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Respirable Dust and Silica
Respiratory Diseases Among Swedish Iron Foundry Workers

Alexander Lenander-Ramirez, MSc, Ing-Liss Bryngelsson, BSc, Per Vihlborg, MD,
Hakan Westberg, and Lena Andersson, PhD

Objective: The mortality and morbidity pattern for respiratory diseases was
determined in a cohort of 1752 Swedish foundry workers, particularly for
respirable silica dust exposure. Methods: The morbidity follow-up in the
Swedish National Non-primary Outpatient Register covered 2001 to 2017
(NPR; specialist not in care patients), the mortality from the National Causes
of Death Register covered 2001 to 2017. Cumulative exposures to silica and
dust were determined. Results: The morbidity in COPD showed signifi-
cantly increased risk for all exposure groups, as did silicosis in the high
exposure group, these cases corresponded to silica exposure levels below
0.05 mg/m3. The mortality of all causes and respiratory diseases was
significantly increased by cumulative silica exposure in the high exposure
group. Conclusions: Significantly increased morbidity for respiratory diseases
and COPD was determined at silica exposure levels below the current Swedish OEL.

Keywords: COPD, respirable dust, respirable silica, respiratory diseases,
silicosis

xposures in the Swedish iron foundry industry are complex and

diverse. Such exposures include different materials, processes,
and jobs, resulting in occupational exposures to a wide range of
hazardous substances such as dust, chemical agents, gases, and
vapors. Most of the investigated morbidity and mortality studies
with high resolution have been devoted to exposure-response based
on dust and crystalline silica exposure.

Regarding respiratory diseases, the occupational burden of
non-malignant respiratory diseases has been evaluated by occupa-
tional titles in many reviews and meta-analyses.' Silica exposure
has more specifically been linked to emphysema, chronic obstruc-
tive lung disease (COPD) and tuberculosis*”’ and evaluated by
quantitative silica exposures for certain diseases in only a few
studies..® In particular, silicosis has been evaluated in a number
of studies, the most cited evaluating quantitative respirable silica air
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concentrations and cumulative exposures, suggesting occupational
exposure limits (OELs) for preventive purposes.” ! Decreased lung
function and chronic bronchitis have also been related to silica
exposure.>'? Pneumonia caused by invasive pneumococcal disease,
is mostly associated with welders exposed to metal fumes. However,
other occupations and occupational titles have also been linked to
metal exposures and pneumonia, particularly foundry workers and
metal grinders exposed to iron dust.® Idiopatic pulmonary fibrosis
(IPF) have been related to metal and stone dust." To the best of our
knowledge, no published papers on COPD and silica have presented
quantitative exposure response data, based on modelled and mea-
sured respirable silica exposures data.

In this article, we present quantitative respirable silica and dust
exposure-response morbidity data for COPD, silicosis (pneumoconi-
osis due to dust containing silica), asthma and other interstitial
pulmonary diseases (where IPF is the dominating group in our
material). Data is based on our historical Swedish cohort on iron
foundry workers and quantitative silica exposure data for the whole study
period. In addition, we present data on exposures and general mortality
for respiratory diseases by cumulative respirable silica and dust exposure.

METHODS

Study Group

Ten Swedish foundries with complete sets of personnel
records were selected, diversified among themselves in foundry
size, types of sand utilised along the production line, production
methods, and the practice of old and new casting techniques. The
number of employees ranged from 8 to 388, and the production was
between 400 and 120,000 metric tons per year.

Personal record data were processed to identify workers whose
employment began before 2005, providing an initial cohort of 4128 em-
ployees (Fig. 1). A total of 2376 subjects were excluded due to inadequate
employment information (n = 33), identity uncertainties (r» = 7), insuffi-
cient employment time (n = 806), deceased before 2001 (n = 863), in-
adequate job titles (n = 434), and female gender (n = 233). The final
cohort was 1752 silica/dust-exposed subjects. Employment time
ranged from 1 to 52 years. The mean was 11, and the median was 7.

