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Objectives: The welding process produces metal fumes and gases which may affect respiratory
health. Technetium-99m diethylenetriaminepentaacetic acid (Tc-99m DTPA) dynamic lung scan-
ning is an easy, noninvasive method to assess disorders of alveolar-capillary barrier permeability
secondary to epithelial damage. We aimed to investigate the alveolar clearance by Tc-99m DTPA
radioaerosol inhalation scintigraphy in welders, to assess additive effects of exposure to welding
fumes and cigarette smoking on clearance rate of alveolar epithelium and to determine the
correlation between Tc-99m DTPA aerosol lung scintigraphy and spirometric measurements.
Methods: Nine nonsmoking welders, 9 smoking welders, and a control group of 6 nonsmokers and
6 smokers were accepted to the study. Tc-99m DTPA radioaerosol inhalation scintigraphy was
performed in all subjects. Clearance half time (T12) was calculated by placing a monoexponential
fit on the curves. Penetration index (PI) was also calculated on the first minute image. Pulmonary
function tests of welders and control group were compared. Results: The mean Ty, values of Tc-
99m DTPA of the nonsmoking welders were significantly higher than those of the nonsmoking
control group (82.1 = 24.3 min and 48.1 = 9.7 min, respectively; p = 0.003). The mean T/, values
of Tc-99m DTPA of the smoking welders were higher than those of the smoking control group (53.3
+ 24.5 min and 44.5 = 9.7 min, respectively; p = 0.510). PI of the nonsmoking welders was
significantly higher than that of the nonsmoking control group (0.46 = 0.38 and 0.39 = 0.46
respectively; p = 0.004). PI of the smoking welders was significantly higher than that of smoking
control group (0.43 = 0.38 and 0.37 = 0.45, respectively; p = 0.019). There was a negative corre-
lation between T2 value and FEV1% (r = -0.468, p = 0.016), FVC% (r = -0.442, p = 0.024) and
FEF25-75% (r = -0.391, p = 0.048) in the welders and control group. No statistically significant
differences were found in the values of the standard pulmonary function tests of any of the subjects.
Conclusions: Welding seems to decrease alveolar clearance which causes an increase in the
penetration index. This was considered to be due to fibrotic changes and increased number of
alveolar macrophages induced by welding fumes.
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INTRODUCTION

METAL WELDING is associated with inhalation of gases and
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respirable particles.!? The most common type of welding,
manual metal arc welding (MMA), combined with stain-
less steel (MMA-SS) is known to be associated with
higher emissions of toxic compounds.? The chemical
properties of welding fumes can be quite complex, and
most welding materials are alloy mixtures of metals
characterized by different steels that may contain iron,
manganese, chromium, and nickel.* Fumes generated
from stainless steel (SS) electrodes usually contain ap-
proximately 20% of chromium with 10% nickel, whereas
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Fig. 1 Region of interest (ROI).

Fig.2 A 35-year-old male nonsmoker with 15 years of exposure
to arc-welding. Micronodules in bilateral lower lobes and
paracardiac fine reticular shadows in left lower lobe.

fumes from mild steel (MS) welding usually contain more
than 80% of iron, with some manganese and nickel with
the absence of chromium.’

Common chemical hazards include metal particulates
and noxious gases. These toxic gases include carbon
dioxide, carbon monoxide, nitrogen oxides, nitrogen di-
oxide and ozone.>® All welding processes involve the
potential hazards for inhalation exposures that may lead to
acute or chronic respiratory diseases.” Epidemiologic
studies have shown that a large number of welders expe-
rience some type of respiratory illness. Respiratory ef-
fects seen in full-time welders include bronchitis, airway
irritation, lung function changes, dyspnea, asthma, ob-
structive and restrictive lung diseases, pneumoconiosis,
and a possible increase in the incidence of lung cancer.®’

