburger et al 1982, Beart et al 1983, Peters et al 1989). The evidence
of different cytogenetic and molecular features of proximal and distal colorectal cancer is
now emerging (cf Bufill 1990). The varying biological properties of proximal and distal
segments of normal colonic epithelium, and the physiological variations within the large
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bowel (Johnson et al 1987), may be important determinants for a dissimilarity in
susceptibility to environmental agents. This hypothesis is supported by the observation
that the cancer risks associated with physical activity, bile acids, and dietary components
are not uniformely distributed within the large bowel (cf Weisburger 1991). Further, in a
cancer-registry based case-control study, analyses by anatomic subsite showed that an
excess risk for an occupational group was usually confined to a single subsite, which also
suggests some specificity of effect (Brownson et al 1989).

In spite of this knowledge, subsite specific cancer morbidity within the large bowel has
not been reported before in cohorts of workers exposed to mineral fibres or dusts.
Further, the variations by sex, age, and social class in the incidence of cancer in the colon
and rectum (Gerhardsson et al 1990), partly mediated by differences in diet, body mass,
and physical activity, underlines the importance of more suitable reference populations
than the general population when industrial cohorts are studied.
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AIMS OF THE THESIS

1. To assess exposure-response relationships between asbestos cement exposure and
radiographically detectable changes in the lung parenchyma and the pleura.

2. To assess the associations between asbestos cement exposure and increased lung
density measured by x-ray computed tomography, and lung mechanics.

3. To assess the risk for non-malignant respiratory mortality in asbestos
cement and cement workers.

4. To assess the risk for gastrointestinal, especially colorectal, cancer among asbestos
cement and cement workers.

5. To assess whether the risk for colorectal cancer among asbestos cement and
cement workers varied between the different anatomic subsites of the large bowei.
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PLANTS, SUBJECTS, AND METHODS

Plants

Asbestos cement plant
The asbestos cement plant, situated in the south of Sweden, operated between 1907 and
1977. The production was small during the first decades, but increased from 1930 and
onwards. During the Second world war there was a shortage of asbestos in the plant. The
asbestos used was mainly chrysotile, but small amounts of crocidolite were also used
until 1966, as was amosite in the 1950s.

All asbestos was milled before mixing with standard Portland cement. There were no
major principal changes in the process over the history of the plant. However, some very
dusty jobs disappeared with the mechanization of the asbestos handling preceeding the
mixing procedure. New machinery for grinding, sawing and polishing was gradually
introduced. Further, there was a change from dry to wet milling in 1952, which made it
possible to use shorter fibres. Systematic efforts to reduce dust concentrations started in
the late 1960s.

In the main production no silica was added; however, during the period between 1962
and 1976, there was a small-scale production of a material containing cellulose and silica.
Also, a handful of workers were engaged in the reworking and polishing of an imported
asbestos cement product with a higher silica content.

Cement plants
The cement plants, situated in different parts of Sweden, operated from 1919 and 1924,
respectively. The process consisted of quarrying, crushing and grinding of the raw
materials, calcining at high temperature, further grinding, and subsequent handling of the
finished cement. Small amounts of silica were added, to supply for the inadequate silica
content in the local marlstone and limestone. Besides the change from a wet to a dry
grinding method during the period between 1965 and 1975, no principal changes
occurred in the process. New cement ovens and automatic process control were
introduced in the 1960s. The ventilation inside the factories did however not immediately
parallel requirements from an increased production, but improved gradually during the
1970s.

Subjects

Asbestos cement workers
Colutrt stiuiies
In the company files 2,896 male blue collar workers and 156 white collar workers,
employed for at least 3 months between 1907 and 1977, were registered. In the mortality
and cancer morbidity study (paper III), the analysis is restricted to 1,929 male Swedish
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blue-collar workers.

In a revised analysis of non-malignant respiratory mortality (for rationale, see Cohort; not
in papers), comparing the asbestos cement workers with a regional referent cohort, the
subjects were only those 899 male Swedish blue-collar workers who were in employment
after February, 1946 (although they may have started earlier), and with at least 12 month
duration of employment.

In the extended analysis of non-malignant respiratory mortality, comparing the asbestos
cement workers with cement workers, (see Results and comments; not in papers), the
subjects were only those Swedish blue-collar workers who were working at the plant
after January, 1952 (although they may have started earlier), with at least 12 month
duration of employment. Thus, comparability to the cement worker cohort was obtained.
The observation period started 15 years after first employment, providing a study
population of 639 men.

In the analysis of subsite-specific colorectal cancer (paper VI), Swedish blue-collar
workers with at least a 12 month duration of employment were included. The observation
period began 15 years after start of employment. Hence, this study comprised 981 men.

Radiographk studies
For the study of plain chest x ray findings (paper I), the study base was the 249 male
blue collar workers, born after 1899 and with at least 10 years of employment at the plant,
who were still alive on January 1, 1978. This group represents 60 % of all male blue-
collar workers, ever employed for at least 10 years at the plant. Radiographs were found
for 174 men (70% of the study base). Radiographs from 29 white collar workers at the
plant, who had participated in a health examination of all former and present workers,
were also included in the study.

The study of lung density, measured by x ray computed tomography, and lung
mechanics (paper II) comprises 33 men, randomly selected from a larger group of
workers undergoing extensive physiologic investigations. They had ail participated in a
health examination, to which all former and present employees had been invited, and were
referred for the physiologic investigations because of symptoms and signs suggesting
respiratory disease (dyspnea, decreased VC, crackling rhales or radiographically detected
fibrosis).

Cement workers
Colwrt studies
The original cohort consists of ir.en, still employed on January 1, 1952 or employed since
then, with a total employment time of 12 months or more in the two cement plants,
altogether 1,203 and 1,188 men, respectively (paper V).

In the analys of subsite-specific colorectal cancer (paper VI) the observation period starts
15 years after first employment, which provides a study population of 1,526 men. The
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same study population is used in the extended analysis of non-malignant respiratory
deaths (see Results and comments).

Referent workers
Cohort studies
In the study of mortality and cancer morbidity among asbestos cement workers (paper
III), comparisons were made with cohorts of industrial workers from the same region.
Altogether 1,233 male Swedish blue-collar workers, employed for at least 3 months were
included.

In the study of subsite-specific colorectal cancer morbidity (paper VI) further referents
were obtained, using several occupational cohorts previously studied at our department.
Industrial workers with a variety of chemical exposures, but with no significant exposure
to mineral dust or fibres, were selected as one reference group. Cohorts exposed to
asbestos and dust, which is persistent in the intestinal tract after inhalation and
swallowing, e.g. metal dust, were not included. A restriction to men, employed for at
least 12 months as blue-collar workers, and an observation period that began 15 years
after first employment, provided in total 3,965 industrial workers for comparison.
Members of fishermen's organisations from the east and west coasts of Sweden formed
another reference group, consisting of 8,092 men.

Radiographic suulies
In the study of plain chest x ray findings (paper I), radiographs from 80 construction
workers, participating in health examinations because of exposure to asbestos and silica,
were used. In addition to their function as a standard, or "triggers", during the reading,
they also provided an external comparison group.

In the study of lung density and lung mechanics (paper II), a reference group of 39
healthy industrial or manual workers, without known exposure to asbestos or other
noxious inhalants, was used.

Case-referent study
In the population-based case-referent study (paper IV), death records from the period
1922 to 1988 in two parishes surrounding one of the eenvmt plants, complemented with
cancer registry information for the period between 1971 and 1988, were the source of 60
male cases with a gastrointestinal cancer (ICD-7 150-154). For deceased cases, dead
referents were selected from the death records, matched as to age and year of death. For
the living cases, living referents were selected from the parish records. With a matching
ratio of 4:1, altogether 234 referents were obtained for the gastrointestinal cancer cases.

Methods

Asbestos exposure assessments
Asbestos use
Information on the asbestos use was obtained from the company purchase statistics (from



the 1950s and onwards), a few available production formulas, and interviews with the
purchasing agent, engineers and foremen.

