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Button Aerosol Samplers were used to monitor the per-
sonal exposure of workers performing abrasive blasting
operations at four U.S. Air Force facilities. Inhalable aerosols
containing 25 metals, including cadmium, lead, and chro-
miom, were investigated. The Button Aerosol Sampler was
chosen hecause of its ability to successfully withstand me-
chanical stress, prevent very large particles from collection,
and protect the filter from overloading and shredding by re-
bound particles. In addition, previous studies have shown
that the sampling efficiency of this personal Aerosol Sam-
pler exhihits low sensitivity to the ambient air conditions
and that it adequately follows the inhalability convention.
Inductively coupled plasma (ICP) was used to analyze the
collected samples for all 25 metals. In addition, visual ab-
sorption spectrophotometry (VAS) was used to analyze for
hexavalent chromium because of the presence of strontium
chromate, The collected samples yielded 8-hr time-weighted
average (TWA) concentrations that were up to 250, 6, and
5 times higher than the permissible exposure limits (PELs)
for cadmium, lead, and hexavalent chromium, respectively.
Also, the chromium levels measured by the ICP and VAS ex-
ceeded the strontium chromate threshold limit value (TLV ®)
by up to 640 and 950 times, respectively. No correlation was
found between the ICP and VAS hexavalent chromium con-
centrations. The likely reasons of this were the presence of
Cr (I) and (III) that cannot be detected by the VAS, and
the chemical interference from iron and some other metals
in the samples, The Button Aerosol Sampler was shown to
be useful for the monitoring of workers’ exposure to heavy
metals during abrasive blasting operations.

Keywords Abrasive Blasting, Heavy Metal Exposure, Button Aero-
sol Sampler
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Abrasive blasting is a common method of corrosion control
and surface preparation that generates vast amounts of airborne
dust. This dust is the most serious occupational health hazard as-
sociated with a typical abrasive blasting operation." Depending
on the surfaces being blasted, the presence and nature of prior
coatings, and the abrasive media used, the dust may contain high
levels of different toxic substances, including crystalline silica
and heavy metals such as lead, cadmium, chromium, and thew
compounds,** .

Occupational exposure to free crystalline silica may produce
silicosis and pulmonary fibrosis,” Short-term inhalation expo-
sure of adults to lead may cause damage to the gastrointesti-
nal tract, blood (anemia), CNS (encephalopathy ), and kidney.
Long-term or repeat exposure to lead may cause irreversible
nephropathy, paralysis of the muscle groups of the upper ex-
tremities, disorders of the immune and reproductive systems,
and personality changes in extreme cases.® Short-term inhala-
tion exposure to cadmium may cause irritation of the eyes and
the respiratory tract, pulmonary edema, diarrhea, and anemia.
Long-term or repeated exposure to cadmium may cause kid-
ney damage (proteinurea).'®’ Short-term inhalation exposure to
hexavalent chromium—_for example, strontium chromate—may
irritate the eyes and cause liver and respiratory tract injury.
In the long-term, it may cause skin (chrome ulcers) as well
as blood, liver, kidney, and CNS damage.’ In addition, cad-
mijum and strontium chromate are classified as A2 (suspected
human) carcinogens; other hexavalent chromium compounds
are classified as Al (confirmed human) Carc'mogens.m Thus,
given the abundance of potential respiratory health hazards gen-
erated during abrasive blasting, their adequate evaluation is es-
sential for the implementation of effective controls to ensure
workers’ protection.

Evaluation of worker exposure during abrasive blasting re-
quires the use of personal Aerosol Samplers. The 25- and 37-mm
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filter cassettes (e.g., SKC Inc., Eighty Four, PA) are commonly
used in industrial hygiene particulate air sampling applications,
including abrasive blasting monitoring. They were designed to
collect the total fraction of the airborne dust® for the gravi-
metric analysis of the sample according to NIOSH Method No.
0500.” However, their sampling efficiencies are not 100 per-
cent for all particle sizes under all wind velocity and orientation
conditions. Because abrasive blasting is a health hazard to the
human respiratory tract, we consider particle size-selective sam-
pling to be more appropriate than sampling for total dust. We
chose to sample the inhalable aercsol fraction” because par-
ticles generated during abrasive blasting may affect the entire
respiratory tract. The aerosol sampling efficiencies of the 25-and
37-mm filter cassettes are significantly lower than the inhalable
sampling convention,'®'? particularly for particle sizes above
20 pm."? Thus, due to their low sampling efficiency, the filter
cassettes may significantly underestimate the workers’ exposure
to airbome metals.

