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Background: During the past 2 decades, silica sand has been used widely in sandblasting denim
in Turkey, which has resulted in an epidemic of silicosis. This study was conducted to summarize
the clinical outcomes of formerly healthy young people who became disabled or died because of
working in the textile industry.

Methods: The medical records of patients with silicosis due to denim sandblasting who were seen
at our institution between 2001 and 2009 were reviewed. Follow-up data were assessed. Compen-
sation and vital status of patients were determined, and survival analysis was performed.
Results: Thirty-two male patients diagnosed with silicosis due to denim sandblasting over an
8-year period were identified. Mean age was 31.5 years. They worked as denim sandblasters
for a mean 66.4 h/wk for a median 28.5 months. Their mean cumulative exposure time to silica
sand was 12,957 h. The median follow-up period was 29 months (range 3-101 months). The
median latency period (time elapsed between initial exposure and diagnosis) was 5.5 years
(range 2-14 years). Six of the followed patients (19%) died of progressive massive fibrosis. Nine of
the patients (28%) were compensated because of silicosis. Just two patients with silicosis received
compensation before they died. The mean survival rate was 78 months. The estimated 5-year
survival rate was 69% for denim sandblasters with silicosis.

Conclusions: Silicosis in young individuals after exposure in the textile sector suggests a lack of
awareness of the hazards of silica outside of the traditional occupations associated with silicosis.
Death from silicosis in young people suggests overexposure and unsafe working conditions as a

result of a lack of control.

Abbreviations: DLco = diffusing capacity of the lung for carbon monoxide
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Alethough it is one of the oldest occupational dis-
ases, silicosis is still reported in both the devel-
oped and developing world. It is a disabling and
potentially fatal lung disease for which there is no
cure. However, it is preventable by controlling expo-
sure to respirable crystalline silica.? Silica exposure
and silicosis have been associated with a wide variety
of industries. Abrasive blasting involves forcefully
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projecting a stream of abrasive particles onto a sur-
face with compressed air, often abrading glass or
metal.? Because silica sand is commonly used in this
process, workers who undertake this occupation are
often called sandblasters. During the past 2 decades,
sandblasting of denim has been performed in Turkey
to give the material a localized abrasion effect, which
is a separate procedure from stonewashing or chemi-
cal bleaching. Sand is blasted onto the material at a
high speed to give an old, worn, and/or used look.
The force of the abrasion rubs off the indigo-dyed
fibers.

The first diagnosis of silicosis caused by denim
sandblasting was reported 8 years ago. It has been
4 years since the first four cases were presented at the
annual European Respiratory Society Congress by two
different Turkish teams.*> The increased popularity
of distressed jeans has resulted in additional cases of
silicosis and deaths due to this new application of sand-
blasting.6” This study was conducted to summarize
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the clinical outcomes of 32 formerly healthy young
individuals who died or became disabled from work-
ing in the textile industry.

MATERIALS AND METHODS

The medical records of patients suffering silicosis due to denim
sandblasting who were treated at our institution between 2001
and 2009 were reviewed. The following data were abstracted
from the medical records: symptoms and age at presentation;
gender; history of smoking; coexisting pulmonary conditions;
daily, weekly, and total working times; cumulative exposure time
to silica; results of pulmonary function studies; radiologic find-
ings; and diagnostic methods. Chest radiographs were evaluated
by a B-reader certified by the Turkish Labor Ministry and an expe-
rienced chest physician. Silicosis was defined as a chest radio-
graph with an International Labour Office classification of =1/0
in a worker with a history of exposure to silica dust.® No exposure
assessments or worksite visits were performed.

Pulmonary function data included FVC, FEV,, FEV/FVC,
and diffusing capacity of the lung for carbon monoxide (DLcoO).
A restrictive pattern was defined as an FVC <80% predicted and
a normal or high FEV /FVC ratio. An obstructive pattern was
defined as an FEV, <80% predicted and an FEV /FVC ratio <0.75.
European Respiratory Society 1993 standards were used in pul-
monary function testing.’

