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Mortality from nonmalignant respiratory diseases among male workers 
in Norwegian ferroalloy plants 
b y h u n d  Hobbesland, MD,' Helge Kjuus, MD2, Dag S Thelle, MD3 

Hobbesland A, Kjuus H, Thelle DS. Mortality from nonmalignant respiratory diseases among male workers in 
Norwegian ferroalloy plants. Scand J Worlc Environ Health 1997;23(5):342-50. 

Objectives This study examined ~nortality froin noninalignant respiratory diseases among ferroalloy workers. 
Methods The cohort comprised 14 730 men employed for the first time in 1933-1990 and for at least 
6 months in 1 of 12 plants. The duration of work in specific departments and exposure to amorphous silica in the 
ferrosiliconlsilicon-metal (FeSiISi-met) plants, estimated from a job-exposure matrix, were the main exposure 
variables. Deaths were observed during 1962-1990. The n~ortality was analyzed with the use of standardized 
mortality ratios (SMR) and internal comparisons of rates. 
Results Overall mortality from nonrnalignant respiratory diseases was not increased, but mortality from 
bronchitis, eillphyseina, and asthma combined was significantly increased among the men with at least 3 years 
of FeSiISi-met furnace work (SMR 1.82, 16 deaths). A Poisson regression analysis of the mortality from these 
causes among 6359 employees in the FeSiISi-met plants showed a significant increase of 0.06 per unit of 
amorphous silica exposure observed 10-20 years after the exposure. Six men died of pneumonia while still 
employed in a ferroinanganeselsilicomanganese (FeMnISiMn) plant. No corresponding deaths occurred among 
employees in FeSiISi-met plants. Only 2 deaths from pne~unoconiosis were observed in the total cohort. 
~ o ~ C ~ U S ~ O I I S  Among employees in FeSiISi-met plants increased mortality from bronchitis, emphysema, and 
asthma  nay be associated with previous exposure to an~orphous silica. Deaths from pneumonia among FeMnI 
SiMn workers may be associated with manganese exposure. 

Key terms amorphous silica, asthma, bronchitis, emphysema, fesrosilicon, lung disease, manganese, pneu- 
monia. 

Worlcers in the ferroalloy industry have been exposed to 
a variety of gases, fumes, and dusts that inay adversely 
affect the respiratory system. Among these, exposure to 
manganese compounds in plants producing ferromanga- 
nese (FeMn) and silicornanganese (SiMn) alloys has pre- 
viously attracted special attention. As early as 1920- 
1940 a possible association between exposure to manga- 
nese compounds and an elevated morbidity and mor- 
tality from pneumonia was presented in several reports 
(1-4). 

One of the reports presented an epidemic of lobar 
pneumonia in a sinall Norwegian community with a 
FeMn and SiMn producing plant (1). During 1924- 
1937 the lnortality from lobar pneu~nonia showed an 
8-fold increase in this small community when compared 
with the national rate. The discharged smoke from the 
plant contained 30% manganese oxides in 1926 (1). 

A high morbidity from pneumonia among workers 
exposed to manganese oxides in a plant manufacturing 
potassium permangallate was also observed in England 
(2). From this study in 1946 it was concluded that man- 
ganese was toxic to the respiratory epithelium and might 
affect any part of the respiratory tract from the nose to 
the alveoli (2). Later studies have shown that a primary 
respiratory inflammatory reaction (4) with symptoms of 
both acute (5) and chronic (6,7)  bronchitis, together with 
an impaired resistance against respiratory tract infections 
(4, 7), may occur after exposure to manganese dioxide. 

Workers in ferroalloy plants have also been exposed 
to fibrogenic dusts, mainly asbestos, and crystalline sili- 
ca. The fibrogenic potential of asbestos and crystalline 
silica is well established (8, 9). There is however little 
evidence that silicosis can be caused by exposure to 
alnorphous silica in these plants (10). But a few case 
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reports exist of ferroalloy workers with a pulmonary 
disease referred to as ferroalloy workers' disease (1 1- 
15). In most of these reports an association with expo- 
sure to amorphous silica has been suspected. A possible 
association between amorphous silica exposure and an 
elevated prevalence of obstructive lung disease has pre- 
viously been reported in a cross-sectional study among 
worlters in a Norwegian plant producing ferrosilicon and 
ferrochromium (1 6). 

