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ABSTRACT

Worker exposure to respirable crystalline silica was monitored during a wet abrasive blasting on
the exterior walls of a parking garage The abrasive blasiing was done to remove 1/8- 10 1/4-inch
of concrete 1n order to exposc the underlying agpregate The abrasive was wet sand that
contained 80 percent dry sand and 20 pcreent water The geometric mean respirable quartz
concentration was 0 2 mg/m’ for warkers conducting abrasive blasting and 0 06 mg/m® for
helpers When the workers were performing abrasive blasting 1n areas which apparently had
reduced natural ventilation, dust exposures appeared o wcrease



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), a federal agency located
within the Centers for Disease Control and Prevention (CDC), under the Department of Health
and Human Services, was established by the Occupaticnal Safety and Health Act of 1970 This
legislation mandated NIOSH to conduct research and education programs separate from the
standard setting and enforccment functions conducted by the Cecupational Safety and Health
Admmstration {(OSHA) 1o the Department of Labor - An important area of NIOSH research
dcals with methods for controlling occupational exposure te potential biological, chemacal, and
physical hazards

The Engineermg Control Technology Branch (ECTB) of the Division of Physical Scicnces and
Engineering {DPSE) has been given the lead within NIOSH to study the engincering aspects
relevant o the control of hazards in the workplace Since 1976, the ECTB has assessed control
technology found within selected industnies or used for commeoen industnial precesses The ECTB
has also designed new control systems where current industry control technology was
msuffictent The ohpective of these studies has been to document and evaluate effective control
techmques (e g , 150lation or the use of local ventilation) that munimize risk of potential health
hazards and to ¢reate an awareness of the usefulness and avalability of effective hazard contro!
measures

The survey at this site was conducted as part of a larger cffert to evaluate the techmcal feasibility
of controlling worker exposure to respirable erystalline silica  [n addinon, NIOSH’s ECTB has
been imterested 1n evaluating new technologics which reduce worker exposure to hazardous arr
contaminants such as respirable crystalline silica  Abrasive blasting with a wet slurry 1s
mteresting because 1t may reduce dust exposures during abrasive blasting

Abrasive blasting can generate much dust exposuare and much expesure to respirable crystalline
silica Respirable dust concentrations as high as 55 mg/m’ are reported for abrastve blasting of a
stup hull ! Sandblasting with sand m the open can cause excessive exposures to respirable
crystalline silica  The worker’s respirable dust exposures 1n g steg] fabrication yard were
reported to average 37 mg/m® with a mean stlica content of 84 percent * In a steel fabrication
yarl, respirable crystalline stlica concentrations have exceeded 0 | mg/m’® as much as 200 feet
down wind of an abrasive blasting operation * For the abrasive blastmg of steel structures and
brnidges located outside, respirable crystalline sslica concentrations of 200 pg/m’ were reported
msudc a positive pressure supplied air blasting hood *°

Premature death from silicosis still ocewrs  1n 1598, the deaths of two sandblasters from silicosis
were reported ® [n oune case, a worker was diaghosed with progressive massive fibrosis after
three vears of experience as an abrasive blaster He died of respiratory fatlure 11 vears after hus
init1al exposure  Thus worker was only 36 years old In another case, a wocker died of
respiratory fadure from sibicosis at age 30 He worked as sandblaster from 1986 to 1990 and died
tn 1996 At the autopsy, the lungs of both workers had an extremety high silica content  From



1968 to 1992, about 10 workers between the ages of 15 and 44 died of silicosis cach year * These
deaths were attributed to recent and intense exposure to crystalline silica  Frequently, dust masks
and air punifying respirators are imnappropriately used for abrasive blasting 7#

Exposure Evaluation Criteria

As a guide to the evaluation of the bazards pesed by workplace exposures, NIOSH field staff usc
exposure imits as cvaluahon ¢riteria for assessment of a number of chemical and physical
agents These criteria are mtended to suggest levels of exposure to which most workers may be
exposed up to 10 hours per day, 40 hours per week, for a workeng lifebme without experiencing
adverse health effects Table 1 summarizes exposure limits for arr contaminants which sampled
at thus site [t 1s important to note that not all waorkers will be protected from adverse health
cffects if their exposures are maintained below these levels A small percentage may experience
adverse health effects because of individual susceptibility, a preexisting medical condition,
and/ar a hypersensitivity {allergy)

Table 1 Relevant exposure hmits (mg/m®) as 8-hour time-weighted averages

NIOSH REL® OSHA PEL™ ACGIH TLV"

Alr Contaminant ma/m® mgim® mg/m?