Study Design

Recent and Historical Exposure Measurements

Dust measurements were performed between April 2005 and
May 2006, taken at numerous sampling sites corresponding to 14
work categories at the foundries. These were pooled together and
resulted in 340 samples for analysis. Measurement times ranged
from 240 to 600 minutes for recent data and were corrected to an 8-
hour time-weighted average (TWA), representing a full workday.
Detection limit for respirable dust was 0.10 mg/sample and for
respirable silica 0.005 mg/sample resulting in detection concentra-
tions for an 8-hour TWA sample of approximately 0.10 and
0.005 mg/m’, respectively. Measurements taken before 1980 were
collected as to total dust samples, and a sedimentation method was
used to differentiate the fine fraction.'* Data from 1968 to 1974
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FIGURE 1. Flowchart description of cohort recruitment process.

were also provided by the Swedish Work Environment Authority
(SWEA) and from compulsory measurements conducted by the
foundries from 1968 to 2004. In order to properly combine, the his-
torical measurements with the recent ones, the cyclone system used
to differentiate the fine fraction of the latter was set with charac-
teristics specified in the Johannesburg Convention from 1979,
with a flow rate of 1.9 L/min, thus making historical and recent
measurements comparable to each other.

Measurements were made as personal sampling. Each subject
was equipped with an SKC aluminium cyclone (SKC 225-01-01,
Eighty Four, PA), with a 0.8mmin pore size acetate filter (Millipore),
and an air pump (SKC AirCheck 2000 to collect respirable dust.
Eighty-Four PA, USA, MSA Escort, Pittsburgh, USA, or GSA
SG4000, Gut Vellbroggen, Neuss, Germany) operating at a constant
airflow rate of 2.5 L/min."> The measurements were performed in the
workers’ breathing zone. After sampling, the filters were analysed
gravimetrically for respirable dust by the Department of Occupational
and Environmental Medicine at0) rebro University Hospital, Sweden.
The samples were then analysed for respirable silica by X-ray
diffraction with the diffraction angles 26 = 20°, 26°, and 500.1¢

Statistics

Descriptive statistics for the cohort were subdivided accord-
ing to the year of birth and years of employment. The risk of falling
ill from disease was calculated per job title and person-year. A
mixed model was designed to assess the respirable dust and silica
exposure concentrations for different periods, foundries, and job
titles. A natural logarithm was performed since the exposure
measurement data were skewed. The calculations projected a yearly
cumulative exposure dose (mg/m?) for respirable dust and silica
estimated for each cohort member.'

Formula for the mixed model analysis:

Dependent variable* = 8, + B

[foundries] + B3 [job titles] + ¢;

B = Intercept, a constant that is the same for all participants

3y = time periods (1968 to 1979, 1980 to 1989, 1990 to 1999,

2000 to 2005)

3, = foundries: 10 foundries

35 = job titles: 12 job titles

e; = measurement error (residual)

*respirable dust and silica

Exposure among the various work operations was pooled into
tertial groups, <2.76, 2.77 to 9.82, and 9.83 + for respirable dust and

< 0.14, 0.15 to 0.38, and 0.39+ for respirable dust respirable silica,

[time periods] + B,

594

>

Excluded (n=2,376)
e Unclear identity (n=7)
e Unclear job times (n=33)
e Employed less than one year (n=806)
e Women (n=233)
e Deceased before 2001 (n=863)
e Inadequate job titles (n=434)
N— __/

based on mg/m’ lifetime cumulative exposure calculated as an
8-hour TWA.

In Sweden, all registered inhabitants are given a unique
personal identification number and are by law granted access to
equal healthcare and hospital services. Healthcare providers are
legally obliged to record and register diagnoses in the journal
system. The cohort was matched against the National Non-primary
Outpatient Register (NPR) and the National Causes of Death
Register (CDR), maintained and validated by the Swedish National
Board of Health and Welfare. Since 2001, the NPR has contained
data from public caregivers nationwide, whilst the CDR has had a
complete register since 1952. The registered incidence rate of
different diseases in the NPR and mortalities in the CDR from
the cohort from 2001 to 2017 were collected. From the retrieved
data, person-years at risk were calculated and stratified per annum
according to the retrieved data to gender and 5-year interval age
groups. Standardised Incidence Ratios (SIRs) and Standardised
Mortality Ratios (SMRs) with 95% confidence intervals (CI) were
calculated using the general Swedish population as a reference
while assuming a Poisson distribution for the observed numbers.
P < 0.05 were considered statistically significant. Statistical calcu-
lations were made with STATAversion 15 (College Station, TX) and
SPSS version 25 (Armonk, NY).

