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Human exposure to asbestos has in-
creased greatly in recent years, yet the  
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Tho r e c e n t  discovery of over  million f ibers  liter of . 
t a p  w a t e r  a n d  t h e  s u g g e s t i v e  e v i d e n c e  of a cer ta in  

c a n c e r s  and w o r k  e x p o s u r e  to a s b e s t o s  f ibers  in 
p r o m p t e d  t h i s  s tudy.  GI c a n c e r  inc idence  d a t a  w e r e  g a t h e r e d  for  Duluth . 

the same m a n n e r  as data previously g a t h e r e d  for c o m p a r i s o n  cities, 
a n d  Paul. some in G I  c a n c e r  s-3 

a m o n g  t h e  t h r e e  ci t ies  in t h e r e  was n o  c o n s i s t e n t  p a t t e r n  
of statistically signif icant  observed .  T h e  n u m b e r  of GI c a n c e r s  
d i a g n o s e d  in res iden ts  in 1972 was to t h a t  in each of t h e  pre­
vious t h r e e  years. This study r e p r e s e n t s  s t a r t  of o n g o i n g  c a n c e r  , 

lance in Duluth. 
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asbestos; c a n c e r ;  w a t e r  pollution 

hazards cf this to human 
are not understood Occupa­
tional esposure to certain 
asbestos fibers in the air has linked 
with asbestosis. cancer, 
and and perironeai 

There are also data of a 
such esposure develop­

ment cancers of the stomach. large 
intestine, and rectum many after 
initial exposure possible link. 
presumably the result of ini­
tially fibers, possibility 
that water with high concentra­
tions of asbestos or for 

long periods may 'to 
of 

who  it. 
In the US Environmental 
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reported the 
ofa­

studies 
lion amphibole per 

tap water. concentration 
with ions and h 

of water is in system 
(10). A court ruling 

result from a company 
dumping, since quantities 
taconite tailing wastes directly into the 
lake at its iron ore plant in 
Silver Bay, 50 miles (SO northeast of 
Duluth (11). These contain min­
erals in the mington i t e-grunerite se­
ries, which includes amphibole asbestos. 
EPA data on water in the past, 
although limited, are consistent the 
court's ruling. They that  samples 
from and contain 
trace amounts of amphibole. but sam­
ples studied from contain large 
amounts of amphibole (an average of per 
cent of total inorganic solids) It not 
known any more speci ca however, 
when in Duluth water 
beyond these amounts. 

The discovery of these fibers in the lake 
and DuIuth tap  water prompted many 
environmental, pathological. and epidemi­
ologic studies. The  present study is the 

recent one of cancer incidence in the 
entire populations of Duluth and compari­
son cities, and represents the start of 

cancer surveillance for Duiuth. Further 
cancer incidence studies must be done in 
the future, a s  well as studies to quantitate 

and inhalation of asbestos by 
residents of Duluth and cities. 

OF INVESTIGATION 

Information was obtained on 
with a GI cancer first 

nosed January through 
* bcr A GI cancer defined-as a 

malignancy of digestive or perito­
neum of the 
anatomic sites: esophagus; 
intestine; intestine: urn 

and 
tract; 

fied; and tract, not specified. 
G I  for 

for DuIuth were with 
those and Paul 
dents. These latter had previously 
been obtained by Division of Epidemi­
ology, University of of 
Public Health. as part of the Third 
tional Cancer Survey the 
tional Cancer Duluth incidence 
data for 1972, the  most recent period for 
which data were available, also ob­
tained. were compared only with 
Duluth incidence data for since 

data for and Paul 
were not readily available. 

Minneapolis population: 
and Paul population: 309.950) 
were considered cities 
because they have large populations that 
are reiatively similar to in age, 
race, ethnic groups, and occupational ex­
posures (table and because they have 
access t o  medical 
care. addition, their water supplies. 
directly and indirectly the 
River. are thought to contain if any. 
asbestos or asbestos-like fibers. It is 
to be a relatively long time, however. 
before this fact is definitely established. 

Since almost all known GI cancer pa­
tients are hospitalized at some time and 
since Duluth residents are hospitalized 
primarily in Duiuth. data 
primarily from inpatient records at the 
three Duluth hospitals. all of' the 
few Duluth residents with cancer seek 
medical the 
Clinic in Rochester, or 

in the 
tan area. Data 
from 
for four 
cancer there 

records for 

. 
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Duluth Paul 

Males 
29.7 

bnrn 69.9 72.6 

stock (foreign-
5.2 

21.9 
4.8 

21.8 
born individuals 

of or 
! mixed 

9.4 4A 
German and 2.5 3.4 

2.8 0.5 0.2 
95.6 95.4 

r h o  in same 79.7 
county in (as in 

So. of school 12.3 12.3 

ape 

years completed (for 
. years 

old in 6.0 4.2 3.6 
civilian labor force un­
employed

families 7.1 7.2 6.4 

Median size 3.52 
Median 

selected occupations
Professional. 16.4 

and kindred 
Craftsmen. foremen. 13.0 11.7 

and kindred workers 
except 4.8 

selected 
' 0.6 0.1 0.1 

Construction 4.7 
Manufacturing 16.4 20.5 - 25.1 

on US Census data. 

December TNCS data were limited 
to were not obtained 

Cities area hospitals for Duluth resi­
dents diagnosed in  extrapo­
lation, however, estimate that 

were excluded not these 
data. -

administrators a t  each of! 
the hospitals and the 
Clinic provided inpatient records 

residents during 
study wit 

In t o  
and 

the protocol during the 
TNCS to collect for Min­
neapolis, was 
in t o  h; 
of the (E. S. and E. L.) who 
abstracted data during the TNCS ab ­
stracted data for Duluth. the 
hospital records of each Duluth resident 
with a GI cancer first diagnosed from 
January through December 
1972, they abstracted that  in­
cluded: name of patient, address a t  of 
diagnosis, sex, race, date and place of 
birth, and, for each GI cancer, date first 
diagnosis, anatomic site and histo­
logic type, and most accurate method of 
diagnosis. Addresses of all "Duluth resi­
dents" were checked with census tract 
guides and those who lived beyond Duluth 
city limits were excluded from study. 

