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62 Reducing silica exposure to miners at su.rfuce operations in 
the United States 
A.B. CECALA, J.A. 0 RGANISCAK, R.J. TIMKO*, J.F. COLTNET*, 
E.D. Tl-nMoNs•, W.A. HEITBRIN�
Mining Engineer
• Section Chief
** Branch Chief, All previous authors with National Institute
for Occupational Safety and Health, Pittsburgh Research Lab­
oratory, Pittsburgh, PA, USA
... Associate Professor, University of Iowa, Iowa City, IA,
USA

Workers at surface mining operations in the United States are 
often exposed to high levels of silica and other harmful res­
pirable dusts. In an effort to lower respirable dust CA}>Osures, 
the National Institute of Occupational S afety and Health 
(NIOSH) has been conducting research to address this prob­
lem in a practical and economically viable manner. This article 
will discuss two research projects addressing areas of high sili­
ca exposure in surface mining operations today. The first deals 
with enclosed cabs. Many types of heavy equipment, including 
drills, dozers, loaders, and scrapers, as well as a vast array of 
different haulage vehicles and trucks, have enclosed cabs to 
protecr equipment operators from health and safety hazards. If 
cabs are not properly designed or fabricated, or if components 
significantly deteriorate over time, the protection provided can 
be seriously jeopardized, potentially causing an overexposure 
to silica and other respirable dusts. NIOSH has been involved 
in an extensive research effort investigating how to improve 
the protection of workers in enclosed cabs, including a number 
of cooperative studies with mining companies, heating and air 
conditioning companies, and cab filtration manufacturers. The 
majority of this work has investigated retrofitting older cabs 
with new filtration and pressurization systems and these stud­
ies have shown very cost-effective reductions. Retrofits to old­
er cabs have resulted in respirable dust reductions in the 80 to 
90 percent range for enclosed cabs on drills and loaders . For an 
enclosed cab to be effective in controlling respirable dust, two 
key components are necessary: 1) effective filtration,  and 2) 
cab integrity. An effective filttation system should be com­
posed of both a re-circulation and a clean outside-air system. 
Cab integrity is necessary in order to achieve some level of 
pressurization, a critical component for an effective clean cab 
system. To prevent dust laden air from infiltrating the cab, the 
static pressure within the cab must be higher than the velocity 
pressure of the prevailing wind. The second major research 
area involves reducing the respirable dust exposures of bag op­
erators and bag srackers at mineral pmcessing operations. For 
the past 20 years, dust exposure records for mineral processing 
plants have shown that both of these job functions normally 
have the highest respirable dust exposures. NIOSH=s research 
effort focused on engineering controls that were adapted to ex­
isting facilities to reduce the dust generated by these two job 
processes. This control technology was successful in lowering 
the respirable dust exposures of the bag operators and bag 
stackers by 80 to 90 pct. This research also examined various 
controls for secondary dust C>..}>Osure, including general venti­
lation requirements for mill buildings, the effects of back­
ground dust sources, and personal wock practices. The majori­
ty of this research was performed in the silica sand industry 

and was highly successful in reducing workers=.respirable dust 
e>..'Posures. 

63 Blasting abrasives: health hazard comparison 
M. GRESKEVJTCH, P. MIDDENDORF, F. HEARL, V. CASTRANO­
VA, H. AHLERS
NIOSH, Morgantown, -WV and Cincinnati, OH, USA

Historically the most common form of abrasive blasting, sand 
blasting, has generated respirable quartz dust, which can lead to 
the development of silicosis, a deadly lUI).g disease that contin­
ues to occur in abrasive blasters. Several substitutes for silica 
sand have been suggested, but little data exist which compare 
the respiratory health hazards of substitute abras ives to silica 
sand. This study compares the dust generation characteristics 
and in vivo toxicity of several blasting abrasives (table 1) .  Stud­
ies were conducted in controlled environments to compare con­
centrations of respirable quartz, respirable dust, and various 
toxic contaminants for each of the substitute abrasives relative 
to silica sand. Abrasive blasting with silica sand generated res­
pirable quartz concentrations much greater than the NIOSH 
recommended exposure limit of 0.05 mg/rn', while the concen­
trations of respirable quartz were much lower when using sub­
stitute abrasives (table 2). However, some substitute abrasives 
generated concentrations of potentially toxic components more 
than 10 times the NIOSH REL (table 3) . Steel grit was the 
only substitute abrasive that generated significantly less res­
pirable dust than silica sand. NJOSH investigators reported the 
relative short-term in vivo toxicity of these substitutes by using 
intratracheal instillation of equal respirable dust concentrations 
of each abrasive in male rats. Short-term in vivo evidence indi­
cates that, compared to silica sand,  steel grit and specular 
hematite have less potential to cause lung disease. The potential 
long-term toxicity of steel grit requires further studies because 
it contains arsenic and nickel and some forms of arsenic and 
nickel can cause cancer. Each of the other substitute blasting 
abrasives caused in vivo lung toxicity similar to or greater than 
silica sand. Regardless of the choice of abrasive, effective engi­
neering controls, work practices, and respiratory protection 
(i .e . ,  Type CE abrasive-blasting supplied-air respirators for 
abrasive blasters) should be used to reduce the hazards associat­
ed with blasting abrasives and substrates. 

