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Abstract
Objectives: To investigate cardiorespiratory and inflammatory responses in male workers following exposure to weld-
ing fumes and airborne particles in actual workplace conditions. Materials and Methods: We  measured blood leu-
kocytes and their differential counts, platelet count, hemoglobin, sensitive C-reactive protein, fibrinogen, E-selectin, 
IL-(interleukin)1β, IL-6, IL-8, tumor necrosis factor alpha (TNF-α) and endothelin-1 in blood samples of twenty workers 
before and after their working day. We also studied peak expiratory flow (PEF), forced expiratory volume in one sec-
ond (FEV1), and exhaled nitric oxide (NO). We assessed heart rate variability (HRV) by obtaining 24-hour ambulatory 
electrocardiograms. Results: The total blood leukocytes and neutrophils increased after the work shift, whereas  IL-1β 
and E-selectin decreased significantly. There were no statistically significant changes in exhaled NO, FEV1, PEF or HRV. 
Conclusion: Occupational exposure to welding fumes and particles caused a slight, acute inflammatory effect estimated 
based on the increased values of leukocytes and neutrophils in  blood and a decrease in the interleukin 1β and E-selectin 
values, but no changes in the pulmonary function (exhaled NO, FEV1, PEF) or HRV during the working day were observed.
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investigated mechanisms has been the effect of fine parti-
cles on autonomic nervous activity. For instance, the asso-
ciation between the mean heart rate variability (HRV) and 
exposure to welding fumes have been studied [13,14]. An-
other line of research has focused on investigating the pos-
sible association between particulate air matter and acute 
systemic inflammatory responses. Such investigations have 
also been performed in relation to welding  [13,15,16]. 
More recently, acute effects of welding fume exposure on 
vascular function have also been studied [14,16].
The above-mentioned studies on the mechanisms respon-
sible for cardiorespiratory effects have all been carried out 
in laboratory environments. Therefore, the results may not 
be applicable in actual workplace conditions. The present 
study of  20 subjects investigated the possible effects on 
the hematological, systemic inflammatory, respiratory and 
cardiac parameters of exposure to welding fumes and air-
borne particles in metal workers in welding halls.

MATERIALS AND METHODS

Study design and study subjects
This study comprised twenty metal workers who worked in 
two large plants operating in the metal construction indus-
try. They were exposed to mild steel welding fumes and to 
dusts and fumes generated from grinding mild steel plates 
or pieces in large-scale industry halls. Metal inert gas 
(MIG), metal active gas (MAG), and flux cored arc weld-
ing (FCAW) were the main types of welding processes car-
ried out at the plants. Five of the subjects used modern 
fresh air face shields during the exposure measurements.
Each study subject filled in a  questionnaire concerning 
work and exposure history, smoking habits, as well as lung 
and cardiovascular disease history. The study started on 
a Monday, so that each subject had at least a two-day break 
from welding before being tested. Venous blood samples 
were taken before and at the end of the work shift (8 hours 
after baseline sampling). Baseline peak expiratory flow 

INTRODUCTION

Welding is the most widely used technology for joining 
metals and alloys. The most common welding processes 
are manual metal arc welding, gas metal arc welding, 
flux cored arc welding, gas tungsten arc welding, plasma 
arc welding, and submerged arc welding. Welding pro-
cesses produce fumes consisting of gaseous and aerosol 
by-products composed of metals, metal oxides and volati
lized chemical species from the base metals, welding elec-
trode, or flux material  [1]. Welding generates individual 
ultrafine particles (particles smaller than  100  nm) that 
rapidly form larger chain-like aggregates in the fine par-
ticle size range. Mild steel welding generates fumes which 
are composed of 80% or more iron, some manganese, but 
no chromium or nickel. Fumes from stainless steel welding 
contain  20% of chromium and  10% of nickel  [2]. Fume 
formation depends on the welding process, electrode com-
position, welding alloy and arc voltage used [1]. The typical 
welder’s breathing zone fume concentration is between 1 
and  5  mg/m3  [3,4]. Despite some improvement in the 
working conditions and welders’ use of respiratory protec-
tive equipment, such as motorized respirators, workers are 
still exposed to fumes produced by co-workers, when they 
themselves perform tasks other than welding. 
The pulmonary health effects related to the exposure to 
welding fumes including chronic bronchitis, pneumonia, 
metal fume fever, and lung function changes are generally 
well-known  [3,5]. However, a  growing concern for car-
diovascular health effects has emerged, as several studies 
have reported an increased mortality risk of ischemic heart 
disease among welders [2,6–9]. Similar adverse cardiore-
spiratory effects have been associated with fine particulate 
air pollution [10–12]. Subsequently, it has been suggested 
that although welding fumes are of primary interest as 
workplace exposures, they might also serve as a  model 
representing ambient air particulate pollution [13].
The underlying mechanisms responsible for these car-
diorespiratory effects are largely unknown. One of the 
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the Netherlands; IL-8: Opt EIA, BD Biosciences, Erembo-
degem, Belgium; endothelin-1: QuantiGlo ELISA, R&D 
Systems Europe  Ltd, Abindgon,  UK; E-Selectin: ELISA, 
HyCult Biotechnology, Uden, the Netherlands). 
The platelet count, the leukocytes and their differential 
count, hemoglobin, hematocrit, sensitive C-reactive pro-
tein (CRP), lipids, glucose and the levels of fibrinogen 
were analyzed using the established methods in United 
Medix Laboratories Ltd, Espoo, Finland, which operates 
in accordance with the requirements of the EN ISO 15189 
and SFS-EN ISO/IEC 17025 standards.

