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A COHORT STUDY ON MORTALITY FROM CANCER AND OTHER
CAUSES AMONG WORKERS AT A METAL REFINERY

Shinkan ToxuooMe and Masanori KURATIUNE

Department of Public Health, Faculty of Medicine, Kyushu University, Fukuoka, Japan .

Summary. A non-concurrent prospective study was
made on deaths from cancer and other causes
occurring among 2,675 male workers at a metal
refinery from 1949 to 1971. The expected number of
deathy computed by applying age- and cause-specific
death rates of Japanese males to these workers was
compared with the observed number of deaths, Among
839 copper smelters, significantly increased mortalit
were noted for lung cancer R = 1,189) a @,
cancer, but not for cancer of the sidmach, Tiver
(primary) and biliary passages, pancreas and skin or
Jor leukemia, tuberculosis, cerebrovascular diseases,
hearr diseases and liver cirrhosis. A dose-response
relationship way demonstrated between the mortality
from [ung cancer and the degree of exposure. A very
high excess mortality from lung cancer (SMR =
2,500) was seen among copper smelters who were

' considered to have been most heavily exposed to
. arsenic or workers who had engaged in sintering and
blast furrace operations for 15 years of more before
1949, The latent period of lung .cancer was 37.6 years
.on average, and not related to level of exposure.
Twenty-six of 29 deaths from lung cancer among
copper smelters occurred after they had lefr the
refinery, Other production workers and clerical
workers showed no significant excess mortality from
any kind of cancer.

As reported, a case-control study made by using
mortality cards demonstrated hidden cases of
occupationsl lung cancer among copper smelters at
a metal refinery in Ooita prefecture (Kuratsune er
al., 1974), This necessitated a more extensive inves-
tigation of the current and former employees of
the refinery for their mortality experience of cancer
and other diseases. A so-called non-concurrent pro-
spective (Lilienfeld er al., 1967) or retrospective
cohort {(MacMahon and Pugh, 1970) study was
undertaken, the results of which are reporied in this
paper.

- —

MATERIAL AND METHODS,

Nominal rolls of the following four groups of
workers were provided by the refinery: (1) copper
smelters who retived hefore December 31, 1948; (2)
workers employed up to December 31, 1948 und who
retired ufter January 1. 1949 (3) workers who were
employed and who retired after January 1, 1949; and
(4) workers still employed on August !, 1971, Name,

sex, date of birth, date of employment, date of
retirement, history of work (work section and job),
Honseki (place of permanent family residence),
present residence, cause of retirement, vital status
{alive or dead) on December 31, 1971 and date of
death were Jisted for ¢ach worker on these rolis.
Deaths which occurred among these workers
during the 23-year period from January J, 1949 to
December 31, 1971 were analyzed in this study.

The survey for vital®status. was made in the
following way, The refinery questioned the village,
town or city office at the Homseki of each of the
workers about his vital status since vital records of
the Japanese are kept there. irrespective of place of
residence. When the death of & worker was noted,
the Ooita Labor Standards Office collected a copy of
his death certificate from the District Legal Affairs
Bureau at his Honsekl, since the certificates are
legally preserved there for 27 years after death. Thus,
practically all the deaths during the above study
period could be traced.

From death certificates thus collected, we assigned -

an underlying cause of death (o cach death according
to the Sth Revision of the International Classification
of Disenses, Injuries and Causes of Death (WHO,
1967). In contrast to our previous study (Kuratsune
er al, 1974), the validity of diagnosis was not
examined by making any particular investigation.

Although the nominal rolls Jisted 4,797 persons in
all, female workers, male workers whose Honseki was
outside Ooita prefecture, those who bad died before
or on December 31, 1948, those who had been
employed less than 1 year before December 31, 1971
and those listed in duplicate, were exchided from the
analysis. The above exclusion of workers having
their Honseki outside Qoita prefecture was simply
due 1o the fact that their mortality information was
not provided by the Labor Standards Office by the
time of this analysis. Furthermore, persons whose
Haonseki, date of birth, date of employment or vital
s1atus was unknown were excluded. Thus, the
remaining 2.675 workers including 839 copper
smelters were used for the current analysis and their
vital and employment status on December 31, 1971 is
shown in Table 1.