Airborne concentrations and individual asbestos dose assessments
Dust measurements were available from 1956. Before 1969 only impinger and
gravimetric determinations exist. The membrane filter method was introduced in 1969.
The average dust exposure for different jobs and periods were estimated (in f/ml) from
data on dust concentrations, production, and dust control. Conversion factors from
million particles per cubic foot to f/ml were based on simultaneous samplings in the plant
(1969-1971), and in another asbestos cement factory. The duration of specific tasks
during the workday was taken into account. The estimated levels apply to filter
preparation and counting rules applied 1969-1976. Current procedures should increase
the estimates with approximately 30-50%, maybe more for heavily loaded filters
(Cherilyn Tillman, personal communication).

Individual cumulated dose estimates (in f-years/ml) were calculated for the entire
employment period, and for calendar-year specific five-year intervals. The calculations
were based on work histories obtained at a personal interview (for attendants in an health
examination in 1978), or based on information from company file data, complemented
with information from former long-term foremen at the plant. The work histories were
combined with the calculated average dust exposures for different jobs and periods.

Cement exposure assessments
Airborne concentrations and individual cumulated dose estimates
Dust determinations with the midget impinger had been performed in one of the plants in
1953. A thorough survey with the membrane filter method was performed in the early
1970s. In both plants regular samplings have been performed thereafter.

A semi-quantitative scoring of dust exposure intensity for each job category was
developed by long-term plant personnel. An exposure matrix was constructed, based on
interviews with plant personnel, information on production history, dust measurements
and a general knowledge on industrial dust exposure. Hach job category was assigned a
dust intensity score, which varied with time. F7or each individual, job histories were
extracted from the plant records. For a small proportion, such data were lacking, and
former foremen were consulted. Individual cumulated close estimates were constructed,
by multiplying the dust intensity score (from the matrix) by the time spent in each job
held.

Tobacco smoking
Detailed smoking histories were obtained by a personal interview of all asbestos-cement
workers who participated in an health examination in 197S or 19X4 (paper I and II).
Smoking histories were also obtained by a personal interview for the construction
workers (paper I), and the referents in paper II. In these studies, information on smoking
was thus obtained for all subjects. Smoking information obtained by a postal inquiry (for
deceased workers sent to the next-of-kin), was available for 3X% of the workers in the
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regional reference cohort; for the asbestos cement cohort information was obtained at a
personal interview or by postal inquiery (41% and 44%, respectively, for the cohort that
was considered in the revised analysis of non-malignant respiratory mortality, see Results
and comments). Smoking histories were not available for the other cohorts and for the
case-referent study.

Plain chest x ray findings
Posterio-anterior radiographs were classified independently by 5 readers, jointly trained in
the use of the 1980 ILO Classification of Radiographs for Pneumoconiosis (ILO 1980,
Rossiter 1990). Radiographs were read in random order without knowledge of exposure
history, age, or date of examination. The ILO standard radiographs were used, and
"trigger films" were irregularly intersected in the radiograph series, as to provide
immediate feed-back to the reader on his or her reading level. The over/underreading level
of the panel was evaluated from the readings of radiographs from the white-collar
workers and the "triggers" from the construction workers.

Lung density measurements
A Philips tomosean 300 1120 kV, 300 mA) was used, with the subject in supine position.
Lung density was expressed in Hounsfield units (HU) on a scale, where -1,000 HU
represents air and 0 III] water. Tornograms, with a slice thickness of 12 mm were
obtained at the level of carina and at the base of the lung, well clear of the diaphragm.
Tomograms were obtained at maximum inspiration at both levels. An esophageal balloon
was used to assess intrapleural pressure during the measurements. For comparison of
lung density measurements with lung function tests, a crescent-shaped region of interest
was chosen at the periphery of the lung, representing mainly alveolar units and small
conducting airways.

Lung physiology investigations
VC, TLC, FRC and RV were measured by body plethysmography. RL and Pc)L were
measured with the flow regulator technique. The static elastic pressure volume curve and
CstL was determined from simultaneous measurements of PciL and thoracic gas volume
during an expiration (Jonson 1969).

Cancer diagnosis and causes of death
All cohorts were linked to the Swedish Cancer Registry, and when appropriate, also to
the Southern Swedish Regional Tumour Registry. Information on at most two tumours,
coded according to the 7th revision of the International Classification of Diseases (ICD-7)
was used. Information on cause ( 'death was obtained from Statistics Sweden, coded
according to ICD-8. ICD•'•) was used for cancers and causes of deaths from 1987 and on.
In the studies of cancer risk within the subsites in the colon, and rectum (paper V, VI)
registry information on the localisation and histopathological type of the tumours was
used.

Out of 76 gastrointestinal cancers diagnosed between 19.58 and 1983 in the asbestos
cement cohort, there were 60 specimens available for a histopathological review. For 58
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tumours the original diagnosis was confirmed; for the other two the diagnosis was not
clear, however not consistent with mesothelioma (Albin et al 1985). Of the 27 colorectal
cancers among asbestos cement workers reported in paper VI, 25 were diagnosed before
1984; of these all 18 reviewed were confirmed, as were also the two cancers occuring
later on.

In the cement case-referent study (paper IV), hospital records and cancer registry
information were used to verify the death record diagnoses. For the analyses of cancers in
the esophagus, stomach, colon, and rectum, only cases which had a documented clinical
diagnosis and a defined localisation were included. A microscopic diagnosis was however
not a prerequisite.

Cohort analysis
In paper III, comparisons were made for cause-specific mortality and cancer morbidity in
the cohorts of male asbestos-cement workers and regional referents. Immigrant workers
were lost to follow-up to a much higher degree than the Swedish subjects (19% vs 1%)
and constituted a substantially larger part of the exposed cohort than the refere.it cohort
(33 vs 11%). Thus, to nvike the two cohorts comparable, further analyses were restricted
to Swedish subjects.

During further investigations of survival in the two cohorts, tabulations of cessation of
employment by calendar year and factory showed that the personnel records were
complete only from 1942-1952 for the particular plants generating the referent cohort, all
later than formerly assumed. No such discrepancy was found for the exposed cohort. In
the revised analysis of non-malignant respiratory mortality, the study populations were
restricted to male Swedish workers in employment after February 1946 (although they
might have started earlier) to make them comparable. Also, employment for at least 12
months was required. It had been observed, that there was an increased risk for death
from external causes among short-time asbestos cement workers (Albin et al 1992b). In
workers employed for at least a year, the mortality rate from external causes was similar
in asbestos cement workers and referent workers; thus this restriction provided better
adjustment for potential unmeasured confounders. Follow-up was extended to comprise
all deaths from 1952 to June 30, 1991.

For non-malignant respiratory mortality between 1952 and 1986 (see Results and
comments; not in papers), direct comparisons were made between the asbestos cement
cohort and the cement cohort. Also, comparisons were made with the general population.
Expected mortality was calculated, using cause, calendar year, and five year age group
specific death rates for males in Sweden, obtained from death and population counts from
Statistics Sweden.

In the cohort analyses in paper V and VI, comparisons were made with the general
population. Specific cancer morbidity rates, similar to the mortality rates, were obtained
from the Swedish Cancer Registry. Both county and national reference rates were
employed for cancer morbidity, which only showed minor differences in the risk
estimates.
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Statistics
Generally the term significant' refers to p<0.()5 or a 90% (paper I) or 95% (elsewhere)
confidence interval, excluding the value of the null hypothesis at the given level. Given p-
values are two-sided. Different statistical methods were performed as generally described
(Checkoway et al 1989).

In paper I, logistic regression was employed for estimating age- and smoke-adjusted
ORs, used as the effect measure for comparison of different categories of workers with
respect to work-related variables (average intensity, duration of employment, cumulated
dose, length of time since start of employment). The analysis was based on findings from
the first available radiograph for each blue-collar asbestos cement worker; also
radiographs from white-collar asbestos cement workers were included in the analysis. By
these procedures the greatest variation for exposure variables incorporating a measure of
intensity (average intensity, cumulated dose) was obtained. Usually, 'prevalence' refers
to a certain point of time; here it is regarded with respect to the radiographs that were
present.