The definition of cancer, as in the 
TNCS, based on confirmatory 
dence of a malignant neoplasm or, in the  

when that  was not 
indication by physicians' 

in the patient's hospital record of a per 
cent or greater probability of a malignancy.. 
The  definition of the date of first diagnosis, 
as in the the date it 
first determined that a patient a new 
cancer, even though anatomic site 
and histologic type may not have been 
known at that  time. the earliest date 
for one of the following diagnostic criteria: 

inpatient hospital admission with a 
discharge diagnosis (not necessarily the 
admitting or main diagnosis) of cancer; 
microscopic diagnosis of cancer on 
biopsy or specimen; pallia­
tive or curative treatment directed toward 
a cancer; autopsy diagnosis of cancer 
(with microscopic ion) without 
prior of that cancer 

certificate diagnosis of cancer. 
t o  he valid. without other 

and dntc of 
of h. 

to those 
of the othcr of records 
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tomic site and 
accurate method of 
of all "Duluth 

with tract 
lived beyond Duluth 

the study. 
cancer, as in 

neoplasm or, in the 
when that not 

physicians' 
record of a per 

of a malignancy. 
a te  of first diagnosis, 
the date when it was 
a patient had a new 

site 
may not have been 

the earliest date 
diagnostic criteria: 

1 admission with a 
[not the 

of 
on. surgical 

toward 
diagnosis of cancer 

without 
cancer k n o w :  or 

of 
thout 

date of 
of

to I 
sets 

were in to not 
from hospital 

a t  major hospi­
tals, and certificates fur all 
residents i n  

on 
their death  certificates as underlying 
causes of death. (Such records the 
primary source of information for only five 
Duluth cases.) 

Usual occupation of patient, date of 
death, and birthplace of each parent were 
abstracted from certificates of pa­
tients who died, were added to infor­
mation obtained records. 

Incidence data for Minneapolis and 
Paul were abstracted from computer tapes 
of data for the Cities metro­
politan area. Residents of these cities were 
identified by zip code. Addresses of those 
living in zip code areas that are included in 
more than one city were pinpointed on 

city maps to determine their cities 
residence. In addition, a 5 per cent 

random sample of patients' addresses 
was checked, pinpointing addresses 
on city maps, to  confirm that zip codes 
were accurately recorded. 

Data for Duluth rcsidents. initially ab­
stracted onto pre-coded forms. were 

onto computer cards in the same 
format as data for 
Paul residents, that were 
computer and calcula­
tions were computer. inci­
dence rates were computed study 
and census 
incidence for for of 
GI cancer were with those for 
Minneapolis and for­
mula to  
sample proportions: 

and 
* 

rates were using M i n ­
ncsota population as standard. 

average annual -sex­
incidence for each cancer 

for Minneapolis, and for 
are shown in table 2. For all sites 

2 
cancer incidrnce residents of 

and cities. 

Average 

Primary anatomic Sex 
population' 

Esophagus 	 Males 5.32 
Females 1.61 
Both 3.43 4.59 

Stomach 	 Males 14.04 
Females 9.37 

14.05 13.00 

Small intestine 	 Males -2.18 
Females 1.01 
Both . . 1.62. 1.73 

Large Males 31.62 
Females 30.11 
Both 39.52 

15.14 23.40 
Females 113.93 
Both 16.30 16.02 

Liver 	 ' 
0.51 0.99 2.10 

Both 2.07 

Males 3.17 
tract Females 3.91 

Both 3.81 

Pancreas . 
Females 13.77 8.08 9-77 

14.17 11.09 11.13 *, 

1.14 
1.26 2.35 

not 1.12 

othrr- 2.21 0.21 
wise Females 0.00 

0.43 0.10 

, 85.91 93.49 96.02 

. 
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these rates were 
and Paul. Cancers of the  of cancers 

i i u i n  residents each
for through 

cent of ail For to for any trends 
males and for Duluth incidence over 
rates for of the pancreas were Age-specific incidence rates increased
higher than those of progressively with age. of 
Paul, and rates for cancer of the all major anatomic sites 
stomach were higher than those of Minne- gall and tract. the 

On the othcr hand, for males and for age-adjusted incidence rates for were 
females, Duluth incidence rates for cancers higher than for Analyses ofi of the large intestine and for whites only results very 

! were than those of similar to those for the entire population of 
i apolis and Paul. Statistically significant the three cities; this was expected since 

differences, based on tests felt than per cent of the population of 
were more appropriate to perform on crude each of these cities is white. Analysis of 
incidence rates, are in table 3. data on histologic types of 
.(Since the age distributions of all three did not yield any additional noteworthy 

cities are similar, the crude incidence rates information. with the vast majority of 


I approsimated the age-adjusted rates.) cancers identified as either 
! othcr statistically significant differences or “carcinoma.” There were no 


existed among rates for all maies, ail fe- peritoneal identified in res­


i males, or both sexes combined. idents of any the three cities during 

Among age-and-sex subgroups. there was nor in Duluth residents in 

no consistent pattern of statistically signif- Approximately 90 per cent of the malig­

i icant differences for any GI cancer nancies in this study microscopically 


t confirmed, and for each major of GI 

cancer, the percentages microscopically 

confirmed in the three cities were similar.