The development of personalinhalable Aerosol Samplers was
asignificant technological achievement. One of the most notable
examples of these is the IOM sampler (SKC Inc., Eighty Four,
PA).""¥ Its sampling efficiency matches the inhalability conven-
tion well {12! However, the IOM sampler has not been utilized
widely in abrasive blasting environments. The primary reason
is because its large, }5-mm open inlet dees not protect the fil-
ter from rapid overloading and/or shredding by high-velocity
particles projected directly into the inlet after rebounding from
surfaces being blasted. Similar effects were also observed when
using closed-face 37-mm filter cassettes.**' In addition, particles

Blasting Helmet

larger than 100 pm (i.e., larger than the currently established up-
per limit of the inhalable range) are abundant during abrasive
blasting and are easily captured by the IOM sampler as well as
the 25- and 37-mm filter cassettes. While particles larger than
100 um have less than 50 percent probability of being inhaled
by a warker, a few of these particles on a filter will outweigh
all the other “inhalable™ particles combined. Also, these very
large particles often become a subject of laboratory clemental
analysis due to the absence of guidelines on the sampling of non-
inhalable dust. This may result in considerable overestimation
of the workers’ exposure to airborne metals. It has been shown
that these large particles may contain over 95 percent of the total
metal content of a sample."’

Some attempts have beenmade to address these issues. Aitken
and Donaldson"® used cylindrically shaped mesh screens to
shield the inlet of the IOM sampler when it was exposed to
very large particles. Sylvain'!”’ outfitted 37-mm cassettes with
several kinds of protective screens and also experimented with
different sampler mounting locations on workers, including be-
hind the head, These and other approaches have had only limited
success.

Thus, one of the main problems encountered by industrial
hygienists sampling aerosols generated by abrasive blasting op-
erations is how to sample according to the inhalable convention
with a sampler that can intercept very large particles and can
withstand the mechanical stresses produced by this extremely
aggressive environment.''?

In this study we used the Button Aerosol Sampler (SKC Inc.,
Eighty Four, PA). This sampler (Figure 1) has been shown to

Exteridl Protective Screen

Button Sampler

Suppont

FIGURE 1
Button Aerosol Samplers on an abrasive blasting worker.
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follow the inhalability criterion similar to or better than other
commonly used inhalable Aerosol Samplers and to meet most
other requirements for personal aerosol sampling."®’ Its stain-
less steel inlet has a curved porous surface that is part of a sphere
with a subtended angle of 160 degrees. The surface contains nu-
merous orifices of 381 pm diameter that are evenly spaced, The
resultant porosity is 21 percent, The porous inlet not only pro-
tects the sampler’s 25-mm filter from mechanical damage, but
also intercepts virtually all projected particles above approxi-
mately 150 gm in size. The Button Aerosol Sampler has been
shown to have low sensitivity to wind direction and velocity,
good uniformity of particle collection on its filter, and low inter-
sample variability,! %2

METHODS

The field measurements for this study were performed at four
U.S. Air Force facilities which will be referred to as sites A, B,
C,and D. Atall foursites, abrasive blasting was conducted inen-
closed, walk-in blast facilities with cross-draft ventilation. The
typical distance between a worker and a surface being blasted
was 12 to 18 inches (0.30 to 0.45 m).

All workers wore type CE abrasive-blast supplied-air respi-
rators, primarily W-8100 (3M Inc., St. Paul, MN) and 88 series
(Bullard Inc., Cynthiana, KY'} continuous flow respirators with
a blasting helmet (Figure 1). Both models have the assigned
protection factor (APF) of 2000 for 1ead environments (29 CFR
1910.1025 and 29 CFR 1910.134). For cadmium, chromium, and
most other metals in general industry environments, the APF is
25(29 CFR 1910.134,29 CFR 1910.1027 and NIOSH®®), How-
ever, ANSI standard Z88.2-1992 designates an APF of 1000 for
these respirator models.””*’ Grade D clean air was supplied to the
workers through an airline as required by 29 CFR 1910.134(3).

