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Abstract 

Background  

Air pollution due to particulate matter (PM) is known to cause increased risk of developing 

pulmonary diseases, but PM is also believed to increase the risk for cardiovascular disease 

(CVD). PM of smaller sizes (<10 µm) are more correlated to adverse health effects. There are 

several theories of how PM could cause CVD. At the Swedish iron foundries PM can be found as 

dust of inorganic compounds and quartz, among others.  

Objective 

The aim of this study is to examine if there is a dose response between exposure to respirable 

dust and cardiovascular disease mortality. 

Material and Method  

A cohort of 3048 iron foundry workers was formed from the personnel records of 10 iron 

foundries. The exposure to respirable dust for these foundry workers were estimated by using a 

mixed model with both historical measurement data and more recent measurements.  

Standardized mortality ratio (SMR) was used to compare the cause of death among iron foundry 

workers to the general population. 

Results 

The overall mortality was higher among the foundry workers (SMR 1.19) and the SMR of 

cardiovascular diseases was 1.26. The mortality varied among the different job titles. Stroke was 

the diagnosis of CVD that had the most statistical significant increase in mortality. The workers 

exposed to higher concentration of respirable dust showed less mortality in CVD. 

Discussion  

The overall higher mortality should according to the healthy worker effect be lower among the 

foundry workers compared to the general population. The highest SMR was for the ‘melters’ but 

they did have relatively low mean exposure of respirable dust, could be that a lower exposure for 

a longer amount of time increases the risk more than acute high exposure. The increased risk of 

stroke due to air pollution has been seen in other studies. Smoking also increases the risk of CVD 

and could be a confounding cause.  

Conclusion 

A higher risk of dying in a cardiovascular disease was seen among the iron foundry workers, but 

we could not show a dose response to respirable dust exposure. 
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Abbreviations 

AD - aerodynamic diameter 

ACGIH - American conference of governmental industrial hygienists 

CHD - coronary heart disease 

CI - confidence interval 

CRP - C- reactive protein 

CVD - cardiovascular disease 

HDLc - high-density lipoprotein cholesterol 

HWE – healthy worker effect 

IHD - ischemic heart disease 

IL – interleukin 

NBOSH – national board of occupational safety and health 

NIOSH - national institute of occupational safety and health 

OEL - occupational exposure limit 

PM - particulate matter 

RR - relative risk 

SMR - standardized mortality ratio 

SWEA - Swedish work environment authority 
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1. Background 

1.1 Dust-exposure and adverse health effects 

It is well established that air pollution increases the risk of developing respiratory diseases, such 

as chronic obstructive pulmonary disease and asthma. A less established relationship between 

particulate matter and cardiovascular disease (CVD) has been suggested in several reports [1]. 

 

Particulate matter (PM) can have varying effects on the body depending on PM size. The size is 

related to its aerodynamic diameter (AD), where PM10 particles have an AD < 10 µm and PM2.5 

an AD < 2.5. Most PM10 deposits in the nasal cavities and upper airways but may also reach the 

lower airways whereas PM2.5 and smaller particles may even penetrate the lung alveoli and enter 

the bloodstream [1]. 

 

Both PM10 and PM2.5 polluted air have been observed to increase the risk for adverse health 

effects, such as high blood pressure, stroke and cardiovascular disease.  PM2.5 and ultrafine 

particles (PM0.1) have a stronger correlation to adverse health effects than that of PM10. 

The alveolar macrophages cannot handle large quantities of ultrafine particles as efficient as they 

can handle larger particles of the same material [2]. This might explain the stronger correlation 

between fine and ultrafine particles and cardiovascular disease, due to a greater inflammatory 

response in the lungs. 

 

1.2 PM and cardiovascular diseases 

There are three different reactions that could cause the higher risk for cardiovascular disease 

when exposed to particulate matter [3]: 

1) An inflammatory reaction in the lung which releases IL-6 which in turn stimulates an 

increase of C-reactive protein (CRP) and fibrinogen, which are known to be risk factors 

for ischemic heart disease. 

2) Dysfunction of the autonomic nervous innervation of heart function, such as heart rate, 

due to local or systemic inflammatory stimuli and/or in response to direct reflexes from 

receptors in the lung. 

3) Direct damage on the myocardium, mostly by ultrafine particles that give an ischemic 

response and/or alter the ion-channel function. 
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The multifactorial background of ischemic heart disease includes established risk factors such as 

hyperlipidemia, hypertension and smoking.  The role of inflammatory processes as a risk factor 

for ischemic heart disease has in later years become more evident [3]. An inflammation in the 

airways leads to higher levels of fibrinogen (a precursor to fibrin) which is a risk factor for both 

ischemic heart disease [4] and ischemic stroke [5], due to the bloods higher affinity to form a 

thrombus or an embolus. IL-6 is also released in the lungs as a response to bacteria or particles, 

this interleukin stimulates the formation of CRP which is a well-known biomarker for ischemic 

heart disease [6]. 

 

The inflammatory theory implies an increased risk for CVD by the higher risk for patients with 

chronic inflammatory diseases, such as rheumatoid arthritis [7], psoriasis [8] and chronic 

bronchitis [9], to develop a cardiovascular disease. 

 

1.3 PM exposure at Swedish iron foundries 

According to a previous study, on the same cohort as in our study, the quantity of respirable dust 

(AD < 5 µm) that the workers were exposed to exceeded the occupational exposure limit (OEL) 

in 3 % of the samples. The workers that exceeded the Swedish OEL for respirable dust (5 

mg/m3) were mainly involved in fettling, ladle and furnace repair, sand mixing and shake out. In 

74 % of the measurement database samples 1 mg/m3 (i.e. 20 % of OEL) were not exceeded and 

only 7 % of all samples exceeds 2.5 mg/m3 (i.e 50 % of OEL) [10]. 