Reccived: October 14, 1975, -and in rovised form
December 17, 1975,
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TABLE |

VET AL AND EMPLOYMENT STATLS
OF STUDY POPULATION ON DECEMBER M1, 971 .

Known to be alive

Still empioyed 1,261 (324)

Ex-workers 1,089 {(358)
Known to be deceased 325157
Tota siudy population 2,675 (839)
¢ Figures in p ane ber of copper

As shuwn in Table I, the workers were divided
into five cohorts according to their jobs, considering
both the work sections to which they belonged and
the work they were engaged in. Cohor 1 included
the workers (copper smeliers) who had belonged to
the copper simelting section for at least 1 year. Some
of these workers had engaged in lead smelting but
were included in this cohort. Those who had
worked in the section for less than | year and were
transferred to other sections were included in one of
the following cohorts: 2, 3 or 4. Cohort 2 consisted of
tl}c workers belonging to the fetro-nickel smelting
section, while cohort 3 comprised those belonging to
the maintenance or transportation section. and
cohort 4 those belonging to the section of copper or
lead electrolysis or of sulfuric acid production. Some
of these workers had belonged to more than one
section. They were assigned to cohorts according to
the section to which they had belonged for the
longest period of time, Cohort § consisted of those
engaged. exclusively in clecical work, irrespective of
the work sections to which they belonged.,

For more detailed analysis, cohort | was further
subdivided into severa! cohorts by dearee of
exposure (Table V). First, it was divided into 3

TABLE It

COHORTS 8Y IOB, NUMBER OF WORKERS, DEATHS
AND TOTAL PERSON-YEARS AT RISK

Numnber Number Totst
of of

Cohort person-yoars
workers  demtbs =t riak

1 Copper smelting 839 157 15.521.%
2 Fetro-nickel

smelting 268 § 3,599.5
3 Muintenance or

transportation 821 108 15,396.0
4 Copper or lead

is or

production of

sulfuric acid 389 22 5,858.0
5 Clerical work 358 2 6,068.0
Total 2,675 325 46,4430

23500682 ¢

cuhorts, numely cohores 11, 12 and 13, according to
length of cmployment. It was also divided into

-3cohorts designated as vohorts 21, 22 and 23 by fevel
of expusure, This subdivision, however, was approxi-

rate due to the lack of guantitative information in
regard to exposure to acsenic and orher related
vompounds released by the smelting processes,
Therefore. after consulting the technical managers
and physicians of the refinery, the subdivision was
made according to work engaged on for the longest
period of time, as described at the bottom of Table V.
Furthermore, cohort | was divided into 3 cohorts
designated as cohorts 31, 32, and 33 a¢cording to
time of exposure (time when exposure occurred) and
to length of employment as copper smelters.

For each cohort, populations at risk were cakeu-
lated by the ordinary person-years method ( Doll and
Hill, 1956), computing age-specific mid-year popu-
lation in each of the calendar years from 1949 to
1971,

In order to examine possible excess risks of
mortality from cancer-and other causes of death in
the cohorts, the observed number of deaths from a
specific canse was tabulated for each cohort over the
calendar years and compared with the corresponding
expected number of deaths which was computed by
applying age- and cause-specific death rates by
calendar year for male Japanese to the populations at
risk of each of the cohorts and by accumulating
overall age groups and the calendar years, In this
calculation, the sex- and age-specific death razes for
malignant neoplasms and other diseases for ‘all
Japanese males in 1950, 1955, 1960; 1965 and 1979,
appearing in the Vital Statistics, 1971 (1973) and in
the Death Statistics of Malignant Neoplasms (1973)
were used. For convenience, death rates e.g. for 19535
were applied to the popuiations at risk not only for
1955 but also for the 2 preceding and 2 following
years, namely 1953, 1934, 1956 and 1957. This lineal
interpolation of death rates was based upon the fact
that it yieided & good approximation even for lung
cancer death which was increasing most rapidiy.