The parts being blasted were either aircraft parts (stabiliz-
ers, wheels, canopy frames, and landing gear components) or
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aerospace ground equipment. They were made of different ma-
terials, primarily steel, aluminum, and advanced composites.
Some of the surfaces being blasted were covered with old primer,
paint/plating, or both. Therefore, different types of abrasive me-
dia were used to match the part material. Due to the variety of
parts being blasted and the abrasive media used, all of the ob-
served tasks were subdivided into 10 categories for the purpose
of analysis, regardless of the site where the blasting occurred
(see Table 1). The classification presented in Table I is not per-
fect because some of the big parts being blasted sometimes had
subsections made of different materials. This observation is es-
pecially relevant when assessing exposure to cadmium, because
rivets or small cadmium-plated sections were present during
tasks other than task category 4.

Five Button Aerosol Samplers were used to measure the per-
sonal exposures to heavy metals of workers involved in abra-
sive blasting operations. Each sampler was equipped with an
additional external curved protective screen, measuring 4 by 2.5
inches (10 by 6.4 cm). Each sampler and external protective
screen were mounted on acustom-made support (Figure 1), The
external protective screens were made of the same material as
the Button Sampler’s inlet screen (i.e., stainless steel having
21 % porosity with 381-um orifices). The distance between the
external screen and the Button Sampler inlet screen was about 1
inch. Since 79 percent of both screens is impervious, the screens
act as shields against high-inertia particles generated during the
abrasive blasting and projected toward the sampler. The otifices
of 381-pm diameter in the screens are large enough to pass
lower-inertia particles of size considerably smaller than the di-
ameter of the orifices. Thus, the extemnal protective screen and
the Button Aerosol Sampler’s inlet screen prevented the rapid
overloading of the filters by large particles, while not interfering
with the collection of smaller particles. The majority of samples
were collected at the flow rate of 4 L/min recommended by the
manufacturer. However, several samples at site A were collected

TABLEI
Abrasive blasting tasks observed

Task Paint or Number of
category Material Primer  plating Blast media samples® Site(s)

1 Steel No No Gilass bead 4/5 A

2 Steel No No Aluminum oxide 3/4 A

3 Steel Yes Yes Glass bead 14721 D

4 Steel Yes YesP  Plastic 413 B

5 Steel Yes Yes Plastic 17/17 B.C

6 Graphite composite Yes Yes Plastic 4/5 A

7 Aluminum Yes Yes Walnut shell 1/1 A

8 Aluminum Yes No Plastic 9/9 B

9 Aluminum Yes Yes Plastic 6/7 C
10 Aluminum No No Plastic - 5/5 C

ANumber of samples analyzed by NIOSH Method 7300/Number of samples analyzed by NIOSH
Method 7600.

BCadmium Plating. Cadmium-plated rives or small cadmium-ptated sections were present during
other tasks.
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at 3 L/min because of problems with the personal sampling
pumps.

Among the 25 elements analyzed in this study, lead, cad-
mium, and chromium were of primary interest. Prior studies
had established that chromium is present mainly in the hexava-
lent form. It was contained as strontium chromate in the epoxy
primer and as a chromic acid solution in the anticorrosive alo-
dine coatings of some aluminum parts.!'* A small percentage
of chromium may also have been present as Cr (IT) and Cr (II)
compounds that are frequently present in the environment.

Two approaches were used to measure airborne chromium.
In the first approach, the aerosol particles were sampled onto
membrane cellulose ester (MCE) filters followed by ICP anal-
ysis for all 25 heavy metals. The ICP analysis was performed
according to NIOSH Method 7300,%%! which detects chromium
(ID), (I10), and (VI) as total chromium. It was assumed that the
total chromium reading was generally due to strontium ¢hro-
mate, although the presence of some chromium (II) and (II)
was anticipated. This assumption was validated during prior
experiments.®® The second approach was to sample onto poly-
vinyl chloride (PVC) filters that were analyzed using VAS in ac-
cordance with NIOSH Method 7600, which allows specific
detection of hexavalent chromium, In this case, the assumption
was that the entire hexavalent chromium reading was due to
the presence of the strontium chromate. Two identical Button
Aerosol Samplers were placed simultaneously in each worker’s
breathing zone, on both sides of the body outside of the per-
sonal protective equipment, as shown in Figure 1. This arrange-
ment conforms to 29 CFR 1910.94 {a)2) and other Occupa-
tional Safety and Health Administration (OSHA ) guidelines. ?”
Thus, each experiment normally yielded two samples exposed
to the same concentrations of the airborne contaminants. Un-
fortunately, some of the experiments yielded only one sample,
with the second one lost for a variety of reasons, including pump
failure or the worker’s unintentional interference with a sampler.

