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ABSTRACT

Dunng masonry restoration of a building, 4 mch diamctcr gnnders were used to remove
morlar to a depth of O 5 to © 75 nches  This task was performed by two workers who
staod on a swing stage  The workers used exhaust shrouds which were conneeied to
vacuwm cleaners to capture the dust  One of the gnnders was partially cnelased by a
Dustconirol shroud  The exhaust volume for this shroud was 111 cubne feet per minute
The other grinder was partially enclosed by a Joc Due shroud  The exhaust volume for this
shroud was 76 cfm  The workers’ respirable dusl and respirable erystalline silica
cxposures were monitored during the mortar removal activities  The resprable dust and
raspitable crvstalling silica exposures were, respeclively, less than 0 17 and 0 03 mg/m®
Thus indicates that the workers” dust exposures wore adequately controlled at this site
Because environmental and site-related conditions vary greatly in the construction industry,
additional samplmg should be done to confirm that an cxhaust volumc of 100 ¢fin
adequaiely controls the respirable dust and crystalline silica exposurcs duning the mortar
remaval tasks associated with tuck pointing
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Introduction

The Natronal Institute for Qceupationz] Safety and Health (NIOSH), a federal agency
located 1 the Centers for Diseasc Control and Prevention under the Department of Healih
and Human Services, was eslablished by the Occupational Safety and Health Act of 1970
This legslation mandated that NIOSH conduct research and education programs separate
from the standard setting and enforcement [unctions conducied by the Qcoupational Safety
and Health Admimstration {OSHA) 1n the Department of Labor An important area of
NIOSH rescarch deals with methads for controlling occupational exposure 1o poteniial

biolomeal, chermcal, and physical hazards

The Engineening and Physical Hazards Branch {EPHB) of the Dnvision of Applied Rescarch
and Technology has been given the lead within NIOSH Lo sludy the engmeenng aspects
relevant 1o the control of hazards in the workplace Since 1976, EPHB and 1ts predecessors
have assessed control technology found wathin selected imndustries or used for common
mdustnal processes The EPHB has also devised new control systems where current control
technology 15 insufficient The objective of these siudies has been to document and cvaluate
cilective control techmques (e g , 1solalion or the use of local ventilation) that mumimize
risk of potential health hazards and to create an awareness of the usefulness and availabihity

of effective hazard control measures

The survey atl this site was conducted as part of a larger ¢ffort to cvaluate the technical



feasibihity of controlling worker exposure to respirablc crystalline silica The silica

' In

exposure of construction workers 1s receiving some public and regulatory attention '
addition, EPHB nveshgates new technologies that reduce worker exposure to hazardous air
cohtammants such as respirable crystalline sihca EPHB 15 investigating control measures
for respirable crystalline silica cxposures that occur while a worker uses a grinder to remove
mottar between the bricks on 2 buldune wall  Dunny tuck pontiny, the old mostar between
the bricks 18 removed by grnding Mortar and brick contain crystalline silica  Frequently,
ths task 1s performed without engineering controt measures  This can result in cxposures
le respirable crystalline sihica that are excessive  Shields reported on respirable erystalline
silica exposures duning tuck pointing  O1 37 exposurc measurcmenis, 38% of the samples
exceeded 1| mg/m’® and 19% of the exposures exceeded 5 mg/m’ of respirable crystalline

sihea® These exposures are 20 to 100 times the NIOSH recommended exposure limit of 50

'm’* Such lirh exposures are associated wilh adverse health outcomes
HE g Iy

Excessive silica cxposures i a sandblasting environment have caused premature deaths
from sihicosis In 1998, the deaths of two sandblasters from sihcosts were reporied ° In one
case, a worker was dragnosed with progressive massive 1ibrosis aller three ycars of
cxperience as an abrasive blastcr  He died of respiratory failure at age 36, 11 years after hus
muhal exposure In another casc, a wotker died of respiratory lailure from silicosis at age
3¢  He worked as sandblaster from 1986 to 1990 and died n 1996 At autopsy, the lungs
of both workers had an extremely hugh stlica content  From 1968 (o 1992, approainmately