 

1.4 Swedish foundry industry 

In 2010 the Swedish foundry industry had 6300 workers employed. In the term foundry industry 

three main types of foundries are included: iron foundries, steel foundries and foundries using 

non-ferrous metals. 

 

In 2010 the iron foundries produced 200,000 tonnes of castings out of the foundry industries 

270,000 tonnes of foundry products. Even though the iron foundries are by far the largest 

producers of castings they are the second biggest employers with 2600 out of the 6300 
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employees in the Swedish foundry industry. The largest employer with 2750 employees are the 

non-ferrous metal foundries. 

 

The foundry produces their castings through a process where they pour molten metal into 

moulds. These moulds are entirely or partly made out of bounded quartz sand. Castings that 

require a cavity or empty space inside also require a core for the mould. 

The foundry industry supplies the automotive industry, mechanical workshops and other 

industries with their products. 

 

There are several different work operations in the iron foundry which includes, melting, sand 

mixing, moulding, core making, casting, shake-out, fettling, transporting and cleaning. 

Less frequently performed tasks include maintenance and repair of furnaces and ladles [10]. 

 

1.5 PM and iron foundries 

Particulate matter are heterogeneous substances that can be found everywhere in the environment 

and consists of many organic and inorganic compounds. Thousands of chemicals have been 

detected in PM, and some of the more common chemicals include sulfates, nitrates, elemental 

and organic carbon, biological compounds (e.g. cell fragments) and metals (e.g. iron) [11]. 

Inorganic dust and quartz is among the substances that can be found in the PM of an iron or steel 

foundry. 

 

The PM is classified into three different fractions depending on their size and where they deposit 

in the airways according to the Swedish standard: 

● Inhalable fraction. Particles that can be inhaled by mouth and nose, they have an AD of < 

50-100 µm. 

● Thoracic fraction. Particles that pass the larynx. Their AD is < 10 µm. 

● Respirable fraction. Particles that get as far as to the unciliated part of the respiratory 

passage. Their AD is < 5 µm. 

 

PMs adverse health effects depend on the AD of the particles, but also on which compounds it 

contains. Since PM is a highly heterogeneous mixture it has been measured primarily by the AD 
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and therefore mass instead of its actual composition [11]. The different compounds adverse 

health effects are therefore less established than the effect of the particle size.  

 

Exposure to dust in the foundry is due to quartz sand and the varying chemicals in binders for 

cores and moulds, quartz sand in heat protective layers in furnaces and ladles and the metal dust 

produced when cleaning the cast from irregularities and roughness. The respirable dust particles 

are smaller than 5 µm and they can take days to settle when airborne. This may lead to 

significant occupational exposure in situations where the dust is stirred-up and exchange of air is 

slow [10]. 

 

 

2. Objective 

2.1. Aim 

The aim of our study is to see if there is a connection between exposure to respirable dust and 

cardiovascular disease mortality in the Swedish iron foundries. And also to evaluate the dose-

response to different grades of exposure, by comparing mortality in different work categories, 

length of employment and during which time period the employee worked at the foundry. 

 

2.2. Hypothesis 

There is higher cardiovascular disease mortality for those workers at the foundry who have 

higher exposure to respirable dust.  

 

2.3. Null hypothesis 

There is no significant difference between the foundry workers and the general population when 

looking at the cardiovascular disease mortality. 
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3. Material and Method 

3.1. The Foundries 

To represent the Swedish iron foundry industry 11 Swedish iron foundries were selected. One 

foundry was excluded due to incomplete personnel records. The iron foundries selected varied in 

size, different types of sand and binders for moulds and cores as well as in different 

manufacturing methods. 

 

Table 1 displays the number of employees, production and the different production methods used 

at the iron foundries included in the study. The different types of iron that the foundries used 

were grey iron (3.0–3.5% carbon, 1.3–2.5% silicon, 0.4–0.8% manganese, 0.15–0.2% 

phosphorus, 0.06–0.15% sulfur), nodular iron (3.3–3.9% carbon, 2.1–2.7% silicon, 0.1–0.5% 

manganese, max 0.06% phosphorus, max 0.02% sulfur, 0.03–0.06% magnesium) and compacted 

graphite iron (3.3–3.9% carbon, 2.1–2.7% silicon, 0.1–0.5% manganese, max 0.06% phosphorus, 

max 0.02% sulfur) [12]. Green sand (75% silica (silicon dioxide), 6% carbon black, 5–6% 

bentonite and water) with different chemical binders added, such as furan (furfuryl alcohol, urea, 

phenol, formaldehyde, p-toluenesulfonic acid, or phosphoric acid) and silicate ester (sodium 

metasilicate and organic ester) as well as shell sand (phenol formaldehyde and 

hexamethylenetetramine) were used in most of the foundries when moulding. 

 

The binder for the cores also varied between the foundries, but coldbox (isocyanate-MDI, polyol, 

phenol formaldehyde resin, and an amine as the catalytic agent) was the most frequently used. 

Other less frequently used core binders include hotbox (phenol formaldehyde resin, ammonium 

nitrate and urea), epoxy-SO2 (epoxy resin, organic hydroperoxide and sulfur dioxide), core-oil 

(linseed oil and water) and sodium silicate. 
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Table 1. Production, number of employees, type of castings, production methods and material used in binders at the 

10 foundries. 