TABLE 3
significant in crude GI cancer 

incidence rates all ages binrd among TABLE 4
of and - ..-.- The number of gastrointestinal cancers 

p 
Duluth during 

site 
* site 1971 

Both 

Both
i Both 


tract. not 

i 
Both 
Both 

> Paul <
hlir Paul us 2 6 5 

Paul > Duluth 

intestine 
iritrstine 

1 
34 

21 . 
4 

35 
1 

44 

15 
1 

43 
Duluth > - 17 11 15 

2 2 1 3 
Call tract 2 7 5 5

> 17 ’ 15 13t i  
1 1

Duluth 
Duluth > 

h GI not 2 0 5 2 
fied 

Total 
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of 
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rates increased 
For of 

anatomic sites 
and the 
cc rates males were 

of 
results 

entire of 
was since 

i t  of population of 
is white. of 

of 
not 

he vast majority of 
either 

There no 
identified in 

three cities during 
residenis 

of the 
were microscopically 

major of 
microscopically 

cities were 

cancers in 
luring 

1970 

4 2 6 5 
I f  21 14 

4 1 1 
34 35 43 

11 15 
2 2 1 3 

7 5 5 
I5 13 

2 1 1 

- 2 0 5 2 

high rations of fibers 
no excess in total in water 

h for h. 
and suggests no fore plan to repeat this study and 

this other cancer incidence studies in Dulut h a t  
of' asbestos-like regular intervals the future. As cf 

in tap water, a finding consist- such also plan to 

ent  with two recent mortality studies re- asbestos concentrations in Minneapo­
this situation It  is impos- lis and water to assure that 

sible a t  to know the significance of' are comparison cities. If the 
incidence rates of cer- water of these cities is eventually found to 

tain GI that  were observed. . contain substantial of asbestos. 
in this study are thought we will other as  

to be reliable than data of the two cancer surveillance for Duluth continues. 
previous mortality studies of cancer in Further studies bearing on the  possible 
Duluth in recent years because in association between asbestos or asbestos-
these mortality studies based on like fibers in drinking water and GI  
death certificate information. which is other human disease should include 
often inaccurate regarding cause of death. examining other water supplies and con:­

many patients with GI  cancer are beverages and her food 
cured, and others die of other products in the States for the  
illnesses and their active cancers are not presence of such fibers arid for any associa­
recorded on their death certificates. Our tion consumption of them and 
findings also to be reliable Studies in Canada Rave 
because and Paui are demonstrated high concentrations of as-
considered good comparison cities for bestos fibers in commercially-sold 

and because the methods ages and the water supplies of 
used to collect data for each of the three Ottawa, and  Toronto S o  study, 

however. has yet demonstrated associ-
In attempting to determine the esistence ation between of water or 

of a cause-and-effect relationship between beverages containing high concentrations 
an environmental factor disease, the of asbestos fibers and human disease. 
first step is often an of Whatever future studies may show, ef­
available data. This study be forts currently underway to 

of several first steps in assessing fibers from Dulut h drinking water to-
the hazards of orally-ingested asbestos. control presumed source ot' these fibers 
Although amounts of amphibole as- by attempting to halt the dumping of 
bestos may present bef'ore t e into 

EPA finding for our data arc Lake Superior at the iron ore processing 
probably best considered i data. in Silver Bay. 

not rule 
there may 

strated an  association between J .  
water ions of 

and certain GI lag 
in i i t os posu rc ~ 

and 
(1, 
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MORTALITY OF IN TWO TACONITE 

MINING AND OPERATIONS 

Clark Cooper, M D ,  O t t o  and Robert Graebner, MPH 

SYNOPSIS 


Mortali ty d u r i n g  the years  1947-1983 was studied i n  3,444 

men employed for a t  l e a s t  3 months i n  Minnesota taconi te  mining 

operations during the  years  During 86,307 

person-years of observation there were 801 deaths f o r  a 

standardized morta l i ty  r a t i o  (SMR)  o f  88 (U.S. white male 

r a t e s )  o r  98 (Minnesota r a t e s ) .  The 41 deaths from resp i ra to ry  

cancer were fewer than expected, the  SMR being 6 1  ( p  0.01) 

(U.S. r a t e s )  and (Minnesota r a t e s ) .  There were 25 

respira tory cancers 20 o r  more years a f t e r  f i r s t  t a con i t e  

employment, f o r  an of 57 ( p  0.01) (U.S. r a t e s ) .  for 

colon cancer, kidney cancer and lymphopoietic cancer were 

elevated,  b u t  below the level  of  s t a t i s t i c a l  s ignif icance.  

There was one death from pleural  mesothelioma, years  a f t e r  

f i r s t  taconi te  employment, i n  a man w i t h  l o n g  p r io r  employment 

a s  a operator .  The pa t te rn  of deaths d i d  not 

suggest asbestos- related disease  i n  t acon i te  miners and 

m i  1 l e r s .  
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MORTALITY OF IN MINNESOTA TACONITE 

MINING AND MILLING OPERATIONS 

W .  Cooper, M D ,  O t t o  and Robert Graebner, MPH 

INTRODUCTION 

Taconite i s  a hard, fine-grained, iron-bearing rock which 

a f t e r  World War the principal form of i r o n  ore mined 

in the United S ta t e s ,  a s  natural hematite reserves became 

depleted. By 1978 i t  provided nearly 90% o f  the  iron ore used 

in U.S. i r o n  and  industries.  Of t h i s ,  over 60% came from 

the Range in where a deposit a b o u t  110 miles 

long and 1 t o  3 miles wide extends roughly e a s t  t o  west from 

Babbitt t o  Grand Rapids. 

The eastern end of the taconite ore body has been found t o  

contain amphibole minerals i n  the cummingtonite-grunerite 

ser ies ,  some of which are fibrous and s imilar  t o  amosite, a 

type o f  asbestos. When such f ibe r s  were found i n  

the water supply of 50 southwest from the point 

where mine t a i l i ngs  f rom one of the taconite processing 

were being deposited, there was concern a s  t o  possible e f fec ts  

on health. Concurrent d ras t i c  measures t o  prevent 
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e f f l uen t s  from Lake Superior, s tud ies  were begun t o  

determine i f  the re  was any evidence of  e f f e c t s  on t he  health o f  

Duluth res iden t s ,  w i t h  concurrent s tud ies  of workers i n  the 

t acon i te  mines a n d  mil ls .  So f a r  such s t ud i e s  have been 

negative 

Two of the  inves t iga t ions  of t a con i t e  workers involved 

analyses of morta l i ty .  The f i r s t ,  by H i g g i n s  was based on  

5,751 men employed by the  Reserve Mining Company for one year 

o r  more i n  the  period 1952 t o  1976,  and observed t h r o u g h  

7 /1/76.  There were 298 deaths d u r i n g  77,400 person-years of 

observation,  w i t h  no s i g n i f i c a n t  excess deaths any cause. 