The vital status of each patient was determined by reviewing
his/her medical records and by telephone interview with the
patient or relatives, and follow-up data were obtained from visits
to the clinic. Compensation status of the patients was recorded.
Survival was determined from the date of diagnosis of silicosis to
the date of death or the date on which the patient responded to
the telephone call. Survival analysis was performed using the
Kaplan-Meier method for univariate analysis.

RESULTS

In total, 32 male patients diagnosed with silicosis
due to denim sandblasting presenting at our institu-
tion over an 8-year period, from 2001 to 2009, were
investigated. No patient was referred from his or her
workplace. Sandblasting was undertaken at small-
scale operations (< 10 workers) that were subcon-
tracted by larger companies. Most of the patients were
from different workplaces and some had worked at a
number of these operations. The clinical character-
istics of patients at the time of diagnosis are summa-
rized in Table 1. Because of awareness regarding their
work colleagues, six asymptomatic patients (18.8%)
sought medical attention. The remaining 26 patients
had respiratory symptoms. The patients were all pre-
viously healthy and reported no history of hospitaliza-
tions. They had not worked in other silicosis-causing
jobs previously. In addition, none of them had hobbies
with a silicosis risk.

Clinical classifications were based on exposure times
and the clinical presentations of the patients. Of the
32 patients, 10 (31.3%) with a latency of <5 years and
rapid disease progression were classified as acute
silicosis, 20 patients (62.5%) with a latency of 5 to
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10 years and progressive disease were classified as
having accelerated silicosis, and two patients (6.3%)
with a latency of > 10 years and with relatively slow
progression and insidious symptoms were classified
as having chronic silicosis.! Of the 10 patients with
acute silicosis, four (40%) died. Of the 20 patients
with accelerated silicosis, two (10%) died. Time to
death after initial exposure was 6.4 years in patients
with acute silicosis and 9.4 years in patients with
accelerated silicosis. Both of the patients with chronic
silicosis are still alive.

Radiographic classification of the chest radiographs
is summarized in Table 2. Two patients had pleural
thickening and 15 patients had additional radiographic
abnormalities, including pneumothorax, marked dis-
tortion of the intrathoracic organs, or TB.

Pulmonary function data are summarized in Table 3.
In total, 18 patients (56.3%) had restrictive and
eight patients (25%) had mixed (obstructive + restric-
tive) patterns in pulmonary functions. A further three
patients (9.4%) had isolated reduction in DLcO and
three patients (9.4%) had no detectable abnormality.

The initial case was diagnosed in 2001, but no fur-
ther case was diagnosed until 2004. One case was
diagnosed in 2004 and a further six cases in 2005,
nine in 2006, eight in 2007, four in 2008, and three in
2009. Diagnosis was confirmed by open lung biopsy
in three (9.4%), transbronchial biopsy in 11 (34.4%),
and occupational history along with typical radiologic
findings in 18 (56.3%) patients (Fig 1).

Table 1—Characteristics at the Time of the
Diagnosis of Silicosis

Characteristic Patients (N = 32)
Age,y

Mean = SD 31.5+£5.6

Median 30
Male gender 32 (100)
Smoking status

Current/former 27 (84.4)

Never 5(15.6)
Smoking history, pack/y

Mean = SD 13.9*+14.9

Median 10
Symptoms

Dyspnea 21 (65.6)

Cough 16 (50)

Malaise 8 (25)

Weight loss 8 (25)

Chest pain 6(18.8

Asymptomatic 6 (18.8
Coexisting pulmonary pathology

TB 4(12.5)

Pneumothorax® 2(6.3)

Data are presented as No. (%) unless indicated otherwise.

aFifth patient diagnosed as silicotuberculosis during follow-up.
bAdditional third patient was diagnosed with pneumothorax during
follow-up.
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Table 2—Radiographic Findings Using the
International Labour Office Classification

Radiographic Finding No. (%)
Small opacities
Category 0: 0/—, 0/0, 0/1
Category 1: 1/0, 1/1, 1/2 5(15.6)
Category 2: 2/1, 2/2, 2/3 5(15.6)
Category 3: 3/2, 3/3, 3/+ 19 (59.4)
Large opacities
Type A 5(15.6)
Type B 2(6.3)
Type C 4(12.5)

Time from initial exposure to diagnosis was
5.9 £ 3.1 years (median, 5.5 years; range, 2-14 years)
and the mean working time of the patients was
44.7 months. The daily, weekly, and total exposure
times are shown in Table 4.