Respiratory measurements
A portable, pocketsize spirometer (One Flow, STI MEDI-
CAL, Saint-Romans, France) was used to record lung 
function measurements (FEV1,  PEF). The exhaled  NO 
analyses were performed using the collecting method. 
The  samples were collected during exhalation against 
standardized resistance to an inert plastic bag. The sam-
ples were analyzed using an off-line technique in the labo-
ratory of the Finnish Institute of Occupational Health 
(NIOX, Aerocrine, Sweden). Both the spirometry and 
the NO measurements were performed according to the 
ATS/ERS guidelines [19,20]. For the spirometry, Finnish 
reference values were used [21].

Heart rate variability measurements
ECG was registered by a three-channel recorder (DL 700, 
Braemar, Burnsville, USA), and HRV was analyzed by 
special software (BMS C3000, Biomedical Systems, USA). 
The recordings started at the beginning of the work shift 
(between  9  a.m. and  3  p.m.) and continued for 24 h. 
The study subjects filled in a diary on their activities dur-
ing the recording, both at work and at home. The 24-hour 
ECG recordings were double-checked by two specialists in 
clinical physiology. In the assessment of heart variability, 
the domain indices of the time domain parameters were 
calculated [22]. 

(PEF) and measurements of forced expiratory volume in 
one second (FEV1) and exhaled nitric oxide (NO) were 
taken before work shift and approximately  24  h after 
baseline measurements. Ambulatory  24-hour electrocar-
diograms (ECG) were commenced before the work shift. 
Particle exposure was assessed by personal sampling from 
the breathing zone of each subject. Inclusion in the study 
required the subjects to be free of long-term asthma medi-
cation and antihypertensive medication (beta-antagonist). 
Each study subject gave a written informed consent, and 
the study protocol was approved by the Ethics Committee 
of Helsinki and Uusimaa Hospital District.

Exposure measurements
Particle measurements were taken during the work shift. 
Inhalable dust samples were collected from the workers’ 
breathing zones using an IOM sampler with a cellulose ace
tate filter (AAWP, diameter  25 mm; Millipore, Bedford, 
Massachusetts,  USA). The sampling volumetric flow was 
adjusted to 2.0  l/min. The sampling time varied from one 
to three hours representing the average total exposure to 
that particular task. Additional mini sampler measurements 
were carried out in case of two workers. The sampling was 
performed inside the workers’ fresh air face shields  [17] 
with the volumetric air flow of 0.75 l/min, and the sampling 
time varying from one to three hours. Dust samples were 
analyzed gravimetrically (SFS3860 1988) [18]. In the expo-
sure assessment, the use of a fresh air face shield was taken 
into account by comparing the breathing zone sampling re-
sults to the mini sampler results.

Blood sample measurements
The concentrations of interleukin (IL)-1β, IL-6, IL-8, tumor 
necrosis factor alpha (TNF-α), endothelin-1, and E-selectin 
in plasma samples were determined by enzyme immunoas-
say (EIA), using commercial reagents (IL-1β and TNF-α: 
Quantikine HS ELISA, R&D Systems Europe Ltd, Abin
dgon,  UK;  IL-6: PeliPair ELISA, Sanquin, Amsterdam, 
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Changes in the systemic inflammatory marker levels  
and in the cardiorespiratory function
Out of the hematological parameters, the hemoglobin 
level (∆  =  –7.2±4.3  g/l, p  <  0.01) and the number of 
erythrocytes (∆ = –0.2 109±0.3 109 cells l–1, p < 0.01) de-
creased significantly, whereas the number of leukocytes 
(∆  =  1.4  109±2.2  109  cells l–1, p  =  0.01) and neutrophils 
(∆  =  1.1  109±2.3  109  cells l–1, p  =  0.04) increased sig-
nificantly during the workday. Out of the systemic im
mune  parameters, the concentration of  IL-1β  (∆  = 
–0.20±0.30 pg/ml, p  =  0.01) and  E-selectin (∆  = 
–2.3±4.5 ng/ml, p = 0.03) decreased significantly (Table 2).
The basal level of the exhaled nitric oxide increased 
(>  30  ppb) in three study subjects (15%). There were 
no statistically significant  FEV1 or  PEF changes and no 
asthmatic responses after the work shift, compared to 
the results of the lung function tests before the work shift 