Respiratory t r a c t  cancers were s l  igh t ly  fewer than expected, 

and no mesotheliomas were observed. The second study,  by 

Cooper ( 7 )  involved 3,442 men who had worked i n  e i t h e r  the  Erie 

o r  t acon i te  operations f o r  a t  l e a s t  3 months prior t o  

January 1, They were observed t h r o u g h  December 31, 1 9 7 7 ,  

and there  were 489 deaths d u r i n g  65,306 person-years. There 

were no excess deaths from lung cancer o r  any o ther  major  

cause. I t  was f e l t ,  however, t h a t  the  r e s u l t s  should be 

in terpre ted with caut ion,  s ince  only of the person-years of 

observation were 20 or more years s ince  f i r s t  oppor tuni t ies  f o r  

exposure in the t acon i te  indust ry ,  d i d  n o t  b e g i n  t o  any 

major  extent  un t i l  
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The  present repor t  i s  based on observation o f  the 

Erie-Minntac cohorts  f o r  an addit ional  6 years ,  t h r o u g h  1983, 

increasing the person-years of observation t o  86,307 and the 

t o t a l  number of deaths f o r  ana lys i s  t o  801. 

MATERIALS AND METHODS 

Choice of s t u d y  population. When the  study was being 

planned i n  1978, desc r ip t ive  data from a l l  operat ing t acon i te  

mines i n  the U.S. was reviewed. There were only f i v e  which had 

begun operations before 1958. One of them, Reserve Mining 

Company, was already being studied independently. Two were 

r e l a t i v e l y  small and were located i n  Michigan. I t  was decided 

t o  l i m i t  the study t o  the  Erie M i n i n g  Company (E r i e )  and U.S. 

S teel  Corporation (Minntac) , which would provide populations 

based i n  Minnesota, and which, when added t o  the  Reserve m i n i n g  

populat ion,  would encompass a l a rge  proportion of  those engaged 

i n  e a r l y  taconi te  operations.  

D a t a  co l l ec t ion .  Demographic and  work h i s to ry  information 

from Erie was obtained from individual forms supplied by the 

company, which were based on Social Secur i ty  Administration 

( S S A )  and p l a n t  records.  F o u r  thousand forms were received 

giving name, soc ia l  secur i ty  numbers, h i r e  da t e s ,  termination 

dates  and  successive job assignments f o r  former a n d  current  
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employees (as  o f  31,  1977) who had worked p r i o r  t o  

January 1, After  exclusion of female employees, those 

w i t h  missing b i r t h  o r  h i r e  da tes ,  and those having l e s s  t h a n  90 

days employment i n  a j o b  w i t h  potent ia l  t a con i t e  exposure 

before  1 /1 /59 ,  a population of 2 ,765 men qua l i f i ed  f o r  the 

study.  Four of these  had a l s o  worked a t  Minntac. 

Data from the  mine and were co l l ec ted  i n  a 

more way, based on summary cards on f i l e  i n  

the p l a n t  for a l l  individuals  emplcyed s ince  operations began. 

An experienced research ana lys t  from EHA microfilmed 800 such 

cards f o r  a l l  individuals  who appeared t o  meet the  study 

c r i t e r i a .  t he se ,  68G ul t imate ly  q u a l i f i e d ,  including the 

four  who h a d  a l s o  worked f o r  Erie. 

C lass i f i ca t ion  o f  j o b s  and  exoosures. The occupational 

exposures which were of most i n t e r e s t  were those t o  

pa r t i cu l a t e s  which n igh t  be c l a s s i f i e d  as  asbest iform, 

w i t h  3 t o  1 aspect  r a t i o s .  However, the re  were no indus t r i a l  

hygiene d a t a  u p o n  which t o  make d i r e c t  es t imates  of past 

exposures t o  such pa r t i cu l a t e s .  There was t a t i v e  

information,  however, on non-fibrous a i rborne dust  which had 

been col lec ted t o  evaluate  quartz exposures. These provided a 

r a n k i n g  the r e l a t i v e  dust iness  o f  work areas a n d  

j o b s ,  when supplemented subject ive  a p p r a i s a l s  from 

personnel i ndus t r i a l  hygienists. 
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The work o r  in  which employees worked 

were coded as follows: - 01; coarse g r i n d i n g  - 02; f i n e  

g r i n d i n g  - 03; concentrat ing - 04;  pe l l e t i z i ng  - general 

p lant  - 06; - 07; maintenance - 08; se rv ice  -
09; non- taconite operation - 10; non-study p lan t s  - 11; power 

plant  - 12; prel iminary t acon i te  p lan t  - 51; E r i e ’ s  H i b b i n g  

laboratory - 52; t a con i t e  contract ing company o r  TCC - 53. 

Each j o b  t i t l e  w i t h i n  a work area was a l s o  assigned a two 

d i g i t  code. Each work area t i t l e  combination was 

characterized i n  terms of r e l a t i v e  dus t iness ,  00 = non dusty; 

01 = l e a s t ,  02 = a n d  03 highest .  For ana ly s i s ,  

i t  was therefore  poss ible  t o  descr ibe  each ind iv idua l ’ s  periods 

of exposure b o t h  i n  terms o f  r e l a t i v e  dust  exposures and i n  

terms of the s tage  i n  mine 

W U D .I n i t i a l  followup thrcugh 1977 was based on 

determining members k n o w n  by the  p lan t s  t o  b e  a l i v e  

because they were s t i l l  employed, receiving pensions, or l i v ing  

i n  the local communities. Rosters of those whose s t a t u s  was 

unknown t o  the p l an t s  were sen t  t o  the  Social  Secur i ty  

Administration ( S S A )  f o r  followup t h r o u g h  1977 a n d  again 

t h r o u g h  1983. provided l i s t s  of those presumed (1) t o  be 

because o f  continued contr ibut ions  o r  payment of 

benef i t s ;  ( 2 )  t o  be dead of  n o t i f i c a t i o n  of  d e a t h  
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having been received. There remained a residual group whose 

v i ta l  s ta tus  was u n k n o w n  t o  o r  t o  plant personnel. 