We have recently presented the main causes of death 
from a study among 14 730 male workers in 12 Norwe- 
gian ferroalloy plants, 8 plants producing ferrosilicon/ 
silicon-metal (FeSiISi-met) and 4 producing FeMnISiMn 
(17). The cohort included workers from the FeMnISiMn 
plant where the aforementioned epidemic of lobar pneu- 
monia had previously occurred in the surrounding com- 
munity, and workers from the aforementioned plant pro- 
ducing ferrosilicon and ferrochsomium. As far as we know, 
no previous study of mortality from nonmalignant lung 
diseases among worlters in plants producing FeSiISi-met 
or FeMnISiMn has been published. The objective of the 
present study was to examine further the mortality from 
nonmalignant respiratory diseases within this cohort. The 
study was performed as a historical cohort study. 

Subjects and methods 

The cohort 

The cohort consisted of 14 730 men first employed dur- 
ing 1933-1990 and employed at least 6 months in 1 of 
12 Norwegian ferroalloy plants. Each person was fol- 
lowed from the beginning of 1962 or, if hired later, from 
the date of first employment until death or emigration or 
the end date of the study, which was 3 1 December 1990. 
The total cohort was observed for 288 886 person-years. 
Information on the individual causes of death and the 
death dates was obtained through linkage with Statistics 
Norway. The classification of causes of death followed 
the version of the International Classification of Diseases 
(ICDs) in use at the time the death occurred (ICD-7 - 
ICD-9). Only the underlying cause of death was supplied 
and not the contributory causes. Due to the general un- 
certainty regarding death diagnoses, only 3 subgroups of 
nonmalignant respiratory diseases were studied: (i) pneu- 

monia, (ii) bronchitis, emphysema and asthma combined, 
and (iii) pneumoconiosis (table 1). 

Four subcohorts were defined from the total cohort 
and analyzed separately. They were the 2 furnace worker 
groups in the FeSiISi-met and FeMnISiMn types of plants 
and the corresponding 2 groups of blue-collar non- 
furnace workers in the same plants. These latter 2 groups 
were comprised of mechanics, electricians, transport 
workers, raw material workers, packers, and building 
and construction workers (1 8). The distributions of year 
of birth and duration of work within these 4 groups were 
similar (I 8). In addition also a fifth subcohort comprisillg 
522 ferrochromium (FeCr) furnace workers from 2 FeSiI 
Si-met plants was studied separately. 

Assessment of exposure 

In most of the analyses individual information about type 
of plant, work area (department), and duration of w o k  
was used as proxy for true exposure information. The 
dates for up to 10 employment periods in each plant were 
registered. In the analyses of mortality among workers in 
a particular department (eg, FeSiISi-met furnace work- 
ers) the duration of work was calculated only with re- 
spect to work in the actual department (as was the start of 
the observation period). Therefore some workers were 
included both as furnace and nonfurnace workers with 
their respective duration of work. 

Measurements of total dust exposure were studied 
for the furnace workers in 3 of the FeSiISi-met plants. A 
total of 401 personal measurements, performed during 
1974-1990, were available. The median and the 5th and 
95th percentile values (in parentheses) of these nieasure- 
ments were 4.8 mg/m3 (1.5 & 15.6) mg/m3 for 1974- 
1979, 3.3 (1.1 & 13.8) mg/m3 for 1980-1985, and 3.4 
(1.1 & 9.6) mg/m3 for 1986-1 990. However, informa- 
tion was lacking on the extent to which the measure- 
ments were representative for furtlace workers during 
these periods or were confined to those most heavily 
exposed. Personal measurements of exposure to ainor- 
phous silica among furnace woskers were only available 
from 1 of these plants, where 8 measurements of total 
silica ranged from 42% to 69% of the total dust level 
(median 54%). In other measurements crystalline silica 
constituted 4-6% of the total dust. By subtraction we 
found that approximately 50% of the total dust exposure 

Table 1. Codes from the 7th to the 9th versions of the International Classification of Diseases (ICD) used in classifying the causes of death 
from nonmalignant respiratory diseases with corresponding parts of the observation period. 

Cause of death ICD-7 (1 962-1 968) ICD-8 (1 969-1 985) ICD-9 (1 986-1 990) 

All nonmalignant respiratory diseases 
Pneumonia 
Bronchitis, emphysema, asthma 
Pneumoconiosis 
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of the furnace workers may be constituted of amorphous 
silica. Corresponding figures for worlcers in other depart- 
ments were not available. 