10 workers between the ages of 15 and 44 died of silicosis each year° These latter deaths



werg attributed to inappropnate respirator usage and recent. intense exposure to crystalhne stlica
that were 10 to 100 ttmes the OSHA pernussible eaposure hnit which 1s approximately 0 1

mg/m’ of respirable crystulline sihex 7

Background

Exrsting control techmoiogy for reducing worker dust exposures during the grmding operations,
conducted as part of tuck pointing. appears to be marginally effcctive  To control the dust
generated by mortar gnnding, a shroud 15 used to enclose the gnnding wheel Typieally, a 4-inch
duarncter grinder, opcrated at 10,000-12,000 rpm, 15 used to remove mortar A lool resemhbhing

a router can also be used to remove mottar This tool has a diameter of about 0 4 wiches

A number of contrals for the four-inch drameter gninders have heen studied m the field and were
found to be meffective  1n one control studied, a centrifugal impeller was mounted on the
grinder’s axle The mimpeller was designed to move 4(-5( cfin of air through an mr-cleanng
bag The tools Teaked so much dust that ow view of the worker was obscured Vowever some
was colleeted in the filter collection bags  Based upon data cellected by QSITA and NIOSH
while the control was used, the geometrtc mean and geometric standard deviation for the
respirable crystalline siica exposures were 0 7 mg/m” and 2 7 respectively ®  Thesc caposures
werc not very different from the exposures reporicd by Shields * For uncontrolled gninding
operations, Shield’s data had a geomeiric mean eoncentration of 1 2 mg/m’ and a geomeinc

slandard deviation 6 1



Onnder exhaust ventilation must exceed the air flow induced by the mechanical motion of the
meriial particles gencrated by the grinding process © In addivon, the rotary motion of the
gnnding whecl also mduces an air flow  Most gninder exhaust ventilation design
recommendanions appear 10 be based upon undocumented cxperience  The ACGIH manual,
Industrial Ventdation, comamns several specifications for the design of ventilation systems uscd
for gtinding operattons * In the manual’s Figures V8-40-01 o VS§40-03, 25-60 cfim per inch of
grinding wheel diameter 15 recommended For a 5-inch gnnding wheel operated at surfuce
speeds between 6,500 and 12,000 fpm, Figure ¥S810-122 recommends 220 cfm for good
enclesures and 390 cfm for poor enclosures  Poor enclosures are those descnibed as having
mare thun 25% of the surfuce of the grinding wheel exposed Typically, the gnnding wheels
uscd or tuckpomnting have a diamcter of 4 to 6 1nches and are operated at rotational speed as
high 12,000 rpm with surface speeds of 12,000 to 13,000 fpm  As a practical matier, Crotgau
ohserved that ventilation rates of 70 ¢fm provided an order of magmitude reduction 1n cxposurc
over gnndmg with no venilation ' There was no explanation for these results The
Dustcontrol Company recommends exhaust flow rates of 180 m*/lir (106 c¢fim) based upon

proprietary data

Effective engincering control measures for dust generated by grinders during tuckpownting are
neither readily avadlable or unuversally nsed  Furthermare, the available hierature wmdcates thae
100-200 ctm are recommended exhaust volumes for a 4" diameter grinder However, the
effectivencss of the shrouds to caplure the dust gencrated by grindmy mortar 1s unknown Asa

result, NIOSH EPHB, wm partncrship with the Brick and Allied Craftworkers, conducted a



laharatory evaluation of ventilated shrouds used lo contro! worker exposure (o mortar dust
generated during tucking pointing ¥ Dunng laboratory study, the effect of exhaust flow rate
upon respirable dusl emussions was expenimentally evaluated for four different shrouds that arc
used with 4-imch grinders To eonduct this tosting, a small brick wall was built and enclosed n
a rectangular, hall-shaped ventilated test chamber The grinder was mounted on a mechanical
trolley wluch moved the grinder honizontally across the wall al a constant velocity of
approximately 1 m/min and the mortar was removed al a fixed cut depth of 0 5 or 0 75 mches
A vacuum cleaner cquipped with high cfficiency filters (99 9% at 0 3 pm) exhausled air from
the shrouds to a lacation outside the cnclosure The vacuum cleaner’s cxhaust air flow was
varied by controlling the voliage supphed the vacuum cleaner An air flow rate of 2794 cubac
feet per minute was drawn through the test chamber and past mixing baffles and into an exhaust
duct A time-of-flight aerosol spectrometer was used to measure the respirable dust