Vares with amount
Resprrable crystalline 005 of quartz in dust 005
silica
(see Equation 1)

Particulates, not

otherwise classified - 15 10
respirable
Particulates, not
otherwise classified - 5 3
inhalable

The current OSHA Permusstble Exposure Limat (PEL) 1n mg/m? for resparable dust contammg
quartz 15 calculated from the following formula

PEL = 10 D
% silica + 2

The primary sources of environmental evaluation critena in the United States that are used for
the workplace are (13} NIOSH Recommended Exposure Limuts (RELs). (2) the Amencan
Confercnce of Governmental Industrral Hygienists' (ACGTH) Threshold Limut Values (TLVs),
and {3)the US Department of Labor (OSHA) Permissible Exposure Limmits (PELs) The OSHA



PELs are required to consider the feasibihity of controlling cxposures mn vanious industries where
the agents are used, the NIOSH RELs, by contrast, are based priimarily on concerns relating to the
prevention of occupational diseasc  ACGIH Threshold Limit Values {TLVs) refer to airborne
concentrations of substances and represent conditions under which 1t 15 believed that nearly all
warkers may be repeatedly exposed day after day wathout adverse health effects ACGIH states
that the TLVs are gmidelnes It should be noted that ACGIH 15 2 private, professional society,
and thal industry 1s legally required to meet only those levels specified by OSHA PELs

Site Description

The study sie included two three-story parking garages For the purposes of this study, these
garages are called the east and the west garapes The west garage was localed closest to Texas
State Route 161 Each garage was 180 feet x 310 feet  Each garage had three levels of parking
For each level, the outside wall was a four-foot high wall The exterior concrete surface was
smooth The abrasive blasting was done to remove about 1/8 inch of the cured concrete 1 order
to expose the underlying aggregaie This was done to improve the appearance of the building
(see Figure 1) Dunng this study three workers were blasting the concrete off of the building
One or two workers stood on the ground and blasted the ground-level bamer level (sec Frgure 2)
One or two workers stood on elevated platferms One or two workers tended the blasting
machines The workers wore disposable respirators (3 Model 8210 ) This 1s an N93
respirator

A torbo® Wet Abrasive Blasting System (model 320, Keizer Technologies North Amenca,
Euless, Texas) was used Grade 3 blashing sand (Texblast, Tex Minecrals, Dallas, Texas) was
charged into the mixing tank (see Figure 3) To fill the mixing tank wiih sand, sixteen
100-pound bags of sund were cmptied 1ato the vessel which 1s filled with water A metenng
system feeds the wet sand and additional water into a system for fldrzing the water and
additional sand The feed rate for the wet sand was 6 lpm  The wet sand 1s 80 percent sand and
20 percent water  Dunng some of the data collection, an additional 3 Iptm of water was added ta
the wet sand muxture m an effort to reduce dust generation  Air pressure 1s then used 1o transport
the water and sand 1¢ the blasting nozzie which had a diameter of approxamately 1 5 inches

PROCEDURES

The study was conducted to evaluate the exposures to crystalline stlica and to 1dentify exposures
associated with the operation of the abrasive blasting equipment The workers’ exposures to dust
and crystailtne silica was measured Video exposure monitonng was conducted to gvaluate the
extent to which work practices contnibuted 1o exposures

At the study site, the worker’s exposure to total dust. respirable dust, total crystalline silica and
resprrable crystalline silica was measurcd Durning abrasive blasting operations, air samples for
total and respirable dust were collected as described by NIOSH methods 0500 and 600 % This
mvolved mounting two sampling trains on each worker Total dust samples were collected by



Figurel Worker performung abrasive blasting on a concrete wall from an elevated platform
The worker 15 removing about 1/§ to 1/4 1nch of conercte 1in order to cxpose the aggregate