Company Production 
(tonnes/year) 

Employees Type of iron cast Production 

techniques 
Binders for 

moulds 
Binders for cores 

1 600 10 Grey iron 50% 
Nodular iron 50% 

Manual moulding Ester cured 

alkaline phenolic 
(no bake) resin 

Ester cured 

alkaline phenolic 
(no bake) resin 

2 9,500 135 Grey iron 95% 
White iron 5% 

Mechanical 

moulding 
Green sand Coldbox 

Ester sand 
3 1,700 26 Grey iron 100% Manual moulding Green sand 

Ester cured 

phenolic resin 

Core-oil 

4 13,000 100 Nodular iron 60% 
Compact graphite 

iron 30% 
Grey iron 10% 

Manual moulding Furan resin Furan resin 

5 2,300 17 Grey iron 80% 
Compact graphite 
iron 19% 
Nodular iron 1% 

Manual moulding Sodium silicate Sodium silicate 

6 28,000 279 Grey iron 75% 
Nodular iron 25% 

Mechanical 
moulding 

Green sand 
Phenol resin and 

shellsand 
 

Coldbox 
Phenol 

formaldehyde 

resin 

7 14,000 161 Grey iron 100% Mechanical 

moulding 
Green sand 
Sodium silicate 

Coldbox 

8 400 8 Grey iron 100% Manual moulding Sodium silicate 
Furan/Phenol 

resin 

Sodium silicate 

9 12,000 116 Grey iron 60% 
Nodular iron 40% 

Mechanical 

moulding 
Green sand 
Phenol 

formaldehyde 
resin 

Resole-CO2 

10 1,500 30 Grey iron 70% 
Nodular iron 30% 

Manual moulding Phenol 

formaldehyde 

resin with 

furfuryl alcohol 
and acid 

Phenol 

formaldehyde 

resin with 

furfuryl alcohol 
and acid 

 

3.2. Subjects 

Company personnel records from the 11 foundries were used to identify workers that had an 

employment between 1913 and 2005. This provided an initial cohort of 4603 employees. From 

this initial cohort 1555 subjects were excluded, counting those who were employed for less than 

one year (n=806), whose company did not have complete personnel records (n=477), whose 

identities were uncertain (n=6), whose employment information was inadequate (n=33) and the 

female workers were also excluded (n=233). This leaves us with a final set of 3048 male iron 

foundry workers whose employment length lasted longer than one year. The forming of the 

cohort is displayed in figure 1 below. 
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Figure 1. The cohort and how it was formed. The curved arrows from the main arrow symbolize the excluded 

subjects. 

 

The mean and median duration of employment of this cohort were 13 and 8 years respectively. 

Their total employment length in years, and therefore their total person years at risk, comprised 

88,955 person-years. Table 2 displays how long periods the subjects of the cohort had worked in 

the iron foundries. 

 

Table 2. Length of employment divided into four periods, number of workers that worked for that long and percent 

of total cohort that each period constitutes. 

Years of employment Number of workers Percent 

<=2 467 15.3 

2.1-10 1 198 39.3 

10.1 - 20 633 20.8 

20+ 750 24.6 

Total 3 048 100.0 

 

The job titles at the foundries (displayed in table 3) were ‘caster’, ‘moulder’, ‘core maker’, ‘sand 

mixer’, ‘melter’, ‘ladle and furnace repair’, ‘shake out’, ‘fettler’, ‘maintenance’, ‘transporter’, 

and ‘office workers’ within the production area. There were also four further job titles in the 

cohort: ‘multiple tasks’, ‘other specified’, ‘foundry worker miscellaneous’, and ‘unspecified’. 

The category ‘multiple tasks’ included workers who performed more than one well-defined job, 

the category ‘other specified’ included cleaners, painters and model carpenters, and the ‘foundry 
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workers miscellaneous’ category included workers that had no recorded information about their 

working task. The difference between the category ‘foundry worker miscellaneous’ and the 

category ‘unspecified’ is that the ‘foundry worker miscellaneous’ worked inside the foundry but 

with unknown task, while the ‘unspecified’ could have worked outside of the foundry, in the 

yard e.g. 

 

Table 3. The different job titles at the iron foundries, the number of workers at the foundries in each category and 

percent of total cohort each category constitutes. 

Job title Number of workers Percent 

Multiple tasks 411 13.5 

Caster 94 3.1 

Moulder 261 8.6 

Core maker 298 9.8 

Sand mixer 11 0.4 

Melter 167 5.5 

Ladle and furnace repair 9 0.3 

Shake out 28 0.9 

Fettler 534 17.5 

Maintenance 200 6.6 

Transporter 35 1.1 

Other specified 114 3.7 

Foundry worker miscellaneous 340 11.2 

Office workers 48 1.6 

Unspecified 498 16.3 

Total 3048 100.0 

 

The cohort was then matched against Swedish Social Services mortality registers of 2012 which 

provided the difference in mortality between iron foundry workers and the general male 

population as can be seen in the result section. This register only stretches as far back as 1952, 

which means that we do not know the causes of death for the workers who died before that year.  

 

3.3. Exposure assessment 

The dust exposure measurement data comprises both older historical measurements and more 

recent measurements. The historical measurements were collected from the 10 iron foundries and 

the database of measurements from the time period 1968 to 2004 consisted of 1,142 

measurements. The historical measurements were obtained by using a sedimentation method 

which differs from the cyclone separation method used presently. The sedimentation method 

dust concentration values are usually double those sampled with cyclone separation method, and 
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the historical concentrations were corrected accordingly [13,14]. Parts of the historical data were 

also available in the form of compulsory measurements collected by the participating foundries 

and from national exposure surveys provided by the Swedish work environment authority 

(SWEA).  