concentration in the duct

Dust enuissions per volume ol mortar removed were plotted as a function of the exhaust flow
ratc For uncontrolled grinding, respirable dust ennssions were about 20 mg/cm® of morlar
removed As flow rates increased, respirable dust enussions were reduced to under O 2 mg/eny’
of mortar removed For the 4-inch diameter gninding wheel, 80 cubie feet per minute {cfm) was
the mmmum cxhaust volumes which reduced respirable dust emissions to under 0 2 mg/em’® of
mortar removed Further flow rate increases did not provide useful emmssion reduction  Thus,
the laboratory study mdicaled that a munimum exhaust flow ralc of at least 20 cfm/inch of hlade

or grinding wheel diameter 15 needed to control the dust emissions This 15 1n agreement with

L]



the ACGIH recommendauon that 25 cfm/nch of hlade or grinder diameter are needed for

controllimg emssions from a grinder *

Study Objective

NIOSH. 1 parinershup with The Western Construction Group, collaborated to evaluate the
utility of using 100 cfin as an exhaust volume to controi the dust gencrated by gninder mortar
The Western Clanstruction Group was domng somc building restoration work at the [Farell
Building in Huntington West Virgima At this site, two workers were vsing four inch grinders
lo remove detenoraled mortar [tom the sude of a building  The warkers' gninders were ontfitted
wilh shrouds and exhaust venlilation  The sludy objective was addressed by monutoring worker

respirable dust and crystalline silica exposures during tuckpomting at the this site

Exposure Cvaluation Criteria

As a pmde io the cvaluation of the hazards poscd by workplace exposurcs. NIOSH lield staff
use exposure s as evaluation critera for assessiment of a number of chemical and physical
agenits  These crifena are mitended (o suggest levels ol exposure to which most workers may be
exposed up to 10 hours per day, 40 hours per week, for a working lifeime without experiencing
adverse health effects Table | summanzes exposure lumits for air contamimants which were
sampled at this site It 15 1important to note that not all workers will be protected [rom adverse

health effects 1if thear cxposures are maintmned below these levels A small percentage may



experience adverse health effects becausc ol indivadual susceptibility, a preexisuing medical

conditron, and/or 4 hvpersensiivity (allergy)

The primary sources of environmental evaluation criteria 1n the United States that are used for
the workplace arc 1) NIOSH Recommended Exposurc Linuts (RELs), 2) the Amencan
Conference of Govemmental Industmal Hygiemsis' {ACGIH) Threshold Limit Values (TLVs),
and 3) the U S Department of Labor {(OSHA) Penmussible Exposure Lumuts (PELs) The OSHA
PELs are required to consider the feasibility of controiling exposures m various industries wheie
the agents are used, the NI(ISH RELs, by contrast, are based primanly on concerns relating to
the prevenuon of occupational disease  ACGIH Threshold Limitl Values (TLVs) represent
conditions under wlueh 1t 15 beheved that ncarly all workers may be repeatedly exposed day
after day without adverse health effects  ACGIH states that the TLV's are guidelines Tt should
be noted that ACGTH 1s a pnvate, professional sociely, and that industry 1s legally required to

meol only those levcls specitied by OSHA PELs



Table 1 Relevant exposure hmmts {mg/m?) as 8-hour time weighted avcrages

NIQSH RELY OSHA PEL" ACGIH TLV'"
arr contamnant

mg/nr’ mg/m’ mg/m’

varies with amount

respirable crystalline of quartz in dust
005 (105
stlica See text lollowing
table

particulates, nol

h
L

olhcrwise classificd -

respirable

The current OSHA Penmussible Exposure Limil (PEL) in mg/m’ for respirable dust eontaining