Progression of changes was considered by comparing the observations from the first and
last available radiograph after end of employment, in oider to assess whether or not a
finding changed for the worse. Logistic regression was employed to analyse the impact of
possible determinants on progression. The following determinants were considered (let
T] and TT denote the time points of those radiographs; T| < TT): time between Tj and T2,
age at TT, smoking habit at 1%, average intensity, cumulated dose, duration of
employment, time between end of employment and T2, and, for small opacities,
profusion at Tj.

In paper II, linear regressions were performed by the least squares method. Student's t
test was used for tests of significance.

In paper III, direct comparisons ot the incidence density ratios (deaths and registered
cancers) in the cohois of asbestos-cement workers and referents, were performed by
Poisson regression modelling. The relative risk was then estimated with simultaneous
adjustment for potential confounding by age and calendar year. A minimum latency time
of twenty years since onset of employment was employed in both cohorts. The exposed
cohort was further subdivided according to the total years worked, and total cumulated
dose up to end of employment. An estimated multiplicative percentage increase in the
relative risk (with a confidence interval) per year worked, and per fibre-year per ml of
cumulated exposure, was calculated.

In the revised analysis of non-malignant respiratory mortality (not in papers). Cox
regressions with length of time since start of employment as the fundamental time variable
were performed. Age (as a continuous variable) and smoking habit (smoker or not at start
of employment) were considered in the analyses.

In the direct comparison of non-malignant respiratory mortality (not in papers) in the
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asbestos cement workers and cement workers, incidence rate ratios were estimated by the
Mantel-Haenszel method. The person-years and corresponding deaths in the cohorts were
classified according to duration of employment. A minimum latency period of 15 years
was employed in both cohorts.

In paper IV, a matched analysis was performed using conditional logistic regression.
Given a certain level of exposure, the risk for cancer was thus assumed to be constant
within each matched set. Crude trend tests were performed by assigning the four
employment categories the numbers 0,1,2,3.

In paper V and VI, SMRs, SIRs, and 95% CI were calculated according to the Poisson
distribution, with chi-square approximation if the expected values were greater than 10. In
most analyses, the observation period began 15 years after start of employment, to
account for an induction-latency time. Differences in the location of colon cancers
between study groups (paper VI) were examined by Fisher's exact test.
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RESULTS AND COMMENTS

Exposure assessments

Asbestos cement
The median estimated average intensity of exposure among workers in the cohort (paper
III) decreased with calendar year from 1.2 (25th and 75th percentiles=0.6 and 1.6) f/ml
air for the period 1907-1951 to 0.6 (0.2, 0.9) f/ml for the period 1972-1977. Only
millers, mixers, and workers performing sawing and polishing operations, cleaners
sweeping the asbestos barn, and roofers, were estimated to have average time weighted
exposures >2 fibres per ml (paper III, table 1; see also Welinder 1983, Johansson et al
1987, table 1). The highest estimated air levels, 10 f/ml, were for millers before 1952.

Early total dust levels (stationary sampling) ranged from 1-3 nig/m^ in the sawing,
polishing, and grinding area, to 6 rng/m^ in the mixing area. In the 1970s the levels were
between 2-5 mg/m*. It has been approximated, that 80%. was cement dust. Thus, total
dust levels and cement dust levels were generally lower in this plant than in the cement
plants (see below). The respirable fraction of the total dust was generally >95%, and the
crystalline silica contents <5%. In the finishing area, handling of an imported silica
containing product resulted in respirable crystalline silica contents in the range of 9-16%.

Our exposure estimates for asbestos fibres were similar to those presented from two other
asbestos cement plants (Ohlson and Hogstedt 1985, Gardner et al 1986), but lower than
in three others (Hughes et al 1987, Finkelstein 1984, Raffn et al 1989). Both differences
in the interpretation of results from early stationary sampling and real differences in the
production technology between the plants are likely to contribute to these discrepancies. It
is also to be noted, that silica was used in some asbestos cement plants (Weill et a! 1973,
Finkelstein and Vingilis 1984) to an extent that was high enough to produce pulmonary
changes suggestive of silicosis, whereas the silica exposure in the present plant was
limited.

There are several problems with retrospective exposure assessments. Work histories
could not be obtained for 22% of the workers in papers III and 16% of the workers in
paper VI. Further, for some workers only the first assignment was known. The precision
in the individual dose-estimates should be highest for the 95% (paper I), 1(X)% (paper II),
26% (paper III; in the reanalysis 55%), and 39% (paper VI) of workers included, for
whom the exposure estimates were based on information from a personal interview
(attendants in a clinical examination 1978). Our knowledge of the production process and
the specific work tasks is unsatisfactory for the period before 1942, and our exposure
estimates for this period may greatly underestimate the real exposure for some tasks;
however workers engaged in ihese operations constitute only a small fraction (<10%) of
the total cohort. However, restriction of the analysis to workers employed only after 1941
did not change the essential results (paper III). We estimate that the dust concentrations
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1942-1977 assigned to the individual workers are, on average, accurate within a factor of
two. They may be too low due to the uncertainty in the intensity and durations of work
tasks like milling, mixing, sawing, polishing, and grinding, and in the efficiency of the
dust elimination measures. Workers engaged in these tasks did, however, not show
higher risks than the others (paper III). Occasional peak exposures during certain tasks,
e.g. unloading and storing of asbestos bags, have not been taken into account.

Cement
Airborne levels of total dust during the early 1970s were generally lower than 20 mg/m3,
but during cleaning, filter service and repair, dust levels above 100 mg/m3 have been
found (paper V). Later on, dust levels were generally below 10 mg/m3. The objective for
the dust measurements from the late 1970s and 1980s was to monitor work tasks with
risk for high exposure; thus the dust measurements are probably not representative for the
whole range of work exposures. Taking this into consideration, dust levels during the last
15-20 year period agree reasonably well with published data from other plants in highly
industrialized countries (Abrons et al 1988, Siracusa et al 1988, Vestbo and Rasmussen
1990).

The early impinger measurements from 1953 were within the ranges noted in US plants
(Gardner et al 1939), but results from early stationary samplings cannot easily be
transferred to modern monitoring methods. Reported dust levels from east Europe in the
1960s andl97()s (Kalacic 1974, Saric l>82, ef 1ARC 1987) were approximately two-to
fivefold higher than those in the present plants at that time. Assuming that those
workplace conditions could be compared with conditions in the Swedish plants before
more thorough dust control measures had been initiated, our estimations of early dust
levels in the cement plants seems justified.

The silica content in the dust was generally <5%. In areas where the raw materials were
handled, respirable crystalline silica levels were generally assumed to be less than 0.1

mg/m3 (equivalent to the current OF.L) if the total dust levels were below 10 mg/m3.
Workers handling clinker and finished cement were exposed to substantially lower silica
levels.

The chromium (Cr) content in respirable dust is not known. A very simplistic calculation,
under the assumption that the chromium levels in total airborne dust is proportionate to the
chromium levels in bulk samples, and that the dust level in air is 20 mg/m3, results in an

estimated chromium level of 2 ^ig/m3. Of this, approximately 30% is Cr6"*", assuming
again the same proportion as in bulk samples. This is chromium air levels which are
orders of magnitudes lower that those associated with the risk for lung cancer (Langård

1993), and far lower than the current Swedish OFXs (total Cr 500 ng/m3, Cr6"1" 20

(ig/m3).

The problem with inaccurate work histories was more marked in the cement cohort (paper
V) than in the asbestos cement cohort (paper III). Data from company files, where
changes in job tasks within the "blue-collar sphere" may not always be registered, was the
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main source for job histories. The cumulated dose is based on two different scorings - the
job-category score and the dust intensity score, neither of which has high precision.
Exposure misclassification is a possible explanation for the non-existence of dose-
response relationship for a cumulated dose measure, in contrast to such a relationship
found for duration of exposure, when considering right-sided colon cancer.