A job-exposure matrix for exposure to amorphous 
silica was constructed independently for 3 of the FeSiISi- 
met plants at the same time as the registration of the 
employment data. In each plant 2-4 experienced em- 
ployees (including safety and health worlters) were asked 
to discuss and score the average intensity of exposure to 
amorphous silica among employees in each department. 
Thus the job-exposure matrix for each plant became a 
joint assessment of these worlcers. Exposure to amor- 
phous silica was scored by 0 (none), 0.2 (sporadic), 
I (low), 2 (medium), or 3 (high) for workers in each 
department. The same scores were used for all time pe- 
riods due to the opinion of the collaborating workers. 
The matrices from the 3 plants were compared and ap- 
peared to be similar. They were then used to construct a 
final common matrix. Workers at the furnace smoke 
cleaning installation were scored by 3, furnace workers 
and amorphous silica recovery worlters by 2, workers in 
crushing and packing, workers in building and construc- 
tion, electricians and mechanics by 1, and technical work- 
ers and transport workers by 0.2. All others were scored 
by 0 (crude material workers, parts and accessories work- 
ers, laboratory workers, and office woskers). This matrix 
was applied to all 8 FeSiISi-met plants. An amorphous 
silica index was calculated by multiplying the score with 
the duration of wok .  For each worker, cumulative expo- 
sure from work in various departments with different 
scores was calculated for each year from the start of 
employment. This exposure variable was used in an anal- 
ysis of mortality from bronchitis, emphysema, and asth- 
ma. In this analysis 2096 workers were omitted due to 
unknown or specific work exposures that might have 
affected the respiratory system (eg, work at other types 
of furnaces). The analysis then included 6359 en~ployees. 
A corresponding job-exposure matrix was not con- 
structed for manganese exposure in the 4 FeMnISiMn 
plants. For long periods of time 3 of these plants had 
previously also manufactured FeSi and other alloys in 
addition to manganese, and the lack of individual infor- 
mation about type of furnace work might imply low 
validity for a job-exposure matrix. Within the FeSiISi- 
met plants other metals had been produced in separate 
departments, and such work was noted in the actual em- 
ployment records. 

Data analysis 

Standardized mortality ratios (SMR) with 95% confi- 
dence intervals (95% CI) were calculated for the various 
causes of death by use of national, male, 5-year age- 
specific mortality rates for each year from 1962 through 
1990. The Epicure program package was used for both 
the SMR analyses and the internal comparisons of rates 

with a Poisson regression analysis (19). In the regression 
analyses the P-value for trend was calculated as the 
P-value for the likelihood ratio test when the variable 
(amorphous silica index) was withdrawn from the final 
model after the categories of the variable had been scored 
by their mean values. The data were analyzed for mortal- 
ity in time-related categories of employment status (ac- 
tive and inactive person-time) (20, 21). Active person- 
time was defined as all person-time from the start of 
follow-up until the end of the last employment period 
added by 0.1 year (17). Inactive person-time was defined 
as person-time passing after this point, Induction time 
analyses (ie, exposure window analyses) were also per- 
formed (21). In them only exposure or work during a 
period defined by its length (the width of the window) 
and the distance in time before observation was consid- 
ered to be etiologically relevant and categorized as expo- 
sure or work. Short-term work was divided from long- 
term work at the cutoff point of 3 years. 

Influence of smoking habits 

Only an indirect evaluation of the influence of individual 
smoking on mortality could be performed, as only 18.5% 
of the deceased (from all causes) could be categorized 
into ever or never smokers (17). However, recent smok- 
ing status information was available for 1989-1990 for 
over 90% of the men employed in some of the plants. 
The prevalence of smoking in these plants was calculat- 
ed for 5-year birth cohorts of the furnace and nonfurnace 
workers and for the corresponding Norwegian male pop- 
ulation at the time (22). By assuming that these data 
were representative also for previous workers, we could 
evaluate the extent to which our results may have been 
biased by smoking. The Axelson model for confounding 
(23) was used with the formulation for relative risk pre- 
sented by Checkoway and his co-workers (24). The rela- 
tive risk due to confounding (RRc) was expressed as 

RRc = [(Ps-exp) (RR, - 1) + I ]  1 [(Ps-ref) (RRs - 1) + 11, 

where Ps-exp and Ps-ref were the proportions of smokers 
in the exposed and reference group, respectively, and the 
RR, was the independent relative risk due to smoking. 
According to results from a previous Norwegian study a 
RR, of 8 was used for deaths from bronchitis, emphyse- 
ma and asthma combined (25). Further details about the 
cohort and the applied methods of analyses have been 
presented elsewhere (17, 18). 

Results 

The mortality from all nonmalignant respiratory diseases 
was neither elevated for the employees in the FeSiISi- 
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m e t  p lan ts  ( S M R  1.01, 116 deaths) n o r  f o r  those in t h e  
F e M n I S i M n  p l a n t s  ( S M R  1.01, 84 deaths) (table 2). N e i -  
the r  w a s  t h e  m o r t a l i t y  f r o m  a n y  o f  t h e  3 m a i n  subgroups  
o f  n o n m a l i g n a n t  resp i ra to ry  diseases s ign i f i ca i l t l y  ele- 
vated. T h e r e  w a s  o n l y  1 dea th  f r o m  pneumocon ios is  in 
each  o f  t h e  2 p l a n t  categories. 