Technetium-99m diethylenetriaminepentaacetic acid
(Tc-99m DTPA) aerosol inhalation lung scintigraphy is
an easy, sensitive, noninvasive method for measurement
of the integrity of the alveolocapillary barrier.®° The Tc-
99m DTPA is a hydrophilic molecule that passively
permeates the lungs following its administration to al-
veoli by nebulization.'” As the pulmonary endothelial
junctions are permeable, Tc-99m DTPA molecules dif-
fuse across the alveolar-capillary barrier at the site of cell
junctions.!®!! The pulmonary epithelial permeability and
clearance rate change in various conditions such as,
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Fig.3 A 34-year-old male nonsmoker with 18 years of exposure
to arc-welding. Fine reticular shadows in bilateral lower lobes.

infiltrative lung diseases,'? adult respiratory distress syn-
drome,'3 smoking,'* lung epithelial injury,'® and silica
exposure. '

The purposes of this study were to investigate the
alveolar clearance by Tc-99m DTPA radioaerosol inhala-
tion scintigraphy in welders, to assess additive effects of
exposure to welding fumes and smoking on the clearance
rate of alveolar epithelium and to determine the correla-
tion between Tc-99m DTPA aerosol lung scintigraphy
and spirometric measurement.

MATERIALS AND METHODS

Study Population

The study was approved by the Medical Ethics Com-
mittee of Kocatepe University School of Medicine. All
participants were informed about the study and their
written consent was obtained. Face to face interview was
conducted and a questionnaire including demographic
features, work history and working conditions was filled.
Eighteen welders (9 smokers, 9 nonsmokers) were ac-
cepted as the study group and 12 subjects (6 smokers, 6
nonsmokers) working in riskless jobs for respiratory
diseases were accepted as the control group.

Pulmonary Function Test

Spirometric measurements were performed at the work-
places. Spirometric measurements were obtained by the
same physician, using a portable spirometer (MIR,
Spirobank, Italy) according to the criteria of the American
Thoracic Society.!” Three consecutive measurements were
taken and the best value was recorded for forced expira-
tory volume in one second (FEV), forced vital capacity
(FVC), FEV1/FVC ratio, forced expiratory flow in 25-75
seconds (FEF25_75).

Radioaerosol Inhalation Lung Scintigraphy

Tc-99m was chelated to DTPA (TechneScan® DTPA,
Mallinckrodt) by introducing 100 mCi (3.7 MBq) of
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Fig. 4 PI of welder and control groups (Smokers: 0.43 = 0.38
and 0.37 = 0.45, respectively; Nonsmokers: 0.46 + 0.38 and 0.39
+ (.46, respectively). PI of smoking welder is higher than that of
smoking control group (p = 0.019), and PI of nonsmoking
welder is higher than that of nonsmoking control group (p =
0.004).
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Fig.5 Ty values of welder and control groups (Smokers: 53.3
+24.5 and 44.5 + 9.7, respectively; Nonsmokers: 82.1 +24.3 and
48.1 = 9.7 respectively). Ty values of smoking welder were
higher than that of smoking control group (p = 0.510), and T2
values of nonsmoking welders were higher than those of non-
smoking control group (p = 0.003).

Table 1 Demographic features, PFTs and scintigraphic findings of subjects

NONSMOKER SMOKER
Control Welder Control Welder
(n=06) n=9) p value (n=06) n=9) p value
mean + SD mean = SD mean = SD mean = SD
Age 36.2+6.2 37.2+8.8 0.804 32.0+4.7 38.3 8.1 0.141
BMI 253+23 26.6 £3.3 0.455 23422 244 £2.6 0.462
FEV 1% 103.6 + 10.3 96.4 = 10.7 0.144 98.6 = 15.1 914 +155 0.759
FVC% 99.8 £ 13.9 93.6 6.5 0.195 99.0 £ 8.6 884 +153 0.206
FEV/FVC 89.5+5.7 85.7+£59 0.482 84.5+84 86.8 £ 6.9 0.754
FEF25_75% 101.4 94.4 0.342 89.8 87.3 0.705
PI 0.39 £ 0.46 0.46 = 0.38 0.004 0.37 £0.45 0.43 £0.38 0.019
T12 (min) 48.1 9.7 82.1+243 0.003 44.5+9.7 533+245 0.510

FEV1: Forced expiratory volume in one second, FVC: Forced vital capacity, FEF»5_75: Forced expiratory flow in 25-75
seconds, T12; Tc-99m DTPA clearance half time, PI; Penetration index.

sodium pertechnetate (Tc-99m) into a vial containing 25
mg DTPA in a volume of 5-10 m/. Tc-99m DTPA was
prepared no more than one hour before use.