 

The more recent exposure measurements were performed between April 2005 and May 2006 at 

the 10 selected iron foundries which resulted in 340 measurements from all the work operations 

at the foundries. These newer measurements together with the historical measurements gave us a 

measurement database of 1,482 measurements. 

 

All the 340 workers included in the measurement were equipped with a SKC aluminum cyclone 

(SKC 225-01-01, Eighty Four PA, USA) with a 25 mm cellulose acetate filter (Millipore 0.8 µm 

pore size) to determine their exposure to dust. An air pump (SKC AirCheck 2000, Eighty Four 

PA, USA, MSA Escort, Pittsburgh PA, USA, or GSA SG4000, Gut Vellbrüggen, Neuss, 

Germany) was connected to the cyclones with an airflow rate of 2.5 l/min with separation 

characteristics according to the Johannesburg convention [13,14]. The filters were analyzed 

gravimetrically according to a modified national institute of occupational safety and health 

(NIOSH) method [15]. Before analysis the samples were conditioned at 20 ± 1°C and 50 ± 3% 

relative humidity for 48 hours. The sampling time ranged from 2.2 to 9.9 hours, the sampling 

times shorter than 4 hours concerned predominantly furnace and ladle repair. The detection limit 

for respirable dust was 0.10 mg/sample resulting in detection concentrations for an 8-hour time- 

weighted average (TWA) sample of approximately 0.10. 

 

The ‘foundry worker miscellaneous’ exposure to respirable dust were assumed to correspond to 

the mean exposure of employees with all the other job titles. The ‘unspecified’ workers which 

job titles were unknown had their exposure estimated to be equivalent to that of the category 

‘other specified’ employees. The ‘office workers’ also had their exposure estimated to be 

identical with that of the ‘other specified’ workers. 
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3.4. Smoking habits 

An attempt to estimate smoking habits of the cohort, to rule out the adverse health effect of 

smoking (a well-known risk factor for cardiovascular disease), was made. An inquiry about 

smoking habits was sent out to 500 random subjects in the cohort, 300 of them answered. But 

since the cohort is an old one and the subjects whose smoking habits we were most interested in 

were deceased this added information did not give us a complete basis. Therefore the smoking 

habits of the subjects are regarded as unknown. But the smoking habits of the Swedish 

population and the possible impact smoking habits could have had will be evaluated in the 

discussion. 

 

3.5. Statistics 

The different job titles exposure of respirable dust were calculated as an 8-hour time weighted 

average concentration (8-hour TWA) for the full workday.  To observe the difference between 

the observed and the expected deaths we used the standardized mortality ratio (SMR). The 

expected number of deaths were the number of deaths from different causes among the general 

male population, gathered from the Swedish Social Service mortality registers (in Swedish: 

Socialstyrelsens dödsorsaksregister) of 1952 to 2012. The SMR indicates an increased mortality 

in the cohort (SMR >1.0) or a decreased mortality in the cohort (SMR <1.0). 

 

A mixed model was devised to assess the respirable dust exposure concentrations for the 

different time periods, foundries and job titles. In our mixed model we divided time of 

employment into 4 different periods (1968-1979, 1980-1989, 1990-1999, 2000≥), type of iron 

foundry by the 10 foundries included and job titles into 11 categories (same 11 as in table 6 in 

results). The exposure measurements data were skewed and therefore a transformation using the 

natural logarithm was performed. With estimates from the model we could identify factors 

affecting respirable dust concentration levels and use these to calculate surrogate respirable dust 

dose for each individual. The mixed model applied used the following equation [16]): 

 

Yijk = ln(Xijk) = µ + β 1χ1j + β 2χ2j + β 3χ3j + … + β mχmj + φ j(i) + εk(ij) 
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µ is the overall average respirable dust concentration on log-scale and β 1,…, β m are coefficients 

of the fixed effects of time periods, type of foundries and job titles. To account for variations 

between workers with the same job title the random effects of workers nested within job titles, φ 

j(i), were accounted. Xijk and Yijk are, respectively, respirable dust concentration and log-

transformed respirable dust concentration in the ith group for the jth worker on the kth day. The 

result of the model are presented as antilogarithmic β-values with specified reference categories, 

and enabled determination of respirable dust concentrations for different time periods, job and 

companies. 

 

For the cohort the concentration of respirable dust derived from the mixed model was expressed 

as a cumulative exposure measure in mg/m3
*years (i.e. exposure level multiplied by exposure 

time). The cumulative doses for respirable dust for each individual were calculated according to: 

 

 CE(j) = Σ Ek(jk) T(jk) 

 

Where CE(j) is the individual cumulative exposure expressed as mg/m3
*year, Ek(jk) is the 

estimated level of respirable dust for the jth individual during the kth time period and T(jk) is the 

number of years at the exposure level prevailing for the kth time period. Exposures before 1968 

were allocated the same concentration levels calculated for the period 1968-1979. 

 

The levels of exposure, measured in mg/m3, were divided into 4 quartiles (≤2.1, 2.11-5.59, 5.60-

14.22, ≥14.23) which were used to evaluate the dose-response in the results. 

 

 

4. Results 

Our recorded data shows a higher mortality rate from all causes for the foundry workers than for 

the general population. There is a statistically significant higher mortality from diseases that 

affect the respiratory system, with a standardized mortality ratio (SMR) of 1.50. But also, which 

is of more interest in this study, a higher mortality from cardiovascular diseases. Of the 534 

deaths in cardiovascular diseases only 423.6 were expected if the mortality would be the same as 

in the general population. As shown in table 4 the SMRs were statistically significant increased 
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for respiratory diseases, cardiovascular diseases, connective tissue and musculoskeletal disorders 

and malignant tumors. 