T a b l e  3 s h o w s  f u r t h e r  analyses w i t h i n  t h e  5 subco-  
h o r t s  o f  w o r k e r s  s t ra t i f i ed  by d u r a t i o n  o f  worlc. W i t h i n  
t h e  F e S i I S i - m e t  p lan ts  a s i g n i f i c a n t l y  i nc reased  m o r t a l i t y  
f r o m  b ronch i t i s ,  e m p h y s e m a  a n d  as thma (combined)  w a s  
f o u n d  f o r  t h e  l o n g - t e r m  fu rnace  w o r k e r s  ( S M R  1.82, 

16 deaths). Excess  deaths f r o m  b ronch i t i s ,  e m p h y s e m a  
a n d  as thma c o m b i n e d  w a s  a lso  f o u n d  f o r  the  shor t - te rm 
F e M n I S i M n  fu rnace  worlcers ( S M R  2.36, 11 deaths). 
T e n  o f  these deaths occur red  10 years o r  m o r e  a f te r  the  
t e r m i n a t i o n  o f  fu rnace  worlc. T h e  m o r t a l i t y  f r o m  pneu-  
m o n i a  w a s  not s ign i f i can t l y  increased in a n y  o f  the  sub- 
groups.  N e i t h e r  did fu r the r  analyses r e v e a l  a n y  associa- 
t i o n s  b e t w e e n  m o r t a l i t y  f r o m  p n e u m o n i a  a n d  d u r a t i o n  o f  
w o r k  ( w i t h  o r  w i t h o u t  va r ious  lags a n d  va r ious  exposure  
w i n d o w s )  in t h e  2 g roups  o f  w o r k e r s  in t h e  F e M n I S i M n  
p lants .  A m o n g  t h e  f e r r o c h r o m i u m  fu rnace  worlcers o n l y  

Table 2. Observed and expected numbers of deaths from nonmalignant respiratory diseases. (SMR = standardized mortality ratio, 95% 
CI = 95% confidence interval, FeSiISi-met = ferrosiliconlsilicon-metal, FeMnISiMn = ferromanganese/silicomanganese) 

Cause of death Observed Ex~ected SMR 95% CI 

Pneumonia 
Employees in FeSiISi-met plants3 
Employees in FeMnlSiMn plantsb 

Bronchitis, emphysema, asthma 
Employees in FeSiISi-met plantsa 
Employees in FeMnlSiMn plantsb 

Pneumoconiosis 
Employees in FeSiISi-met plantsa 
Employees in FeMnlSiMn plantsb 

All nonmalignant respiratory diseases 
Employees in FeSiISi-met plantsa 116 115.16 1.01 0.84-1.21 
Employees in FeMnlSiMn plantsb 84 83.13 1 .Ol 0.81-1.25 

a N = 8455. 
N = 6275. 

Table 3. Observed and expected numbers of deaths from nonmalignant respiratory diseases in five groups of workers, categorized by 
duration of work. (SMR = standardized mortality ratio, 95% CI = 95% confidence interval, FeSiISi-met = ferrosiliconlsilicon-metal, FeMnI 
SiMn = ferromanganese/silicomanganese) 

Cause of death Duration of work in department 

i 3 years 2 3 years 

Ob- EX- SMR 95% CI Ob- EX- SMR 95% CI 
served pected served ~ected 

Pneumonia 
FeSiISi-met furnace workers (N = 2517) 4 4.01 1.00 0.27-2.55 10 11.22 0.89 0.43-1.64 
Nonfurnace workersa in FeSiISi-met plants (N = 3695) 4 7.11 0.56 0.15-1.44 16 22.92 0.70 0.40-1.13 
FeMnISiMn furnace workers (N = 3086) 9 5.16 1.74 0.80-3.31 12 13.58 0.88 0.46-1.54 
Nonfurnace workersa in FeMnISiMn plants (N = 3119) 5 5.16 0.97 0.31-2.26 19 13.91 1.37 0.82-2.13 
Ferrochromium furnace workers (N = 522) 1 1.17 0.85 0.02-4.75 6 4.93 1.22 0.45-2.65 

Bronchitis, emphysema, asthma 
FeSiISi-met furnace workers (N = 2517) 1 3.83 0.26 0.01-1.45 16 8.80 1.82 1.04-2.95 
Nonfurnace workersa in FeSiISi-met plants (N = 3695) 6 5.18 1.16 0.42-2.52 15 16.67 0.90 0.50-1.48 
FeMnISiMn furnace workers (N = 3086) 11 4.66 2.36 1.18-4.22 8 10.92 0.73 0.32-1.44 
Nonfurnace workersa in FeMnISiMn plants (N = 3119) 3 4.37 0.69 0.14-2.01 7 10.69 0.65 0.26-1.35 
Ferrochromium furnace workers (N = 522) 1 1.21 0.83 0.02-4.60 5 3.78 1.32 0.43-3.09 