Non-malignant respiratory disease

Chest x ray findings
Of the blue-collar workers, 207c had small opacites with profusion >l/0 at the first
available radiograph (paper I). Length of time since start of employment was the work-
related variable most evidently associated with the presence of small opacities, compared
to the other time-based exposure variables. The OR for small opacities >l/0 was equal to
2.8 (90% CI 1.2, 6.7) in the >3() f-years/ml group, compared to those in the 0-10 f-
years/ml group, taking age and smoking into account. Intensity of exposure was
positively associated with progression, after taking duration of employment into account.
On the last available radiograph the prevalence of small opacities >!/() was 40%.

The prevalence of chest wall thickenings on the first radiograph available was 48% among
the asbestos cement blue-collar workers. The time-related variables were most evidently
associated with the presence of pleural thickenings, controlling for age.

Costophrenie angle obliteration, which is supposed to be a sequela after a benign pleural
effusion, was observed in K% of the first radiographs. In contrast to the findings for
parenchymal and chest wall changes, they were not associated with any of the time-related
variables, but closely associated with the intensity of asbestos exposure. The OR was
equal to 4.5 (90r/< C\ 1.3, 15) in the >2 f/ml group, compared to those in the 0-1 f/ml
group. There was also an indication, though not statistically significant, that obliterations
appearing below the age of 65 occurred during ongoing employment (in 9 out of 116
men) rather than after end of employment (in one out of 45 men).

Age and smoking, which may be potential confounders or effect modifiers, were
accounted for in the multivariate analyses. The use of median readings in all analyses
reduced variations in the outcome classification. As white collar workers were included in
analyses based on the first radiographs, exposure variables depending solely on time were
"diluted". On the other hand, as the true time for onset of an abnormality was not known,
duration of employment, cumulated dose and length of time since start of employment at
onset were inevitably more or less overestimated, hence underestimating the slope of an
exposure-response relationship. By contrast, average intensity would tend to be
underestimated, assuming that exposure levels gradually diminished with time. In the
progression study, these problems were reduced. Most important, exposure
misclassification was likely to be reduced by the use of categorized exposure variables.

The workers constituting the study base were by definition survivors until 1978. The total
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cumulated dose among the 249 men in the study base was 19 (median; 25,75 percentile 9,
33) f-years/ml, whereas the cumulated dose among the other 164 men (not in the study
base, but with > 10 years of employment) was higher, 25 (median; 25,75 percentile 17,
47) f-years/ml (Mann-Whitney; p<0.001). The duration of employment did not differ
between the groups.

Lung density and lung physiology measurements
Asbestos cement workers with symptoms or signs suggestive of pulmonary disease had,
on group level, significantly increased lung density compared to healthy industrial
workers (paper II). The difference was greater between non-smokers than between
smokers. The lung density measurements correlated inversely with static lung volumes,
and showed good reproducibility. The 33 asbestos cement workers, on group level, had
functional evidence of lung fibrosis with reduced static lung volumes and lung
compliance, the functional impairments being by and large mild. Only three of them had
clinically recognized radiographic fibrosis.

Lung density couid be measured with acceptable reproducibility with this method, and
appeared to be an early indicator of parenchymal damage in the group of asbestos exposed
subjects. This type of measurement, which is independent of observer bias, might be a
complement to the use of computed tomography for morphologic diagnostics, but needs
further evaluation, especially with respect to high-resolution computed tomography scans,
which now are available (Gamsu 1991).

Nineteen of these 33 asbestos cement workers were also included in the study base in
paper I, and for all but one a radiograph, taken during the same year as the tomography
was performed, was classified according to the ILO classification. All three men with
clinically recognized radiographic fibrosis belonged to this group. Small opacities of
profusion >l/0 was seen in four men. However, there was a consistent diagnosis of
abnormality between the two studies for one man only. This is not remarkable, as a
discrepancy between clinical readings and ILO readings is not uncommon (Albin et al
1992b, Hilt et al 1992).

Non-malignant respiratory mortality

Asbestos cement workers
The cohort analysis (paper III) .evealed an increased mortality from non-malignant
respiratory disease in the asbestos cement workers as compared to the referent workers
with a RR equal to 2.6 (95% Cl 1.4-4.9). The risk estimate was statistically significantly
increased in all three categories of duration of exposure or cumulated exposure.

Information on underlying and contributing cause of death was available for all 658
workers, deceased between 1961 and 19X6. Asbestosis (ICD-H 515,20) or chronic
interstitial pneumonia (ICD-X 517,(X)> was noted as the underlying cause of death in three
workers, and as a contributing cause of death in nine workers. The first notation appeared
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in 1977. Information was also available for all 134 workers, deceased between 1986 and
1990. Asbestosis (ICD-9 505) or lung fibrosis (ICD-9 515) was noted as the underlying
cause of death in two workers, and as a contributing cause of death in six workers. The
duration of employment in these 20 workers was 15 (median, range 0.3, 46) years, and
the cumulated dose 30 (median, range 0.5, 111) f-years/ml. One worker with silicosis
noted as a contributing cause of death had been employed for less than two years at the
asbestos cement factory, but had had substantial silica exposure elsewhere.

In the revised analysis, restricting the study groups to those employed for at least one year
and in employment after 1946, the increased risk among the asbestos cement workers was
still evident, compared to the regional referents. A Cox regression, controlling for length
of time since start of exposure and age, gave a hazard ratio of 2.0 (95% CI 1.1-3.6).
When smoking status was added to the model, the hazard ratio was 3.0 (95% 1.0-8.7).
Thus, the discrepancies between the asbestos cement cohort and the regional reference
cohort had not invalidated the original findings in paper III.

A dose-response relation was not demonstrated in paper III. A possible explanation for
this is, of course, that there was no adverse asbestos effect. The ability to demonstrate a
dose-response relationship in paper III was however reduced, as each person contributed
person-years only in one stratum in the dose-response analysis, thus flattening the slope
of a potential dose-response curve (Swaen and Volovics 1987). Imprecision in the
individual dose assessment would also contribute to an arbitrarily even risk across the
exposure strata. A further hypothetical explanation to the absence of a dose-response
relationship is a mixture of casual workers with a high-risk life-style in the low categories
(Ohlson och Hogstedt 1985), and a healthy worker effect (McMichael 1976, Carpenter
1987) superimposed on an asbestos effect in the higher categories (see also General
discussion).

To solve some of these problems, the cement workers cohort was used as an external
comparison. Thus, a restricted cohort of asbestos cement workers, identical to the cement
cohort, was analysed. Employment was categorized as 1-9, 10-29, 30+ years of duration
of employment. Each person accumulated person-years across strata until death (or age
79). The observation period started 15 years after start of employment. National reference
rates were used. For the asbestos cement workers the SMRs for the period between 1952
and 1986 were 1.3 (95% CI 0.3-3.7), 2.8 (957, CI 1.4-5.0), and 1.4 (95% CI 0.3-3.9)
in the respective groups.

A direct comparison between the asbestos cement workers with the cement workers as
reference yielded risk estimates equal to IRR 0.8 (95% CI 0.2-2.8), IRR 3.6 (95% CI
1.2-10.3), and IRR 1.4 (95% CI 0.3-6.1) in the respective groups.

Cement workers
In the cement cohort study (paper V) there was no increased non-malignant respiratory
mortality (SMR 0.9; 95% Cl O.5-I.4), compared to the general population. Neither any
diagnosis of pneumoconiosis, nor any other diagnosis indicating lung fibrosis, was
registered as the underlying or contributing cause of death during the period between
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1961 and 1986.

The SMRs for 1-9, 10-29, and 30+ years of duration of blue-collar work was 1.7 (95%
CI 0.6-3.6), 0.8 (95% CI 0.2-1.8), and 0.9 (95% CI 0.3-2.1), respectively. It should be
noted, although the conficence intervals are wide, that the estimates were below unity,
except for the workers with shortest duration of work. It has been pointed out, that SMRs
for mortality in obstructive pulmonary disease (ICD-8 480-486) would increase
approximately 30% if gainfully employed persons were used as reference instead of the
general population (Järvholm et al 1988). However, such a correction would not alter the
conclusions.