10
% silica + 2

quartz is calculated from the following formula PEL =

Proccdures

This study was conducted 1o cvaluate the exposure implicabions of using venulated grinders to
remove mortar  Two workers were using grinders to remove deteniorated mortar from the side
ol a bwlding These workers arc nanmed Worker S and Worker T Worker S used a Dusticontrol

3



shreud exhausted by a vacuum cleaner (model 3700, Dustcontrol Notrsborg Sweden)  The
ennder was used with a 0 25 inch thick, 4 inch diameter cutter blade  The vacuum cleaner was
opcrated with both vacuum cleaner motors  Figure 1, which describes 1he design of the
Dustcontrol shroud, was copicd from a prior report ' Worker T used the Joe Due shroud shown
i Frgure 2 This shrond was exhausted by a vacuum cleaner {model 3700 , Dustcontrol
Norshorg Sweden} operated wath one vacuum cleaner motor  This shroud and geinder were
used with 4" diameter, 0093 inch thick grinder wheel This worker used the grinder to cut two
slots 1n the mortar next ta the bricks (top and bottom o[ the bed joints [horizontal joints]) A
chisel was used to remove the mortar hetween the two slots  The other worker simply used the
snndcr to removce all of the mortar between the jomnts  The jomts {or gaps between the bricks)

had a width of about (} 4 mches

The Dusteontrel model 3700 vacuum cleaner (Figure 3) appears 1o be a very capable vacuum
cleaner Tt uses two 1200 watt electnical motors to develop at least 80 inches of water vacuum
when the nlet to the vacuum cleancr 18 blocked At zero static pressure loss, the wr [low
through the vacuum cleaneris 190 efm (320 m*hr)  The vacuum cleaner filters are rated as
being 99 9% cfficient at 0 3um and the surface arca for the pieated filters is 19 ft° (1 8 square
meters) This vacuum cleaner has provisions for pulsing the filter to remove dusi collecied on
the filler When [illers were pulsed, the dust [ell through an open [lapper valve mto a plastic
bag located under the vacuum cleaner Each vacuum cleaner molor required 10 arnperes at 120
volts to obtain optumal performance Vacuums’ bags were changed and weighed intermittently

10 deterrmine the amount of dust collected during a sampling period Crenerally the bags werc



weighed at Junch time and al the completian of the shift

n thas study, two different blades and two different exhaust Dow rates were used  The different
exhaust [low rates were conirolled by operating the vacuum cleaner with one or two molors

Our partners were mterested 1n simulating the performance of’a model 2700 Dustcontrol
vacuum cleaners which use one 1200 wall exhaust blower The choce of blade thickness (0 23
or 0093 inches) was made by the Mr Pritchard and reflected his interest 1n considering two

different blade thicknesses
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B. LINE DRAWING OF SHROUD
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Figure 1 Photograph and detailed line drawing of Dustcontrol shroud Tn this figure, all
dimensions are 1 inches and “T="" ind1cales thal the dimension 15 a diameter “R="
mdicates that the dimension 1s a radius
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Figurc 3  Dustcontrol vacuum cleaner with dust collected in bag  The vacuum cleaner barcly
fits into the swing stage  'I'he plastic bag used for coliecting dust 1s attached to the vacuum
cleaner with a belt  To remove the bags, the worker went through the following motions the
belt 1s unbuckled, the bag 1s twasted shut to tie 1t ofT], and the bag is set aside  Thus approach
appears to mininuze dust exposuore associated with handling the collected dust
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Site Description

The Weslemn Group was repairng the mortar on the west side of the bunlding (Figure 4) The
west wall of the building faced a blind alley The alley was about 12 feet wide, 50 feet long and
encloscd on three ssdes As part of this project, detenorated mortar and bricks were removed
Grinders were run honzontally between the bricks and then vertically to a depth of 0 5 1o O 75
inches using 2 0 093 ora 0 25 1inch thick 4 inch drameter blades  Additional mortar was
removed using a chisel and hammer (Fignre 5) To reach the upper levels of the building, a 26
feet long, 2 5 feel wide swing slage was employed The two vacuum clecancrs were placed 1n the
center ol the scaffold (Figure 6) with one worker on each side ol the scalfold This crealed an
abvious obstruction m the muddle ol the swing stage  The study was conducted to cvaluate the
effect of exhaust ventilation upon exposures T'he authers and the collaborators [rom
TheWestern Group concurred that the vacuum cleaners would need to be modified so that they
could be hung from the side of the scaffolding at the end of the swing stage  Thus location 12