All nonmalignant respiratory diseases 
FeSiISi-met furnace workers (N = 2517) 6 8.67 0.69 0.25-1.51 30 21.86 1.37 0.93-1.96 
Nonfurnace workersa in FeSiISi-met plants (N = 3695) 11 13.52 0.81 0.41-1.46 33 43.19 0.76 0.53-1.07 
FeMnISiMn furnace workers (N = 3086) 22 10.83 2.03 1.27-3.07 21 26.81 0.78 0.48-1.20 
Nonfurnace workersa in FeMnISiMn plants (N = 3119) 8 10.49 0.76 0.33-1.50 33 26.93 1.23 0.84-1.72 
Ferrochromium furnace workers (N = 522) 2 2.62 0.76 0.09-2.76 12 9.49 1.26 0.65-2.21 

a Comprised of 6 main groups of blue-collar workers (mechanics, electricians, transport workers, raw material workers, packers, and building and con- 
struction workers). 
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14 deaths from all nonmalignant respiratory diseases 
were observed, and none of the SMR values were signif- 
icantly increased. 

As deaths from pneumonia might be associated with 
recent occupational exposures, the mortality from pneu- 
monia was studied for active and inactive person-time 
(not shown). None of the SMR values were significantly 
elevated, but 3 deaths occurred during active person- 
time among the FeMnISiMn furnace workers (SMR 2.18, 
95% CI 0.45-6.36) and 3 deaths occurred among the 
nonfurnace workers in the same plants (SMR 1.64, 95% 
CI 0.38-5.33). The 6 deaths occurred during 1972- 
1984. None of these deaths occurred during the first 
3 workyears. In the remaining cohort no death from pneu- 
monia occurred during active person-time. 

The elevated mortality from bronchitis, emphysema 
and asthma combined among the FeSiISi-met furnace 
workers was further analyzed by duration of worlt. For 
the categories 3-9, 10-1 9 and 220 years, the SMR 
values were 2.49 (10 deaths), 1.22 (3 deaths) and 1.29 
(3 deaths), respectively (not shown). Because of these 
results we also performed exposure window analyses 
(table 4). For worlt performed 5-1 5, 10-20, and 15- 
25 years before each year of observation the SMR values 
were highest among those who had worked 5 years or 
more during the exposure window. The highest SMR for 
this category was found with the exposure window 10- 
20 years (SMR 1.90, 7 deaths). The mortality by dura- 
tion of FeSiISi-met furnace work (0, < 5, and 2 5 years) 
within this 10- to 20-year exposure window was further 
examined with a Poisson regression analysis with adjust- 
ment for age, calendar time, length of follow-up, and the 
plants' location (rural, urban) (not shown). The regres- 
sion analysis showed increasing RR values with increas- 
ing duration of worlt (RR 1.00, 1.38, and 2.29, respec- 
tively), but none of the values were significantly elevat- 
ed. Trend analyses showed a nonsignificant proportional 
increase of 0.101 in risk per year of work in this expo- 
sure window (P = 0.14). 

Table 5 shows the RR values for deaths from broil- 
chitis, emphysema and asthma combined in categories of 
the amorphous silica index estimated from the job-expo- 

sure matrix . The exposure window 10-20 years was 
applied also in this analysis. A total of 38 deaths from 
these causes was observed during 120 134 person-years 
in this group of 6359 employees. A significantly ele- 
vated RR of 3.43 was found for the highest exposure 
category. The trend analysis revealed a significantly in- 
creasing risk of 0.06 per exposure unit within this expo- 
sure window (P = 0.01). SMR analyses for the same cat- 
egories of cumulative exposure to amorphous silica (0- 
4,5-14, and 1 1 5  years) within the same exposure win- 
dow showed SMR values of 0.96 (22 deaths, 96 862 
person-years), 1.09 (8 deaths, 17 909 person-years), and 
2.86 (8 deaths, 5363 person-years), respectively. The 
SMR of the highest exposure category was significantly 
elevated (95% CI 1.24-5.64). 