Colorectal cancer

Asbestos cement workers
Overall, a slightly, but statistically non-significant, increased colorectal cancer mortality
and morbidity was found as compared to the regional referents (paper HI). A significant
dose-response relationship was however found between cumulated exposure and relative
risk for colorectal cancer deaths, with an estimated multiplicative increase in RR of 1.6%
(95% CI 0.2-3.1%) per f-years/ml. The point estimate in the highest exposure group (>4()
f-years/ml) was RR equal to 3.4 (95% CI 1.2-9.5). In this group, all but one case were
confirmed by histopathological review. Thus, it is not likely that misclassified peritoneal
mesotheliomas account for the observations.

The increased colorectal cancer morbidity was mainly explained by an increase of cancers
in the right part of the colon, SIR 2.4 (95% CI 1.2-4.2; paper VI). The workers in the
highest exposure group (>4() f-years/ml) had a SIR equal to 5.0 (95% CI 1.0-15). By
contrast, the estimate for cancer in the left part of the colon was low, SIR 0.2 (95% CI
0.0-1.2). This pattern contrasted markedly to the observations among the other industrial
workers, who actually had a deficit of right-sided cancers (SIR 0.4; (95% CI 0.1 -1.0) but
a SIR for left-sided cancer that did not differ from unity. The fishermen did not differ
from the general population.

In comparison to the general population, and to the fishermen, the asbestos cement
workers had a slightly increased S'.< for rectal cancer, with higher risk estimate in the
subgroup of workers with the highest dose estimates (paper VI). However, risk estimates
of equal magnitude were also observed among the other industrial workers.

The mortality (RR 1.0; 95% CJ 0.5-2.0) and morbidity for cancer in the esophagus,
stomach and duodenum was not increased, and showed no dose-response relationship
with duration of employment or cumulated dose (paper III).

Cement workers
In a population-based case-referent study (paper IV), colorectal cancer was significantly
associated with blue-collar employment for>25 years in a cement plant, with OR equal to
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3.2 (95% Cl 1.1-9.4). In the cohort study (paper IV), including workers from the first
mentioned plant, and from a plant in another part of the country, there was a significant
excess, SIR 1.8, (95% CI 1.1-2.8) of colorectal cancer after 15 years or more of blue-
collar employment. However, the excess was mainly confined to cancers in the right part
of the colon. After > 25 years of employment, a SIR equal to 4.3 (95% CI 1.7-8.9) was
observed. Cancers in the left pan of the colon were observed in only one of the plant,
evenly localized in all exposure strata; overall there was no excess.

Rectal cancers (SIR 1.4, 95% CI 0.7-2.5) in blue-collar workers were found in both
plants, localized in all exposure strata, without any trend of increasing relative risk with
increasing duration of employment or cumulated dose. For cancers in the stomach and
pancreas, no consistent associations with exposure were seen.

A reanalysis of the case-referent study (not in papers) showed, that the risk was confined
to cancers in the right part of the colon and in the rectum. It should be noted, that the
highest point estimates and the clearest dose-response relations for right-sided colon
cancers in the cohort study were seen in the second plant; that is, not around the plant of
the original observations.

Thus, the pattern of cancer localization within the colon was similar to the pattern
observed among the asbestos cement workers, but differed markedly from the
observations in other industrial workers and fishermen (paper VI).
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GENERAL DISCUSSION

Exposure

Assessment of airborne levels is a major problem in the epidemiology of mineral fibres.
Difficulties to quantify exposure, including transformations between different methods for
monitoring of concentrations in air, have been well described (for review see Doll and
Peto 1985). We handled this problem by comparing dust measurements performed with
different methods at the plant, and performing parallel sampling using these methods at
another asbestos cement factory.

For the early period (before the 1950s), no dust measurements were available at the
present asbestos cement and cement plants, which means that most of the exposure-
response relations we have been able to study were not based on actual dust
measurements. This is, unfortunately, a common weakness for most studies (Merchant
1990), since systematic surveillance of dust concentrations in the workplace was usually
not established until the 1960s. Therefore, inter-study comparisons of effects by duration
of exposure are also of interest.

When occupational asbestos exposure is monitored optical microscopes are used, which
means that fibres thinner than 0.3 (im are not visible. Further, all fibres longer than 5 (im
contribute equally to the count. Even within the family of respirable fibres, size is
probably crucial for the effect. The critical fibre size for induction of fibrosis is estimated
to be a length >2 |im, and a diameter between 0.15 and 2 |im (Lippman 1988; a critical
length of >5 (itrt was stated by Davis et al 1986. Davis and Jones 1988). Fibre size,
surface area, mass, and dimensions might change as a consequence of its industrial
handling, and the distribution of fibre size is not equal in different industrial processes
(Gibbs and Hwang 1980). This might explain a substantial part of the variation observed
in the slopes of the dose-response curves for lung cancer and fibrosis in studies of
different types of chrysotile exposure (Becklake 1991, WHO 1989); however, this could
not be confirmed by Sébastien et al (1989).

When mineral fibres in lung tissue from deceased workers were analysed (Albin et al
1990, 1993), the information from the plant on qualitative asbestos exposure (mainly
chrysotile and some crocidolite and amosite) was largely confrmed. The main asbestos
type in lung tissue was chrysotile (even when not accounting for the relatively short
retention in lung tissue), but the workers also had significant amounts of amosite,
crocidolite, and tremolite fibres in their lungs. Also, preliminary data from electron
microscopic determination of fibre type in airborne dust from the plant have shown
singular iremolite fibres in addition to chrysotile (Staffan Krantz, personal
communication). Thus, the present workers have had a mixed fibre type exposure. It
should, however, be remembered that the exposure situation concerning fibres of
different types, cement dust and dust from the finished product was not uniform
throughout the plant.
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The existence of a gradient in mesothelioma-provoking potential between different fibre
types is well established (Churg 1988), and there is such evidence also for lung cancer (cf
WHO 19S9). For fibrosis, there is some evidence of a gradient (Gloyne 1933, Churg et al
1990), but for pleural changes little is known (Merchant 1990). Chrysotile, which has a
limited chemical stability, would theoretically carry a reduced risk for gastrointestinal
cancer as compared to host-stable amphiboles, if the digestive tract is the relevant entry to
the host (Langer and Nolan 1986). Little is, however, known from epidemiological
studies. We cannot clarify the matter, as it is yet too early to evaluate the effects in the
group of workers first employed after the disappearance of crocidolite from the
production in the mid 1960s, assuming the over-all peak in risk for asbestos related
disease occurs at a latency time of 25 years; in addition, tremolite was present in the
chrysotiie used.

The use of cement may modify the risk for the various adverse effects in the asbestos
cement industry, not only through modification of the fibre surface in the finished product
(Baeten et al 1980), but also through an effect of its own. We evaluated this potential
confounder by comparative studies in asbestos cement and cement workers, having
considerably higher cement, and total dust exposure.

Further, concommittant silica exposure must be considered in the cement production, as
well as in the asbestos cement industry. Respirable crystalline quartz levels in the plants
were generally below, or at current OF.Ls, except for certain workers. Further, we had
information on the non-existence of silicosis as a radiographic (paper I) and
histopathological diagnosis (Johansson et al 1987) among the asbestos cement workers,
and as a clinical diagnosis (Jakobsson et al 1984, and personal communications from the
Company Health services in the cement plants) or cause of death (paper III and further
analyses) among the asbestos cement workers and cement workers.

A cumulative asbestos dose index was used throughout this series of studies, and a
cumulated cement dose index was also developed for the cement workers. This type of
exposure index integrates a time-based measure - duration, which in turn is highly
intercorrelated with other time-related variables, such as age, and follow-up time - and the
intensity of exposure, under the assumption that both uniformly contribute to the risk.
This assumption can, from a medical point of view, not be expected to be valid for all
types of effects studied. Further, the dose-rate is not taken into consideration. Exposure
to such a degree as to cause alveolar macrophage overload, resulting in diminished
clearance, and subsequently a higher post-exposure tissue dose, would not be accurately
represented by a cumulated dose measure (Smith 1992). Thus, we analysed separately the
effect of the exposure variables relating only to time, cumulated dose and intensity (paper
1), using multivariate modelling.