below the electric motors used to raise and lower the swing stage (Figure 6)
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Fignre 4  View of West side of Farell Building  This side of the bulding was heing restared
Deteriorated bricks and mortar were to be removed as part of a renovahion project  Note that
15

s 15 a very enclosed area



Figure 5 A worker was chuscling the mortar to remove the detertorated mortar  Note the use of
the full face-mece respiralor
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Figure 6 The Dustcontrol vacuum cleaners were sel i the middle of this swing stage FElcetnic
motors an the ¢nds were used 1o rase and lower the swing slages up and down the cables The

workers worc harnesses for fall protection  Background air samples were collected under the
electric mators used 1o rawse and lower the swing stage
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Worker Job Description

Twa warkers used differcnt gninders with different shrouds and flow rates to control the dust
generated by remaoving the mortar Worker T, used a Milwaukee night angle grinder equipped
with 0 25 1nch thick, 4 inch diamcter cutter wheel to remove mortar A Dustcontrol shroud
{Figure 7) was uscd as a blade guard and exhaust shroud The rolation of the blade 1s such that
the dust 1s thrown mto the exhaust take-off  When the worker grinds ar cuts the mortar, the
hlade ratates out of the mortar discharging dust mto the exhaust take-off on the shroud To
cffectively capture the dust, the exhaust take-off must lead the grinder down the wall When
cutting the vertical jomis, the worker pluced the exhaust take-off an the wall and pavoted the
cutting wheel mto the mortar The Dustcontrol vacuum cleaner was operated with both vacuum

blowers

18



- : -~ . - i 5 .
Figure 7 Worker using Dustcontrol shroud to cut a vertical joint  Note, the worker places the
exhaust takc off on the wall and retates the grinder wheel inle the martar
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Worker S (Figures 8-9) used a Metaho nght angle grmder equipped with a ¢ 093 mch thick 4
inch diameter vrinder wheel A Joe Due shroud was used The same basic work lechniques were
used with both teels  The Dusteontral vacuum cleaner was operated with one vacuum blower 1n
order to simulate the operation of the lower cost vacuum-cleaners which generate a lower

exhaust volume

In addition to removing moriar, the workers removed brnicks and « lintel, by using a 10 mnch
thameter circular saw to cut through the brick wall This tool had a shroud simular 1n design to
the shrouds used lor the 4 inch diameter grinders  Exhaust ventilation was supplied by onc
Dustcontrol 3700 vacuum cleaner operated with 2 motors  Worker S and T worked together 10

do this tusk

The workers generally complied with our instructions on the proper use of the shrouds Because
these workers had not vsged ventlated shrouds for dust control, we mstructed the workers to
move the grinders along the honizontal joints such that the shroud’s exhaust take-off was sn front
of the grinder  This was a change 1n that the workers usually ran the grimder in both directions to
remove the mortar  On verhical joints, the workers placed the exhaust take-oIf on the wall and

rolaled the blade into the wall
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Figure 9 Worker cutting a vertical jomnt
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Respirable Crystalline Silica and Dust Measurcments

The concentration of respirable dust and crystalhne siiica were measured on the 1wo workers on
the swing stage, under the vacuum cleaners near the air discharge ports, and on the end of the
swing stages  In this samphng procedure, a hattery operated pump pulls 4 2 hicrs/minutc
through a pre-weighed 37-mm diameier, 5-pum pore-size polyvinyl chloride filter supported by a
backup pad 1n a three-piece filler cassciic scaled wath a cellulose shrink band The top of the
filter cassette was removed and the open cassette was mounted on a BGI GK2 69 eyclone,
which was clipped to the worker's outer garment in their breathing zonc (typically chipped to
their lapel} This cyclone 15 used by the United Kingom's Health and Safety Executive to

measure respirable dust and crystailine silica exposure '