Tc-99m DTPA radioaerosol inhalation lung scans were
performed in the welder and control groups using the
(Ventiscan Biodex) aerosol delivery system, which con-
tained 20 mCi Tc-99m DTPA in 2-3 m/ of 0.9% NaCl
solution. The nebulizer produces submicronic particles
(mass median aerodynamic diameter: 0.5 um, standard
geometric deviation: 1.5) at an oxygen flow rate of ap-
proximately 10 //min. All subjects inhaled Tc-99m DTPA
aerosol during normal tidal breathing and sat in an erect
position for 3-5 minutes. Approximately 10% of total
activity was administered to all subjects. Immediately
after the inhalation, dynamic thorax images were obtained
from a posterior view which included the entire chest.
Data were collected for 30 min by means of a large field
gamma camera (Philips Medical Systems Gamma
Diagnost, Holland) which included a low energy general
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purpose collimator. The data were acquired as a series of
30 consecutive frames, of 1 min each, in a 64 x 64 matrix
with 1.25 zoom factor.

Regions of interest (ROIs) were drawn around the
periphery of the right and left lungs and on the major
airways on the first-minute image. To obtain a pure al-
veolar ROI and to exclude the radioaerosol deposition in
the central airways, the outer one-third of each lung was
used as a peripheral lung region. The inner two-thirds of
the lungs were defined as the central lung region. The
brightness of the image was increased to visualize body
background and the lung periphery to obtain correct
peripheral ROIs (Fig. 1). Radioactivity was corrected for
radionuclide decay and background corrected time activ-
ity curves individually generated over both lungs. Time-
activity curves were generated separately from right and
left lungs on all subjects. Clearance half time (T1,) was
calculated by placing a monoexponential fit on the curves.
T2 of whole lung was calculated as the mean of the left
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Table 2 Working and smoking features of subjects

NONSMOKER SMOKER
Control Welder Control Welder
(n=06) n=9) p value (n=06) n=9) p value
mean * SD mean * SD mean = SD mean * SD
Duration of working (year) 15.3+8.5 20.9 = 10.1 0.214 114 +45 229 +7.8 0.011
Duration of daily working (hour/day) 8.0=+0.0 87x14 0.201 8.0=0.0 8.8x1.2 0.237
Daily welding duration (hour/day) - 41+1.6 - - 3.8+22 0.560
Duration of smoking (year) - - - 13.6 3.8 18.7+9.0 0.249
Amount of smoking (number/day) - - - 20.0+0.0 21.1+33 0.478
Table 3 Symptoms of control and welder groups
Control Welder |
(n=12, %) (n =18, %) pvatie
Coughing 16.7 222 0.709
Phlegm 333 50.0 0.367
Dyspnea 8.3 44.4 0.034
Wheeze 0.0 27.8 0.046
Increase in symptoms at workplace 0.0 222 0.079
Ocular hyperemia and pain 0.0 66.7 0.000
o 10
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Fig. 6 The hemi-logarithmic time-activity graph of Tc-99m 0 :
DTPA radioaerosol scintigraphy from right and left lung fields 0 ] P o 0 T
of welders.
T2

and right lungs.

Penetration index (PI) was also calculated by dividing
the peripheral total counts to the sum of the peripheral and
central total counts on the first minute image, so as to
quantify the distribution of the inhaled aerosol.

High resolution computed tomography (HRCT) scans
were obtained to evaluate the morphological changes in
the lungs (Figs. 2 and 3).

Statistical Analysis

All analyses were performed using the statistical package
SPSS 10.0 for Windows, and a p value less than 0.05 was
considered statistically significant. Data were analyzed
using chi-square and Mann-Whitney U tests. To evaluate
the correlation between pulmonary function tests and
T2 and PI values Pearson’s Correlation test was used.
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Fig. 7 Correlation between FEV % and T, value.

