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[. INTRODUCTION

The major route of exposure to chemical
agents in the workplace is via inhalation.

Inhalation of occupational aerosols remains a
large source of mortality in the occupational
environment. During the 29-year period from
1968 to 1996, NIOSH has documented a total
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of 113,519 workplace related pneumoconiosis
deaths among United States residents of age
15 and over (NIOSH, 1999). NIOSH
statistics estimate number of occupational
aerosol diseases of the lungs reported by
employers to reach 3500 in 1996, an all
time high since reporting began in
1973(NIOSH, 1999).
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Exposure to occupational aerosols s
estimated by the physical sampling of air in
a workers breathing zone. The traditional
approach to evaluate worker exposure o
acrosols that pose a health risk when
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the pulmonary system is commonly referred
toas total aerosol sampling. In the United
States, the common method for collecting
total acrosol is through the use of a 37mm,

closed faced sampling cassette. Since the
late 19705 total aerosol  sampling has been
scrutinized because of its decreased collection

efficiency when used with aerosols having
relatively large particle sizes (approximately
45 m or greaterMARK & Vincent. 1986;
Kenny et al,1997). This finding has resulted
in a collaboration among the international
industrial hygiene community to develop a
harmonized set of criterion that relate true
acrosol inhalability as a function of particle
size(1SO, 1995). An outcome of the colla-
boration is the institution of an aerosol size
fraction termed the inhalable fraction which
is expressed as a sampling convention which
samplers for this fraction must emulate. The
TSI Respicon® sampler shown in Figure 1
is a sampling device marketed as having the
ability to collect an aerosols inhalable

fraction.
The development of a new inhalable fraction

Figure 1. TSI Respicon® sarmpler
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has caused the American Con-
forence of Governmental Industrial
Hygienists (ACGIH) to gstablish
inhalable threshold limit values
(TLVs) for a few select aerosols.
It is the intent of the ACGIH to

replace all total aerosol TLVs with
inhalable TLVs where appropriate
(ACGIH, 1999). Thus, the ACGIH
has requested that side-by-side
sampling studies be performed using
the 37-mm total aerosol ~sampler
and newer inhalable fraction
sampling devices to justify this TLV
replacement (ACGIH, 1999). This
research performs such a study by comparing
side-by-side personal breathing zone samples
collected during abrasive blasting operations
using the 37mm cassette total aerosol sampler
and the TSI Respicon® inhalable aerosol

sampler.

1. METHODS AND MATERIALS

1. Sampling Protocol of Acquired
Aerosol Data

Comparison of sampler performance was
evaluated by occupational sampling of
abrasive blasting. Aerosol sampling consis-
ted of side-by-side collection of total aerosol
(using a 37-mm, closed faced cassette) and
nhalable aerosol (using a TSI Respicon®
sampler) from the breathing zone of an
abrasive blaster during 15-minute sample
runs.

Figure 2 shows the location of each aerosol
collection device. One aerosol sampling run
resulted in one set of paired data: A mass
concentration result from the total aerosol
sampler and a mass concentration result from
the TSI Respicon® sampler. A total of 29
aerosol runs were performed yielding 29 sets
of paired data.

All aerosol mass was collected on a Zeflon
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Figure 2. Location of each sampling device

pre-weighed, matched weight mixed cellulose
ester membrane filter (0.8;m pore size). For
both sampling devices, negative pressure to
collect a sample was provided by SKC
Aircheck High Flow sampling pumps.
Flowrates for the total and inhalable samplers
were 2.0 and 3.11 liters per minute,
respectively. After each sampling run, new
sampling media was placed in the breathing
zone of the abrasive blaster. In an effort to
reduce sampling bias the location of each
collection device was switched after the
performance  of  each sampling ~ run.
Gravimetric analysis was used to quantify
collected total and inhalabel aerosol mass.

2 Data Analysis

A through-the-origin  linear regression
analysis the
relationship between the two measures of
exposure so that total aerosol results from the
37-mm cassette sampler could be converted
to equivalent TSI Respicon(®) sampler results
for inhalable aerosol. This analysis was
performed by plotting paired TWA mass
concentration values against each other and
determining the slope of the resulting
regression line. This type of regression allows
for the relationship ER = S(E37 ), where ER
is the TSI Respicon'R) sampler exposure, E37

was used to determine
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the 37-mm sampler exposure, and § i the
slope of the regression line. This statistical
method has been applied in a previously
published  side-by-side sampling ~ study
nvestigating the differences between {he
collection of total and inhalable aerosol
fractions(Spear et al, 1997).

Furthermore Wilcoxon Signed Rank Test
was done to investigate the signifcance of
difference of two concentrations between
Respicon and Total Aerosol.

II. RESULTS

Table 1 shows a comparison of the
I5-minute TWA  exposure  concentration

results for the 29 paired samples. Figure 3
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Figure 3. Respicon/total aerosol ratios based on total aerosol concentration

graphically  displays E Respiconz/Etotal
ratios as a function of Ftotal. The exposure

Table 1. Comparison of exposure concentrations for total and inhalable a aerosol

Sample Run Total(mg/m’)’ Respicon(ng/m)  ERespicon(¥) Etotal ratio
1 47 611 1.37
2 355 593 1.67
3 886 964 1.01
4 807 534 662
5 923 1,042 111
6 687 842 122
7 368 52 142
8 325 451 1.39
9 623 574 921
10 351 348 992
11 1.076 370 344
12 665 707 1.06
13 1,290 556 431
14 610 490 84
15 568 667 117
16 384 676 1.76
17 512 578 1.13
18 742 653 880
19 483 444 920

20 1,603 1,219 760
21 1,619 592 365
2 1,035 1,120 1.09
23 1,033 1,109 1.07
24 1,226 1,726 1.41
25 704 558 793
26 608 499 81
27 732 439 600
28 735 544 739

29 774 520 671
* 15 minute TWA

rations ranged .920 to 1.76 when total aerosol
concentrations were greater than 500mg/ny’.
Figure 4 shows results of regression analysis
and the resulting 0.984 conversion factor to
be applied to the total aerosol sampling
device.

According to Wileoxon Signed Ranks Test
there was no significant difference of two
concentrations between Respicon(®) and Total
Aerosol.

IV. CONCLUSIONS

Although previous research has shown that

the 37mm total aerosol sampler can
underestimate an aerosols true inhalable
fraction, the abrasive blasting exposure results
acquired from this study suggest a different
outcome. Fifteen of the 29 E Respicons/
Etotal ratios where greater than 1.00
indicating a nearly equal distribution of
overestimation vs. underestimation when
comparing the total aerosol sampler to the
inhalable  aerosol sampler. Further, a
conversion factor of 0.984 applied to the

relationship  between
sampling devices. It is recognized that the
variability among sampling results and the
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Respicon Log Concentration (mg/m3)

Respicon = 0.984 (37mm)

1 37mm log Concentration (ma/m3) 10

Figure 4. Regression analysis

small sample size of 29 does not allow for
conclusive recommendations regarding the
sampling method that accurately measures the
inhalable fraction of an abrasive blasting
aerosol. Thus, given the high exposure
concentrations obtained in this study and the
resulting health implications to workers
performing abrasive blasting, more research
in this area is necessary.
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