Finally we also performed a Poisson regression anal- 
ysis of the mortality rates for bronchitis, emphysema and 
asthma combined in which the rates were compared 
between the 4 main groups of workers (furnace and non- 
furnace workers in the FeSiISi-met and FeMnISiMn 
types of plants). The variables included were attained 
age (<50, 50-59, 60-69, 70-79, 280 years), calen- 
dar time (1962-1975, 1976-1990), length of follow- 
up (<15, 2 15 years), location of plant (rural, urban), 
worker group [2 furnace worlter groups (FeSiISi-met and 
FeMnISiMn) and 2 nonfurnace reference groups], and 
duration of work (<3, 2 3  years). In this analysis, each 
worker had to be defined as belonging to only 1 group of 
workers, and the duration of work was calculated as the 
duration within this group. Those who had been both 
furnace and nonfurnace workers were defined as furnace 
worlters. This procedure reduced the number of non- 
furnace FeSiISi-met workers from 3695 (table 3) to 3354 
and the number of nonfurnace FeMnISiMn workers from 
3 1 19 to 2390. The number of furnace workers was un- 
changed from previous analyses (table 3). With this 
inodel the RR was 2.04 (95% CI 0.98-4.25) for long- 
term FeSiISi-met furnace work, in comparison with long- 
term nonfurnace worlt in the same plants, and 2.90 (95% 
CI 1.23-6.82) for long-term FeSiISi-met furnace work, 
in comparison with long-term FeMnISiMn furnace worlt 
(not shown). 

Table 4. Observed numbers of deaths for bronchitis, emphysema, and asthma analyzed with various exposure windows for 2517 
ferrosilicon/silicon-metal furnace workers. (SMR = standardized mortality ratio, 95% GI = 95% confidence interval) 

Exposure window Duration of work in exposure window 

0 years 0.1-4.9 years 2 5 years 

Ob- SMR 95% CI Ob- SMR 95% CI Ob- SMR 95% CI 
served served served 

0-1 0 vears 9 1.10 0.50-2.08 5 2.35 0.76-5.48 3 1.31 0.27-3.84 
5-1 5 Gears 

10-20 years 
15-25 years 
20-30 years 
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Table 5. Poisson regression modeling of mortality from bronchitis, emphysema, and asthma including cumulative exposure to amor- 
phous silica among 6359 employees in eight ferrosilicon/silicon-metal plants. (RR = rate ratio, 95% CI = 95% confidence interval) 

Variable RRa 95% CI P-value Slopec P-value 
(LRT)b (trend) 

Age 
< 50 years 
50-59 years 
60-69 years 
70-79 years 
t 80 years 

Time (calendar years) 
1962-1 975 
1976-1 990 

Length of ~ o I I o w - I J ~  
< 15 years 
t 15 years 

Amorphous silica indexd in exposure. 
window 10-20 yearse 

0-4 
5-1 4 
t 15 

Plant location 
Rural 
Urban 

a RR values adjusted for all other variables. 
Likelihood ratio test (LRT) for withdrawing the variable from the final model. 
Proportional increase in risk per exposure unit (in exposure window). 
Exposure intensity score multiplied by duration (years). 
Cumulative exposure in the period 10-20 years before each year of observation. Goodness of f it statistics for the final model: deviance 59.6, 77 degrees 
of freedom (P = 0.93). 

The main findings from this study are the increased mor- 
tality from bronchitis, emphysema and asthma combined 
for long-term FeSiISi-met furnace work and for the high- 
est category of the amorphous silica index. The signifi- 
cantly increased RR of 2.90 for these causes of death for 
long-term FeSiISi-met furnace worlc compared with 
long-term FeMnISiMn furnace worlc is compatible with 
an effect of exposure factor(s) which mainly occur(s) at 
FeSiISi-met furnaces. The excess deaths from pneumo- 
nia among the FeMnISiMn furnace workers during ac- 
tive person-time and the low number of deaths from 
pneumoconiosis in the total cohort should also be noted. 
Previously, 2 mortality studies among ferroalloy workers 
in ferrochromium manufacturing have been published. 
Neither of them revealed excess deaths from nonmalig- 
nant respiratory diseases (26,27). 

Deaths from bronchitis, emphysema and asthma 
combined 
Previous results from cross-sectional studies of pulmo- 
nary function and symptoms among workers exposed to 
amorphous silica dust are divergent. A possible associa- 
tion between exposure and symptoms or signs of ob- 
structive lung disease has been reported for Norwegian 
FeSi and FeCr furnace worlcers (16) and for workers 
exposed to amorphous silica in a French chemical plant 

(28). On the other hand, nonpositive studies have been 
reported from another Norwegian FeSi plant, where no 
association between long-term employment and ventila- 
tory impairment was found (29), and from 2 industrial 
facilities in the United States, where no association be- 
tween amorphous silica exposure and pulmonary func- 
tion was observed (30). These cross-sectional studies 
may have lost workers who withdrew early from dusty 
jobs due to developing pulmonary disease. Regarding 
other types of studies, the case reports of pulmonary 
disease among workers exposed to amorphous silica in 
ferroalloy plants are in accordance with our findings 
(1 1-15). A study of the inhalation toxicity of amor- 
phous silicas and quartz dust in rats also showed that all 
test materials induced inflammation, alveolar bronchioli- 
zation, and fibrosis (31). The amorphous silicas were 
cleared quickly, but the changes in the lungs were only 
partly reversed after exposure to some of the amorphous 
silicas. 