RESULTS

For the cohort members, the mean cumulative silica exposure
was 0.40 mg/m’ year ranging from 0.02 to 5.7 mg/m’ year, with
a corresponding mean respirable dust concentration of 10.1 mg/
m® years, ranging from 0.25 to 92 mg/m* years. Furnace and ladle
repair workers represented the highest cumulative silica exposure.
The average duration of employment was 11 years. The cumulative
silica exposure in the cohort showed 75% below 0.5 mg/m® years,
91% below 1 mg/m? years (Table 1).

Statistically significant increased SMRs was determined for
all causes (SMR 1.28) and respiratory disease (SMR 1.66), regard-
less of exposure. For respiratory diseases and cumulative exposure
to silica, a statistically significant increased risk (SMR 1.80) was
determined for the high exposure group, 0.39 mg/m? years, corre-
sponding to an average silica exposure of 0.04 mg/m® at our duration
of exposures (Table 2).

The morbidity for all respiratory diseases by dust and silica
exposure showed no statistically significant increase, regardless of
exposure levels and agent. The morbidity expressed as SIRs for non-
primary outcare patients for COPD showed statistically significant
exposure-response for the total group (SIR 1.94), for cumulative
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TABLE 1. Number of Workers, Deaths, Year of Birth, Years of Employment, Time at Risk, Cumulative Respirable Dust and

Silica mg/m? Years by Job Title

Subjects Deaths Year of Birth Years of Employment Time at Risk Respirable Dust Respirable Silica
Job Categories n n AM AM Years AM, mg/m’year AM, mg/m’® year
Caster 64 12 1954 7 952 10.7 0.19
Core maker 246 41 1956 12 3813 9.3 0.27
Fettler 430 68 1958 9 6 693 10.9 0.37
Furnace and ladle repair 6 2 1953 17 88 174 2.7
Maintenance 171 38 1949 15 2578 9.1 0.53
Melter 130 24 1956 11 1958 11.1 0.34
Moulder 209 45 1954 10 3118 10.6 0.40
Sand mixer 7 3 1936 11 86 7.0 0.76
Shake out 18 4 1950 8 275 7.8 0.41
Transportation 26 4 1951 8 405 7.8 0.25
Foundry workers 196 60 1946 8 2758 10.8 0.44
Many jobs 249 78 1945 12 3511 8.5 0.46
Total 1752 379 1953 10 26218 10.1 0.40

AM, arithmetic mean; n, number of subjects/deaths.

respirable dust (SIRs 1.81, 2.04, 1.97) for all types of exposure.
These findings corresponded to cumulative respirable dust expo-
sures ranging from 2.8 to 9.8 mg/m’ year, about 0.3 to 1 mg/m’
expressed as a TWA based on 10 years of average exposures. The
present Swedish OEL for respirable dust is 5 mg/m®. For cumulative
respirable silica, statistically significant morbidity (SIRs 2.35,2.07,
1.64) was determined for all exposure groups. The tertials ranged
from 0.14 to 0.39 mg/m’ year, corresponding to 0.01 up to 0.04 mg/
m® expressed as a TWA based on 10 years of average exposures. The
present Swedish OEL for respirable silica is 0.1 mg/m> (Table 3).

Regarding silicosis, a statistically significant increased risk
(SIR 45.87) of the disease was found for the high exposure group of
respirable silica, +0.39 mg/m® years, corresponding to +0.04 mg/m’
expressed as a TWA based on ten years of average exposures. Asthma
or interstitial pulmonary fibrosis did not present any significant
exposure-response finding for either respirable dust or respirable
silica (Table 3).

DISCUSSION

Main Findings
For foundry workers as non-primary outcare patients, statisti-
cally significant morbidity (SIRs 2.35, 2.07, 1.64) was determined

for all cumulative respirable silica exposure groups for COPD. The
tertials ranged from 0.14 to 0.39 mg/m? year, silicosis showed a
statistically significant increase risk (SIR 45.87) for the high exposure
group of respirable silica, +0.39 mg/m’ years, corresponding to
+0.04 mg/m® expressed as a TWA based on our average exposure
years.

Statistically significant increased SMR was determined for all
causes and respiratory diseases regardless of exposure levels. A
statistically significant increased risk of respiratory diseases and
cumulative exposure to silica a SMR 1.80 was determined for the
high exposure group, 0.39 mg/m® years, corresponding to an average
silica exposure of about 0.04 mg/m? at our duration of exposures.