Although the ICD was revised three times, giving
the 6th, 7th and 8th Revisions during the petiod from
1950 to 1970, the categorization of the specific
diseases studied was practically the same except for
“ malignant neoplasm of respiratory system ™ and
“ malignant neoplasm of trachea, bromchus, and
Jung.” Thus, the expected number of deaths calcu-
lated from the above mortality rates was considered
to be comparable with the observed number of
deaths tabulated according to the 8th Revision of
TCD. For respiratory cancer, however, ™ malignant
neoplasm of respiratory system specified as second-
ary " was included in ™ malignant ncoplasm of
respiratory system ™ {n the 6th and 7th Revisions of
ICD but not in the 8th Revision, and * malignant
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neoplasm of pleura * was included in * malignant
neoplagm of trachea, bronchus, and lung * in the 6th
and 7th Revisions of ICD but not in the Sth,
Therefore, the expected number of deaths from
“ malignant neoplasm of respiratory system” or
from “ malignant neoplasm of trachea, bronchus and
lung"™ was not completely comparable to the
corresponding observed number of deaths classified
by the 8th Revision of ICD. However, the discrepancy
st be very small because deaths from “ malignant
neoplasm of respiratory system, specified as second-
ary " or from “ malignant neoplasm of pleura ™ were
rare in Japan,

The standardized mortality ratio (SMR) was

RESULTS
Mortality experience of cohorts doing different jobs

Among copper smeiters (cohort 1), significantly
increased SMRs were observed for total malignant
neoplasms, malignant neoplasm of large intestine,
except rectum  (abbreviated as colon cancer),
malignant neoplasm of respiratory system, and
malignant neoplasm of trachea, bronchus, and lung
(hereafter abbreviated as lung cancer), as shown in
Table ITI and IV. The increase was most marked for
lung cancer, the ratio of observed to expected deaths
being as high as 12:1, followed by the ratio of
approximately 3:1 for colon cancer. No such

QBSERVE
WITH

Malignant naoplasn

Stomach

Large intestine (exce
rectum)

Liver (primary, seco

calcolated by observed and ‘expected number of increased mortality was observed for malignant .5.3?. miﬁ“:) :
deaths and their differences were examined by the  neoplasms, of stomach, liver (primary) and biliary “VUlary pResage
Chi-square test when the expected number of deaths  passages and pancreas. Besides one primary malig- Ump.m(pﬁmm ) ond
was over 10 or by Poisson distribution when the nant neoplasm of lver, 10 deaths from unspecified
number was 10 or less. malignant neoplasm of liver were seen. These 11 Pancrens
TABLB LT Respiratory system
OBSERVED AND EXPECTED NUMBER OF DEATHS FROM SELECTED CAUSES,
WITH STANDARDIZED MORTALYLY RATIOS (SMR)' AMONG COHORTS BY JOB, 19481971
: Trachen, bronchus a
Cobort Co i e
. , I Cobort2 bort3  (eopperottosd Copy
Cuwe of dexth Detafied 1ixt No, m (lmn.I::’el or (lﬂ'ﬂpﬁﬂ. R %lr;:.‘ (arical) Al other matignant
produciion) neoplasnrs
Tuberculosis 010-019 Obs. 13 1 n .3 6 Total malignant neo
Exp. 15.95 1.81 13.98 401 4.59
SMR 8§82 35 b 75 PR
Malignant neoplasm 140-209 Obs. 35 1 p 3 4
Exp. 2882 1.86 20.80 3.99 715 vr g MR, = (obsarved)
SMR 191%*% 54 115 7% 56 taificant af 3% leve
Cerebrovascular diseases 430-438 Obs. 26 Q 12 o - 5 .
. . 34,18 1.56 2391 3.89 9.26 deaths were signif
SMR 76 —_ s0= — 54 number of deaths, :
Heart diseases 393-398, 410414, Obs. 7 1 3 3 4 " from malignant ne
420429 Exp. 1490 1.01 11.08 2.18 4, and unspecifiec
SMR 47 99 27+ 13 92 :z deaths ;r’:,e,:,' skit
Ulcer of stomach and 531.533 Obs. 8 (1] 1 0 0 No excess !
duodenum Exp. 413 0.7 308 - 06 112 vesctay dlsnone!
SMR 193 "" 33 - - and duodenum c;
Cirrhosis of liver m ot 2 1 7 ) 1 causes of death way
Exp. 342 0.33 2.64 0.62 09 . .
SMR 38 303 265+ 484 * m hypertensive disea
Accidents ES00-E49 ok 9 1 18 2 0 nephritis and neph:
Exp. 1130 232 10.70 3.81 414 were not elevated
SMR 80 43 168+ 52 - sponding expected
All ather cayses Residual gxbs. g; » ; " 32 ; 7 g 2 In cohort 2 cor
- P. . . 31.60 g g mortality from all
Total 000-E999 sOh:sR l:‘; 2: :g; I; :(2) than the expected r
causes . m j :
) Exp. 15192 1305 1774 282 4487 ortality for any