RESULTS

Demographic features, pulmonary function tests (PFTs)
and scintigraphic findings of smoking and nonsmoking
subjects were shown in Table 1. There were no significant
differences between smoking and nonsmoking welders
and control subjects with regard to age, body mass index
(BMI) or PFT parameters. Mean PI and Ty, values were
shown in Figures 4 and 5. Among nonsmoking subjects,
PI and Ty, values were significantly higher in welders
than control group (PI: 0.46 + 0.38 and 0.39 = 0.46,
respectively; Tip: 82.1 = 24.3 and 48.1 = 9.7, respec-
tively). Among smoking subjects, PI was significantly
higher in welders, whereas there were no significant
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a) First three dynamic ventilation images of the smoker control subject.
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b) Last three dynamic ventilation images of the smoker control subject.
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Fig. 8 The first and last three dynamic
ventilation images of a smoker control. A
32-year-old man with 10 year smoking his-
tory (1 pack per day). Deposition of Tc-99m
DTPA in the lungs was heterogeneous.
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a) First three dynamic ventilation images of the smoking welder.
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b) Last three dynamic ventilation images of the smoking welder.

¢) HRCT image showing ground glass opacity.

differences in T1> values between the two groups (PI:
0.43 £0.38 and 0.37 = 0.45, respectively; Ti1p: 53.3 £24.5
and 44.5 = 9.7, respectively). Working duration and
duration of daily working were significantly higher in the
welders than the control group. There were no significant
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Fig.9 Scintigraphic and HRCT images of a smoking welder. A 46-
year-old man with 27 years of exposure to arc-welding. Deposition
of Tc-99m DTPA in the lungs appears heterogeneous, with defects.
HRCT scan shows nodules with surrounding ground glass opacity
at the right median and lower lobes and left lower lobe.

differences in smoking duration or amount between the
two groups (Table 2). Symptoms of the welders and
control group were shown in Table 3. In the former
dyspnea, wheezing, and ocular hyperemia and pain were
significantly more frequent than in the control group.

The labeling efficiency of Tc-99m DTPA was found to
be more than 95% as judged by thin layer chromatogra-
phy. The Tc-99m DTPA clearance curves were mono-
exponential in all subjects (Fig. 6).
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Table 4 High resolution computed tomography findings of welders

Duration of Smoking Tip .
No Age Working (year) Status (min) PI HRCT Findings
1 28 9 nonsmoker 49.5 0.45 emphysematous changes
2 36 20 smoker 34 0.42 normal
3 50 35 smoker 36.5 0.41 micronodule
4 34 18 nonsmoker 112.5 0.44 fine reticular shadows
5 30 15 nonsmoker 58.5 0.48 normal
6 39 23 smoker 38.5 0.41 micronodule (subpleural)
7 35 15 nonsmoker 87.5 0.55 micronodule, fine reticular shadows
8 54 44 nonsmoker 117.5 0.45 micronodule
9 37 20 nonsmoker 71.5 0.44 micronodule (subpleural)
10 29 11 smoker 53 0.43 initial sign fibrosis
11 45 26 nonsmoker 61 0.48 normal
12 26 13 smoker 55.5 0.40 fine reticular shadows
13 28 16 nonsmoker 74 0.45 micronodule (subpleural)
14 38 27 smoker 64.5 0.47 initial sign fibrosis
15 47 30 smoker 47.5 0.49 micronodule (subpleural)
16 46 27 smoker 112.5 0.41 ground glass opacity
17 44 25 nonsmoker 101 0.42 initial sign fibrosis
18 34 20 smoker 37.5 0.50 micronodule (subpleural)

There was a negative correlation between T2 value
and FEV1% (r = -0.468, p = 0.016), FVC% (r = -0.442,
p = 0.024) and FEF25-75% (r = =0.391, p = 0.048) in the
welders and control group (Fig. 7). There were no corre-
lations between PI and PFT parameters in any subjects
(p > 0.05).