To the best of our knowledge, these are the first published
data on respiratory diseases for non-primary outcare patients from
the iron foundry using quantitative cumulative silica exposure data
for exposure-response analysis. A strength of this study is the
quality of exposure and morbidity data on a patient in the NPR
register. The used NPR and CDR registers are both maintained and
validated by the Swedish National Board of Health and Welfare.
The Swedish National Patient Register is a reliable tool for epide-
miological studies, enabling the possibility of retrieving morbidity
data for the entire patient population.'® We have a large database of
well-defined silica exposure for each job title and time period for the
Swedish iron foundry industry.®

TABLE 2. Cause of Death in General and Respiratory Diseases in Particular Divided into Tertiles of Cumulative Respirable
Dust and Silica Exposure, with Observed and Expected Outcomes of Death Expressed as Standardised Mortality Ratios

Cause of Death Exposure Measure Exposure Groups (mg/m® year) Observed Expected SMR 95% CI
All causes Total 379 295 1.28 1.16-1.42
Respirable dust <2.76 130 107 1.21 1.01-1.44
2.77-9.82 133 102 1.29 1.08-1.53
9.83+ 116 85 1.36 1.12-1.63
Respirable silica <0.14 86 57 1.51 1.21-1.86
0.15-0.38 96 79 1.21 0.98-1.48
0.39+ 197 159 1.24 1.07-1.42
Respiratory diseases Total 30 18.1 1.66 1.12-2.37
Respirable dust <2.76 13 6.7 1.93 1.03-3.30
2.77-9.82 12 6.4 1.87 0.96-3.26
9.83+ 5 4.9 1.02 0.33-2.38
Respirable silica <0.14 5 3.0 1.67 0.54-3.90
0.15-0.38 6 4.5 1.34 0.49-2.91
0.39+ 19 10.6 1.80 1.08-2.81
Bold numbers, statistically significant.
CI, confidence interval; SMR, standardized mortality ratio.
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine. 595
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TABLE 3. Respiratory Diseases, COPD, Silicosis, Asthma and Other Interstitial Pulmonary Diseases Expressed as SIR by Tertiles of

Cumulative Respirable Dust and Silica Exposure

Exposure Exposure Groups
ICD10 Disease Measure (mg/m® year) Observed Expected SIR 95% CI
J00-J99 Respiratory system Total 252 4354 0.58 0.51-0.65
Respirable dust <2.76 100 146.2 0.68 0.56-0.83
2.77-9.82 105 144.4 0.73 0.59-0.88
9.83+ 47 144.8 0.33 0.24-0.43
Respirable silica <0.14 42 139.0 0.30 0.22-0.41
0.15-0.38 48 146.1 0.33 0.24-0.44
0.39+ 162 150.3 1.08 0.92-1.26
J44 Chronic obstructive pulmonary disease Total 101 522 1.94 1.58-2.35
Respirable dust <2.76 33 18.2 1.81 1.25-2.54
2.77-9.82 35 17.2 2.04 1.42-2.83
9.83+ 33 16.8 1.97 1.36-2.77
Respirable silica <0.14 28 119 2.35 1.56-3.40
0.15-0.38 33 15.9 2.07 1.43-2.91
0.39+ 40 243 1.64 1.17-2.24
J62 Pneumoconiosis due to dust containing Total 6 0.3 21.99 8.0747.87
silica-silicosis
Respirable dust <2.76 1 0.1 10.44 0.26-58.17
2.77-9.82 0 0.1 - -
9.83+ 5 0.1 57.15 18.56-133.36
Respirable silica <0.14 0 0.1 - -
0.15-0.38 0 0.1 - -
0.39+ 6 0.1 45.87 16.83-99.83
J4s Asthma Total 24 54.9 0.44 0.28-0.65
Respirable dust <2.76 5 18.1 0.28 0.09-0.64
2.77-9.82 9 18.2 0.49 0.23-0.94
9.83+ 10 18.5 0.54 0.26-0.99
Respirable silica <0.14 11 18.6 0.59 0.30-1.06
0.15-0.38 8 18.9 0.42 0.18-0.83
0.39+ 5 17.3 0.29 0.09-0.67
184 Other interstitial pulmonary diseases Total 17 11.8 1.44 0.84-2.31
Respirable dust <2.76 2 4.1 0.49 0.06-1.76
2.77-9.82 7 3.9 1.81 0.73-3.72
9.83+ 8 3.8 2.09 0.904.12
Respirable silica <0.14 3 2.8 1.08 0.22-3.14
0.15-0.38 4 3.7 1.09 0.30-2.79
0.39+ 10 53 1.88 0.90-3.45

Bold numbers, statistically significant.
ClI, confidence interval; SIR, standardized incidence ratio.

