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ABSTRACT

Respirable silica exposures were measured while workcers were using gnnders to remove old
mortar during a butlding renovation Respirable silica exposures ranged from 0 1 to 4 § mg/m’
for workers who were gninding mortar - A ventilated shroud was used in an meffective attempt to
capture the dust generated by the grinders The pressure drop through the shroud, hoses, PVC
pipe, and settling chamber were thought to be too large 1n relationship to the fan’s capability to
develop static pressure at the needed flow rate  Furthcrmore, the air was discharged back into the
workplace without passing through an appropriate [ilier to remove the respirable dust  The lack
of a filter could result in the dispersal of respirable dust throughout the warkplace



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), a federal agency located in
the Centers for Dhsease Contrel and Preveniion under the Department of Health and Human
Serviees, was estabhished by the Occupational Safety and Health Act of 1970 This legislation
mandated NIOSH to conduct research and cducation programs separate from the standard scthing
and enforcement functions conducted by the Occupational Safety and Health Admimistration
{OSHA) 1n the Depariment of Laber  An important area of NIOSH research deals with methods
tor controlling occupational cxposure 1o potential biological, chenueal, and physical bazards

The Enginecring and Physical Hazards Branch {(EPHRB) of the Division of Applied Rescarch and
Technology Branch, formerly the Engincering Control Technology Branch (ECTB) of the
Diavision of Physical Sciences and Engineenng, has been given the lead within NJOSH to study
the ecngincenng aspects relevant to the contrel of hazards n the workplace Since 1976, ECTB
has assessed control technology found within selected mdustries or used [or common industnal
pracesses ECTB has also designed new control systems where current industry control
technology was msufficient The objective of these studies has been to document and evaluate
effective control techmques (e g , 1solation or the use of local venulation) that minimize risk of
potentzal health hazards and teo create an awareness of the uselulness and availlabnhity of eflective
hazard control measures

The survey af this site was conducted as part of a larger ellort to evaluate the techmeal feasibility
of controlling worker exposure to respirable crystalline silica  In addition, NI(3SH’s ECTB has
been mterested 1n evaluating new technologies which reduce worker exposure to hazardous air
contaminants such as respirable crystalline silica  Presently, NIOSH's Engineering Physical
Hazards Branch 1s mmvestigating conirol measures for respirable, crystalline silica expaosures
which oceur while a worker uses a grinder fo remove mortar between the bricks on a building
wall This task of removing mortar generates an excessive exposure to respirable crystalline
sihica At the ime this study was being planncd and cxeculed, an OSHA mspector in the Chicago
area had reporied respirable crystalline silica exposures that were typically 10 to 30 times the
permissible exposure limit enforced by the Occupational Safety and Health Administration
Because ol these excessive exposures, NEOSH has pubhished a Hazard ID on this topic

BACKGROUND

Premature death from sihicosis still oceurs In 1998, the deaths of two sandblasters from silicosis
were reported ° In one case, a worker was diagnosed with progressive massive fibrosis afier

3 years of experience as an abrasive blaster At the age of only 36 years, thus worker died of
upper respuratory failure 11 years afler hus immitial exposure  In unother case, a worker died of
respratory farlure from silicesis at age 30 He worked as a sandblasier from 1986 o 1990 and
died 1n 1996 At the autopsy, the lungs of both workers had an extremely high silica content
From 1968 to 1992, about 10 workers between the ages of 15 and 44 died of silicosis each year *
These deaths were attributed to inappropriate respirator usage and recent, intense exposure to



crystalline silica that were 19 to 100 times the OSHA permissible exposure litmit which 1s
approximalely 0 | mg/m?® of respirable crystalline silica *°

EXPOSURE EVALUATION CRITERIA

As a guide to the gvaluation of the hazards poscd by workplace exposures, NIOSH field staff use
cxposure limits as evaluauoen critena for assessment of a number of chemical and physical
agents These critena are intended to suggest levels of exposure to which most workers may be
expased up to 10 hours per day, 40 hours per week, for a werking lifetime without experiencing
adverse health effects Table | sommarizes exposure hamis for anr contarmnants which were
sampled at this site It s important to note that not all workers will be protected from adverse
heulth effects if their exposures are mamtained below these fevels A smail percentage may
experience adverse health effects because of indvvidual susceptibility, a preexisting medical
condition, and/or a hypersensitivity {allergy)