The first and last three dynamic ventilation images of
the smoking control group subjects were shown in Figure
8. Mildly increased Tc-99m DTPA clearance was seen in
these images. The first and last three dynamic ventilation
and HRCT images of a smoking welder were shown in
Figure 9. Decreased Tc-99m DTPA clearance and depo-
sition in the lungs appear heterogeneous and ground glass
opacities were seen in these images.

HRCT findings of the welders were as follows: emphy-
sematous changes, micronodules frequently located in
subpleural regions, fine reticular shadows (representing
progressive fibrosis), ground glass opacity and signs of
suspected fibrosis (initial sign fibrosis) (Table 4).

DISCUSSION

The permeability of the alveolocapillary barrier to Tc-
99m DTPA is known to increase after exposure to various
inhaled substances and in various diseases.'> Many acute
and chronic conditions that alter the integrity of the
pulmonary epithelium cause an increased clearance rate,
such as cigarette smoking, alveolitis, adult respiratory
distress syndrome,'? interstitial diseases'® and isocyanate
exposition.!! The Tc-99m DTPA clearance rate thus pro-
vides an index of barrier integrity and has been shown
in a wide variety of lung disorders.!! In a review of the
literature, increased pulmonary clearance of Tc-99m
DTPA has also been found with inhalation of various
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substances.!” Accelerated clearance rates have been
found in patients with a variety of chronic interstitial
lung diseases indicating that epithelial permeability is
increased.!®

Tc-99m DTPA aerosol inhalation lung scintigraphic
technique has been applied in numerous experimental and
clinical investigations to assess the integrity of the respi-
ratory epithelium.?? The pulmonary clearance of Tc-99m
DTPA aerosol is a reliable index of alveolar epithelial
permeability, and is a highly sensitive marker of a wide
spectrum of lung insults.?! According to our knowledge,
there are no published data about the effects of welding on
alveolar clearance determined by inhalation scintigraphy
in the literature.

Welding workers are at risk for occupational exposure
to welding fumes.?? Very little is known about the long
term effects of breathing metal fumes. Welding is found
to be often associated with respiratory symptoms and
welders are found to have chronic bronchitis and asthma.??
Cigarette smoking could also have an additive effect on
these abnormalities.?” In our study, dyspnea, wheezing,
and ocular hyperemia and pain were significantly higher
in welders than the control group.

Metal oxide particles are particularly hazardous com-
ponents of welding fumes since they are small enough to
deposit in the terminal bronchioles and alveoli, distal to
mucociliary cleaning mechanism.?? Inhaled sub-micronic
aerosol of Tc-99m DTPA is deposited predominately in a
region of the lung with large vascular surface area, i.e. the
terminal lung units.?*

To our knowledge, as there were no studies about Tc-
99m DTPA inhalation scintigraphy in welders, there is no
information about PI in the literature. In our study, PI
values were higher in welders. Although it is difficult to
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explain the reasons for this without clarifying the possible
mechanisms in detail, there may be a number of mecha-
nisms responsible for macrophage phagocytosis and in-
creased alveolary permeability.

Yu et al.> exposed rats to welding fumes and observed
that welding fume particles were mainly deposited in the
lower respiratory tracts, including the bronchioles, alveo-
lar ducts, alveolar sacs, and alveoli. Histopathologic ex-
amination of the lungs of these rats revealed that the
process initiates with perivasculitis and proceeds to granu-
lomatous areas, and interstitial and pleural fibrosis. At this
period the number of macrophages and their phagocytosis
capacity reach their maximum level. Then the lung loses
its ability to sweep welding particles and the macrophages
could not overcome the overloaded welding particles.
Excessive amounts of macrophages were shown in the
bronchoalveolar lavage fluid of welding workers.?®

Pulmonary fibrosis associated with exposure to silica
dust, nitrogen dioxide gas, and other components of the
welding fume would appear to lead to a more severe form
of fibrosis in welders. The activation of macrophages by
exposure to gaseous fractions of welding fumes can
produce fibrogenic cytokines.?® These gaseous fraction of
the welding fume, Crom-51, ozone, nitrogen dioxide, and
nitrous fumes can additively or synergistically contribute
to the lung fibrosis. >

Several studies on inhalation or instillation exposure
have been conducted to induce lung fibrosis based on the
repeated exposure of animals to welding fumes.?-?8-?
Accordingly, to study the pathological process of lung
fibrosis induced by welding-fume exposure, a lung fibro-
sis model was developed. After exposing rats to MMA-SS
welding for 90 days, interstitial lung fibrosis was in-
duced.”