Table 1 - Short-term animal hmg toxicity relative lo silica sand 
(1. 0) 

Type of abrasive Inflammation Damage Fibrosis 

Steel Grit• o.o• 0. 1• o.o·

Sp. Hematite• o.o· 0.2· 0.2· 
Nickel slag 0.2 ... o.s- 0.7 
Copper slag 0.6** 0.5 1 .0 
Staurolite 0.9 0.7 0.7 
Garnet 0.9 1 .1  0.5 
Cr. Glass 1 .3 1 . 1  0.5 
Coal slag 1 .9  1 .9  0.7 
Olivine 4.2 3.8 0.9 

• Significantly less than sand and similar to control 
... Significantly 1ess than sand and greater than control
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Table 2 - A verage respirable quartz concentrations when using 
various abrasives* (mglm3) 

Type of abrasive Laboratory study Field study 

Silica sand 8.82** 28.0** 
Garnet 0.23 2.6-
Staurolite 0.15 2.3-
Coal slag ND· 0.1 
Copper slag 0.15 ND· 

• Respirable quartz was not detected in specular hematite, 
crushed glass, olivine, steel grit and nickel slag 
** Significantly greater than substitute abrasives 
*** Significantly greater than other substitute abrasives 
• ND = Qyartz was not detected 

Table 3 - Selected components exceeding ten times the recommend­
ed exposure limit 

Type of abrasive 

Olivine 
Copper slag 
Garnet 
Nickel slag 
Staurolite 
Steel grit 

Potentially toxic component 

Nickel 
Arsenic 
Qyartz 
Nickel 
Qyartz 

Arsenic and nickel 

64 Occupational exposure to silica in Italy: assessing the ex­
tent of workers using administrative data 
A . SCARSELLI, A. MARINACCIO, M. NESTI, M. MARCONI* 
ISPESL - National Institute of Occupational Prevention and 
Safety - Occupational Medicine Department, Rome, Italy 
• ISPESL - National Institute of Occupational Prevention 
and Safety - Documentation, Information and Education De­
partment, Roma, Italy 

Objective: The primary aim of this study is to recognise the 
industries at risk of exposure to silica and to estimate the num­
ber of exposed workers in order to promote a nationwide plan 
of action for preventing silica risk. In addition, a graphical pic­
ture of results will be performed. 
Methods: The identification of industrial sectors at risk of sili­
ca is based on the distribution of cases of silicosis compensated 
by the Italian National Institute for Insurance of Occupational 
Accidents (INAIL) in the period between 1984 and 1999. ln­
dustrial sectors with at least 500 cases of compensation have 
been selected. The industries and the number of workers have 
been retrieved from the ISPESL database created in 1999. 
The database has been set up merging administrative files 
from the Chambers of Commerce (UNION CAMERE) and 
the National Institute of Social Security (INPS), validated by 
the National Statistic Institute (ISTAT) census data. 
Results: The major industrial sectors involved are: construc­
tion with 246,609 workers in 74,524 sites; manufacture of ba­
sis metals and fabricated metal products with 90,361 workers 
in 4,750 sites; mining and quarrying with 21,257 workers in 

4,659 sites; manufacture of other non-metal mineral products 
(including glass, stone, ceramics, bricks and other building 
materials) with 111,837 workers in 15,716 sites. The Italian 
provinces which have the highest number of workers are: Mi­
lan (21,892 blue collars), Brescia (21,688 blue collars), Turin 
(17,516 blue collars) and Bergamo (17,092 blue collars). 
Conclusions: The database of industries at risk of silica is use­
ful for assessing the distribution and the consistence of the sil­
ica exposure problem in Italy. The identification and the geo~ 
graphic localization of all industries involved are the basis for 
planning prevention programs and for improving the environ­
mental quality in the work-place. 

65 Prevention of silicosis in sandblasters. Conduct and out­
comes of a program in O!i,ebec, Canada 
R. SIMARD, R. ARCAND*,]. TuRCOT**, P. PELLETIER­
Occupational Health, Montreal Department of Public Health 
• Montreal Department of Public Health 
** Prevention-inspection, CSST, Qyebec 
••• Department of Public Health, Mauricie-Centre du Qyebec 

Objectives: Following the identification of several cases of ac­
celerated silicosis among sandblasters in the early 90's by the 
Montreal Department of Public Health, public health authori­
ties in the province of Qyebec focused on the development of 
a prevention program aimed at eliminating acute and acceler­
ated silicosis by year 2002. Implementation by occupational 
health teams from Local Community Health Centers (CLSC) 
started in 1997. 
Methods: The program adopted a multifaceted approach. 
Firstly, a steering committee was set up and included special­
ists from the Qyebec Workers Health and Safety Board, occu­
pational medicine, hygienists and organizations providing edu­
cation in occupational health and safety. Three industrials sec­
tors were targeted for the intervention: car painting and auto 
body repair, construction sites and boat repairs. The program 
comprised the following aspects. 1) Education: educational 
material, including printed material about the health effects of 
silica, proper handling of silica and the use of protective equip­
ment. Group sessions covering the same themes were also of­
fered. 2) Use of safer substitutes. The program emphasized 
product substitution when feasible. Technical guides about 
substitutes were developed and handed out to key abrasive ma­
terial distributors and various industries. 3) Hygiene surveys. 
Industrial hygienists completed field surveys of current sand 
blasting practices in auto body shops, boat yards and construc­
tion sites. The efficacy of process isolation and ventilation was 
assessed, as well as the use of air supplied respirators and 
hoods. 4) Medical surveillance. Guidelines for medical surveil­
lance were developped and workers potentially exposed tp sili­
ca were invited to participate in a periodic screening program. 
All pulmonary X-rays were interpreted and classified by certi­
fied B-readers according to ILO standards. 5) Enforcement of 
regulations. Compliance with permissible exposure levels, ven­
tilation requirements and respiratory protection were stressed 
to industrial settings. The results of the program were closely 
monitored using standardized protocols, on a yearly basis. The 
data gathered was transferred to a computerized database and 
analysed by one of us. 
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