Reference populations

Relevant to the discussion of mortality and morbidity is the problem of finding the
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adequate referents for industrial workers, especially workers in dusty jobs. The selection
process has several aspects. Firstly, it is a selection related to social class and life-style
aspects, e.g. physical activity and work load, dietary habits, and smoking. For illustration
- blue-collar workers had a lower risk for both right-sided and left-sided colon cancer than
the entire working population (Gerhardsson et al 1990). Secondly, there is a "healthy
worker" selection, related to employment status. For illustration - it was observed that
SMRs for obstructive lung diseases increased when gainfully employed men were used as
a reference population instead of the general population (Järvholm et al 1988). The net
effect of these selection forces can not be assumed to be the same for all respones studied.
For non-malignant respiratory mortality, smoking as a confounder must be considered. In
a large general health survey there was a higher proportion of smokers than non-smokers
who reported work related dust exposure, and smokers exposed to dust smoked more
than non-exposed smokers (Malmberg and Hillerdal 1991). Also, the proportion of
smokers and ex-smokers increased with increasing dust exposure in one of the cement
plants studied (Hultgren 1981).

The work-force turnover in dusty jobs has been reported to be higher than in unpolluted
jobs (Bakke et al 1992). It can thus be suspected that dusty jobs attract a high proportion
of casual and short-term workers, the magnitude of this selection depending on the
economic structure and the availability of alternative workplaces in the community.
Relationships between time-related variables and response will be confounded if a disease
is more common among short-time employees, compared to survivors in industry. This
has been observed for lung cancer in several studies (among others Ohlson and Hogstedt
1985, Hughes et al 1987, Lamm et al 1988). Among short-time workers, employed <12
months in asbestos industries, an increased risk for non-malignant respiratory deaths was
sometimes (McDonald et al 1984), but not invariably (McDonald et al 1980, McDonald et
i.1 1983a,b) observed. Hence, we used the cohort of cement workers to provide
adjustment on unmeasured confounders related to duration of employment in a dusty job.

The use of a selected external referent group instead of a general population for
comparison is not always a simple solution to the problem o( choosing the adequate
reference population. The findings in paper VI (table 1) illustrate this clearly. Had cement
workers been used as the only referents for the asbestos cement workers concerning
right-sided colon cancer, or had only fishermen been used as referents concerning rectal
cancer, our conclusions would have been entirely different. Thus, as a general strategy,
we used multiple comparisons. For all aspects studied we used ad hoc reference groups,
as a complement to the use of available reference values and county or national reference
rates obtained in a general population.

Effects

Radiographic changes
Among the asbestos cement workers, the radiographically visible parenchymal changes
and the pleura! thickenings were closely correlated with time-related exposure variables,
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with weaker associations with the intensity-based exposure variables. A positive
association between parendiymal changes and cumulated dose was however obvious at
dose levels >30 f-years/ml, and the average intensity of exposure showed positive
associations with the risk for progression of such changes.

Differences between work forces in exposure-response relationships for radiologic
abnormality suggest both a fibre and a process effect (Becklake 1991). Differences in the
slopes of the cumulated dose-response curves for the prevalence of radiologic changes
indicative of fibrosis have been observed between cohorts of chrysotile-exposed workers.
Thus, for miners and millers the slope is flat, while for textile workers, it is much steeper
- a pattern similar to the observations for lung cancer (WHO 1989). Our observations -
provided that our exposure estimates are not severely underestimated - suggests a dose-
response relationship for fibrosis that is similar to the slope in the chrysotile asbestos
textile industry (cf Becklake 1991).

From the asbestos cement industry, data are not consistent (cf Becklake 1991). The use of
amphiboles has varied in the asbestos cement industry. Also, in some plants silica was
added in the production. F:rom previous work it is not clear to what extent such mixed
exposure influences the dose-response relationships for lung fibrosis. Moreover, a direct
comparison between the slopes of the cumulated dose-response curves for fibrosis
obtained in different studies of asbestos workers should be considered with some caution,
as the relative contributions of intensity and duration to the cumulated dose may differ
between study populations. Also, in addition to the degree of exposure, the timing of the
examinations in relation to start of exposure is a major determinant for the prevalence of
abnormality (paper I, Cookson et al 19X6).

The biological mechanisms behind the pleural responses to asbestos fibres are still not
fully elucidated. Pleural effusions appear suddenly, in contrast to the slowly developing
parietal plaques. In an animal model of acute pleurisy following intrapleural instillation of
asbestos in rabbits, the presence of large numbers of neutrofils and macrophages in the
pleural fluid was associated with pleural plaque formation, whereas a paucity of these
cells in animals pretreated to neutropenia with nitrogen mustard resulted in widespread
diffuse fibrosis (Sahn and Antony 1984), The macrophage response thus may be in
focus, us it is for parenchymal fibrosis. In our study, costophrenic angle obliterations,
which are supposed to be sequelae after benign pleural effusions, were closely associated
with the intensity of asbestos exposure. For obliterations that appeared after end of
exposure, there was no association with any of the exposure variables. Our observations
are thus consistent with an immediate reaction "triggered" by intense asbestos exposure.

Non-malignant respiratory mortality
For the cement workers, [here were no indications of a work-related risk for non-
malignant respiratory mortality. This is in agreement with previous obs"rvations that
cement workers had no increased risk for hospitali/.ation due to chronic onstructive lung
disease (Vestbo and Kasmussen 1990), and experienced low risks for silicosis, even in
the days of intense dust exposure (Gardner et al 1939, Sander 1958).
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By contrast, we observed an increased risk for non-malignant respiratory mortality in the
asbestos cement workers compared to regional referents and to the general population. In
a direct comparison with the cement workers, the mortality among workers with <1()
years duration of exposure was similar in the two groups. Thereafter, the mortality risk
for the asbestos cement workers increased three-fold, but diminished after >3() years of
employment. This could tentatively be explained by a survivor effect. This interpretation
is in line with previous findings of a shortened survival among asbestos cement workers,
confined to the period 20-40 years from start of employment (Albin et al 1992). Also, the
assumption of independence of competing causes of deaths implicit in the analysis is
probably invalid. A conservative interpretation of the absence of a steadily increasing risk
with increasing exposure is, of course, that the asbestos exposure had no adverse effect.

Indications that specific radiographic changes may be associated with deaths attributed to
certain causes and to total mortality in cohorts of asbestos exposed workers is now
emerging (cf Gibbs 1993). Using both conventional and computed chest radiography, we
observed that the asbestos cement workers had indications of fibrosis of the lung, taking
smoking habits into account (paper I and II). Clear exposure-response relationships were
evident for the radiographic findings (paper I). The study base by definition consisted of
survivors. Also, the asbestos exposure for the men included in the study base was lower
than for the men excluded. Thus, it is not likely that the radiographic study gives
overestimates of the over-all prevalence of work-related abnormalities. Lung
physiological evidence of lung fibrosis was observed in workers with symptoms and
signs of pulmonary disease (Wollmer et al 19X7), and deceased asbestos cement workers
also had more fibrosis than matched referents (Johansson et al 19X7), with a weak,
though not statistically significant, trend of a exposure-response relationship.
Pneumoconiosis is a very unreliable diagnosis on death certificates; however, asbestosis
or a diagnosis indicating pulmonary' fibrosis was mentioned as underlying or contributing
causes of death in 5% of the death certificates between 1976 (when a more general
awareness of the adverse effects of asbestos exposure had arisen in Sweden) and 1990.

Thus, there is good evidence that workers at the asbestos cement plant indeed experienced
work-related adverse pulmonary effects consistent with asbestosis. Hence, these effects
probably contributed to the increased non-malignant respiratory mortality observed.

Colorectal cancer
Several reviews concerning asbestos exposure and the risk for gastrointestinal cancer,
either as one entity, or separated for specific sites, have been published, and the
conclusions of the authors are as conflicting as the studies themselves (among others
Schneiderman 1974, Miller 1978, Morgan et al 19X5, Levine 19X5, Doll and Peto 1985,
Simonatoand Saracci 19X6, Edelman 19X8, Frumkin and Berlin 1988, Weiss 1990).