Statistical analysis
All our response variables were continuous, but not all of 
them were normally distributed. Therefore, the one-sam-
ple Wilcoxon test was applied when the values before and 
after the work shift were compared. The measured para
meters of HRV were compared to the predicted values [23]. 
Spearman’s correlation coefficients were computed to de-
termine the associations between the cardiovascular risk 
factors (age, lipids, smoking and weight) and  the HRV 
indices. A p-value of < 0.05 was set to indicate the statisti-
cal significance, and all analyses were performed using the 
Statistical Analysis System, SAS  Version  9.1 (SAS Insti-
tute Inc., Cary, North Carolina, the USA).

RESULTS

Study population characteristics
The mean age of the study subjects was  37.9 years 
(range: 23–58), and they were all men (Table 1). The ave
rage welding history of the study subjects was 13.7 years. 
Twelve participants were current smokers (60%), and five 
had never smoked regularly (25%). The self-reported phy-
sician-diagnosed chronic diseases were as follows: asthma 
(two subjects), type II diabetes mellitus (one subject), and 
hypertension (one subject). None of the subjects reported 
coronary artery disease, cardiac arrhythmia or congenital 
heart disease.

Particle exposure
The average 8-hour weighed inhalable dust concentration 
in the breathing zone was 4 mg/m3 (range: 1.5–35 mg/m3) in 
the welding hall. Inside the workers’ fresh air face shields, 
the dust concentration measured using a mini sampler va
ried from 0.8 to 2.5 mg/m3. On average, the dust concen-
trations inside the fresh air face shields were only 8% of 
the concentrations measured from the breathing zone using 
an IOM sampler. Thus, the exposure of the workers who 
used the fresh air face shields was reduced by 92%.

Table 1. Characteristics of the study subjects (N = 20)*

Parameters Characteristic
Age (years)* 37.9±9.7
BMI* 27.2±4.0
Baseline FEV1

 (l)* 3.9±0.7
Baseline PEF (l/min)* 579.0±66.5
Cholesterol (mmol/l)* 5.5±1.2
HDL (mmol/l)* 1.4±0.2
Triglycerides (mg/l)* 1.4±0.4
Glucose (mmol/l)* 6.1±1.2
Diagnosed asthma (n) 2.0
Welding (years)* 13.7±10.7
Exposure (mg/m3)* 4.0±2.4
Smoking habits (n)

current smokers 12.0
ex-smokers 3.0
non-smokers 5.0

* Values given in means with standard deviation.
BMI – body mass index; FEV1 – forced expiratory volume in 1 s; PEF – 
peak expiratory flow; HDL – high density lipoprotein.
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and showed normal age-related day-night variations. A sta-
tistically significant correlation between the  HRV indices 
and the cardiovascular risk factors (age, lipids, smoking 
and weight) was found between pNN50 (percentage of the 
number of pairs of adjacent RR intervals differing by more 
than 50 ms of all RR intervals) and age (r = 0.47, p = 0.04). 

(Table  2). However, all participants whose exhaled  NO 
values were above 30 ppb, had the FEV1 values which di-
minished after the work shift (data not shown).
In the 24-hour heart rate recordings, the main time domain-
indices of HRV were normal (Table 3). The hourly means 
of  the HRV indices were normal during the working day 

Table 2. Hematologic and systemic inflammatory parameters and average exhaled nitric oxide (NO), FEV1 and PEF values (SD) 
before and after the work shift (N = 20)