A potential reversible pulmonary disease may exist 
with a causal relation to exposure to amorphous silica. 
Though this disease has been referred to as a sort of 
pneumoconiosis which starts as chemical pneumonitis 
and may regress if the exposure ceases (14), it seems 
reasonable that possible deaths from this disease may 
have been diagnosed as bronchitis, asthma or emphy- 
sema and not as silicosis. The reversibility of this condi- 
tion may also correspond to our findings of an associa- 
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tion between duration of work and mortality in the expo- 
sure window analyses but no association with duration of 
work (in 4 categories) in the ordinary analyses. 

There is no previous indication of increased mortali- 
ty from nonmalignant respiratory diseases 10-20 years 
after exposure (table 5). The selection of this exposure 
window variable should be based on a priori biological 
knowledge or on likelihood-based goodness-of-fit statis- 
tics and not on the highest estimate criterion (32). We 
therefore evaluated all the variables used in table 4 in 
Poisson regression analyses similar to that presented in 
table 5. The exposure window variable 10-20 years 
used in table 5 was the only of the exposure-window 
variables which showed a P-value of <0.05 in the lilieli- 
hood ratio test when the variable was withdrawn from 
the model. This variable also showed the highest esti- 
mate of the RR values. Thus this observed time-relation 
may reflect a biological time-relation between exposure 
to amorphous silica and an increased risk of dying from 
bronchitis, emphysema, or asthma 10-20 years later. 

According to available exposure information, amor- 
phous silica seems to be the quantitatively dominating 
type of dust in furnace smoke, and, with respect to re- 
sults from both human (11-16, 28) and aniinal (31) 
studies, amorphous silica exposure may be associated 
with the increased mortality from bronchitis, emphyse- 
ma and asthma observed for the FeSiISi-met furnace 
workers. However, this exposure factor may be cosse- 
lated with other unknown exposure factors in furnace 
smoke. In addition, relevant exposures from other sources 
may also occur, such as phosphine gas, which is an 
important systemic poison that may cause pulmonary 
irritation and also pulmonary edema in acute intoxica- 
tion (33, 34). Phosphine gas has been detected in at least 
2 of the plants, and in 1 of these more than 50% of the 
furnace worlters employed in 1988 had ever experienced 
work-related symptoms (headache, vertigo, nausea) pos- 
sibly caused by phosphine exposure. The frequency and 
level of this possible phosphine exposure is however 
unknown. 

The increased mortality from bronchitis, emphysema 
and asthma among the short-term FeMnISiMn furnace 
workers during the period 10 years or more after furnace 
work was terminated was probably not associated with 
exposures in furnace work as similar results regarding 
mortality during inactive person-time was not revealed 
for the long-term workers at the same furnaces. 

Deaths from pneumonia 

The 6 deaths from pneumonia during active person-time 
(48 958 person-years) among the employees in the FeMnI 
SiMn plants is of interest, as no corresponding deaths 
occurred during active person-time (66 057 person-years) 
in the FeSiISi-met plants. For the active person-time an 
SMR of lower than 1.00 is expected for all causes of 

death (20). We suppose that this is true also for mortality 
from pneumonia and that a more appropriate comparison 
group (of currently employed men) would have given a 
lower expected value. Four of the 6 deaths occurred 
among employees in the plant where the aforementioned 
epidemic of lobar pneumonia had previously occurred in 
the surrounding community (1). However, that finding 
was probably not due to the overreporting of pneumonia 
in this community as the SMR for pneumonia among 
employees in the plant was only 1.02 for the inactive 
person-time. This plant was also the largest, and active 
person-time constituted 47% of all active person-time in 
the 4 FeMnISiMn plants. Available data from the per- 
sonal monitoring of total manganese exposure among 
the furnace workers in this plant during 1979-1991 
showed a median of 0.99 mg/m3. The values had been 
lower in recent years, and in 1990 a median value of 
0.51 mg/m3 was found for total manganese exposure 
(18). The average manganese exposure level during 
1979-1991 was close to that reported in a Belgian study 
in which a higher prevalence of both respiratory symp- 
toms and recent episodes of acute bronchitis was found 
in the manganese-exposed group (5). The same result 
was not found in a later Belgian study in which the 
geometric means for manganese exposure were 0.22 and 
0.95 mg/m3 for respirable and total dust, respectively 
(35). In the present study no death from pneumonia oc- 
curred for the active person-time category during 1985- 
1990. During this period the exposure to manganese 
among the furnace workers was probably lower than 
before 1985. However, no association between manga- 
nese exposure as such and pneumonia was observed in 
this study, and other explanations may exist (eg, corre- 
lated work exposures). 