Determining and  causes of death. For  a l l  w h o  were 

reported dead, requests f o r  death c e r t i f i c a t e s  were sent t o  the 

of f ices  of vi ta l  s t a t i s t i c s  in the s t a t e s  of residence or 

death. The c e r t i f i c a t e s  which were obtained were f i l e d  and 

u t i l i zed  w i t h  careful consideration of r e s t r i c t ions  imposed by 

many of the s ta tes .  

Causes of were coded by a c e r t i f i e d  nosologist 

according t o  the 7 t h  o r  1955 Revision o f  the International 

Classif icat ion of Dissases. This involved t rans la t ion ,  w h e n  

necessary, of causes by the 8th and the 9 t h  (1975)  

revisions t o  correspond t o  the rubrics in the e a r l i e r  

c lass i f ica t ion  which had been the basis f o r  the i n i t i a l  study 

o f  the 

The  numbers of  dead workers f o r  whom d e a t h  ce r t i f i ca t e s  

were not obtained i s  shown in individual tables .  Based on the 

t h a t  causes of  deaths in these individuals h a d  the 

dis t r ibut ion as those t h a t  were c e r t i f i e d ,  the 

cause-specific mortali ty ra t ios  should be increased 

proportionately . 
A n a l y s i s  o f  d a t a .  Cohort members were considered a s  u n d e r  

observation three a f t e r  t he i r  f i r s t  exposure a 

operation unt i l  31,  or the 
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death ,  f i r s t .  Those whose v i t a l  s t a t u s  was 

u n k n o w n  as of the  study cut-off da te  o f  December 31, 1983 were 

considered under observation t h r o u g h  the  l a s t  da te  they were 

known t o  be a l i v e ,  which could be the  date  of termination o r ,  

i n  those a l ive  a t  the  conclusion o f  the  previous study,  

December 31, 1977. This i s  a compromise between d r o p p i n g  those 

of unknown s t a t u s  from the  s tudy,  which would underestimate 

person-years of r i sk ,  o r  t r e a t i ng  them as  a l i v e  u n t i l  12/31/83, 

which would overest imate person-years. 

The numbers of  observed were Compared w i t h  the  

numbers expected, and expressed a s  standardized morta l i ty  

r a t i o s  by use of the  Occupational Cohort Mortal i ty 

Analysis o r  ( 8 ) .  The U.S. white male population 

was t he  bas is  f o r  comparison, s ince  i t  known t h a t  the re  

were very i n  the  s t u d y  population. Limited 

comparisons were a l s o  made w i t h  the  numbers o f  deaths 

based on Minnesota death ra tes .  

Tests  f o r  s t a t i s t i c a l  .  T h e  s t a t i s t i c a l  

s ignif icance of devia t ions  of from 100 were t es ted  by a 

method assuming a Poisson d i s t r i bu t i on  ( p  0.05) 

and ( p  0.01) confidence were calcula ted.  

h i g h  o r  be in t ex t  a n d  

t a b l e s ,  by a n  a s t e r i s k  ( p  o r  d o u b l e  a s t e r i s k  ( p  0.01). 
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of  s ign i f i cance  was used,  a s  t h e r e  was 

no a j u s t i f i c a t i o n  f o r  assuming t h a t  the  e f f e c t  of-

w o r k i n g  i n  a p a r t i c u l a r  occupation could only have the e f f e c t  

of  a n  

RESULTS 

of t h e  oooulat ion.  There were 3,444 men 

who met the  study requirement of h a v i n g  been employed f o r  3 

m o n t h s  or more i n  opera t ions  a t  some time p r i o r  t o  

January 1, Gf t h e s e ,  2 ,764  were Er ie  employees, 676 

employees had worked i n  b o t h  p l a n t s .  More t h a n  

ha l f  were b o r n  1925,  with the  mean b i r t h  yea r  being 

The average age a t  the  of was 33.2 

yea r s .  

Table 1 summarizes the  by the  yea r  of  f i r s t  

occupational exposure t o  t a c o n i t e ,  from 1947 t h r o u g h  1958. By 

31, 1983, 25 yea r s  had elapsed f o r  the  1958 h i r e s  and 

36 y e a r s  f o r  the  h i r e s .  For  of  t he  popula t ion ,  

those hired in o r  e a r l i e r ,  30 yea r s  had  elapsed.  T h u s  

t he re  were ample oppor tun i t i e s  f o r  d i seases  w i t h  long 

t o  become manifest.  

P r i o r  . 1 , 9 6 8  cohort members 

had  on p r ior  i n  t h e i r  O f  t hese ,  
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1,223 had p r i o r  experience. No separate  

ana lys i s  was made of  t h i s  subcohort. 

Fol a n d  death . The v i t a l  s tatus 

o f  3,249 (95.8:) o f  the  3,444 cohort was determined as 

of 12/31/83. As shown i n  3 ,  were known t o  

be a l i v e ,  801 (23.3%) were and t he  v i t a l  s t a t u s  o f  145 

(4 .2%) was unkncwn. The l a t t e r  f e l l  i n t o  ca tegor ies :  a b o u t  

90 f o r  whom ne i t he r  SSA nor t he  p lan t s  could supply any 

information, and 55 i n  which there  were discrepancies  between 

names and  social  secur i ty  Some o f  t he  l a t t e r  m i g h t  

eventually be located.  