In cohort 3 cons
maimenance or trar
morialities were no
for aceidents. while

. SMR 103 pr 92 ‘B2 7

1EMR ~ (observed/expacied) » 100. = * 8th Revaion of | ] Classification of Di Injuriex and Causes off Domth. —
b & significunt.at 33, Jeved; ** significany ot 174 Jevel, -

A — ettt e e e
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TABLE IV
OBSERVED AND EXPECTED NUMBER OF DEATHS FROM SELECTED MALIGNANT NEOPLASM,

rent jobs WITH STANDARDIZED MORYALITY RATIOS {SMR)* AMONG COHORTS BY JOB, 19491971
ignificantly Cohort 4
| malignant ' . . Cohorti  Cohort 2 Cohort3  (copporoclend o). o
® intestine, Mularant neodlasm - Decaild it M. M) m" or uintenance)  sullogc woid  (Slerieal)
n cancer), ) production) -
ystemn, and ;
Stomach 151 Obs. 10 0 12 1 o
s, and lung Bxp. M7l 087 10.46 194 361
13 shown in SMR 63 — 32 2 -
marked for Large intestine (except 153 Obs. 3 0 1 0 0
soted deaths rectum) Exp. 0.59 0.05 0.45 0.10 0.16
he ratio of SMR  %08*3 - pre] - _
No such Liver (primary, secondary 155, 136, Obas. 11 { 5 2 i
- malignant and vaspecified) and 197.7,1978 Exp. 3.26 0.20 234 044 09
 and bili biliary passages M 337 500 214 433 127
i Liver (primary) and biliary 155, 156 Obs. i 0 0 1 0
faary malig- passages Exp.. 0.72 0.04 0.52 000 01T
. unspecified SMR 13 —_ = 1,000 -
n. These 11 Pancreas T Obs. 2 ° 0’ 0 0
gﬁl’l 091 0.06 0.67 0.13 0.21
. 220 - - - iy
ira tem 160-163 Obs. 22 o " Z 0 2
2 Respiraicay sys Exp. 118 0.18 2.27 0.3 0.75
‘ SMR 912+ —_ &8 —_ 267
Truches, bronchus and 162 Obs. 29 ] 2 [+ 1
4 “QL lung e Exp. 244 0.13 1.74 0.29 0.57
oad  Gorare s SMR 1,189** — 115 — 175
8. (clarical) All other malignant Residual Obs. 2 - g 0 :.6 . 8” } 6
e Reoplass v A — 87 — 6
Total mali i plasms  140-209 Obs, 55 I n 3 4
l 259 o gnam meo Exp. 26.82 1.86 20.80 399 7.15
130 SMR 191 54 s 15 L]
4 1SME = (olservedfexpocsed) x 100, — *8th Revision of lowmational Clawification of Divenses, Injuties and Causes of Death. ~-
’ 713 *¢ significant at 35 lavol; < algaificant Wt 1 % lovel.
9‘ ; 26 deaths were significantly more than the expected cerebrovascular diseases and heart diseases were
54 number of deaths, 3.26, calculated from themortality observed.
4 from malignant neoplasm of liver (primary, second- An increased mortality from circhosis of liver and
8 4.33 ary and unspecified) and billary passages (p<0.01).  a decreased mortality from cerebrovascular diseases
92 No deaths from skin cancer or leukemia were noted.  were noted in cohort 4 consisting of workers eagaged' )
0 No cxcess mortality from tuberculosis, cerebro- in copper or lead electrolysis or in production of ¥
2 112 vascular diseases, heart diseases, ulcer of stomach  sulfuric acid, 3