 

Table 4. Cause of death among the iron foundry workers. Both the number of observed deaths and the number of 

expected deaths with the SMR based on those values with the 95% CI. Bold figures indicate values of statistical 

significance. 

Cause of death Observed deaths Expected deaths SMR 95% CI 

All causes of death 1092 919.7 1.19 1.12-1.26 

Respiratory diseases 80 53.2 1.50 1.19-1.87 

Cardiovascular diseases 534 423.6 1.26 1.16-1.37 

Endocrine disorders, 

nutritional disorders and 

metabolic disorders 

19 18.9 1.00 0.61-1.57 

Dermatological diseases 1 0.7 1.52 0.04-8.46 

Infectious diseases and 

parasitic diseases 

13 10.3 1.27 0.67-2.17 

Gastrointestinal disorders 37 34.3 1.08 0.76-1.49 

Mental disorders 18 20.2 0.89 0.53-1.41 

Connective tissue and 

musculoskeletal disorders 

7 2.6 2.67 1.07-5.50 

Sensory organ and 

neurological disorders 

11 16.4 0.67 0.34-1.20 

Urologic diseases 15 13.0 1.16 0.65-1.90 

Malignant tumors 263 232.8 1.13 1.00-1.27 

External causes to death 

and disease 

89 78.9 1.13 0.91-1.39 

 

Table 5 displays the 534 deaths in cardiovascular diseases divided into the different tasks at the 

foundries. The group with the highest increase in deaths compared to the general population was 

the ‘melters’ with a SMR of 1.70. They were followed by the foundry workers with 

miscellaneous tasks, SMR 1.65, and then by the ‘fettlers’ with a SMR of 1.35. The group of 

‘unspecified’ workers also had statistically significant increased SMR. Most of the other 

categories of workers at the foundry also had a higher SMR than 1, but their rates were not 

statistically significant. 

 

The exposure to respirable dust calculated as an 8-hour TWA measured in mg/m3 for the different 

work categories can be seen in table 6. The workers that perform the ‘ladle and furnace repair’ 

have the highest mean exposure to respirable dust, followed by ‘sand mixers’ and ‘fettlers’. For 
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several of the job titles the concentration of exposure had a high variation among the measures of 

the same job title, which can be seen by the high standard deviation for those job titles. 

 

Table 5. Death in cardiovascular disease by the different work operation at the iron foundries. Bold figures indicate 

values of statistical significance. 

Job title Observed deaths Expected deaths SMR 95% CI 

All tasks 534 423.6 1.26 1.16-1.37 

Multiple tasks 86 74.2 1.16 0.93-1.43 

Caster 14 10.7 1.31 0.72-2.20 

Moulder 30 37.4 0.81 0.55-1.15 

Core maker 40 35.0 1.14 0.82-2.14 

Sand mixer 3 4.1 0.73 0.15-2.44 

Melter 29 17.0 1.70 1.14-3.01 

Ladle and furnace 

repair 

2 2.4 0.83 0.10-3.28 

Shake out 5 3.6 1.41 0.46-1.74 

Fettler 59 43.8 1.35 1.03-1.95 

Maintenance 27 20.1 1.34 0.88-3.51 

Transporter 5 3.3 1.51 0.49-1.96 

Other specified 14 12.0 1.17 0.64-2.03 

Foundry worker 

miscellaneous 

89 53.9 1.65 1.33-2.03 

Office workers 0 1.7 0  

Unspecified 131 104.8 1.25 1.04-1.48 

            

Table 6. Dust exposure data from 1482 measurements of the different job titles. Exposure is measured in mg/m3 as 

an 8-hour TWA for the full workday. The OEL for respirable dust is also displayed below each value. 

Job title N Mean Median Minimum Maximum Std. Deviation 

1 Caster 55 0.72 0.68 0.09 1.70 0.37 

2 Moulder 227 0.98 0.79 0.01 5.76 0.76 

3 Core maker 169 0.41 0.31 0.02 2.59 0.38 

4 Fettler 500 1.41 0.67 0.07 36.62 3.01 

5 Sand mixer 86 1.88 0.67 0.08 26.91 4.37 

6 Ladle and 

furnace repair 55 3.23 1.27 0.26 29.00 5.08 

7 Melter 104 0.99 0.70 0.10 4.76 0.80 

8 Transport 27 0.69 0.66 0.11 1.68 0.45 

9 Maintenance 55 0.76 0.55 0.10 3.73 0.69 

10 Shakeout 136 1.19 0.76 0.08 28.52 2.64 

11 Other 68 1.31 0.42 0.08 23.31 3.06 

Total 1482 1.21 0.66 0.01 36.62 2.57 

OEL  5 mg/m3 5 mg/m3 5 mg/m3 5 mg/m3 5 mg/m3 
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In table 7 it is shown which of the cardiovascular diseases the foundry workers died of. Ischemic 

heart disease and acute myocardial infarction both had a SMR over 1, but their data were not of 

statistical significance. The mortality in stroke also had a SMR elevated over 1 and in this case 

the data was of statistical significance. 

 

Table 7. The three most common diagnoses of the cardiovascular diseases that the foundry workers died of. And 

how many that died of each diagnosis. Bold figures indicate values of statistical significance. 