Respiratory Diseases and the Morbidity of COPD

In a study on Taiwanese foundry workers, differences in
exposure levels, furnace and fettling areas, 2.76 and 1.86 mg/m>,
respectively, on respirable dust were used to establish exposure-
response on lung function decreases and respiratory abnormalities
with crystalline silica.’° In a U.S. study on foundry workers, trends
and exposure-response was analyzed on cumulative silica exposures
and respiratory abnormalities. For smokers, an exposure-response
trend was determined, however, not for non-smokers. The grouped
exposure levels corresponded to TWA 0.006, 0.04, 0.12, and
0.28 mg/m’, respectively.?

A Swedish study on granite crushers referred to in the review
by Broske® noted significant changes in lung function and airway
obstruction status in a follow up after 12 years of respirable silica
exposure ranging from 0.16 to 0.21 mg/m’>."? In a Dutch study on
concrete workers, mild COPD symptoms was regorted at average
levels of respirable silica of about 0.06 mg/m*.>* In a Norwegian
study on tunnel workers, a non-significant increased risk of obstruc-
tive pulmonary disease was determined at respirable silica concen-
trations of 0.03 mg/m?>, cumulative silica exposures ranging from
0.003 to 3.6 mg/m> years.>**** Based on conservative use of the
duration of exposure for tunnel workers in Bakke,>* 10 years, the
cumulative exposures would correspond to TWA air concentrations

0f <0.003 to 0.36 mg/m”. In our data presented here, we determined
significantly increased risks for respirable dust and silica and
COPD, conservatively at average TWA exposure levels at about
1+ mg/m® for respirable dust and 0.04+ mg/m? for respirable silica.
Our data is based on exposure data from 1968 to 2006 in Swedish
iron foundries and COPD diagnosis 2001 to 2017 from national
registers. The COPD diagnosis collected from a specialist not in
care patient register allows us to make a statement about exposure-
response on respirable silica and COPD. Most of the published
papers mentioned are based on analysing lung function abnormali-
ties rather than COPD diagnosis, and their findings effect are
determined at equal or higher silica exposures compared to data
presented here.

Silicosis

A number of articles have been published on silicosis and the
link between the disease and respirable silica exposure measures, in
particular cumulative silica exposure presented as mg/m’
years.”!"?* In the article by Steenland, 1.9% risk after a lifetime
work at the exposure level of 0.1 mg/m® was estimated, that is, 4 mg/
m’ years. In one of the most prominent evaluations'' relative risks
(RR) of 1 was presented at 0.99 mg/m® years, RR 3.39 at 0.99 to
1.97 mg/m® years. Introducing comparative lifetime risk, silicosis

596 © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine.
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morbidity showed a 47% to 77% excess silica at 0.1 mg/m?>, 0.8% at
0.01 mg/m>. OSHA accepts®® an excess risk of 0.1% on serious
diseases or deaths in the United States, implying and supporting an
OEL at about 0.05 mg/m® to prevent silicosis morbidity. However,
studies on silicosis in the foundry environment were excluded from
these meta-analyses. The silicosis risk in foundries have been
evaluated in a small s'[udy,27 showing 0.4% excess risk at lifetime
cumulative exposures below 2 mg/m’ years. Our data, based on non-
primary outpatient care registers, however evaluating small num-
bers, suggests significantly increased morbidity risk (SIR 45.87) for
cumulative silica exposures at +0.39 mg/m® on an average duration
of exposure of 11 years, suggesting an excess risk of silicosis at a
TWA of about +0.04 mg/m’, consistent with findings presented in
the literature and strongly sug§esting a Swedish OEL at about
0.05 mg/m>, at present 0.1 mg/m>.

Asthma

Regarding asthma in our study, we experienced statistically
significant under risk for all exposure groups but one on respirable
dust and silica. In a review regarding population-based, case—control
or asthma cohort studies with the type of exposure revealed, no link
could be established between diagnosed asthma and branches and
industries related to silica exposures in 21 evaluates papers.' In an
ever more extensive review of agents in the workplaces causing
asthma, silica is not in a comprehensive listing of potential asthma
inducing agents. However, the foundry environment is listed due to
MDI exposure.?® The literature supports our findings.