Samples were analyzed for resprrable dust and crystalling silica 1in accordance with NIOSH
Mcthods 0600 and 7500 with mochfications '* Gravimetric analysis for respirable particulate
was carried out with the following modilications to NIOSH Method 0630 1) The filters and
backup pads were stored 1n an environmentally controlled room (2143 °C and 50+5% rclative
humidity) and were subjccted Lo the room conditions for at lcast two hours for stabilization prior
to tare and gross weighing, and, 2) Two weighings of the tare weight and gross weight were
performed The difference between the average gross weight and the average tare weight was

the result of the analysis The hinnt of detection for thus niethod 15 0 02 mulhgrams (mg}

After pravimetric analysis, the samples were analyzed for erystalline s1lica by x-ray diffraction

23



using NIOSH method 7500 '* The following modifications were used 1n the sample analysis

1 Filters were dissolved mn tetrahydrofuran rather than beng ashed 1n 2 furnace

2 Standards and samples were run concurrently and an external calibration curve was

prepared [rom mtegraled imtensities
These samples were analyzed for two forms of crystalline silica quartz and cristobalile  The
Limits of detection for quartz and cristobalite on filiers are 0 01 and O 02 mg, respectively The
Tirmit of quantitation 18 ¢ 03 mg for both quarls and cnstebalite on filtcrs  The lmaits of
detection m bulk samples are 0 8% for quartz and 1% for cristobahte "The limit of quantitation
18 2% for hoth forms of erystalline silica 1n bulk samples 1o addition to the personal samplcs,
bulk samples of the dust collected 1n the vacuum cleaners was analyzed for crystalline sihca m

accordance with WNIOSH Mcthod 7500

Respirable dust and respirable crystalline silica concentration measurements were mude dunng
lwo days  Separate measurement periaods were used for mormung and aficrmoon sampling
sessions Personal samples were collccted duning mortar removal tasks  During other tasks,
such a brick remaval, personal air samples were not collected  Sometimes, separate short term
samples were collected dunng these aclivities because of the potential for crystalline silica
exposures Dunng this study, mternutient thunrderstorms werc present and (hese thunderstorms
did mterrupt the work  As a result, the sampling periods as documented tn the data appendix

were less than 4 hours and very intecommittent  Sampling was siopped due to rain
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Ventilation Measurements

The grnnders studied at the Farrel bwilding all involved some [orm of ventilation  The air flow
was cstimated by using a velometer (Velocicale , 151 St Paul, Mn) to measure the air flow m a
steel tube attached to the inlet ol the vacuum cleaner  This tube had an mmlet diameter of two
mches  Aur flow 15 computed as the product of the center Tine arr veloeity and the cross

gsectional area

Video Exposure Momtoring

Video exposure monitoring was done to perform a quick evaluation of ventilated shrouds
Video expasure momioring 15 tymically done lo evaluate how work activities affect exposure '
An acrosol photomicter (HAM, PPM Inc Knoxwvillc TN) was mounted on the worker's chest
Aar s drawn through the sensing chamber of this mstrument by a battery-operated pump at 2
lpm The dust in the sensing chamber scatters light emitted from a hght-emutting diode  The
scattered light 15 detected by a photomultipher tube  The analog output of the aerosal
photometer 1s proportional to the amount of hght detceted by the photomultipher tube Because
the amount of light scattered by the aerosol varies with the particle’s si7e and optical
propertics, the unalog outpul of the asrosol photometer 15 1 measure of relabive concentration
The HAM was used with a 1 sceond time constant and 1ts analog output was recorded every
second by a data logger (Metrologger di 3200, Metrosoncs, Rochester NY ) While the oulput
of the HAM was recorded on the data logger, the worker’s activities were concurrently recorded

an videotape  The videotapes and the analog oulpul were reviewsd Lo evaluate the extent to