Of the initial 32 patients, 31 (96.7%) were followed
up; one patient did not return after diagnosis and did
not respond to phone calls. The mean follow-up period
after the diagnosis of silicosis was 29 = 20 months
(median, 29 months; range, 3-101 months). Of the
surviving patients, 16 (64%) developed progressive
massive fibrosis with marked functional impairment.
The FEV, rates of 10 patients were <40% pre-
dicted. At the end of follow-up, eight patients had
an FVC <40% predicted, and five patients had a
DLco <40% predicted. The decrease was 20.9%
in FEV|, 17.8% in FVC, and 14.2% in DLco. Table 3
shows the pulmonary functional impairment of patients.
Table 5 shows the mean changes in lung function
parameters per year of the three different clinical
groups of silicosis. Changes in pulmonary function
of the three clinical forms are displayed in Figure 2.
During the last 6 months of 2009, six patients were

Table 3—Pulmonary Function at Diagnosis of All
Patients, at Diagnosis of Those Seen at Follow-up,
and at the End of Follow-up

Patients at

Patients Seen  the End of

Parameter All Patients  at Follow-up ~ Follow-up
FVC (% predicted)

No. 32 21 21

Mean = SD 65.3*+19 66 +17 53.7*+21

Median (range) 65 (25-103) 66 (33-103) 55 (25-88)
FEV, (% predicted)

No. 32 21 21

Mean = SD 62.3 =21 64 £20 49.3 22

Median (range) 59 (21-103) 59 (32-103) 42 (26-88)
Drco (% predicted)

No. 30 18 18

Mean = SD 64.8 =19 66.6 = 18 55.6 =20

Median (range) 63.5 (29-101) 62 (38-101) 53.5(24-100)

Dvco = diffusing capacity of the lung for carbon monoxide.
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FIGURE 1. Number of patients diagnosed with silicosis, highlight-
ing the changing diagnostic methods.

hospitalized with respiratory failure and one patient
is on the waiting list for lung transplantation.

Of the original 32 patients, nine (28.1%) have
been compensated for silicosis. A further seven
patients (21.9%) are still waiting for compensation and
one has had his compensation denied; the reason for
the denial was that the patient presented with normal
lung function. Six (19.4%) deaths were attributed
to respiratory failure. Just two of the patients who
died (two of six) were compensated before their
deaths.

The 5-year survival rate after a diagnosis of sili-
cosis was 69.2% (Fig 3). The estimated survival time
(mean = SE) was 78 = 8 months (95%, CI 62-94).
Survival was associated with an initial FEV, =55%
(P =.0128), an initial FVC =55% (P =.0136), and
an initial DLCO =60% (P =.0352) using univariate
analysis. Mean survival from time of first symptoms
was 108 = 14 months and the estimated 5-year sur-
vival was 62.6%. Mean survival from time of first
exposure was 200 = 23 months, the estimated 5-year
survival was 96.8%, and 10-year survival was 59.8%.

Di1scuUssION

The first case of silicosis was diagnosed in 2001.
The patient had not worked in an environment known
for causing silicosis and described himself as a textile
worker. After detailed occupational questioning, it
became clear that he was a denim sandblaster. At the
time, this was an unknown, but growing, occupation
performed to produce unique patterns on denim goods
that were not possible to obtain through other proce-
dures. Three years later when an additional textile
worker was diagnosed with silicosis, we became con-
cerned. In fact, recently published reports confirmed
that an outbreak of silicosis was being reported.>710.1
Figure 1 reflects the change in the diagnostic approach
of pulmonologists. The initial cases were diagnosed
using open lung biopsy, which was later replaced by
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Table 4—Exposure Times of the Patients

Total Weekly Daily Total
Working ~ Working  Working Exposure
Time, mo Time,d Time, h Time, h

