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The aim of this study was to investigate the effects of occupational exposure to 1,6-hexamethylene
diisocyanate (HDI) on peak flowmetry in automobile body paint shop workers in Iran. We studied a
population of 43 car painters exposed to HDI at their workplaces. Peak expiratory flow was tested for
one working week, from the start to the end of each shift. Air was sampled and HDI analysed in parallel,

according to the OSHA 42 method.

Daily and weekly HDI exposure averages were (0.42+0.1) mg m~and (0.13+0.05) mg m?, respectively.
On painting days, 72 % of workers showed more than a 10 % variation in peak expiratory flow. Inhalation
exposure exceeded the threshold limit value (TLV) ten times over. This strongly suggests that HDI affected

the peak flowmetry in the studied workers.
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Asthma rates are getting higher in all parts of Iran
and 10 % of Iranian people suffer from asthma (1).
Some chemicals, isocyanides among them, are known
respiratory sensitisers, which at low concentrations are
associated with occupational asthma in the developed
countries (2, 3).

Diisocyanates are compounds with low molecular
weight and high reactivity, that have an N=C=0
group. The most commonly applied isocyanides
are toluene diisocyanates (TDI), 4,4-diphenyl
methane diisocyanates (MDI) and 1,6-hexamethylene
diisocyanate (HDI). They are used in the production of
polyurethane foam, elastomers, adhesives, paints, and
surface coatings (4-5). They are common in workshops
with a small number of workers (4) such as automobile
body paint workshops, which use a lot of paint, primer,
and coatings containing HDI.

The most common routes of diisocyanates
exposure are the respiratory tract and skin (6). These
compounds take form of the mist, vapour, or aerosol,
depending on the type (7). Skin contact can occur via
contaminated surfaces (8). The American Conference
of Governmental Industrial Hygienists (ACGIH)
set the eight-hour time-weighted average threshold
limit value (TLV-TWA) for HDI in the air to 34 pg
m? (9). The NIOSH recommended exposure limit
(REL) for HDI is 140 pg m™ as a 10-minute ceiling
limit and 35 ug m™ as an 8-hour TWA (10). HDI is
used as an activator in paints, because it has a special
characteristic that is different from other aromatic
isocyanates like methylene diisocyanate (MDI) and
toluene diisocyanate (TDI) (11). HDI is the most toxic
when it takes the form of aerosol (12). This form is the
most common in car body paint shops in Iran.
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Diisocyanates and polyisocyanates affect the
respiratory system in a number of ways including
irritation, asthma, hypersensitivity pneumonitis,
and asymptomatic acceleration with decreased lung
function (13, 14). Various studies have indicated
that exposure to relatively low concentrations of
isocyanides is related to impaired lung function
(15).

Monitoring exposure to these chemicals in car body
paint shops presents a number of difficulties because
each shop employs a small number of workers, work
practices are inconsistent, and exposure is irregular
(5). In addition, medical surveillance and occupational
hygiene programmes for these workers are usually
inadequate (7). Small factory workers exposed
to isocyanides seem to have significantly higher
prevalence of respiratory symptoms than controls (16).
Occupational asthma is estimated to range between
5 % and 30 % (4, 17-19). In a study conducted in Iran,
respiratory symptoms in MDI-exposed workers were
significantly elevated (20).

This cross sectional study investigated HDI
exposure in automobile body paint shops and variation
in peak expiratory flow in exposed workers on
different working days. The aim was to see if there
was a relation between the two.

METHODS

Population description

The exposed population included 43 randomly
selected workers employed in automobile body paint
shops. Their mean age was (37.9+8.89) years (range:
23 to 60 years), and work experience (13.3946.85)
years (range: 3 to 30 years).

Each worker was interviewed using a questionnaire,
which included personal data and respiratory signs
and symptoms. This questionnaire was specifically
designed for this study. It passed the validity and
reliability test for this investigation. Exclusion criteria
were respiratory disorders including asthma, cigarette
smoking, and use of respiratory drugs. All subjects
were healthy on enrolment.

Peak flowmetry

All workers took peak flowmetry (4) tests with the
Asma Plan Vitalograph® apparatus (UK) two times a
day, at the start and end of each work shift, over one

week. Changes in peak flowmetry were calculated for
each worker. The recorded value was the maximum
of three attempts during each test. To obtain daily
variation in peak flow, we used each subject as his own
control. We simply compared the calculated normal
peak flow based on the worker’s age, height, and
weight with the maximum peak flow taken at the start
and the end of each shift. According to the American
Thoracic Society (ATS), a decrease of more than 20 %
suggests respiratory impairment (21).