Figure 2 Worker performung abrasive blasting at ground level



Figure 3 Waier and abrasive vessel Thes vessel 1v fillcd with sand and water  Water pressure forces the
sand out of this mixing vessel



mounting a 37-mm closed face cassctte on the worket’s shurt collar and using a calibrated
battery-operated pusnp to draw a known volume of arr through the cassettes  Respirable dust
samples were collected by mounting a 10-mm cyclone on the worker The outlet of the eyclone
15 attached to the inlet of a 37-mm filter holder A cahibrated sampling pump draws 1 7 lpm of
air through the cyclong  These samplers were turned off dunng the daily 30 minute lunch break
This job site involved two classes of workers  abrasive blasters and helpers  When one of the
workers doing abrasive btasung was relieved by a helper, the workers traded samphng tramns
Thus, the sampling conducted at this site 15 task-based

Bags of sand weighing 100 pounds were emptied into the vessels shown in Figure 3 Two
workers dumped the bags of sand 1nto the vessels Dumnng this task, short-term respirable dust
samples were collected at a flow rate of 4 2 [pm  Instead of using the 10-mm nylon cyclone
specilicd in NIOSH Method 0600, a stainless steel cyclone (BGI-4 High Flow Respirable Dust
Cyclone, BGI Inc , Waltham, Massachuseits) was uscd to conduct respirable dust sampling at
42 lpm

At the end of the sampling penod, the sampling time was recorded and the plugs were placed
back into the cassettes The samples were analyzed {or total weight gan per NIOSH Methods
(500 and (600 Then, the samples were analyzed for crystalline silica by x-ray duiractzon using
NIOSH methed 7500 ** The following modifications were used in the sample analysis

1 Filicrs were dissolved in tetrahydrofuran rather than being ashed n a fumace
2 Standards and samples were run concurrently and an external cahbration curve
was prepared from integrated intensities

When an excessive amount of matenal was collected on the filter, the samples were treated as
bulk samples A 2-mulligram partion was removed from the matenal collected on each samplc
and the mass of crystalline silica 1n the 2-milhigram portion was measured The percent of
crystatline silica in this 2-mg bulk was reported For these samples, the mass of crystalline siltca
was the product of the gravimetnc analysis conducted under Methods 0500 and 0600 and the
fraciion of crystalline sihica in the bulk sample obtained from the filter cassette

Video Exposure Monitoring

Video exposure momtoring was used to evaluate how specific worker tasks affect dust

exposure '* An aerosol photometer (HAM, PPM Inc Knoxville, Tennessee) was mounted on the
worker’s chest  Aur ts drawn through the sensing chamber of this mstrument by 2 baitery-
opcraled pump at 2 Ipm  The dust in the sensing chamber scatiers hight emuitted from a hghi-
c¢matting dode  The scaftercd hight 1s detecied by a photomultiplier tube  The analog output of
the aerosol photometer 13 proportional to the amount of ight detected by the photomultiplier
tube Because the amount of hght scattered by the aerosol varies with the particle’s size and
optical properties, the analog output of the aerosol photometer 1s a measure of relative
conceniraben  The HAM’s were used with a one second time constant and their analog output



was recorded every sccond by a data logger (Metrologger di 3200, Metrosonics, Rochester, New
York}) While the output of the HAM was rccorded on the data logger, the worker™s activities
were concurrenily recorded on videotape The videotapes and the analogy output were reviewed
o evatuate the extent to winch work practices aftecied expasure

RESULTS

Individual air contaminant concentraticns are listed in Appendix T for respirable crystalline silica.
respirable dust, total dust, and total crystalline silica The worker’s exposure to respirable
crystalline silica 13 the hygiemcally significant exposure  The summary statistics for the
respirable erystalline sulica concentrations are listed in Table 2

Table 2 Respirable crystalline siica concentrations - summary statistics

Geometne Geomeinc

Description of Work n Mean Standard  Range {mg/m®)
(mg/m?) Deviation
Abrasive blasting at ground level 7 022 159 012-0 43
Abrasive blasting from an g 013 225 004-0 41
elevated platform
Helper 8 006 208 less than 0 02-
012

During the conduct of this study, there was concern over the apparently excessive dust
concentrations which were noticed Duning the first visit, the additional water application rate
was increased from 0 fo 3 hiters per minute on April  Unfortunately, the workers continually
changed the addimonal water application rate back o 0 lpm sometime during the day Dunng the
second sampling efforl on Apnl 14 and 13, the cxtra water application rate was maintained at