The  number of person-yezrs o f  observation was 

86,307,  of  which 40,092 (462)  were a f t e r  1969 24,685 (29%) 

were a f t e r  1974. T h e  801  deaths 9.3 per 1000 

person-years. 

F o r  the c e r t i f i c a t e s  were obtained f o r  778,  

leaving 23 w i t h  unknown causes of death. This r e su l t s  

i n  a s l i g h t  understatement c f  cause mor ta l i ty  ratios.  

If  one assumes t h a t  the u n k n o w n  causes had  the  same 

d i s t r i bu t i on  as k n o w n ,  cause s p e c i f i c  i n  the 

t o t a l  cohort would be increased 

Standardized m o r t a l i t y  f o r  .  Table 3 

summarizes deaths f o r  major causes a l l  the  c o h o r t  

f o r  t h e  pericd deaths expected i n  U.S.  
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white males C u r i n g  the same years .  The f o r  causes was 

a highly s i g n i f i c a n t  d i f ference from the  

b u t  consis tent  w i t h  the  healthy e f f e c t  those able 

t o  work  usually have b e t t e r  than average hea l t h ) .  There was a 

s i gn i f i c an t  d e f i c i t  in t o t a l  deaths from malignancies 

Deaths from r e sp i r a to ry  t r a c t  cancer (SMR = l a rge ly  due 

t o  lung cancer were s t r i k i n g l y  low. There were 

e levat ions  in f o r  cancer o f  the l a rge  i n t e s t i n e  = 

kidney = 185) and the  system = 

b u t  t hese  was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  the 

95% l eve l .  Deaths from hea r t  d isease  and o ther  c i rcu la to ry  

diseases  were s i g n i f i c a n t l y  fewer t h a n  expected = 

T h i s  largely represented a favorable  f o r  

hear t  = , which i s  strongly 

influenced by the  healthy worker e f f e c t .  Deaths f r o m  

non-malignant r e sp i r a to ry  d i sease ,  which would include 

s i l i c o s i s  and  a sbe s to s i s ,  were s i g n i f i c a n t l y  below expected 

= As i n  the  pa s t ,  there  was a non- significant  

excess of deaths from external  causes,  including accidents  and  

suic ide .  

Deaths ated t o  d u r a t i o n  o f  a n d  observation 

.  T a b l e  4 the t o t a l  deaths  a n d  based o n  

the o f  employment i n  w i t h  po ten t ia l  

exposures o f  observation from beginning o f  
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employment. E x c e p t  f o r  a u p w a r d  t rend i n  l a t e r  

observation periods,  presumably a t t r i b u t a b l e  t o  the heal thy 

worker e f f e c t ,  there  was no s t r i k ing  pa t t e rn .  

Table s im i l a r l y  summarizes deaths from cancer o f  the 

t r a c t ,  which showed no pos i t i ve  cor re la t ion  w i t h  

e i t h e r  length of exposure o r  time s ince  exposure began. In the  

observation period 20 o r  more years  s ince  f i r s t  exposure, the 

was based on  25 deaths. 

Deaths re la ted  t o  level  and of To 

determine there  was any suggestion o f  excess risk associated 

w i t h  level o r  type o f  exposure, the f o r  a few causes o f  

specia l  i n t e r e s t  were compared i n  several  subcohorts. As can 

be seen i n  t ab l e  6 ,  t h e r e  was no evidence of any unusual 

pa t t e rn .  

of mesothelioma. There was one death 

a t t r i b u t e d  t o  pleural  mesothelioma, i n  a 62-year-old white 

male. I t  had been c l a s s i f i e d  as due t o  benign neoplasm, in 

conformity with the  Revision of the  ICD. Although the 

worker involved been employed f o r  40 yea r s ,  h i s  exposures 

t o  t a con i t e  only 11 years before his death. Prior 

employment h a d  been p r i nc ipa l l y  as a locomotive fireman 

in the re  have been exposures t o  

bo i l e r  insula t ion.  
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m o r t a l i t y  r a t i o s  usina Minnesota death ra t e s .  

Minnesota death r a t e s  a r e  lower t h a n  r a t e s  f o r  a number o f  

causes.  When they were used f o r  determining expected deaths 

( t a b l e  7 ) ,  t he  were higher f o r  t o t a l  deaths t o t a l  

neoplasms g a s t r o i n t e s t i n a l  cancer (97 )  , r e sp i ra to ry  

cancer  and trauma Only t h e  l a s t  reached a level  

of  s t a t i s t i c a l  s i g n i f i c a n c e  a t  the  l e v e l .  The SMR f o r  

cancer dropped t o  108, a s  r a t e s  f o r  t h i s  cause i n  

Minnesota a r e  higher than nat ional  r a t e s .  T h e  ava i l ab le  

program did not sepa ra te  kidney cancer from bladder cancer ,  b u t  

t h e  two combined showed an  of 164,  based on 15 cases ;  t h i s  

was n o t  a s i g n i f i c a n t  The corresponding combination 

i n  our  study ( n o t  shown i n  t a b l e s  using U.S. r a t e s )  had  an  

of 150. 

the  ana lys i s  using r a t e s  was l imi ted  t o  

observat ion  y e a r s  o r  more a f t e r  f i r s t  exposure,  the  

f i n d i n g s  were e s s e n t i a l l y  t h e  same, t h e  SMR f o r  a l l  causes 

combined being 102, t h a t  f o r  a l l  neoplasm being 9 2 ,  

r e s p i r a t o r y  cancer 98 and lymphpoietic neoplasms 111. 