Sampling and analysis of HDI

For HDI sampling and analysis we used high
performance liquid chromatography (HPLC), relying
on the OSHA 42 method (7). A solution containing
3.5 g HDI (95 %, Sigma-Aldrich, USA) in 25 mL
methylene chloride (Merck, Germany) was slowly
added to 100 mL of 72.5 mg mL"' methylene chloride
solution of 1-(2-pyridyl) piperazine (1-2PP, Sigma-
Aldrich, USA). The obtained solution was kept
at 35 °C for 10 min and the volume of methylene
chloride was reduced to approximately 10 mL by
nitrogen current. The resulting solution was adsorbed
by hexane (Sigma-Aldrich, USA), filtered, and again
dissolved in a small amount of methylene chloride.
This solution was again adsorbed, filtered, and washed
with hexane. Ultimately, 9 g of product was obtained
after drying in a vacuum. This product was dissolved
in dimethyl sulphoxide (Merck, Germany) and
injected in the HPLC (Jasco Corp., Japan) to determine
its standard peak. In order to obtain the calibration
curve, three samples with concentrations of 3.3 pg mL™,
6.6 pg mL!, and 13.2 pg mL! were used in a HPLC
with a UV detector and a C8 column (Supelco, USA)
at40 °C . The chromatography was reverse phase and
its mobile phase was a 30 % Astonitril solution. The
flow rate was 1 mL min™. Related chromatograms
were determined and a calibration curve plotted.

In order to determine HDI concentration in ambient
air, sampling pumps (SKC Company, USA) were
calibrated to the flow rate of 1 L min™'. Then, 37 mm
glass fibre filters were coated with 0.1 mg of 1-2PP
and placed with backup pads in three-piece cassettes.
According to OSHA recommendation, 15 L of air in
the breathing zone was sampled and samples sent to
the laboratory for HPLC analysis. In the laboratory,
the pollutants were extracted using 2 mL of 90:10
acetonitrile:dimethyl sulphoxide mixture (Merck,
Germany) and injected in the HPLC. The limit of
detection was 0.32 ug kg™
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Statistical analysis

The obtained data were analysed with the software
package SPSS, version 11.5, applying Student’s z-
test and Pearson’s correlation coefficient to test the
differences between variables. A P value of less than
0.05 was considered statistically significant.

RESULTS

The workers were not evenly exposed to HDI
during the day, and the mean daily exposure was 15
minutes. Table 1 shows the minimum, maximum,
and mean time of daily and weekly exposure to
HDI. For each worker, we calculated the time-
weighted average (TWA). The mean daily HDI
(TWA) air concentration in the breathing zone was
(0.42+0.1) mg m™. The 8-hour TLV-TWA for HDI is
0.034 mg m> of air (9). The mean weekly HDI (TWA)
was (0.13£0.059) mg m?.

Table 2 shows daily decreases in peak flow over the
working week; they increase from the start and are the
highest in the middle of the week. In this study, mean
weekly decrease in peak flow was compared with
the expected (normal) peak flow (Figure 1). Figure
2 shows the decrease in the peak flow on the day of
painting and the day after. Mean peak flow decreases
on the day of painting were 11.2 % and 7.9 % the
day after (P<0.001). Mean peak flows at the start of
the shift on the day of painting and the following day
were 537.8 L min' and 518.9 L min™, respectively.
At the end of the shift, they were 479.1 L min! and

45

478.2 L min™', respectively. The difference between
these two days was statistically significant (P=0.017;
Figure 3).

Figure 4 shows the mean percentage of changes
in peak flow on the day of painting and the day after
according to work experience. The mean decrease in
peak flow (expressed in percentage) correlated with
work experience; the longer work experience, the
greater the percentage of decrease in peak flow.

HDI concentration also correlated well with
the percentage of decrease in peak flow on the
day of painting and also with the mean peak flow
on the day of painting (P<0.001). The coefficient
ratios (r) were 0.884 and 0.664, respectively. The
percentage of decrease in peak flow on the day of
painting significantly correlated with age and work
experience (P<0.001). The coefficient ratios were
0.661 and 0.719, respectively. Similarly, the mean
weekly decrease in peak flow, as compared to normal
peak flow, significantly correlated with age and work
experience (P<0.001). The coefficient ratios were
0.746 and 0.828, respectively.