Mean=SD 447419 6.3*06 10.6*x1.5 12,956.6*=12,111.7
Median 28.5 6 10 8,605
Range 9-180 5-7 8-14 7,088-46,950

transbronchial biopsy. This was primarily performed
to exclude granulomatous diseases, such as TB and
sarcoidosis. Some of the initial patients were misdiag-
nosed as suffering from TB, which is prevalent among
textile workers in Turkey. With an increasing number
of patients with silicosis, pulmonologists made their diag-
nosis based on occupational history and radiologic
changes. The increasing number of patients with sili-
cosis and deaths among denim sandblasters alarmed
the Turkish Thoracic Society. Turkish labor authorities
were notified about the potential for catastrophe.
Meanwhile, the Turkish media were used to draw
attention to the dangers of this occupation. Many
of the workers resigned after these health issues were
highlighted and many small-scale workplaces closed.
Finally, in March 2009, the Turkish Ministry of Health
announced that sandblasting was prohibited. It is
supposed that many other workers were exposed, but
the number of the exposed workers is not known.
It is likely that some of the exposed people will pres-
ent with the disease in the coming years. Health and
labor authorities should encourage workers/former
workers to seek medical advice, which could be help-
ful in identifying new cases early.

Increased awareness surrounding denim sandblast-
ing may prevent new silicosis cases in Turkey. How-
ever, it also raises concerns that the continued demand
for “old-look” denim may simply result in the spread
of this practice to other countries with more relaxed
labor laws. Labor authorities should inspect such
workplaces regularly. However, most of these small-
scale workplaces are unregistered and/or their workers
are undeclared, which means they do not possess an
operating license or apply normal workplace regu-

Table 5—Mean Changes in Lung Function per Year

Decrease in Predicted Values of Functional
Parameters per Year

Accelerated Chronic

Acute Silicosis Silicosis Silicosis

(n=28) (n=11) (n=2)
FVC (% predicted) 57*32 3.3*34 05*0.7
FEV, (% predicted) 6.5+39 5.6*8.1 0.3+04
Drco (% predicted) 56*+58 6.3*+14.5 24+22

Data are presented as mean = SD. See Table 3 legend for expansion
of abbreviation.
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FIGURE 2. Changes in mean percentage values of predicted val-
ues of the three clinical forms of silicosis at initial and last visits.
A, FVC. B, FEV,. C, DLCO. DLCO = diffusing capacity of the
lung for carbon monoxide.

lations. This makes it more difficult to control this
occupation. Limited employment opportunities and
limited education of the workers, as well as the limited
education of employers, are contributing to informal
and unsafe working conditions.

Sandblasting denim is considered unnecessary; thus,
the solution for denim sandblasting is to stop the prac-
tice, rather than to take protective measures. Of course,
unsafe and unhealthy working conditions accompany
many sandblasting jobs, but denim sandblasting is
to satisfy a fashion trend, which can only be prevented
by a global campaign against it. As far as we know,
there have been no reports from other countries about
denim sandblaster silicosis.

Chronic silicosis, the most common clinical form,
typically occurs after long-term exposure to silica.121?
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FIGURE 3. Kaplan-Meier analysis of survival of denim sandblasters
with silicosis.

However, it was the least common form in our study
population. The patients developed silicosis after
a relatively short period, reflecting recent overexpo-
sure. Today, silicosis deaths among young individuals
are still seen among sandblasters.'!> The use of silica
for sandblasting has been restricted in most devel-
oped countries,'6 leading to the majority of silicosis-
associated deaths occurring among older individuals
(mostly =65 years).'21317 In our study, the mean
age of the individuals who died was 35 years. Even
younger cases have been reported from other institu-
tions.?6 Functional status at diagnosis was a predictor
of survival. Factors including room size, dust levels,
and protective measures might be associated with sur-
vival but were not assessed.

It is important to draw global attention to this
occupation to prevent new silicosis cases in other
countries. Sustained efforts must be made to increase
awareness of denim sandblaster silicosis. Silicosis in
young individuals after exposure in the textile sector
suggests a lack of awareness of the hazards of silica
outside traditional occupations associated with silico-
sis. However, deaths from silicosis suggest overexpo-
sure and unsafe working conditions, resulting from
lack of control. There is no solution other than stop-
ping this life-threatening procedure.
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