3 lpm

All of the data was analyzed to evaluate whether the worker’s task, the water application rate,
and an mteraction between water application rate and work task affected concentration The
stalistical analysis was performed on the loganthms of the concentrations The independent
variables (worker task, water application rate) were treated as qualitative vanables The worker
tasks are the tasks listed in Table 2 The water application rate had three levels 0 0 1pm, 3 Ipm
and infermedrate for the third day of samplmg duning the first trip The SAS General Linear
Modcls procedure was used to perform analysis of vanance (anova) '* Table 3 lists the
probathihies obtamed by applying the analysis of vanance to the measured values of
concentrations  The probahilities are the probability observing such large differences occurnng
due to chance When the probabilies are less than 0 05, one concludes that the independent



vanable affected dependent vanable, concentratton  The worker's task has a sigmficant affect
upon exposure and mereasing the water application did not

Table 3 Probability {probability >F) that independent
vanables affected the measured concentration

Resoirable Respirable Total
Variabies P Crystallne  Total Dust  Crystalline
Dust
Silica Silica
Water 008 075 0137 053
Woarker activity 002 005 0 0001 0 0059
Worker activity-water 027 059 011 07
Interaction
Geometne standard 479 % 05 2 54 374

deviation from anova

The eflect of worker task upon respirable dust concentrations and respirable erystalline stliea
concentrations are shown i Tables 4 and 5 The column labeled “groupmg” 1n these tables 1s the
result of a multiple comparison test (Tukey’s studentized range) used to evaluate the differences
in the geemetnic means Muluple comparison tests are conducted at an averall level of
confidence of 95 percent The heilper 1s exposed to significantly less respirable dust and
respirable crystalhine sihea ihan the workers who were performing abrasive blasting at ground
level

Table 4 Geometnc mean respirable dust concentrations for different work activities

Worker Activity Geometric Mean (mg/m?®)  Multiple Companson Tesy
Blasting at ground level 0493 a
Blasting on elevated 0860 b
platform
Helper 034 b

? Geometric means with different code letters differ significantly



Table 5 Geomeinc mean respirable quartz concentrations at different work actwities

Worker Activity Geometric Mean (mg/m?®)  Mulbple Companson Test®
Blasting at ground level 022 a
Blasting on elevated 013 ab
platform
Helper 008 b

? Geometric means with different code letters differ signuficantly

Although, the anova indicated that water application rate did not significantly affect
concentrations, water apphication rates may have reduced respirable dust concentrations by a
tactor 2-2Y4 for the workers pexformung abrasive blastmp  Table 6 compares geometric mean
respirable dust concentrations for the three worker activities  The geometric mean respirable
dust concenirations are lower at a water apphicaiion rate of 3 Ipm  However, the observed
reduction in concentration 18 small in relattonship te the data’s vanablity  Thus, these results arc
considered to be mconclusive

Table 8 Geometric mean respirable dust concentrations {mg/m?
for different water application rates and the prabahility
that the difference could be explained by chance

Addihonal Additional Water

Actinity Application Application Rate  Probabihty > 1|
Rate of 3 Ipm of 0 lpm
Blasting from elevated Q30 052 Q023
platform
Blasting at ground level 065 1862 0 08
Helper 028 034 068

Figures 4-7 present the HAM outputs dunng video exposure monitoring None of the work
practices appearcd to affect exposurc  Wind and location probably affect exposure In

Figures 4-7, exposure peaks appear to be caused by abrasive blasting in arcas whach are 1solated
from the ambtent wind which would dilute exposures  Figure 8 1s a picture of a worker
sandblasting below ground grade mn a poorly ventilated area on the leeward side of the building
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Figure 4 Worker sandblasting on west wall of east garage, near the retaining wall
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Figure S Blastung north wall of west garage The ambient wind appeared to be blowing the dust
away from the work The wind appeared to come from the east
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Figure 6 Worker was abrasively hlasting on west wall of the west garage The area was shghtly
betow ground grade as shown n Figure 8 This position appeared to be on the leeward side of the
building
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Frgure 7 Blasting a stcel structure at the Keizer Technologies Americas Facility m Euless,
Texas There appears to be less dust than when blasting on a conerete wall
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Fipure 8 Worker performing abrasive blasting 1n an arca with poor natural venulation The area

was somewhat below ground level in slopmng terrmin  The dust exposure is obscuring the view of the
abrasive blasting
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DISCUSSION