DISCUSSION

Our study has shown that on painting days,
Iranian car paint shop workers were exposed to HDI
concentrations over ten times the 8-hour TLV-TWA
[(0.42+0.1) mg m? vs. 0.034 mg m>]. However, as
most of them did painting jobs one to two days a
week, their weekly exposure was lower [mean weekly
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Figure 1 Distribution of exposed workers with respect to decrease in mean weekly peak flow
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Figure 2 Distribution of exposed workers with respect to changes between peak flow recorded at the start of the work shift on
the day of painting and at the end of the work shift on the day after exposure
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Figure 3 Mean peak flow of workers at the start and end of each work shift on the day of painting and the day after
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Figure 4 Mean percentage of changes in peak flow on the day of painting and the day after by years at work
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Table 1 Daily and weekly exposure of workers (N=43) to 1,6-hexamethylene diisocyanate

1, 6-Hexamethylene diisocyanate / mg m

TWA Range Mean + SD
Daily 0.26 t0 0.79 0.42+40.10
Weekly 0.04 to 0.27 0.13+0.06

TWA = time-weighted average

Table 2 Changes in daily peak flow recorded in workers (N=43) exposed to 1,6-hexamethylene diisocyanate

Days of the working week
Sat Sun Mon Tue Wed Thu
Changes in peak flow / % 6.90 7.20 8.68 8.82 8.59 8.10
SD 3.25 2.90 2.30 2.80 2.50 1.95

TWA (0.13£0.059) mg m?]. In a study by Woskie
et al. (9), the HDI air concentration in automobile
paint shops was 0.206 mg m?. In a study by Torling
etal. (15), it was 0.0015 mg m?. In a study by Liu et
al (8), it ranged from 0.002 mg m3to 0.116 mg m>,
and the concentrations were below TLV in only two
workshops. These results are consistent with ours,
whereas those by Torling et al. are not.

The percentage of decrease in daily peak flow
of exposed workers in our study grew toward the
middle of the week, as most painting jobs were done
by that time. Most of the workers showed a decrease
of over 20 % in respect to what would have been
their normal peak flow. However, we can not say
that this variation is related to HDI alone, because
there are other contaminants at their workplace, such
as organic solutions, which can cause a variation in
the peak flow.

A study by Wink et al. (22) showed that mean peak
flow in workers decreased on the day of exposure and
increased on days when the workers were away from
work. In our study, the mean peak flow at the end of
the shift on the day of painting was significantly lower
than at the start of the shift, which may be related to
HDI exposure. The effects of exposure remained till
the day after painting. Hauser et al. (23) also found that
peak flow at the end of the shift was lower than at the
start of the shift. Glindmeyer et al. (14) showed that
exposure to isocyanates significantly correlated with
decreased expiratory flow. Similarly, Yorgancioglu et
al. (4) explained that polyurethane foam production
workers exposed to isocyanates had lower FEV  and
FVC levels than workers in other production lines. In

an [ranian study, Mortezavi et al. (21) obtained similar
results as Yorgancioglu et al. (4).

In our study, we have established a significant
correlation between HDI and mean peak flow. This
correlation is also significant between the mean
percentage of changes in peak flow on the day of
painting and HDI. This suggests that higher HDI levels
reduce mean peak flow by the end of the painting
day, rendering daily variation (decrease) significantly
greater than on non-painting days. Similar to our
results, Shabani et al. (24) also found a significant
difference between changes in peak flow among
automobile paint shop workers on the day of painting
and the day after that. A study by Torling et al. (15)
suggested that respiratory damage and complications
in automobile paint shop workers was due to exposure
to HDIL.

In our study, we also found a significant correlation
between changes in peak flow on the day of painting
and age and between changes in peak flow and work
experience. In other words, older workers showed
greater variety in peak flow than young and less
experienced workers. In a study of worker exposure
in a cleaning agent manufacturer, Neukrich et al. (25)
observed that variations in the peak flow were directly
related to age.

CONCLUSION

The concentration of HDI found in our study was
well above the acceptable limits for automobile paint
shops, and there are grounds to believe that it affected
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the peak flow in our workers. This calls for engineering
and management measures that should reduce the level
of workers’ exposure to HDI.
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Sazetak

UTJECAJIZLOZENOSTI 1,6-HEKSAMETILEN DIIZOCIJANATU (HDI) NA VRSNI EKSPIRATORNI
PROTOK U AUTOLAKIRERA U IRANU

Cilj je ovog ispitivanja bio utvrditi vr$ni protok u 43 iranska autolakirera profesionalno izlozena 1,6-
heksametilen diizocijanatu (HDI). Vrs$ni ekspiratorni protok testiran je tjedan dana na pocetku i kraju
svake smjene. Uzorkovanje i mjerenje HDI-ja u zraku radilo se istodobno s testiranjem vrS$noga protoka,
prema metodi OSHA 42.

Prosje¢na dnevna izlozenost radnika HDI-ju iznosila je (0.42+0.1) mg m?, a tjedna (0.134+0.05) mg m=.
U 72 % radnika vr$ni ekspiratorni protok tijekom dana varirao je vise od 10 %.

Radnici su udisali deset puta vise razine HDI-ja od grani¢nih te je moguce da je HDI utjecao na mjerenja
pluéne funkcije.

KLJUCNE RWECT: kemijski alergen, profesionalna izloZenost, respiracijski simptomi, vremenski
ponderirani prosjek, zrak
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