- and duodenum, cirrhosis of liver, accidents and total Cohort 5 consisting of clerical workers experienced R
2 8 90 causes of death was obsecved. Similarly, deaths from ¢ gilar moptality to the general population except 7§
, 111 hypertepsive diseases, pneumonin and bronchitls, o glignant neoplasm of the stomach and accidents, "
0 nephritis and nephrosis, diabetes mdllrus and soicids both of which were significantly lower. B
3 4.4 were pot clevated as compared with the come- ) : bt
— sponding expected number of deaths, Mortaiity from lung cancer among copper smelters by
12 Tn cohort 2 consisting of femo-nickel smelters, length of employment
70 13.38 mortality from all causes was considersbly lower  As described, a distinct excess SMR was observed
o than the expected rate with no significantly increased  for lung cancer among copper smelters. A possible
3 mortality for any causes of death examined. association of such excess mortality with length of
® ;‘lw’ Tn cobort 3 consisting of the workers engaged in  empioyment was then sought. Significant excess
maintenance ar transportation, significantlyincreased  SMRs were observed in all of the cohorts and a
mortalitles were noted only for citrhosis of liverand  definite positive gradient was soen between SMRs

for accidents, while significantly {ower mortalities for

and length of employment, as shown in Table V.
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TABLB V

OISERVB'D AND EXPECTED NUMBER OF DEATHS FROM MALIGNANT NEOFLASM OF TRACHEA. BARONCHUS
AND LUNG, WITH STANDARDIZED MORTALITY RATIOS (SMR) AMONG COHORTS OF OOPPER SMELTERE BY
LENGTE OF EMPLOYMENT, LEVEL OF EXPOSURE, LENOTH OF EMPLOYMENT AND TIME OF EXPUSURE, 1949-1971

Length of employiosnt Lavel of expsrore Leogth of emplovvent and timo of sxposure
Coban 31 “Cobor 32
(13 years (ls Cohort 33
Cohert 11 Cobott 12 Cohont 13 ar more, "“" (1-14 yonrs,
¥ Cohon 2l Cohovt22 Cohort 23
m(m 9:’:'9) y(.nu.y‘) Geary ) (ooadium (lll‘l,u't") with uu. yaar w trevmpesle of
Dm-bu H w a"“mn £xposure)
194%)
‘Obs, 20 5 4 135 10 4 17 5 3
Exp. 105 0.68 on 1.01 0.80 D.63 0.83 0.47 1.34
SMR 1505%*¢ 735%*  363%* 1 d485** 1, 250%* 635 2,043 »» 1,064 ** 614 ++

‘Shﬁﬂuw "P«" “Omnnu“mhod.ﬂulﬂuohhuu. blan muul:.rlllm. 'Owltha of converter, pmdmgl:an

lnndt hlast

alimes, — *
ootirel

Mortality from lung cancer among copper smelters by
level of exposure

A significantly increased mortality was noted in ail
of the cohorts examined and again a distinct positive
gradient could be seen between mortality and level of
exposure, ratios of observed to expected mortality as
high as approximately 15, 13 and 6 being noted in
. the ‘heavy, medium and light exposure groups,
" respectively (Table V).