Deaths from pneumoconiosis 

Two men in the total cohort died from pneumoconiosis 
(SMR 1.39, 95% CI 0.17-5.02). They were 49 and 
58 years of age when they were first employed in this 
industry and may thus have been exposed to fibrogenic 
agents elsewhere. Though pneumoconiosis may have 
been undesseported as the underlying cause of death, our 
results indicate that men exposed in these plants have not 
increased their risk of irreversible pneumoconiosis. Such 
a finding has been debated earlier as an old clinical study 
from 1 of the participating plants reported 30 sure and 
29 doubtful cases of silicosis among 208 workers (36). 
Our results are however in accordance with those of 
several other studies (1 0). 

Strengths and limitations of the study 

The main strengths of our study are the large size of the 
cohort (14 730 employees), the long-term follow-up (me- 
dian 20.7 years) (17), the low proportion lost to follow- 
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up (3%) (17), the ahnost complete information about the 
cause of death (17), and the ability to study mortality in 
relation to work in separate departments. 

The main limitations, on the other hand, are the gen- 
eral uncertainty which concerns the death diagnoses, the 
probably low distinction between asthma, bronchitis and 
emphysema which necessitated pooled analyses, the in- 
sufficient industrial hygiene data, and the incomplete 
data on confounding variables, in particular for smoking. 

The job-exposure matrix for amorphous silica was 
based on subjective judgments, which also included the 
opinion that no major changes in the general exposure 
level had occurred over time. Analyses of available per- 
sonal ineasurements of total dust exposure among the 
furnace workers indicated a decrease in the exposure 
level over time both in the FeSiISi-met and in the FeMnI 
SiMn plants. This and other possible errors in character- 
izing exposure may have attenuated the exposure-re- 
sponse relation in the analyses based on the job-exposure 
matrix. 

Cigarette smoking was probably the most important 
confounding factor in this study. As individual smoking 
data were limited, we evaluated smoking habits arnong 
the currently employed Inen in 4 FeSiISi-met plants in 
1989-1990. Among the furnace workers born in 1940- 
1974 the median 5-year birth cohort proportion of smok- 
ers was 0.58. The corresponding value for the nonfur- 
nace workers was 0.44, and that of the general popula- 
tion was 0.40 (22). Among the men born before 1940 
only small differences were observed between the groups 
(proportions 0.43, 0.41 and 0.37 for furnace, nonfurnace 
and the general population, respectively). Furthermore, 
we performed an indirect evaluation of the potential in- 
fluence of these differences in smoking habits on the 
observed RR values. Using the presented formula (24) 
and the proportions of smokers in 1989-1990 among 
the men born in 1940 or later, we found that differences 
in smoking habits could only explain an RR of 1.24 for 
furnace workers, compared with the nonfurnace work- 
ers, and an RR of 1.34 for furnace workers versus the 
general male population. Thus neither the SMR of 1.82 
for long-term FeSiISi-met furnace workers nor the ob- 
served RR of 2.04 for long-term furnace work compared 
with long-term nonfurnace work in the FeSiISi-met 
plants can be explained only by differences in smoking 
habits. A new regression analysis corresponding to that 
presented in table 5 was performed with a smoking status 
variable included where the RR for furnace versus other 
workers was forced to be 1.24. This procedure reduced 
the RR of the highest category of the amorphous silica 
index from 3.43 (95% CI 1.48-7.95) to 2.98 (95% CI 
1.29-6.91). All the other RR values were close to those 
presented in table 5. Thus the lack of real information 
about smoking habits in this analysis has probably not 
led to any serious bias. At least the differences in smok- 

ing habits may also partly have been adjusted for by the 
inclusion of the rural-urban location variable in the re- 
gression analysis. 

Concluding remarks 
The increased mortality from bronchitis, emphysema and 
asthma arnong workers in the FeSiISi-met plants may be 
associated with previous arnorphous silica exposure. 
However, due to insufficient industrial hygiene data and 
possible exposure to other factors around the furnaces, 
no firm conclusions can be drawn with regard to this 
relationship. In spite of limited data on smoking it is 
unlikely that the observed differences in mortality are 
due to differences in smoking habits. The 6 deaths from 
pneumonia among employees in the FeMnISiMn plants 
during active person-time may be associated with 
manganese or correlated exposure. Finally, the results 
did not indicate any increased risk of irreversible 
pneumoconiosis. 
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