The crystalline silica exposures for the workers performing abrasive blasting ranged between

0 04 und 0 4 mg/m’ or respirable crystalline stlica with a geometric mean of 0 2 mg/m®

Although these exposures are excessive 1 terms of the NIOSH RELL and the current OSHA PEL,
these exposures are less (han the exposures to respirable crystalhne silica reported elsewhere *°
The cxposures are less than five times the OSHA PEL for crystalline silica and less than 10 times
the OSHA PEL for crystalline silica For this level of exposure an air punfying respirator with
IN100 filter cartiidges would be appropnate level of respirator usage  For other abrasive blasting
operations repotted in the literature, worker exposures as much as 25 mg/m® outside of supplied
air respirator and exposures inside of a supplied air blasting helmet of 0 2 mg/m” respirable
crystallinc sihica are reported ** Thus, the use of Turbo Blasting Equipment does appear to
reduces the exposures to respirable crystalline silica sufficiently that air punfying respirators are
a possible control option

The sand used for blasung appeared to be very coarse and 1t appeared 1o contain mmaimal fines

This may also explamn the relatrvely low respirable crystalline stlica exposures Bascd upon the
data obtained 1n thss study, one does not the extent to which the exposures were reduced by the
presence of water or by the apparent absence of fine matenal 1n the sand

Review of the videotapes and the analog output of the HAMs mdicate that work practices do not
affect exposure  However, abrasive blasting in areas which are 1solated trom ambient air motion
can increase worker exposure to crystalline silica

The concrete substrate may be the source of much of the crystalline silica exposure  The abrasive
blasting which was done on the steel structure resulted m relative concentrations in Figure 6 that
were lower than the resuits presented in Figures 4-5 and 7 This apparent difference could be due
to wind or the absence of a much substrate to temove on the steel structure shown in Figure 9 (a
picture of a steel structure being abrasively blasted) Furthermore, the mass fraction of
crystalline silica 1 the 1n the respirable dust samples was ratio of respirable crystalline silica to
respirable dust was 0 2240 04 Typucally, concrete aggregate 1s 20 percent silica 7 In conirast,
the matenial safety data sheet for the abrasive stated a crystalline silica content of better than

90 percent Thus 1s consistent with the hypothesis that the substrate itself 15 the source of the
crystalline silica exposures

The workers’ exposures to respirable crvstalline silica summanzed in Table 2 exceed the NIOSH
REL of 0 05 mg/m®> During abrasive blasung with this wet sand process, respiratory protection
13 needed Worker protectton during ahrasive blasung with the equipment at this site would
require the use of respirators with an assigned protection factor of 18 The workers also needed
to contend with high-velocity grains of sand striking their face, causing discomfort Perhaps,
[ull-face prece respirators or full-face piece powered air purifying respirators equipped with
P100 filters could be used 1o protect the worker’s faces and provide enhanced respiratory
protection  The assigned protection factors and respirator class are [isted below

16



Respirator Assigned Protection Factor

Half facepiece, arr-punfying respirator 10
Powered air-purifying respirator with a face shield 25
Tight-fitting full facepiece, ar-purifying, or powered 50

arr-purifying respirator

Figure 9 Worker performing abrastve blasting of a metal siructure
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These respirators should be equipped with P10¢ filters  Regacdless of the vespirator used. a
comprehensive respiralor program 18 necded to msure that the respirators continue to protect the
workers Poor respirator maintenance and poor respirator can cause one 10 lalsely have
confidence in the protection provided by the respirator  Thus, compliance with the OSHA
respirator standard, 29CFR1910 134, 1s needed to ensure that the warkers are actually protecred

CONCLUSIONS

The wet abrasive blasting system used at this site sufficiently reduccd respirable crystalline sihea
cxposures 5o that air purifying respirators could be used to control worker exposure to crystalline
sihica This assumes that the sand, used for blasting, contains rinimal fines and the presence of
adequate natural venulation
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