Pulmonary fibrosis was shown by histopathological
and radiological methods in various studies in welders.
Yamada et al. showed in a lung biopsy that welding fume
particles were mainly located in the alveolar spaces with
fibrosis of alveolar septa.’® Lasfargus also revealed patchy
interstitial fibrosis by transbronchial biopsy.3!

Various abnormalities are seen in lung CT scans due to
welding fumes. According to Yokoyama et al.>? and
Akira et al.?? the most common chest CT pattern in
welder’s lung is ill-defined micronodules diffusely dis-
tributed in lung like hypersensitivity pneumonitis. Thin-
section CT findings of arc-welder’s lung include poorly-
defined centrilobular micronodules, branching linear
structures, and ground-glass attenuation.?’ Yoshii et al.?®
described small centrilobular nodules typically on high-
resolution computed tomography. In our study, various
HRCT finding were seen, including centrilobular nodules
mostly located in subpleural regions, fine reticular shad-
ows and ground glass opacity. These findings were simi-
lar to those noted in previous studies. In agreement with
Yokoyama et al.3? we also think that these nodular shad-
ows are associated with progressive fibrosis.
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Foster et al.?? suggested the following explanations as
possible reasons for the lag of clearance of Tc-99m DTPA
from the lungs: 1) After deposition, dissociation of the Tc-
99m label from the DTPA chelate and adherence of the
label to intracellular or extracellular elements prevents
clearance; 2) After clearance through the respiratory
epithelium and passage into the pulmonary circulation, a
redistribution within pulmonary tissues occurs; and 3)
phagocytosis and retention of Tc-99m DTPA within pa-
renchymal cells and/or the lymphatic system slow clear-
ance.

In our study; the rate of Tc-99m DTPA clearance was
lower in welders than the control group. A possible
explanation of this is as follows: Inhaled Tc-99m DTPA
passes to the parenchyma and is phagocytozed by the
increased number of alveolar macrophages. Another pos-
sible reason is that, fibrosis occurs in lungs of welders and
Tc-99m DTPA clearance lags due to blood and lymphatic
flow deceleration. This causes an increase in the Ty
value. Gulay et al.>* administered amiodorone to rabbits
to induce fibrosis and showed that Tc-99m DTPA clear-
ance (T12) was prolonged.

The respiratory epithelium is a selectively permeable
barrier separating the airways and air spaces from the
submucosa and interstitium of the lungs and the pulmo-
nary vasculature. A rapidly reversible increase in pulmo-
nary Tc-99m DTPA clearance occurs in smokers and may
be related to inflammatory changes or damage to the
epithelium.'*!83% In our study, Tc-99m DTPA clearance
was less decreased in smoking welders than nonsmoking
ones. In other words, Tc-99m DTPA clearance of the
smoking welders was better than that of the nonsmoking
ones. This was attributed to an increase in alveolar per-
meability due to smoking. Some of the Tc-99m DTPA
discharges with ventilation. The effect of smoking on Tc-
99m DTPA clearance was considered to be due to its
impairment effect on alveolar permeability.

In our study, no statistically significant difference was
seen in the values of the standard pulmonary function tests
among subjects. A negative correlation was found be-
tween Ty, value and FEV 1%, FVC% and FEF»5_75% in
the welders and control group. That means that as the
PFTs worsen, the alveolar clearance lags increasingly.

CONCLUSION

This study shows that alveolar clearance decreases in
welders. This was considered to be due to fibrotic changes
and an increased number of alveolar macrophages in-
duced by welding fumes.
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