D S S

The o r ig ina l  study and the  extension were 

o u t  the  possibility t h a t  
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asbestiform mineral f o u n d  i n  some Mesabi t acon i te  

depos i t s ,  cause asbestos- re la ted d i sease ,  such as 

cancer. There i s  no evidence of such an e f f e c t .  Respiratory 

t r a c t  cancer d e a t h s  were 39% than expected,  based on 

comparison w i t h  U.S. white males, and fewer than expected 

when compared w i t h  Minnesota white males. Even when  analys is  

was l imi ted t o  deaths 20 o r  more years  a f t e r  f i r s t  exposure, 

which provided opportunity for t he  leading edge of any 

excess i n  l a t e n t  tumors t o  appear, t he r e  was no excess. The 

number o f  expected cases of resp i ra to ry  t r a c t  cancer was 

s u f f i c i e n t l y  h i g h  t o  give the  study considerable power, One 

can say w i t h  p robab i l i ty  o f  being c o r r e c t  (alpha = 0.05 and  

beta = 0 .2)  t h a t  the f o r  t h i s  cause i n  t h e  t o t a l  cohort 

could have been no g r ea t e r  t h a n  132 using U.S. death r a t e s ,  a n d  

no more t h a n  139 using Minnesota death r a t e s .  The 

corresponding u s i n g  U.S. r a t e s ,  f o r  those w i t h  20 or more 

years  potent ia l  la tency could have been no more than 141. 

There were no deaths from asbes tos i s .  The  only death from 

mesothelioma was i n  a man whose exposure t o  t a con i t e  began only 

11 years  before his death;  he h a d  worked as a locomotive 

fireman and engineer f o r  t h i r t y  years  previously. 

iomas r a r e ly  occur sooner t h a n  20 years  a f t e r  exposure 

t o  asbestos and commonly occur 30 o r  years .  I t  i s  

therefore p laus ib le  t o  hypothesize t h a t  a sbes tos  from 
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locomotive b o i l e r  insu la t ion  was responsible f o r  t h i s  tumor .  

One can be f a i r l y  c e r t a i n  t h a t  i t  was not  due t o  t acon i te .  

The small excess of kidney cancer deaths ( 9  4 .9  

expected) i s  probably not re la ted  t o  occupational 

Because of the small numbers, the re  i s  a t  l e a s t  a 1- in- 20 

l ikel ihood t h a t  the  excess occurred by chance. There was no 

apparent cor re la t ion  w i t h  e i t h e r  type o r  duration o f  exposure. 

( 6 )  3 urinary t r a c t  cancers (b ladder  plus 

kidney) w i t h  2.97 expected, f o r  a n  of 101, i n  men employed 

by Reserve Mining Company f a r  a t  l e a s t  one year .  Although 

e t  ( 7 )  f o u n d  15 kidney cancer deaths with 9.3 

expected 161) in above-ground hematite miners i n  

Minnesota, underground hematite miners had no excess w i t h  

11.1 expected). 

The pat tern  o f  morta l i ty  observed in these cohorts  does 

n o t  suggest t h a t  d u s t  exposures associa ted w i t h  t a con i t e  m i n i n g  

and mill ing are having any adverse e f f e c t s  on hea l th .  The 

continued d e f i c i t  i n  deaths from lung cancer i s  espec ia l ly  

reassuring.  I f  asbes t i farm minerals were i n i t i a t i n g  such 

tumors, one would expect some excess cases t o  have become 

apparent, s ince a l l  members of  the cohort  had begun 

i n  the  industry a t  l e a s t  years  before the end of  the 

observation period.  Studies  of  workers exposed t o  

a s b e s t o s  t h a t  excess  deaths frcrn lung u s u a l l y  
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become apparent within 20 t o  25 years  a f t e r  f i r s t  exposure, 

although delayed e f f e c t s  may continue f o r  many more years .  I f  

the re  were a pos i t i ve  assoc ia t ion  between t a con i t e  exposures 

and lung cancer, s u f f i c i e n t  time had elapsed i n  the  present 

study f o r  i t  t o  have become apparent. 
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TABLE 1. OF STUDY POPULATION BY 


Y E A R  OF FIRST EXPOSURE TO TACONITE 


Y e a r  P e r c e n t  C u m u l a t i v e  Cumu 1a t  i v e  

number  percent 

1947 2 0 . 1  2 0 .1  

1948 122 3 .5  124 3.6 

1949 41 1 .2  4 .8  

1950 61 1.8 226 6 . 6  

1951 57 1.7  283 8 . 2  

1952 103 3 386 1 1 . 2  

1953 295 8.6 68 1 

1954 283 8 .2  964 

1955 425 12.3  1389 40.3  

1956 308 8 . 9  1697 49.3 

1957 1283 37 .3  56.5 

1958 464 13.5 3444 100.0 
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TABLE 2 .  STATUS OF STUDY POPULATION AS OF 

31, 1933 

Total ............................ 3,444 

Alive ............................ 2,498 (72 .5%)  

Unknown .......................... 145 ( 

Dead ............................. 801 (23.3%) 

c e r t i f i c a t e  ...... 778 (97.1%) 

No c e r t i f i c a t e  ........ 23 ( 



--- --- ------ 

TABLE 3.  O B S E R V E D  A N D  E X P E C T E D  DEATHS BY MAJOR CAUSES, 1948-1983 IN TACONITE MINERS A N D  MILL WORKERS 
I N  T A C O N I T E- E X P O S E D  J O B S  FOR MONTHS OR P R I O R  TO JANUARY 1 ,  1959, 

C O M P A R E D  WITH U.S. M A L E S  

Deaths Confidence 1 imi t s  

C A U S E  O F  ( I C D  7 t h  Rev. 1955) EXP SMR 95% 99% 

1 causes 801 914.0 82-94 80 -96 

1 g n a n t  neoplasms (140-205)
Digestive organs arid 

(151)
i n t e s t i n e  (153)

Respi ratory (160-164) 

158 

5 
21 
4 1  

188.2 

0.7 
16.4 
67.7 

97 

128 

7 1-98 
71-128 
19-135 
79-196 
43-82 

68-103 
64-139 
13-164 

39- 89  
Bronchus, t rachea,  l u n g  (162-163)

Kidney (180)
system (200-205) 

9 
22 

4.9 
18.9 117 

42-81 
85-351 

37-
64-41162-197 

diseases c i rcula tory  system (400-468)
Ar te r iosc le ro t i c  heart  disease (420)  