Mortality from lung cancer among copper smelters by

* lergth of employment and time of exposure

‘Significantly increased mortality ratios were seen
in ail of the cohorts 31, 32 and 33 as shown in
Table V. SMR of cohort 31 was considerably higher
than that of cohort 32, indicating that those exposed
for 15 years or moro before 1949 experienced a
much higher mortality risk than those exposed for
a similar duration but with the 15th year completed
between 1949 and 1971, Cohort 33 consisting of
copper smelters exposed for less than 15 years
irrespective of time -of exposure alsp showed a
significantly increased mortality as mentioned but
the increase was much less marked as compared with
coliorts 31 and 32, Furtheymore, an interesting fact
was abserved, namely that 28 of 29 copper smelters
who died from Jung cancer had been engaged in the
smelting work before 1949.

Mortality from lung cancer among copper smelters by
length of employmens, time of exposure and level of
exposure

As shown in Table VI, the markedly increased
mortality from lung cancer among smelters employed
for 15 years or more before 1949 (cohort 31) was
closely assouciated with their jobs, the mortality risk
ratios being.23, 18 and 14 in those heuvily exposed.
moderately exposed and lightly exposed, as classified

ctl L inciuding ors blending and

]

by job, respectively, However, the smelters who were
employed for 15 years or more with the [5th year
completed during 1949-1971 (cohort 32) did not
show any definite mortality gradient associated with
their jobs.

Table VI alzo shows that the smelters most heavily
exposed to arsenic and other related compounds
experienced  a strikingly different mortality from
lung cancer depending on time of exposure in spite of
their approximately equal duration of exposure.
Similar differences in mortality experience were also
noted among those moderately exposed and those
lightly exposed, but they were Jess.marked.

Martality from colon cancer among copper smelters by
degree of exposure

As mentioned, a significant excess mortality was
also observed for colon cancer aMONg copper
smelters. A possible association of such excess
mortality with lkngth of employment, level of
exposure and time of exposure was examined but no

TABLE VI

ORSERVED AND EXFECTED NUMBER OF DEATHS
FROM MALIGNANT NEOFLASM OF TRACHEA.
BRONCHUS AND LUNG, WITH STANDARDIZED

MORTALITY RATIOS (3MR) AMONG COPPER SMELTERS
BY LENGTH -OF EMPLOYMENT, TIME OF EXPOSURE
AND LEVEL OF EXPOSURE, 1945-1971

Huavy Moium Light
Cohort 31 Obs. 10 4 3
{over 15 years, Exp. 0.40 0.22 0.21
before 1949) SMR 2. 500 e 1818°%% 1429%
Cuohort 32 Obs. 1 3 1
{over 15 years, Exp. 0.18 087 0,13
1949-1971} SMR 356 1765 769

*# gignificant at 1%; lavel.
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LUNG CANCER AMONG COPPER SMELTERS. s

significant relationship was seen at all due to the
very small number of deaths occurring.

Larent period of lung cancer seen among copper
smefters

As shown in Table IV, 29 deaths from lung cancer
had occurred among copper smelters during the
study period, The distribution of zge at death was 2,
9, 13 and 5 cases for the age-classes 40-49, 30-59,
60-69 and 70-79 years, respectively. The youngest
age wus 42 and the oldest 76, with an average of
61.7 years, It was also noted that these deaths had
occurred in 26 workers after they had left the refinery.
The tatent period (designated as period between time
of first employment as copper smelter and time of
death) ranged from 13 t0 50 years. 37.6 years on
average. The distribution was 1, 2, 15, 8 and 3 cascs
fos 10-19, 20-29, 30-39, 40-49 and 50-59 years of
latent period, respectively, It also ranged from 31 to
50 years with an average of 37.9 years in |5 copper
smelters with heavy exposure (cohort 21). The corre-
sponding figures were 13 to 47 years with an average
of 34.1 years in 10 coppers smelters with medium
exposure (cohort 22) and 35 to 50 years with an
average of 45.3 years in 4 copper smelters with light
exposure (cohort 23). Thus, no definite gradient could
be seen in the length of latent period in association
with levels of exposure.