The primary sources of environmental evaluation criteria n the Umted States that are used for
the workplace are 1) NIOSH Recommended Exposure Limuts {(RELs), 2) the Amencan
Conterence of Governmental Industrial Hygmenists' (ACGE) Threshold Linut Values {TLVs),
and, 3) the U 8§ Department of Labor (OSHA) Permissible Exposure Limits (PELs) The OSHA
PELs are required to consider the feasibility of controlling cxposures i1 vartous industries where
the agents are used, the NIOSH RELs, by contrast, are based pnmarily on concerns relating 1o the
prevention of occupational disease  ACGIH Threshold Linut Values (TLVs) represent
concditions under which 11 1s believed that nearly all workers may be repeatedly exposed day afier
day without adverse health effects ACGIH states that the TLVs are gnudebines [t should be
noted that ACGIH 1s a private, professional sociely and that mdusiry 1s legally requared 1o meet
onty those levels specified by OSHA PELs

Tahle 1. Relevant Exposurce Linuts (mg/m?) as 8-hour Time Weighted Averages

NIOSH REL® QOSHA PEI/ ACGIH TLV®
mg/m’ mg/m’ mg/m’

air contamunant

varies with amount of
respirable erystalline

s1lica 005 quartzm dust Sce 005
equation |
particulates, not
otherwise classified - 5 3
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The current OSHA Permussible Exposure Linut (PEL) n mg/m® for respirable dust contammng
quartz 18 calculated from the following fornla

PEL = 10 (1)
% sthca + 2

SITE DESCRIPTION

This study took place at a butlding renovatron The stde of this multi-story building was bemg
tuck pointed Prior (o the replacement of mortar, the workers used grinders to remove mortar to a
depth of 0 5 - (0 7 inches between the bricks  This creates an obvious dust exposure At this
study site, the workers wore half face-piece respirators to control their dust cxposures The
workers stood on etther scalloldig (Figure 1) or a suspended platform {Figure 2) m order to
complete the grinding

VENTILATION SYSTEM

The grinders used to remove the mortar were cutfittcd with ventilated shrouds as shown m
Figure 3 The venulation take-oifs on the shroud were fitted with flexible hose The one end of
the flexible hose slipped over the 1 inch diameter ventilation take-off shown in Figure 4 A fan
{Makita modcl 410) draws air though the gnnder shroud, pve pipe, and a setthng chamber that
was 2%2'X3' long and the fan discharges air through a plastie box which was ahout 2'x2'x2' cube
The top of this discharge box had 165 rectangular holes which were 00 5'X0 5" The air handling
umit and the pve pipe are pictured in Figure 5

PROCEDURES

The study was conducted to evaluate the exposures to crystallme silica and to 1dentify exposures
associated with the aperation of the tuck pointing grinders The workers” exposures to respirable
dust and crystalline sihca were measured  Air samples for respirable dust were collected as
described by NIOSH method 600 ° Respirable dust samples were collected by mounting a
10-mm cyclone on the werker  The outlet of the cyclone 1s attached to the inlet of a 37-mn: filter
holder A cahbrated sampling pump draws 1 7 Ipm of air through the cyclene The arr low wus
estimated by using a velometer (Velocicale , TST St Panl, MN} to measure the air velocities into
the grinder and vanous compenents of the awr handling system

In order 1o develop some recommendations for improving the dust capturc, the abilily of the fan
o move air 1n the presence of fnction caused by clbows, cxpansions and contrachons, and air
cleaners that are needed o remove dust was expenmenltally evaluated using the apparatus shown
in Figure 6 This device was uscd o develop a plot of fan stahc pressure as a funchion of flow
rale The fan was started The amount of pressure loss was varied by adjusting the blasi galc
setting  The minimum flow condition was created by sealing the upstrcam duct with tape The



Figure 1 Scatfolding covered with non-porous sheeting used to contan dust generated by the
grinding associated with tuck-pointing



Figure 2 Suspended platform used for tuck pointing  The whute pipe 15 used to provide
exhausl venhlabion lor the gninders