Asbestos fibres have been demonstrated microscopically in normal gastrointestinal tissue
(Huang et al 1988) and in colon cancer tissue (Ehrlich et al 19X5, Ehrlich et al 1991). This
is not causal evidence, but shows that fibres can reach the intestinal tract, presumably
through mucociliary clearance after inhalation; i.e., the fibres observed are markers of
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previous exposure. Animal asbestos ingestion studies have generally failed to produce
any definite, reproducible, organ-specific carcinogenic effect (Condie et al 1983), but it is
noted that chrysotile (but not other types of asbestos fibres) incorporated in the diet
increased the number of intestinal adenomatous polyps in male rats in one study (cf
Chouroulinkov 1989). However, ingestion studies in species with a short life-span are
not necessarily relevant to human inhalation exposure.

A close correlation between the risk for lung cancer and gastrointestinal cancer was
pointed out by Doll and Peto (1985) in their review of gastrointestinal cancer as one
entity, supporting the idea that, when the conditions of exposure were sufficient to cause
lung cancer, they would cause gastrointestinal cancer as well. The excess of
gastrointestinal cancer was calculated to be about 209J of the excess lung cancer. For
other cancers, apart from gastrointestinal, such a correlation was, however, also
demonstrated, the excess being but slightly lower. The authors concluded that the
observations would fit the idea that asbestos is a systemic carcinogen (proposed by
Goldsmith 1982), but could also be explained by the hypothesis that the associations
between lung cancer risk and the risk of cancers other than mesothelioma were caused by
misdiagnosis of lung cancer and mesothelioma (Doll and Peto 1985). A similar pattern,
considering colorectal cancer, has also been demonstrated (Weiss 1990).

'I'he misclassification hypothesis is more or less plausible, depending on the exposure
situation and type of study. The potential problem with misclassification of peritoneal
mesotheliomas on death certificates was actually investigated in a large study of
insulators, where a high ratio for peritoneal v.v pleural mesotheliomas were found
(Selikoff et al 1979). There was substantially no change in the number of cancers in
esophagus, stomach, colon, or rectum using 'best evidence', compared with death
certificate diagnosis. Further, only 5r/c of the final peritoneal mesotheliomas were
classified as colon cancers in the original death certificates (Ribak et al 1991). In
exposure situations where peritoneal mesotheliomas are rare, as in chrysotile mining
(McDonald et al 19X0), and the asbestos cement industry (Thomas et al 1982, Hughes et
al 1987, Gardner et al 1986, Magnani el al 1987, Raffn el al 1989; the cohort studied by
Finkelstein 1984 being an exception), the magnitude of the problem of mis-diagnosis
should be even less. McDonald and co-workers (1980) found some indications of a dose-
related increase of cancer in the colon and rectum, as well as in the esophagus and
stomach, in the absence of a high prevalence of mesothelioma.

Most cohort studies reported are mortality studies. Presumably, cancer incidence studies
have less problems with miselassification than mortality studies. In the present study
misclassificalion cannot account for the findings, as hisiopathological diagnoses for
gastrointestinal cancers among the asbestos cement workers were reviewed, and no
peritoneal mesotheliomas were found.

Another aspect, which may be of far more vital importance, is that wide categories of
diagnoses, as 'all gastrointestinal' or 'colorectal' cancer have been used in previous
studies and reviews. If an agent has a harmful effect only in a specific site, this might
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easily be obscured by inappropriate disease classification. This was illustrated in our
studies of asbestos cement and cement workers, which clearly revealed excesses of cancer
only in the right part of the colon, whereas no consistent exposure-related risks were
detected neither for cancers in the esophagus and stomach, nor for cancers in left part of
the colon and rectum.

Slight increases of colorectal cancer has previously been related to exposure to different
types of inorganic dust (among others Peters et al 1989, Spiegelman and Wegman 1985,
Svensson et al 1989, Robinson et al 1980); however, the specific localization of the
tumours have rarely been studied, and no clear pattern has yet emerged. We obser/ed an
increased incidence of cancer in the right part of the colon in workers, who in common
had exposure to cement dust. However, while the risk estimates were similar for the
asbestos cement and cement workers, dust measurements indicated that levels of total dust
and cement dust had been considerably higher in the cement plants. Thus, exposure to
cement is not likely to be the sole explanation of the observed risk among the asbestos
cement workers.

Practical consequences and issues for further research

Respiratory disease
In the asbestos cement workers presently studied, with predominant exposure to
chrysotile but also to small amounts of amphiboles, not only radiographic abnormalites,
but also an increased non-malignant respiratory mortality, asbestos related malignancies,
and a shortened survival (Albin et al 1992) was observed. Our findings strengthen the
need for firm restrictions for asbestos use, continuing efforts to reduce exposure levels,
and good surveillance of exposed workers, not only during employment, but also for a
long period after end of exposure.

The diagnosis of asbestosis must be based on data on exposure, clinical findings, lung
function, and radiographic findings (American Thoracic Society, 1986). The ILO-
classification, which only intends to describe radiographic findings, was once developed
for use in epidemiological studies, but it is also used for surveillance of exposed workers,
and for legal compensation purposes in some countries, however not in Sweden. It has
considerably higher sensitivity in the detection of parenchymal changes consistent with
fibrosis than clinical radiological examinations (Albin et al 1992b, Hilt et al 1992,
Jakobsson 1993), a fact that should be considered when exposed workers are surveilled
by radiography.

The occurrence of fibrosis seems to be intimately linked to the risk for lung cancer. This
was first shown among workers with asbestosis (among others by Doll 1955, Jacob and
Anspach 1965, Berry 1981). Even slight parenchymal changes may convey an increased
lung cancer risk; thus, the presence of small opacities of profusion >l/() in asbestos
cement workers (Hughes and Weill 1991) and slight histopathological fibrosis in asbestos
miners (Sluis-Cremer and Bezuidenhout 1989) was associated with a fourfold increased
risk. Hence, for the asbestos exposed worker, the presence of fibrosis is an important
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marker of an increased lung cancer risk. } lelp to quit smoking is of utmost importance,
and an alertness to initiate diagnostic procedures if early signs indicating lung cancer
appear is advocated. Systematic screening programs for early detection of lung cancer
have, however, not proved successful (Kotin and Paul 1982, Fontana et al 1991).

It is not clear whether asbestos causes lung cancer only through being fibrogenic, or if it
is the severity and duration of exposure that is the key factor (Craighead 1992). There is a
link between the process of alveolar inflammation and fibrogenesis and carcinogenesis (cf
Rom 1991), although it may not be possible to separate the effects in workers with long
and heavy exposure. However, the question of a threshold caused by co-existing fibrosis
(Browne 1986 a,b), or independently, is vital for risk assessment of the low-dose
exposures currently encountered in countries with heavily restricted asbestos use.
Although poorly understood, there is also some evidence that the presence of small
opacities, or a clinical diagnosis of asbestosis or suspected asbestosis, enhances the risk
for certain other causes of deaths ar total mortality (Liddell and McDonald 1980, Sanden
et al 1993, cf Gibbs 1993). Hence, even if the clinical picture of asbestosis encountered
today in most instances is a non-fatal, slowly progressive disease, the establishment of
exposure-response patterns for fibrosis within different branches using asbestos is
important. Also, it is not known, but should be investigated, whether restrictive King
function impairment without radiographically visible changes is predictive of an increased
lung cancer risk.

For the individual, associations between benign pleural reactions and an increased
mesothelioma risk have not been observed (Cookson et al 19K5, Sanden and Jarvholm
1991). In populations with environmental asbestos exposure it has however been
observed, that the prevalence of visceral pleural lesions with costophrenic angle
involvement roughly parallels the incidence of malignant mesothelioma (Hillerdal 1984).
If pleural effusions in exposed workers occurs when natural and synthetic fibres are
introduced as asbestos substitutes and for new purposes, these reaction - which may
come after a short period of exposure - should be considered as early warning signs for
an exposure situation that might convey a subsequent mesothelioma risk. Experimentally,
thin and long crystalline ceramic fibres may produce inflammation in the pleura as well as
fibrosis and mesothelioma after inhalation (llesterberg et al 1991). Data are warranted to
elucidate whether all crystalline fibrous minerals, being durable and with fibre dimensions
in the critical range, share the same properties as to biological effect.