The monitored workers were typically engaged in abrasive
blasting for short periods of time asting between 10 and 45 min-
utes. These time intervals were preceded and followed by other
tasks during which little or no hazardous dust was generat-
ed (e.g., part masking, part positioning, rest breaks, etc.). The
Button Sampler filters were replaced during these low-exposure
tasks. However, the workers were monitored during the entire
shift. The typical overall duration of abrasive blasting activities
was six hours at sites A, B, and C, and four hours at site D. The
time periods during which no abrasive blasting was performed
were treated as having zero exposure for the purpose of calculat-
ing the eight-hour time-weighted average (TWA) concentration.

RESULTS AND DISCUSSION

Figures 2A and B and 3A and B present the results of air
sampling, converted to the mean 8-hour TWA concentrations
for cadmium (Figure 2A), lead (Figure 2B), and hexavalent
chromium (Figures 3A and B). Figures 3A and 3B present the air
sampling results analyzed according to NIOSH methods 7300
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FIGURE 2

Eight-hour TWA concentrations. A, Cadmium by ICP.
B. Lead by ICP.

and 7600, respectively. The correspondin g permissible exposure
limits (PELs) for cadmium, lead, and chromium {IT), (IIT), and
{VI) are also shown in these figures. Figures 3A and 3B also
show the threshold limit value (TLV ®) for strontium chromate.
The TWAs are given for each of the work task categories de-
scribed in Table I. The standard errors of the mean for the TWA
of each task are also shown, based on the nuinber of samples
taken (see Table I). In the case of task category 7, no standard
error is shown because only one sample was taken.

The considerable variability of data shown in Figures 2A and
B and 3A and B is in line with that of other studies. Table II
compares the coefficients of variation (CV) for lead and chro-
mium TWAS from our study with the data from two independent
studies,!'>'” The earlier studies utilized 37-mm filter cassettes
for the personal exposure measurements. Each coefficient of
variation was determined as the ratio of the sample standard
deviation to its mean. The CVs determined in this study repre-
sent the range from the lowest to the highest ratics among 10
different tasks. The cadmium data obtained in this study were
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FIGURE 3
Eight-hour TWA concentrations. A. Chromium by ICP.
B. Chromium by VAS.

not included in Table II, because both of the earlier studies did
not involve cadmivm. Also, because both earlier studies used
ICP analysis, Table II lists only the chromium data obtained by
ICP (Figure 3A). The CV values obtained in our study for the
lead and chromium TWAs are comparable to those of the earlier
studies,

As seen from Figure 2A, tasks 2, 4, and 8 yielded the highest
mean cadmium TWA concentrations. As expected, workers per-
forming task 4 were exposed to high cadmium levels because of
the presence of large cadmium-plated parts (see Table I). More
interesting was the finding of high cadmium levels during tasks 2
and 8. We attribute these higher levels to the presence of several
small cadmium-plated subsections and rivets that were difficult
to identify prior to blasting. Overall, the measured 8-hr TWA

TABLE 11
Comparison of the coefficients of variation of air sampling data
from three studies

This study Sylvain, 1994 Kiefer et al,, 1997
CV, % Pb Cr Pb Ct Pb Cr
25-175 44-142 168 120 118 64

airborne cadmium concentrations were higher than the PEL of
0.005 mg/m* for nine out of ten tasks. The airborne cadmium
mass concentrations exceeded the TLV of 0.01 mg/m?® for the
inhalable fraction during eight ont of ten tasks.

The TWA concentrations for lead (Figure 2B) were found to
be mostly below the PEL and TLV values, both of 0.05 mg/m?,
with the exception of tasks 5, 9, and 10.

During all tasks, the airbome B-hr TWA concenftrations
of total chromium exceeded the strontium chromate TLV of
0.0005 mg/m?® by a factor of 15 to 400 (Figure 3A). At the same
time, the highest total chromium levels that exceeded the Cr
(VD) PEL of 0.1 mg/m’ were detected only in four tasks (5, 8,
9, and 10), No task produced total chromium concentrations in
excess of the Cr (II) and (III) PELs of 0.5 mg/m®. The hexava-
lent chromium 8-hr TWA concentrations (Figure 3B), exceeded
the strontium chromate TLY by 10 to 600 times for all tasks
observed. Tasks 5, 6, 8, 9, and 10 had shown the highest con-
centrations exceeding the hexavalent chrominm PEL.