ICD10 Circulatory system diagnoses Observed deaths Expected deaths SMR 95% CI 

I20-I25 Ischemic heart disease 252 226.0 1.12 0.98-1.26 

I21, I22 Acute myocardial infarction 161 148.5 1.08 0.92-1.27 

I60-I69 Stroke 98 71.7 1.37 1.11-1.67 

 

Since stroke was the only diagnosis with a statistically significant elevation among the 

cardiovascular diagnoses we choose to look into it a bit closer. When looking at death in stroke 

divided among the different task at the iron foundries it appears that it is the ‘melters’ and 

‘foundry worker miscellaneous’ that have a statistically significant elevated risk of dying in 

stroke. The number of observed deaths for ‘melters’ was 7 and the expected was to be 2.8, which 

gives us a SMR of 2.50 with a CI of 1.01-5.16. The ‘foundry workers miscellaneous’ had 23 

observed out of 9 expected deaths, SMR of 2.56 with a CI of 1.62-3.84. There is also a higher 

mortality in stroke than expected with regard to the ‘fettlers’ and ‘unspecified’ workers, but not 

of statistical significance.  

 

The correlation between exposure to respirable dust and the deaths in cardiovascular diseases 

(stroke included) and stroke by itself can be seen in figure 2. The subjects least exposed to 

respirable dust had the highest mortality in cardiovascular diseases. The dose response curve is 

instead of an increasing response to a higher dose a decreasing response to a higher dose. 

Observe that the higher exposure quartiles values are not of statistical significance. 
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Figure 2. The SMR depending on exposure divided into four quartiles of respirable dust exposure measured in 

mg/m3. Both cardiovascular diseases (bold curve) and stroke by itself (thin curve) is displayed in separate curves. 

The numbers above the curves in the chart is the CI for that given SMR. 

 

The same trend of negative dose-response between exposure and SMR can be seen in figure 3 

which displays the correlation between deaths from cardiovascular diseases (stroke included) and 

stroke by itself in relation to the length of employment. In both curves we can observe that the 

shorter the employment lasted the higher the risk of dying in a cardiovascular disease and stroke 

was. Just like the values in figure 2 the higher quartiles are not statistically significant. 

 

The exact number of observed and expected deaths that have been used to produce the SMRs in 

figure 2 and 3 can be seen in table 8-11 in the appendix.  
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Figure 3. The SMR depending on length of employment in years divided into four quartiles. Both cardiovascular 

diseases (bold curve) and stroke by itself (thin curve) is displayed in separate curves. The numbers above the curves 

in the chart is the CI for that given SMR. 

 

 

5. Discussion 

5.1. The higher mortality at the iron foundries and HWE 

The first thing we can conclude by the result is that there is a higher mortality of all different 

causes for the iron foundry workers in our study, a SMR of 1.19 within a CI of 1.12-1.26. 

According to the healthy worker effect (HWE) first named by McMichael [17] there should 

instead be a lower mortality for the foundry workers than the general population. The HWE 

phenomenon was first observed in 1885 by William Ogle who found that the mortality was lower 

for workers in occupations that required vigorous employees than those occupations of easier 

character or among those who were unemployed. There are several components of HWE that 

could lead to better health among workers than among the general population. One example is 

the healthy hire effect which states that employers may be influenced in the selection when 
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employing by aspects like poor health, physical disabilities or bad lifestyle habits e.g. smoking. 

Another component is that of the healthy worker survivor effect which means that workers with 

health issues are less motivated to work and are less keen to present themselves for employment, 

they are self-selected not to be hired [18].  

 

Even without the HWE the iron foundry workers are unhealthier than the general population. 

This suggests that there is a correlation between employment at an iron foundry and bad health. 

 

As expected dying of a respiratory disease is among the most common causes of death (SMR of 

1.50) for the iron foundry workers. But our data also shows that there is a higher mortality in 

cardiovascular diseases among the foundry workers (SMR of 1.26). An increased risk of dying in 

a cardiovascular disease among foundry workers have also been observed in a study of Finnish 

foundry workers. The study included both iron and steel foundries, but iron foundries showed the 

highest correlation to ischemic heart disease (IHD) mortality. But their focus was on the 

correlation between carbon monoxide and ischemic heart disease [19]. 

 

5.2. CVD mortality and the different job titles 

The highest SMR for CVD were observed among the ‘melters’ (1.70) followed by the ‘foundry 

workers miscellaneous’ (1.65), ‘fettlers’ (1.35) and the workers with ‘unspecified’ work tasks 

(1.25).  The mean exposure to respirable dust however was highest for the workers that perform 

the ‘ladle and furnace repairs’ (3.23 mg/m3), followed by ‘sand mixers’ (1.88 mg/m3) and 

‘fettlers’ (1.41 mg/m3). But all of those with high mean exposure also had a high standard 

deviation (>3), which indicates that there were many outliers. The ‘melters’ who did not have as 

high mean exposure (0.99 mg/m3) had instead fewer outliers and more concentrated variables. 

One thing to take in mind is that the ‘ladle and furnace repairs’ are not done on a daily basis 

while melting is. This could point towards that a lower exposure during a longer time like the 

‘melter’ experience rather than the high acute exposure that the ‘ladle and furnace repairer’ 

experience increases the risk for CVD the most. 

 

In a study published in 2014 [20] a cohort of 42,000 Chinese workers, who were potentially 

exposed to crystalline silica, were followed from 1960 to 2003 in an attempt to investigate the 
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correlation between crystalline silica and mortality in heart disease. Their result showed that low-

level of exposure to crystalline silica was associated with increased mortality from ischemic 

heart disease, whereas a high-level exposure was associated with decreased mortality from 

ischemic heart disease and increased mortality from pulmonary heart disease. This strengthens 

our thesis suggesting that a low exposure rather than a high exposure lead to increased mortality 

in cardiovascular disease (other than pulmonary heart disease). 