Parameters
Results 

p
before work shift after work shift

Hematologic parameters

hemoglobin (g/l) 159.10±10.00 151.90±10.50 < 0.01

leukocytes (109 cells l–1) 8.60±2.30 10.00±2.70 0.01

neutrophils (109 cells l–1) 5.00±1.90 6.10±2.20 0.04

lymphocytes (109 cells l–1) 2.70±0.80 2.90±0.90 0.19

eosinophils (109 cells l–1) 0.32±0.21 0.27±0.16 0.15

erytrocytes (1012 cells l–1) 5.10±0.30 4.90±0.30 < 0.01

monocytes (109 cells l–1) 0.49±0.14 0.56±0.19 0.04

basophils (109 cells l–1) 0.10±0.04 0.09±0.04 1.00

platelet count (109 cells l–1) 284.00±75.60 279.10±76.90 0.08

Systemic inflammatory parameters

sensitive CRP (mg/ml) 2.00±3.50 2.30±3.90 0.11

P-fibrinogen (g/l) 3.40±1.10 3.30±1.10 0.39

IL-1β (pg/ml) 0.49±0.30 0.29±0.14 0.01

IL-6 (pg/ml) 3.60±2.30 4.10±2.40 0.08

IL-8 (pg/ml) 5.90±3.60 4.40±1.50 0.82

TNF-α (pg/ml) 1.30±0.50 1.10±0.40 0.11

endothelin–1 (pg/ml) 1.16±0.96 1.19±0.61 0.36

E-selectin (ng/ml) 60.10±22.70 57.80±23.40 0.03

Pulmonary function values

exhaled NO (ppb) 20.00±12.50 19.40±14.80 0.21

FEV1 (l) 3.90±0.70 3.90±0.70 0.12

PEF (l/min) 578.00±66.50 581.00±63.90 0.88

Abbreviations as in Table 1.
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effects of welding  [13,24]. Welding fume exposure has 
been related to increased levels of CRP, an acute phase 
protein and early indicator of systemic inflammation, in 
non-smokers  [15]. However, no statistical differences in 
the CRP levels were found in two other previous research-
es [13,24]. In line with these two studies, we found no sta-
tistical differences in the CRP level, either. 
Cytokines are small multifunctional polypeptides pro-
duced by a variety of cells [28]. Out of these, IL-6 and IL-8 
are synthesized in the liver and produced by inflammatory 
cells such as macrophages and neutrophilic leukocytes in 
response to local injury. They are well-studied acute phase 
inflammatory markers, and are also tested following the 
welding fume exposure  [13,24]. In an English study by 
Palmer et al. (2006), IL-8 was measured in the sputum of 
welders and non-welders  [24]. Sputum IL-8 was slightly, 
but not statistically significantly lower among the welders. 
Scharrer et al. studied blood IL-8 and IL-6, but did not 
find any significant differences in the cytokine levels be-
tween the control and exposure days  [13]. We measured 
both these cytokines and found no statistically significant 
differences either, although there was a small increase in 
the level of  IL-6 and a  small decrease in the  IL-8 level. 
A similar trend was observed in the aforementioned Ger-
man study  [13]. Although detectable levels of  TNF-α 
have been reported in lavage after welding fume instil-
lation [29] in rats, no statistical differences in the TNF-α 
levels in sputum or blood following the welding exposure 

DISCUSSION

In the present study, cardiorespiratory and inflammatory 
effects were investigated in twenty male metal workers 
exposed to welding fumes and dusts and fumes generated 
from the grinding of mild steel plates or pieces in actual 
workplace conditions. The hemoglobin and erythrocyte lev-
els decreased significantly during the working day. Although 
this finding has not been observed in other studies dealing 
with acute effects of welding fumes [13,15,24], a significant 
association between the concentration of particulate matter 
(PM10) and blood hemoglobin levels has been reported [25]. 
As regards a possible mechanism, the investigators suggest-
ed that inhalation of a component of PM10 may cause the 
sequestration of red cells in circulation. A decrease in the 
red blood cell count and the hemoglobin concentration was 
also found in the elderly subjects exposed to concentrated 
ambient particles smaller than 2.5 μm [26]. In our study, the 
decrease in the hemoglobin levels could be caused by dif-
ferences in the metabolic intensity and fluid shifts during 
moderate or low level physical work [27]. 
The number of blood leukocytes and neutrophils increased 
significantly in our series. This is in line with the results ob-
tained by Kim et al. (2005) [15], who found that welding 
fume exposure was associated with a significant increase in 
white blood cell and neutrophil counts, although this find-
ing was only evident in non-smokers. However, this had 
not been reported in previous studies dealing with acute 

Table 3. Main findings in 24-hour ECG recordings (N = 20)

Parameters M±SD Range
Mean heart rate (24 h, beats/min) 85.0±10.6 65–105
rMSSD (ms) 41.7±18.5 15–92
SDNN (ms) 164.0±51.7 104–259
pNN50 (%) 10.6±9.4 0–36
Ventricular extrasystoles (beats/24 h) 63.0±203.0 0–888