An analysis of correlation was conducted between total chro-
mium (determined by ICP, NIOSH Method 7300) and hexavalent
chromium {(determined by VAS, NIOSH Method 7600). The cor-
relation analysis was conducted on 66 experiments that yielded
both hexavalent and total chromium data. Table III presents the
correlation coefficients for each of the 10 tasks and the overall
correlation coefficient. There is no correlation between the two
sets of data: the overall correlation coefficient was found to be
0.20 (its p-value was 0.11 on 64 degrees of freedom, that is,
the correlation coefficient observed was not significantly differ-
ent from zero). This means that the high concentration values
of the first data set (total chromium) do not correspond with
the high concentration values of the second data set (hexava-
lent chromium). One of the reasons for this lack of correlation
is the considerable amount of airborne chromium (IT) and (TIT)

TABLE III
Coefficients of correlation between total
chromium?® and hexavalent chromium®
concentrations

Task Coefficient of correlation

-0.49
—0.34
0.01
0.65
0.19
—-0.91
N/A
0.26
~0.36
0.54

0.20

[ BN e s SR e Y R

—_

Overall

A Analyzed by ICP, NIOSH Method 7300.
B Analyzed by VAS, NIOSH Method 7600,
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that is identifiable by the ICP, but not identifiable by the VAS.
Another possible reason is interference by other heavy metals
that may have decreased the Cr (VI) reading due to electron
reduction.®® Iron was the most prevalent of these interfering
metals, although copper, nickel, and vanadium were also de-
tected. The 8-hr TWA concentrations of airborne iron during
the 10 observed tasks were as high as 3.32 mg/m’, with the
typical TWA concentration in the range of 0.05-0.2 mg/m’. In
addition, although both samplers were mounted close to each
other in the workers’ breathing zones, the workers’ postures,
movements, and equipment may have exposed the two samplers
to different aerosol concentrations. As a result, the average total
chromium concentrations for each task were not always higher
than average hexavalent chromium concentrations, as one might
have expected. For tasks 3, 4, 6, and 8 the VAS data were higher
than the ICP data,

Our data show that the continuous flow supplied-air abrasive
blast respirators satisfied the needs for respiratory protection
against lead, according to the OSHA-designated APF of 2000
for lead environments. Because this APF is not valid for the
protection against other metals (for which the APF is 25), it ap-
pears that the airborne cadmium and strontium chromate [evels
were above the respective maximum aflowed concentrations.
However, based on the ANSI APF of 1000, the protection can
be deemed sufficient. Our conclusion regarding the adequacy
of respiratory protection at the four sampled sites may have
to be modified after OSHA makes it final rule cn the APF of
continuous-flow abrasive blasting helmets.

Button Samplers equipped with the external protective screens
have successfully withstood the stress of sampling: of the five
Button Aerosol Samplers used in this study none was damaged.

CONCLUSIONS

This study was undertaken to generate more definitive data
on the exposure of workers to hazardous particulates, such as
heavy metals generated during abrasive blasting. In the past,
total dust samplers such as 25- or 37-mm sampling cassettes
have been used for personal aerosol sampling. These samplers
do not meet the inhalability convention that describes the pen-
etration of dust particles into respiratory airways of humans. In
addition, most available total and inhalable Aerosol Samplers
cannot prevent very large particles from entering the sampler,
thus skewing the sampling results toward significant overestima-
tion of the airborne concentration of the metals of interest. Also,
these samplers cannot protect their filters from shredding by
high-velocity rebound particles. Therefore, the recently devel-
oped button Aerosel Sampler was used in this study to monitor
the exposure of workers to 25 metals, including cadmium, lead,
and chromium.

Based on the measured aerosol concentration levels and the
ANSI-designated assigned protection factor of 1000, the respi-
rators met the needs for respiratory protection against cadmium,
fead, and hexavalent chromium. However, airborne cadmium
and hexavalent chromium levels were above those satisfying
current OSHA APF of 25,

The airbome chromium samples analyzed by the ICP spec-
trometry did not carrelate with the data analyzed by VAS. This
was attributed to a contribution of Cr (I1) and (IlI) in the samples
in addition to strontium chromate, which is a form of Cr (VI).
The ICP technique can detect all three forms of chromium, while
the VAS analysis identifies only hexavalent chromium.

The Button Aerosel Sampler mounted under an external pro-
tective screen was found to be adequate for the monitoring of
aerosols during high-pressure abrasive blasting,

DISCLAIMER

The views expressed in this article do not necessarily reflect
the views of the 1J.S. Air Force. Mention of brand names does
not constitute endorsement by the Air Force.
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