 

5.3. Stroke and PM exposure 

Since stroke was the diagnosis that was of most statistical significance in our result we choose to 

look further at its correlation with PM exposure. The correlation between air pollution and stroke 

has been examined in earlier studies [21,22,23]. One of these studies by Wellenius [21] suggests 

that the exposure of PM10 increases the risk of ischemic stroke, but not the risk of hemorrhagic 

stroke. In this study the subjects were Medicare beneficiaries aged ≥65 in 9 US cities. Those 

cities had daily PM10 monitoring and the relationship between fluctuations in PM10 levels linked 

to the admission of stroke patients was recorded. The study found that a transient increase in 

PM10 lead to higher risk of hospital admission in ischemic stroke. In that study the overall mean 

PM10 concentration in the cities was 32.69 µg/m3. If compared to the iron foundry workers in our 

study where the mean respirable dust exposure was 1.21 mg/m3, it can be concluded that our 

foundry workers were of a much higher exposure. What differs between the two study groups is 

that ours was of high exposure during their work day while in the other study the subjects were 

exposed all the time and that they monitored PM10 (AD<10µm) while we monitored respirable 

dust (AD<5µm). The content of the PM could also have differed. 

 

Although the study by Wellenius [21] could not show a correlation between PM and an increased 

risk of hemorrhagic stroke there is a study from Taipei that has looked further into that 

correlation. They monitored PM2.5 levels in Taipei city between 2006 and 2010 while also 

recording the hospital admissions for hemorrhagic stroke. The median PM2.5 during the study was 

27 µg/m3. The study did show a 12% increase in admissions for hemorrhagic stroke with an 

interquartile range rise of PM2.5 on warm days (>23℃) and a 4 % increase on cold days (<23℃) 

[22]. 
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The way PM increase the risk of having a stroke is suggested to be by promoting atherosclerotic 

plaque disruption and thrombosis. This could be mediated by an acute systemic inflammatory 

response with increased number of circulating neutrophils due to exposure to PM. Another way 

that thrombosis could be mediated by PM exposure is through disturbance of hemostatic factors, 

including increase in fibrinogen and von Willebrand factor. PM exposure could also lead to 

changes in the autonomic nervous system, which could alter its activity and give heart rate 

variability [21]. 

 

5.4 Respirable dust exposure and length of employment 

In our results there is displayed that a higher exposure and a longer time of employment was 

associated with less mortality of CVD and stroke. This could be an effect of several different 

reasons. It could be that the workers who have the highest exposure to respirable dust may die in 

different diagnoses than CVD due to their high exposure. Respiratory diseases due to high 

exposure of respirable dust could develop before a CVD does. 

 

Another reason could be that the workers highest exposed to respirable dust have the best 

routines when it comes to protecting themselves from the harmful effects of respirable dust. This 

could also explain why shorter employment leads to a higher risk. If employees tend to be 

employed only for a short time at different foundries they do not learn the right routines and 

could be of a higher risk. Likewise the employees who do not normally being exposed to high 

concentration of dust such as an ‘office worker’ may not have as good routines or are not as keen 

to protect themselves from the respirable dust. 

 

The exposure to respirable dust has decreased with time, due to better routines and protective 

gear such as respirators. But the production has also increased with time, this increased 

production may somewhat negate the decreased exposure. 

 

5.5. Smoking and CVD 

As mentioned in the method we were not able to gather data about the cohorts smoking habits, 

and therefore we cannot know if our subjects were heavy cigarette smokers. 
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Cigarette smoking is a well-established cause of CVD. According to a study more than 1 in 10 

deaths from CVD worldwide are caused by smoking [24]. Smoking is both a risk factor by itself 

and enhances other risk factors for CVD, including glucose intolerance and low serum levels of 

high-density lipoprotein cholesterol (HDLc). The relative risk (RR) of the CVDs varies with the 

vascular bed and stroke has the lowest RR, while coronary heart disease (CHD) and aortic 

aneurysm have intermediate RRs. The highest RRs of diseases caused by cigarette smoking are 

observed for diseases of peripheral arteries in the lower extremities [25]. 

 

Cigarette smoking causes development of atherosclerotic changes, such as contribution to 

development of atherosclerotic plaques with narrowing of the vascular lumen and induction of a 

hypercoagulable state. This creates an increased risk of acute thrombosis [24]. 

 

The overall RR of CHD associated with cigarette smoking has been found to be 2.5 with the 

highest RR for smokers in the age group 40-44 years. Cigarette smoking is associated with an 

overall RR of 1.5 for having a stroke. The RR varies among the subtypes of stroke and also age, 

with subarachnoid hemorrhage and age below 55 having the highest RR [26]. In our study we 

could see a SMR of 1.37 for stroke for the iron foundry workers. If our SMR would be compared 

to the RR of having a stroke due to cigarette smoking almost all of the workers would have to 

have been cigarette smokers if smoking alone were the culprit behind the increased stroke 

mortality observed at the iron foundries. 

 

According to a compilation of surveys concerning smoking habits in the Swedish population [27, 

28, 29] from the year 1960 and forward the smoking habits irrespective of education level have 

decreased with time, which is displayed in table 12 in the appendix. 

 

The iron foundry workers are mostly part of the category master craftsman, which have some of 

the highest frequencies of smokers. The difference between the master craftsmen and the general 

population, represented by the category “all” in the table, was greatest during 1963 when it 

differed 15 percent points. But after that year the difference has decreased and in the later time 

periods it is a mere difference of 4 percent points. If the iron foundry workers have similar 

smoking habits as of the other master craftsmen they do not differ enough from the general 
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populations when it comes to smoking habits to explain their increased risk of stroke with 

smoking alone. 