Figare3  Grinder with 4 inch diameter grinding wheel, shroud, and 1 inch inside diameter
Nexible hose
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Figure 4 Schematic illustration of air handling svstem

Figure 5 Connection between air moving sysiem and while plastuic pipe  The
while plastic pipe 15 a 2 inch diameter schedule 40 PVC ppe  To use this system
with a grinder, the end cabs from the plumbing tee’s are removed, a piece of 1 mch
diameter PVC pipe 15 attached using an adapter The hose attached to the grinder
slides over the outlet ol 1 inch diameter PVC pipe
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Figurc 6 Apparatus for measunng fan static pressure as a function of’
exhaust volume The duct diameter was 3 inches

maximum flow condition was implemented by removing the blast gate For each bast gatc
setting, the static pressure (SP) upstrcam and downstrecam ©f the fan was measured al the ports
shown 1n Figure 6 Static pressure 1s the pressure difference between ambient pressure and the
pressure 1o the duct At the port upstream of the fan, a six point pitot tube traverse was used to
measure the air flow moved by the fan  Fan static pressure (FSP) 15 computed as follows '

FSP=|SR|+|SE|- VR
Where

FSI® = Fan static pressure,

SP =§tatic Pressure,

VP =Velooty Pressure, and.

1, 2 = Subscripts referning to upstream and downstream of fan respectively

To charactenize flow rate, VI, was measured at each traverse location using a pitat tube that
registers the difference between total pressure (TP) and static pressure (SP) VP, 1s measured as
TP,-SP, where SP1 15 negative  Velocily (V) al each point 1s computed as

V = 4005 /VP,

Flow rate 18 computed as a the product of duct cross sectional area and average velocity

RESULTS

Based upon visual observation of the dust generated during the grinding operation, the control
measure appeared to be meffective  The respirable dust and respirable crystalline silica
concentrations reported 1n Table 2 are consistent with respirable erystalline silica exposures
reported by Shields duning uncontrolled tuck pomting ' The personal samples collected cutside
of the enclosure on the suspended platiorm were taken over a partial shift because the mortar
removal task was nearly completed Two workers did grind mortar 1n the enclosure shown in
Figure 3 They performed this task for a full sinft  The respirable ¢rystalline silica exposures
measurements reporicd 1 Table 2 indicale that workers were exposed to resparable ¢rystalline
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silica concentrations that are 19 to 92 tumes the NIOSH REL  The workers i the ¢nclosures
were somewhat obscured by the dust cloud

Table 2. Respirable Dust and Crystalline Silica Concentrations Measured

on April 11, 2000
Respirable
Respirable
Locaton Start Stop Dust Crystalline Comment
Time Time (mg/m®) Silica
g (ma/m™
Personal sample of worker
doing grinding in enclosed 700 1500 22 40
space
Personal sample of worker
11 00 11 50 FPump fell off early n
doing grinding in enclosed 12 30 15 00 168 22 shift
space
Discharge from arr
Worker gnnding outside of
enclosure 700 830 394 46 cleaner directed at
worker
Worker gnnding cutside of
enclosure 715 830 575 094
Edge of fan discharge 720 B30 604 076 Area sample

The air flow rate provided by the fan s probably too low to capture the dust Center line air
velociies were measured under conditions listed i Table 3 The air flow volumes were
estimated as the product of the center line air velocity and cross sectional area  Inspection of the
resulls in Table 3 indicate that there 15 too much resistance to air flow caused by the ventilation
system

l As the cross sectional arca of the shroud 15 inercased the exhaunst air flow increases
(measurements a and b)

2 When the hose to the 1" diameter take off 15 removed, the air flowing nto the ventilation
system mcreascs from 11 to 81 cubie leet per munute (measurcment ¢)  The air {lowing
out of the fans discharge increases from 132 to 206 cubie teet per minute

3 The discrepancy between the air flowing mto the air handling system and the air flowing
out of the air hundhing system suggests that there 18 some leakage, perhups from leakage
into the settling chamber which was constructed of plywood (measurements a, b, ¢,
and ¢)