360 
289 

406.4 
339.6 

89* 80-98 
76-96 

77-101 
73- 99 

lion -ma1 i g n a n t  ' respiratory disease (470-527) 34 51.7 66* 45-92 40-101 

Cirrhosis  o f  l i v e r  (581) 22 27.5 80 43-135 

A l l  external  causes of death (800-998)
1 accidents (800-962)

vehicle accidents (810-835)
Suicides (963,  970-979) 

105 
73 
30 
29 

94.3 
62.9 
29.3 
22.6 

111 
116 
102 

91-135 
91-146 
69-146 
86-184 

86-143 
84-156 
61-161 
75 -203 

Cause 23 

o f  3,444 
r o f p r so n -yea r 86,341 

Deaths  per 1 ,000 person-years 9.3 
o f  cause-specific f o r  missing c e r t i f i c a t e s  .O% 

* Sign i f i can t  a t  the 5% leve l ,  p = (0.05 ** Signif icant  a t  the 1%leve l ,  p 



-- -- 

22 


TABLE 4. 	 DISTRIBUTION OF TOTAL DEATHS, WITH STANDARDIZED 

MORTALITY RATIOS S ) BY DURATION OF 

AND PERIODS (COMPARISON WITH U .  S. 

RATES) 

D u r a t i o n  of  O b s e r v a t i o n  p e r i o d  ( y e a r s  f r o m  f i r s t  t a c o n i t e  exposures) 

oymen t 10 10-19 20 T o t a l  

( Y e a r s )  . SMR No. 

0.25 - 24  

1 - 4.99 37 

5 - 9.99 28  

10 o r  more 

T o t a l  89 

81 56 

76 47 

77 21 

77 

77* 201 

SMR No. No. 

126 83 110 163 

74* 132 85 216 

66 75 

69"" 221 95 298 

5 1 1  93 801 

109 

87" 
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TABLE 5. 	 DISTRIBUTION OF DEATHS FROM RESPIRATORY CANCER 

(ICD STANDARDIZED MORTALITY RATIOS (SMR' 

BY OF EMPLOYMENT AND OBSERVATION PERIODS 

(COMPARISON WITH U.S. RATES) 

Durat ion of Cbserva t ion  pe r iods  (yea r s  from f i r s t  t a c o n i t e  exposures)  

Empl t 

(Years)  

0.25 - 0.99 

1 - 4.99 

5 - 9.99 

10 o r  more 

Tota 1 

10 10-19 20 Tota l  

No. No. SMR No. No. 

1 87 3 97 8 50 7 68 

2 100 4 93 7 65 13 76 

2 103 1 46 2 32 5 48 

3 34* 13 62  16 

5 98 11 59 25 41 



--- 

Table 6 .  	 OBSERVED AND EXPECTED DEATHS FOR SELECTED CAUSES IN OF 
T A C O N I T E  M I N E R S  AND MILL WORKERS E V E R  O R  NEVER WORKED I N  I N D I C A T E D  AREAS 

Sub c o rt 
(work code) 

E v e r  398 
403 

G r i n d i n g  (02-04) 
Ever  24 3 

558 

P e l l e t i z i n g  ( 0 5 )  
Ever  245 

556 

I n  	any of  above 
Ever  589 

v e r 2 12 

I n  h i g h  o r  medium 
d u s t  area 

Ever  539 
ve r 26 2 

I n  	 dus t  area 
Ever  270 

531 

T o t a l  p o p u l a t i o n  

All deaths 
OBS EXP SMR 

398 462 
403 452 

24 3 297 
558 617 

245 281 87* 
556 633 

589 695 
212 219 

539 57 1 94 
262 343 77 

270 282 96 
53 632 84 

801 914 

* S i g n i f i c a n t  a t  t h e  5% l e v e l ,  p 

(U.S. Rates)  

R e s p i r a t o r y  cancer  
OBS' EX P  SMR 

24 34 70 
17 33 

12 23 52* 
29 45 65* 

12 21 56* 
29 46 

52 
11 16 ' 69 

27 4 3  
14 25 56 

Kidney cancer  
OBS EXP 

5 2.4 205 
4 2 . 3  1 7 2  ' 

4 1 .7  24 1 
5 2.2 156 

3 1 . 5  198 
6 3.4 179 

8 217 
1 1.2 84 

6 3 .1  195 
3 1.8 170 

12 21 57* 0 1 . 5  
29 47 62* 9 3.4 265 

41 68  9 4 .9  185 

** S i g n i f i c a n t  a t  the 1% l e v e l ,  p = 
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TABLE 7 .  OBSERVED AND EXPECTED DEATHS BY CAUSES I N  TACONITE MINERS AND 
WORKERS AT LEAST 3 I N  JOBS 

PRIOR TO JANUARY 1, 1959 COMPARED MINNESOTA MALES 

C o n f i d e n c e  
D e a t h s  i m i  t s  

,{  

CAUSE OF DEATH ( I C D  7 t h  Rev  
O b s e r v e d  E x p e c t e d  SMR 

95% 

801 820.5 98 

1 neoplasms (140-205) 158 166 95 81-111 
g a s t r o i n t e s t i n a l  49.5 97 71-129 

Respiratory (160-165) 4 1  48 85  61-116 
e t i c 22 20.4 108 

Kidney a n d  bladder 15 9 .1  164 92-271 

ar (400 -443 342 345.0 99 89-110 

Selected respi ra tory  ( 2 4 1 ,  480-83, 490-493 
20 21.4 94 57-145500-502) 

(800-965, 970-979, 105 85.3 101-149 
vehicle accidents  30 29.9 101 

0t ti e r ca u s S 153 
202 0 

Cause u n k n o w n  23 
of  86 3.444 

r o f  person -ye a rs 

o f  c a u s e - s p e c i f i c  for 

* Signif icant  a t  the  5% l e v e l ,  S i g n i f i c a n t  a t  t h e  1%