Cohorts. 21, 22 and 23 differed in age on employ-
ment, being 24.7, 25.3 and 19,0 years of age on
average, respectively. Therefore, an  additional
similar analysis was made by adjusting for age on
employment. Nine deaths in the workers undergoing
heavy exposure who were employed as copper
smelters in their twenties were compared for the
length of latent period with the corresponding 7
deaths occurring in those with moderate exposure.
The latent periods of the former group ranged from
34 to 40 years with an average of 36.3 years, while
the corresponding figures of the latter group were 25
to- 47 years, with an average of 37.6 years. Thus,
again, no significant diference attributable to level of
exposure could be seen in the length of latent period.

DISCUSSION

Qur previous case-control study with mortality
records from 1967 to 1969 revealed an excess
mortality from lung cancer among copper smelters
in the refinery. Our present study confitmed this fact
by extending obscrvations backwards to 1949 and
forwards up to 1971, It demonstrated not only a
definitely i{ncreased mortality from lung cancer
(SMR. = 1,189) among copper smelters but ajso a
clear dose-response relationship, Our study therefore
well supports the observations by Lee and Fraumeni

(1969) and Ot et al,, (1974) who reported an ¢xcess
mortality from respiratory cancer among copper
smelters and workers exposed to arsenicals by
imilar cohort analysis to ours,

The refinery is known to have started its copper
smelting operations in 1916. The operations con-
sisted of sintering by the * Pot ™ method, followed
by processings with blast furnaces and * Mabuki™
hiearths which are old Japanese traditional converters.
As shown in Figure {. the “Pot™ method was
discarded in 1945, replaced by the * Greenawalt ™
method which had been introduced in 1936, This new
sintering method was also discontinued in 1953, The
blast furnaces were used until quite recently and
replaced by a modern type of flash smelting furnace, °
while the ~ Mabuki™ hearths were replaced by
converters in 1930, Figure | also shows that a
drastic decline in copper production as well as in the
amount of arsenic contained .in the processed ores
occurred after the end of World War IL. It is also
known that a fairly large amount of * Kinkaseki *
ore from Taiwan which is particularly rich in arsenic
was used before World War [I. Therefore, it is
reasonable to consider that the pre-war exposure was
far worse than the recent one. These historical facts
seetn to be well associated with our findings,
Although our study does not specify the causal®
agent or agants, we consider that arsenic compounds
and sulfur dioxide to which copper smelters must
have been heavily exposed are probably responsible
for the excess mortality observed. Other carcinogens
such as polycyclic aromatic hydroearbons might also
be involved because the siptéring and smnclting
proceases formerly used must have released a fairly
large amount of these compounds.

Since smoking is generally acospted as one of the
most dominant causes of lung cancer and our
previous case~control study showed that 10 out of 11
copper smelters who died of lung cancer had been
smokers, a causative role of amoking cannot be
overlooked for, thie increased mortality from lung.
cancer among copper smelters. It does not seem
probable, however, that such an increased risk can be
explained exclusively by this factor. This is because:
their smoking habits cannot be considered 1o be
unusual compared with those of other workers,
According to Scgi et af. (1965) and Segi and Kurihare
(1972), the mortality from lung cancer among males
in Qoita prefecture where the refinery is located was
very close to the pational average. Therefore, the
excess mortality from lung cancer seen among the
copper smelters cannot be attributed to any local
peculiarity in cancer mortality either.,