Could different mechanisms explain our differences in mor-
bidity and mortality patterns? The mechanism of how silica cause
COPD is believed to be via cytotoxicity and cause secretion of pro-
inflammatory and fibrogenic factors leading to airflow obstruction
and emphysema.’ Small silica particles penetrate the cell walls and
give localised fibrotic changes that increase airway resistance and
decrease expiratory lung volume.” Silica may also inactivate o-AT
that could, by passing the endothelium, cause localised fibrosis of
small airways and cause chronic bronchitis, bronchiolitis, and
emphysema where emphysema are most common.” Studies show
a decline in expiratory lung capacity (FEV1 and FEV1/FVC) with
cumulative silica exposure where symptoms appear earlier than for
silicotic changes. The mechanism where fibrotic changes and
development of emphysema can explain why asthma is not
increased from silica exposure.™*

Idiopathic Pulmonary Fibrosis

In a review on nonmalignant respiratory diseases and occupa-
tional exposures the occupational burden of IPF was meta-analysed
based on six case control studies performed after 1990.' Significant
findings related to IPF and jobs were determined for live stock, wood
dust textile dust, metal dust, stone dust (silica) and smoking. Four
papers were devoted to silica exposure, three of these showed
significant findings for silica exposures and stone work.*® No expo-
sure measurement datawas presented in the studies, the exposure data
based on occupation and jobs. In this paper we found non-significant
exposure-response for both silica and respirable dust at average
exposure levels of <0.05 and 1 mg/m’, respectively. The numbers
were small, in total 17 workers, but the results are indicative and calls
for further studies based on quantitative data. Also the whole ICD
chapter J84 where used but IPF is the dominating group. We consider
the discrepancies between earlier findings in IPF in traditional and
heavier silica exposed workers and our findings as a result of rather
low average exposures for our foundry workers, <0.05 mg/m’.

Respiratory Diseases, Mortality
In a review article from 2007, many studies on iron and steel
foundry workers were evaluated.” In a U.S. study on ferrous foundry

workers®' a statistically significant excess mortality of non-malig-
nant respiratory disease (SMR 1.77), in particular among the
finishers and in the core room, and a British study on steel foundry
workers significantly raised SMR of 1.53 was determined for
NMPD (non-malignant respiratory disease).*” In a Danish study
on foundry workers, statistically significant increased risk was
determined for respiratory diseases (SMR 1.39), pneumoconiosis
(SMR 73.68), non-significant on chronic bronchitis and emphysema
(SMR 1.32) however not on circulatory diseases (SMR 0.95).%*
These studies did not present any exposure-response data based on
cumulative silica exposures.

In our mortality and morbidity study on iron foundry workers
presented here, we determined a statistically significant risk for the
mortality on respiratory diseases, SMR 1.66, in line with the earlier
findings by Silverstein, Hansen, and Sorahan.*'* Notably, when
an exposure-response analysis was performed and presented here on
cumulative silica exposures, statistically significant excess risk of
SMR 1.80 was determined at cumulative exposure of 0.39 mg/
m® years, corresponding to 0.04 mg/m’ based on an average dura-
tion of exposure of 10 years.

Limitations

A limitation of this study is the lack of data on potential
confounding factors that could affect the results, such as specific
metal, dusts, gases, or smoking habits. We could not obtain any
information on these confounding factors for this cohort, and no
complete individual data on smoking habits was available. How-
ever, in the papers analysed in the reviews on COPD, other poten-
tial dust or gas exposures are most often taken into account when
COPD, respirable dust and gases are evaluated.>®

CONCLUSIONS

This article concludes statistically increased morbidity on
respiratory diseases of silica exposed Swedish foundry workers,
particularly COPD at exposure levels well below the current Swedish
OEL. The morbidity of COPD and silicosis was significantly
increased in the high exposure group, corresponding to much the
same average silica exposure level < 0.05 mg/m?, about less than half
of the Swedish OEL (0.1 mg/m?) at our duration of exposures. The
mortality of all causes and respiratory diseases was significantly
increased by cumulative silica exposure in the high exposure group,
corresponding to an average silica exposure level < 0.05 mg/m".
Furthermore, no increased morbidity on asthma was determined.
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