Table 3 Exhaust Ventilation Measurements

Measurement Exbaust Inflow Qutflow at Fan
Code Measurement (fm) (cfm)
a one shroud, with a 1"x0 5" take-aff 11 132
b ona shroud, with a 1"x2" take-off 35 132

hose to tool removed, this leaves a

c 1 O diameter taks off a1 208
d setthing chamber open RIis
o two 1 5" take-offs open, hoses and 123 255

teals nat attached

Figure 7 shows the relationshup between fan static pressure and the volume of awr flowing
through the fan  The static pressure losses for this an need to be kept under 4 inches of water
n order to keep the flow rate above 100 cfm

DISCUSSION

As stodied at this site, the control measures appeared to be largely mmadeguate resulting i
gxcessive exposure to crystalline silica  Thus, improvements i the dust control system are
needed to reduce worker exposure to respirable crystalline stlica Two control options can be
consudered

OPTION 1

The existing equipment could be used 1n 4 moditied system  Such a sysiem would consist of a
shroud around the tuck pointing tool, flexible duct, 2 inch diamcter, a settling chamber, a fan,
and a [iller 1o colleel the dust To nummuze pressure losses, a 2-mch diameter lake-off1s needed
For a4 inch nght angle grinder 1s used to remove mortar, a ventilation rate of 120 cubic feet per
minute per shroud 1s recommended for dust control "' In experimental work which 1s being
conducted clsewhere, the static pressure loss through a shroud with a 2-1inch diameter exhaust
take-off and 10-feet of 2-inch diameter hose was nearly 8 inches of water at a flow rate of

110 cfim At a flow rate of 120 ¢fim, thus pressure loss 15 estimated to be 9 5 inches of water
Between the [an and the [lexible tubing, 2 mch diameter pipe could be used to transpori the dust
to a settling chamber with a 2 7 inch diameter outlet  The pressure loss in these connections
would involve one elbow and the expansion and contraction in the setthing chamber These
pressurc losses are estimated to be 3 5 inches of water The tolal pressure loss upstream of the
fan would be 13 inches of water The fan could dhscharge to a filter bag  The pressure loss
through the filter bag would need to be less than 1 0 inches of water at a flow rate 0o 120 ¢fm In
addition, the filter would need to be at least 99 9 percent efficient at 0 3 wm acrodynamic
diameter  The availlablity of such a filter ts unknown  In such a system, one would still need to
address the dust exposures caused by disposing of the collecied dust
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OPTION 2

Another option 1s to consider using commercially-available vacuum cleaners to provide air flow
through the shrouds and air cleaning  Typically, commercially available equipment has fiitration
efficiency which exceeds 99 pereent at 0 3 pm acrodynamic diameter, provisions for filter
cleaming by using pressure pulses and the abihity to deliver air flows at the appropnale static
pressure In purchasing such a syslem consider using the following specifications

W o b —

A flow rale of 120 cfm per shroud

An nertial preselector for the filter This 1s needed to extend the hfe of the filter

A coliection efficiency which exceeds 99 9 percent at 0 3 pm aerodynamic diameter
Provisions for pulsing the filter duning use to rermmove the collected dust {from the filter
Provisions for handling the collected dust without creating worker dust exposure  This
generally involves the collections of the accumulated dust i a bag so that the worker
does not need to handle the dust after collection

The vacuum cleaner must develop adequate staiic pressure The pressure loss 15 caused
by the filter, the roughness of the vacuum hose, the number of bends in the vacuum hose,
and the shroud

Unuil adequale engincering conirol messures can be implemented, [ull face piece, air puriying
respirators are needed to protect the workers from the exposure to respirable crystalline silica
Consult, NIOSH Hazard ID 9 concerming recommendations for respirator usage during
uncontrolled tuck ponung 2 A copy ol this publication 1s meluded m Appendix 1
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Respirable Crystalline Silica Exposures
During Tuck Pointing

Description of HAZARD

Silicosis 15 a deadly lung disease Construction
workers may get sick with silicosis if they breathe
m too much respirable crystalline silica, a fine,
sandy dust

Sihicosis may take 10 or more years to develop
when workers are exposed daily to low concentra-
tions of silica dust However, when exposures o
silica are very ugh, symptoms can occur after only
a few weeks to 4-5 years