Besides lung cancer; & significant excess mortality

was noted for melignant neoplasm of liver (primary,
secondary and unspecified) and biliary poassages
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among the copper smelters. Since the majority of
these deaths were unspecified malignant neoplasms
of liver without adequate diagnostic validity, any
further reference can hardly be made with confidence.
It seems highly desirabie that similar epidemiologic
studies with particular attention to this site of cancer
should be made at other copper refineries,

It seems noteworthy that no deaths from skin
cancer could beseen among all the workers examined.
Since arsenic is known (0 cause skin cancer in man
and some of the workers in the refinery suffered from
dermatitis and pigmentation due to a heavy expozure
to arsenic compounds particularly arsenic trioxide,
some excess movtality from skin cancer was expected.
Qur negative result might be due to the well-known
favorable prognosis of this type of cancer,

Qur previous study indicated the necessity of
establishing a thorough life-long health care system
for copper smelters. The present study reconfirmed
it because as already described, 26 of 29 lung cancer
deaths seen among copper smelters had occurred
after they left the refinery. This may be partially due

processed (k——#), the amounts of arsenic in these
apama:min refinery, during 1927-1972. This

to the considerably long latent period. Another
important aspect of latent period is its possible
associstion with level of exposure. It was expected
that the Jatent period of lung cancer secn among
copper smelters would be in inverse proportion to
level of exposure, in view of the observations by Lee
and Fraument (1969) and of the results from the
extensive animal experiments conducted by Druckrey
(1967), but this could not be demonstrated in our
study, Our results were practically the same as those
obtained by Ott et af., (1974).

Finally, the fact that.as many as 971 workers were
excluded from the present anglysis due to the fact
that their Homreki was outside Ooita prefecture,
must be considered. If they tad had any unusual,
either high or low, experience in incidence of
mortality from cancer, their elimination must have
seriously distorted the results, However, it is hard to
imagine that the Honseki is firmly conmected with
cancer risk, because it is decided primarily for
registrative purposes. Even if jt is in some way
related to cancer, it is stil difficult 10 see how it

could explain the obt
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could explain the observed increase in mortality from
the specific types of cancer among the very specific
workers and the observed dnse-respome relation-
ships.
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UNE ETUDE DE LA MORTALITE PAR CANCER ET DES AUTRES CAUSES
DE DECES CHEBZ LES EMPLOYES D'UNE FONDERIE

Les auteurs ont effectué une étude prospective non chronologico-concordante-des décés par cancer er des

aulres-causes de décés cher 2675 hommes ayant travafllé dans une fonderie entre 1949 et 197]. Le nombre
théorique de décés, déterminé d’aprés les taux de mortalité par dge et par cause calculés pour les Japonais, a
€1é comparé au nombre de décés observé. Dans une cohorte de 839 fondeurs de-cuivre, on o constatéd ine augmen-
tation significative de la mortalité par cancers du poumon (taux comparatif de mortalité (SMR) = 1189)
ef du clon, mals pas par cancers de 'estomac, du fole {primicif) et des voies blliaires, du pancréay et de la
peau, ni par leucémie, tuberculose, maladies cérébrovasculaires, cardiopathies ou cirrhase du fole. On a mis en
évidence un rappore dose-réponse entre la mortalité par cancers di poumon et le degré d’exposition. Uns'irés
netre surmortalité par cancers du poumon (SMR = 2500) a été observée parmi les fondeurs de culvre qut
étaient considérés comme les plus fortement exposés & {"arsenic ou les ouvriers qui avaient été employé.r au
Jrittage ou aux kauts fourneaux pendant au moins 15 ans avant 1949. La période de lotence du cancer pubmonaire
£3t en moyenne de 37,6 ans et n’est pas lide au degré d’exposition. Sur les. 29 décés par cancer dii poumor cons-
tatés parmi les fondeurs de cuivre, 26 sv sont produits aprés leur départ de I'usine. Pour d'antres employés
travaillant & la production ou dans lex bureaux, la surmortalité par les divers sypes de cancer n’est pas significative.
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