 

In theory the thickened mucosa layer in the respiratory tract caused by cigarette smoking could 

work protective against the airborne particulate matter. But a study [30] on the combined effects 

of cigarette smoking and PM2.5 from 2014 observed that when looking at the risk of developing 

lung cancer the joint effect of cigarette smoking and exposure to particulate matter resulted in a 

greater than additive increased risk. What biological mechanisms that causes this increased joint 

risk for lung cancer is unknown. If the increased mucus secretion does not work protective 

against particulate matter in the case of lung cancer it should neither be the case when looking at 

cardiovascular disease. 

 

5.6. Strengths and limitations 

Strengths of the study are our measurement data which reaches as far back as 1968 and involves 

measurements from all of the foundries in the study. It should also be noted that we have not 

only gathered measurement data from the foundries but we have also made our own dust 

readings at the foundries (which comprises 22% of the measurement database). But since we do 

not have any dust readings from before 1968, values before this period have instead been 

assumed to be the same as of year 1968. Since exposure to respirable dust have decreased with 

time according to our readings, the dust concentrations that some of the workers were exposed to 

probably were higher than our estimate. It could also mean, but less likely, that the 

concentrations they were exposed to in fact were lower. 

 

Our subjects smoking habits are unknown which is a limitation. The actual exposure for 

employees with different work titles is also unknown since our readings are the value of 

respirable dust the workers are exposed to in their environment and not the actual dose they 

inhale. Therefore respirators and other routines for protection of the workers have not been taken 

into account.  But a noteworthy fact is that respirators have only been in use at the foundries 

during the last two decades, the older readings provide more accurate actual exposure. 
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Since the death records displaying the causes of death only reaches as far back as 1952 the 

causes of death for workers who died before this year are unknown. This gives a higher share of 

healthy workers from this period compared to the unhealthy ones that may have died before 

proper registration of cause of death were made. 

 

The job title category ‘foundry worker miscellaneous’ with unknown tasks at the foundry had the 

second highest SMR. This means that they could have been part of all the other job categories, 

and are maybe hiding some numbers of deaths among them that should belong to the other job 

titles. The same is valid for those workers who had ‘unspecified’ tasks at the foundry. Many of 

these workers may or may not have been doing work tasks such as melting or fettling which 

would have led to even higher SMRs for those categories. 

 

5.7 Suggestions for future studies 

Future studies of the subject could try to look further into the contents of the dust particles and 

the individual response to exposure to show a better correlation between respirable dust and 

cardiovascular disease. Another aspect that future studies should look closer on is the smoking 

habits of the iron foundry workers in order to exclude the possibility of smoking being the cause 

of the increased cardiovascular disease mortality. 

 

 

6. Conclusion 

Our study shows that there is a higher mortality of all causes of death at the Swedish iron 

foundries. There is also increased cardiovascular disease mortality and specifically increased 

stroke mortality. However we cannot show a dose response association between cardiovascular 

disease and exposure to respirable dust.  
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Appendix 

Table 8. Exposure to respirable dust measured in mg/m3 divided into four quartiles and the number of deaths in 

cardiovascular diseases. Bold figures indicate values of statistical significance. 

Exposure to respirable dust Observed deaths Expected deaths SMR 95% CI 

≤2.1 68 42.8 1.59 1.23-2.01 

2.11-5.59 102 72.5 1.41 1.15-1.71 

5.60-14.22 139 103.6 1.34 1.13-1.58 

≥14.23 225 204.7 1.10 0.96-1.25 

 

 

Table 9. Exposure to respirable dust measured in mg/m3 divided into four quartiles and the number of deaths in 

stroke. Bold figures indicate values of statistical significance. 

Exposure to respirable dust Observed deaths Expected deaths SMR 95% CI 

≤2.1 13 7.1 1.84 0.98-3.14 

2.11-5.59 24 12.3 1.94 1.25-2.89 

5.60-14.22 26 17.3 1.50 0.98-2.20 

≥14.23 35 35.0 1.00 0.70-1.39 

 

 

Table 10. Length of employment and the number of deaths in cardiovascular disease. Bold figures indicate values of 

statistical significance. 

Length of employment Observed deaths Expected deaths SMR 95% CI 

≤2 55 34.3 1.60 1.21-2.09 

2.1-10 152 106.9 1.42 1.21-1.67 

10.1-20 111 92.4 1.20 0.99-1.45 

>20 216 190.1 1.14 0.99-1.30 

 

 

Table 11. Length of employment and the number of deaths in stroke. Bold figures indicate values of statistical 

significance. 

Length of employment Observed deaths Expected deaths SMR 95% CI 

≤2 13 5.7 2.27 1.21-3.88 

2.1-10 33 18.4 1.83 1.26-2.57 

10.1-20 24 15.5 1.54 0.99-2.30 

>20 28 32.4 0.86 0.57-1.25 
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Table 12. The smoking habits in percent in relation to different levels of education and different time periods. 

Level of education Frequency of smoking (%) per time period 

 1963 1977 1980-81 1988-89 2001-02 

Elementary school  481  33 26 

College or university  351  20 10 

Worker   42 33 23 

Clerk   33 25 13 

Master Craftsman 642 493 42 30 21 

All 492 423 354 275 17 
1) Rosén 1987; 2) SCB 1965; 3) ULF, i Rosén 1987; 4) Lundberg 1991; 5) Nordlund 1998. 

 