As exposure levels decreases, individual characteristics may well assume a greater
importance in determining not only the actual amount of fibres delivered to the lung tissue
and retained there, but also the na'ure of the response. Thus, to investigate what protects
one person but not another, given equal exposures, might be worthwhile. Histologically,
peribronchiolar fibrosis is the characteristic early lesion after asbestos exposure, observed
in both annual and human studies (et Kom et al 1991). Based on experimental evidence, it
has been suggested that this is a dose-related response, whereas individual susceptibility
determines the degree of macrophagic alveolitis, resulting in subsequent fibrosis (Begin et
al 1986, Begin et al 19X9).
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Asbestos fibres may induce formation of oxygen radicals. These are cytotoxic, directly or
through lipid peroxidation of membrane components (cf Rom et al 1991). Hence,
individual differences in activity of enzymes, which are scavengers for oxygen radicals,
may be determinants of the risk for adverse pulmonary effects. In the present asbestos
cement workers, determinations of genotype for such enzymes is in progress.

Colorectal cancer

Approximately 0.4 extra cases of cancer in the right part of the colon/1000 person-years
were observed in the cohorts of asbestos cement and cement workers. Among asbestos
cement workers the corresponding figure for primary lung cancer was 0.8. The observed
excess of cancer in the right part of the colon was thus not negligible; actually, it is
comparable with the extra 0.4 cases of mesothelioma/1000 person-years observed.
Workers exposed to dust and fibres who have had adenomatous polyps or have first-
degree relatives with colorectal cancer might constitute a group for screening, just as it is
justifiable in the general population (cf Weiss 1990,1 lay ward et al 1991, Ransohoff and
Land 1991), but until ongoing clinical trials of fecal occult-blood tests in a general
population have provided mortality results, a general screening in asbestos and cement
workers cannot be advocated.

Our studies in cement workers and asbestos cement workers lead to the tentative
conclusion that persistent mineral dust and fibres, reaching the mucosa in the proximal
parts of the large bowel, increased the risk for cancer. Hypothetieally, persistent particles
may have an irritating effect on the mucosa, thereby decreasing its normal defensive
mechanisms, and enhancing the effects of carcinogens. However, our observations need
to be verified in other cohorts of workers exposed to mineral dust, e.g. quartz, and fibres.
Especially asbestos exposure without concommittant mineral dusts should be examined.
Moreover, estimates of internal dose (e.g. asbestos fibres in lung and intestinal tissue) in
asbestos workers with cancer in different subsites within the large bowel are needed.
Also, exposure io other types of persistent dusts, e.g. metal and polymc dust, needs to
be studied.

When gastrointestinal cancer in occupational cohorts are studied, separation of the cancer
localization is necessary. It should be stressed that the pattern of suhsite specific risks
within the large bowel was evident only when cancer morbidity data were used, as
mortality data too often were unspecific and inaccurate as regards subsite. Knowledge is
emerging, that proximal and distal colon tumours may be genetically different (cf Bufill
1990). Thus, it is reasonable that the etiology of these tumours may differ. This ought to
be further evaluated by e.g. analysing mutations in different oncogenes and anti-
oncogenes.
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GENERAL CONCLUSIONS

Non-malignant respiratory morbidity and mortality

Radiologically visible parenchymal changes consistent with interstitial pulmonary disease
(small opacities >l/0 according to the ILO 1980 classification) were present in 20% of
asbestos cement workers employed for 20 years (median) in an asbestos cement plant.
Exposure-response relationships were found, after controlling for age and smoking
habits, clearly demonstrating the importance of time-related exposure variables (duration
of employment, cumulated dose, and - most obvious - length of time since start of
employment). The exposure-response patterns were similar for pleural thickenings.

Workers with an average intensity of exposure during employment >2f/ml had a higher
risk for progression of parenchymal changes after end of employment than those with an
average intensity <If/ml. Also, they experienced a higher risk for obliteration of the
costophrenic angles. By contrast to the findings for small opacities and pleural
thickenings, the obliterations showed no associations with exposure variables relating
only to time. For obliterations occuring after end of employment, a relation with exposure
was not demonstrated. Obliterations before age 65 appeared more often (though not
statistically significant) during ongoing employment than after. Thus, it seems that
obliterations of the costophrenic angles, which are markers of previous pleural effusions,
are an immediate reaction, "triggered" by ongoing asbestos exposure.

In a sample of asbestos cemuit workers with symptoms and signs suggestive of
pulmonary disease, increased lung density measured by x ray computed tomography,
and reduced static lung volumes and lung compliance was found. Lung density could be
measured with acceptable reproducibility, and appeared to be an early indicator of
parenchymal damage in a group of asbestos-exposed subjects. Density measurements,
which are independent of observer bias, might be a complement to the use of computed
tomography for morphologic diagnostics, bin need further evaluation, especially with
respect to the high-resolution computed tomography methods now available.

Among cement workers, the risk for non-malignant respiratory disease was not increased.
By contrast, a two-to three-fold increase was noted among workers employed for more
than a decade in the asbestos cement plant. Indeed, diagnoses indicating pulmonary
fibrosis or asbestosis were noted on the death certificates as underlying or contributing
causes ot death in 57< of the workers, deceased during the period 1976-1990. No such
diagnoses were observed among deceased cement workers.

In summary, the asbestos exposure at the present asbestos cement plant was associated
with considerable radiological abnormality; I .rther the asbestos exposure is likely to have
contributed to the increased non-malignant respiratory mortality observed.
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Colorectal cancer

Colorectal cancer mortality and morbidity was slightly, but not significantly, increased
among the asbestos cement workers as compared to industrial workers from the same
region. A dose-response relationship was found between cumulated dose and deaths from
colorectal cancer.

Among cement workers, an increased risk for colorectal cancer was found in a
population-based case-referent study. The finding was corroborated in a cohort study,
including workers from two plants located in different parts of Sweden.

However, there are reasons to consider cancer in subsites of the large bowel different
from each other. In such a study, morbidity data must be used as mortality data were
shown not to be sensitive enough.

Both asbestos cement and cement workers had a two-to three-fold increased incidence of
cancers in the right part of the colon, compared to the general population as well as to
external reference cohorts of other industrial workers and fishermen, respectively. The
increase was thus not likely to be due to socioeconomic confounding. A causal relation
with the exposure to mineral dust and fibres was supported by the findings of higher risk
estimates in subgroups with high cumulated asbestos doses or longer duration of cement
work. The risk was of the same magnitude among the asbestos cement workers and the
cement workers. However, as the cement dust levels in the asbestos cement plant had
been much lower than in the cement plants, the exposure to cement is not likely to be the
only explanation of the elevated risk for the asbestos cement workers. Among the
asbestos cement workers approximately 0.4 extra cases/l(K)0 person-years were observed
for cancer in the right part of the colon. For comparison, the corresponding figure for
primary lung cancer was O.S. The observed excess for cancer in the right part of the colon
was thus not negligible; actually, it is comparable with the extra 0.4 cases/1000 person-
years observed for mesothelioma.

The incidence of cancer in the left part of the colon was not increased, and no association
with exposure was found, neither among asbestos cement nor cement workers. For
stomach cancer, the observations were similar.

Both asbestos cement workers and cement workers had an increased incidence of rectal
cancer, compared with the general population, and with the fishermen. The risk was,
however, of the same magnitude among the other industrial workers. Moreover, the risk
estimates increased with dose or duration of employment for the asbestos cement and
cement workers as well as for the other industrial workers. The enhanced risk for rectal
cancer seems thus not to be specific for exposure to asbestos cement or cement.

In summary, workers exposed to mineral dust and fibres had an increased incidence of
cancer in the right part of the colon. Tentatively, the effect is associated with the
persistence of particles in the gastrointestinal tract.
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