M – mean; SD – standard deviation; rMSSD = square root of the mean of the sum of squares of the differences between the adjacent RR intervals; 
SDNN = standard deviation of the RR intervals over 24 h; pNN50 = percentage of the NN50 count of all RR intervals (NN50 = the number of pairs 
of the adjacent RR intervals differing by more than 50 ms).
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welding fume exposure in healthy volunteers  [13]. In that 
study, the authors indicate that their observed paradoxical 
response could be related to the fact that differential ef-
fects have been described connected with the constituents 
of welding fumes, such as particles and ozone.
Out of coagulation parameters, we studied fibrinogen, 
a  soluble plasmaprotein, which is produced in the liver 
and converted into fibrin in clot formation. In this pro-
cess, platelets are also used. We found no changes as re-
gards the fibrinogen levels, which is in line with the results 
of Scharrer et al. [13]. However, Kim et al. [15] reported 
a significant decrease in the fibrinogen levels after expo-
sure to welding fumes, although only among non-smokers. 
In our study, no significant changes in  the HRV para
meters in relation to occupational exposure were evident. 
Previous investigations reported contradictory results con-
cerning welding and HRV. Scharrer et al. [13] studied the 
time- and frequency-domain parameters of HRV, but found 
no changes in them five hours after the welding exposure 
compared to the control. Cavallari et al. [40], similarly to us, 
used the ambulatory recording method and observed de-
clines in the night rMSSD associated with the exposure of 
the welders to PM2.5. Another study showed an association 
between the exposure to environmental PM2.5 and welding 
fumes, and a decrease in the five-minute SDNN [41], a find-
ing also made by Fang et al. [14]. According to a recent re-
view, the HRV indices as well as the conditions for ECG 
ascertainment have varied between different studies, which 
may affect their comparison [16]. It has been suggested that 
individual risk factors, such as obesity, may modify the ef-
fect of the exposure to particulate matter on HRV [42]. In 
line with this, we found a statistically significant correlation 
between the cardiovascular risk factors (age, lipids, smok-
ing and weight) and HRV (pNN50). Our results support the 
view that in addition to the control of environmental ex-
posures, the management of traditional cardiovascular risk 
factors is important in the occupational health of welders. 
The correlation between the inflammatory markers and the 

have been reported in humans [13,24]. Our study confirms 
the findings of the previous human studies.
We also studied the role of  IL-1β, which is produced in 
acute phase reactions by blood monocytes and macro-
phages. It induces fever and causes leukocytosis through 
the release of neutrophils and stimulates the production of 
other cytokines, such as IL-6 [28]. Unexpectedly, the IL-1β 
levels, which had not previously been studied in welders, 
decreased significantly in our study population. These have 
been shown to increase in rats after intratracheal instillation 
of the welding fumes [29] and in human nasal lavage fluid 
after exposure to Aspergillus fumigatus [30]. The elevation 
of the circulating IL-1β levels is also associated with partic-
ulate air pollution [31,32]. The data of the concurrent study 
do not allow for the unfolding of the mechanisms underly-
ing the observed response of  IL-1β. However, the timing 
of the blood samples is critical in order to show a marked 
response, because it is known that markers of acute phase 
reaction may increase during the inflammatory response or 
decrease as a sign of more profound consumption.
There are no previous studies reporting the E-selectin 
levels following the exposure to welding fumes. E-selec-
tin is formed in the endothelial cells and is needed in the 
leukocyte adhesion cascade, where leukocytes roll along 
blood vessel walls before entering the tissue  [33]. It has 
been associated with acute myocardial infarction [34] or 
coronary artery disease [35]. In our study, the E-selectin 
level decreased significantly, while the number of leuko-
cytes increased during the work shift. 
Endothelin-1 is a  vasoconstrictor peptide involved in the 
homeostatic control of vascular smooth muscle tone  [36]. 
The circulating endothelin-1 levels are elevated in many 
cardiovascular diseases, such as atherosclerosis, congestive 
heart failure, and hypertension [37]. Endothelin-1 is detect-
ed in both animal models and humans after exposure to air 
pollutants [38,39]. We found no significant changes in the 
endothelin-1 levels, which is not in accordance with a pre-
vious study reporting a decrease in endothelin-1 following 
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In conclusion, occupational exposure to welding fumes 
and dusts and fumes generated from grinding mild steel 
plates or pieces in actual workplace conditions caused 
a  slight, acute inflammation in metal workers observed 
as an increase in the total blood leukocytes and neutro-
phils, as well as a decrease of IL-1β and E-selectin after 
the work shift. No changes were found in the pulmonary 
function (FEV1, PEF, exhaled NO) or in HRV. 
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