To prevent silicoss, researchers from NIOSH (the
{Natienal Institute for Qccupational Safety and
Health) urge construction warkers to protect them-
selves from dust exposure when dotng constructron
work, especially tuck pomting

In tuck pomting, the worker grninds the mortar out
from between the bricks—the first step to fixing up
the outs:de of an older brick bwmlding Mortar dust
contains crystathne sihca Dunng tuck pointing,
workers hold power grinders, digging the mortar
out to a depth of an mch or less The grinders often
have wheel diameters of 4 10 6 1nches and rotate
at speeds as igh as 12,000 rpmo The grninding
process breaks up the mortar and turns it mto
airborng dust The rotating wheel ¢reates wend
that ¢arnes this arborne dvst throughout the
workplace When waorkers ¢lean the mortar joues
and their clothes, tools, and equipment with com-
pressed air, the strong blast needlessly adds even
more dust to the air (see Figures | and 2}

Duning a recent study of tuck poinbing at a con-
struchion site, NIOSH researchers measured very
high concentrations of respirablé crystalling silica
At this stte, the workers’ exposures were up to 50
times the REL (recommended expasure limif) At
another construchon site, investigators from OSHA
{Occupational Safety and Health Admunistration)
found high cxposures—up to 100 times the REL

Figure 1 Tuck ponting



Recommendations for Prevention

Because these construction studies showed such
high concentrations of respirable crystallme silica,
NIOSH s running more tests on commercial
grinders They want to see how much the buile-mn
ventilation in the grinders cuts down on dust expo-
sures duning tuck potnting Also, NIOSH research-
ers want to find out which engmeering controls
waork best dunng thus work In the meantime, con-
struction workers should follow the recommenda-
tions below to reduce their exposures

Contractors and workers should use good work
practices and respiratory protection.

Good Work Practices

# Use 5 grinder that has local exhaust ventila-
fien when possible

¢ Do not use the gnnder near another worker
Restnet some work areas to cut down expo-
sures to other workers

¢ Stand so that the dusty ar wiit not hlow on
you and other workers

$ In poorly ventilated areas such as a coustyard
or the inside comers of a bmlding, use fans to
blow out dusty asr

+ Do not use compressed air to clean your-
self, your clothes, or your equipment Make
sure the vacuum cleaners used fer dust
control and clothes cleaning capture at least
99 percent of the small particies that could
be mhaled (0 3 micrometer diameter)

Resplratory Protection {Respirators)

Dunng tuck pomnting, employers need to check re-
sparable crystalline silica exposures from time $o
nme o see how well the safeguards are working
and 1f workers need respiratory protection Because

ventilated grinders may not control the dust enough,
NIOSH recommends the following respiratory
protechion

¢ For exposures less than 1,000 times the REL
(50 mgfmj_mllllg;rams per cubic meter), use
a supplied-atr resparator that has a half-mask
Set the respirator on pressure-demand or one
of the other positve-pressure settings For
example, run a Type CE abrasive-blasting
respirator on a positive-pressure setting

# For exposures less than 50 umes the REL
{25 mgm’), use (a) an ar-punfying,
full-face respirator with & high-efficiency
particulate air filter or a P100 filter, or (b} 2
powered, aw-punfying respirator with a
ught-fitting facepiece and a high-efficiency
particulate arr filter or a P100 filter

¢ For exposures less than 10 times the REL
(05 mgfmg‘), use a hall-mask, air-punfying
respirator that has a P100 filter

Equipment manufacturers are encouraged to do
the following:

4 Develop venhlated shrouds for gnnders that
given ¢lear view and pood dust comtrot

¢ Develop the mmimum exhaust volume
needed for ventilated shrouds This exhaust
votume must be based on expenmental and
field data

For more information about the health hazards of
exposure 10 crystalline silica, resparatory protection
for workers, and the four Type CE abrasive-blasting
respirators that NIOSH certifies, order the NIOSH
Alert Prevenning Silicosis and Deaths in Consiruc-
ton  Workers, DHHS (NIOSH) Publication
No 96-112 To get your fice copy, call NIOSH



For More Information

To obtain more free information about this hazard
or other occupational safety and health 1ssues,

Call NIOSH at 1-800-35-NIOSH
(18003564674}

or visit the MIOSH Web site at
www cdc gov/nlosh
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