which work practices affceted exposure
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A very semor fareman with over forty ycars cxpenence 1n tuckpointing, performed mortar
removal with a vanety of ventilated shrouds mounted on a 4 inch grinder  He used the Joe Due
Shroud and the Dust Control shrouds (o remove mortar between the verhical and hornizontal
jounts for a period of several rminutcs  He first cut the horizontal joimts and then the vertical
joints  For the Joe Due shroud, a Porter-Cable vacuurn cleaner was used in additionto a
Dusteontrol vacuum cleaner Because Porler-Cuble vacunm cleaner appearcd to be a source of
dust emissions, 1s use was termnated after use with one shroud The Dustcontrel vacuum
cleaner was used with one motor because two motors would tnp circuit breakers  Qther
equipment was serviced by the 20} ampere circwit for the vacuum cleaner and the use ol two

motors would trp the circuil breakers
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Results

Aar flow measurementy

The arr flows for the Dustcontrol vacuum cleaner operaled wilk one and two motors respeetively
were 76 and 111 cubne fecl per mmute  The Porter-Cable vacuum cleaner was operated at 76
cfim  Durning the video exposure mamtering, the Dustcontrol vacuum cleaner was operated with

ane malor

Respirable Dust and Crystalline Sihca Exposure Measurermenis

Respirable dust coneentrations are summarized 1t Table 2 and individual respirable dust
concentrations and respirable quartz concentration values are hsted 1in Appendix A Stanstical
analvses were conducted on the respirable dust concentration measuremenis made dunng mortar
grinding operations This data analysis was conducted on the loganthms of the individual
respirable dust concentrahiong  "The comyputer printout for this analysis 1s in Appendix B
Analysis of vanance was conducled usmg the SAS General Lincar Modcls Procedures to assess
whether sampling location, wotker, or the interaction between sampling location and worker
affected respirable dust concentration  In thys study, the worker affect involves a different
shroud, different exhaust flow rates, dillerent work practices, and probably diflerent rates of
mortar removal  Sampling location sigmiicantly affected concentration (p =0 03) Multiple

comparison test results mdicate that the concentration measured on the side of the swing siage
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was less than the concentration measured under the vacuwmn cleaner discharge  The residuals

from the analysis did not exhibit sigmficant deviations from a normal distribution (p =0 3)

From an occupational health perspective, the respirable dust concentrations measured on the
worker durning mortar romoval were below 0 2 mg/m® and the respirable quartz exposures
measured were below 30 pg/m* Most of the respirable crystalline silica exposures were below
the detection Lt and further analysis of the respirable crystalline sihica cxposurc data 15 not
nseful  During mortar removal, the exposure measurcments indicate that the workers

crystalline silica exposure measurements were adequalely controlled

Table 2 Respirable Dust Concentrations dunng Mortar Removal
Warker Location Geametric Mean Geometric N
(mg/m?) Standard
Deviation
53 background on side of swing 003 37 3
stage
under vacuum cleaner aM 2549 3
persanal sample on worker 015 148 4
background on side of swing 0057 1865 3
stage
under vacuum cleaner 013 163
personal sampte on waorker oar 179

28



Video Exposure Montonng

Vidco exposurc momiormg results are present in Figures 10 -7 In these figures, bed jomnts and
head joints refer to the horizontal and vertical yomts between the bricks Whale using the 1ools,
the test subject appeared to be strugghng with the proper way to use seme of the shrouds For
some shrouds, the worker appearcd 1o find 1t easier 1o keep the exhaust take-olT 1n contact with
the walt Because 1-4 nunute sampling periods were used for each tool, the worker may not
have become comfortable with each shroud Inspection of Figurcs 10 -12 and the vidco tape
shows that the control measure can capture the dust with nearly complete capture when the
plume flows into the shroud  When there 15 2 gap between the shroud and the bncks, visible
dust errussions occurred  Because wind condihions were variable, these dust emussion did not
consistently flow mto the worker's breathing zone  Thus exposure peaks appear to be a functhion

of duat leakage and ambient air movement around the worker

QObservalions

The Pustcontrol vacuum cleaners were awkward to use on the swing stage These vacuum
cleaners were located in the nuddle of the swing stages and the workers were not ablc to help
onc another In the [uture, these vacuum cleaners should be hung from the ends of the swing
stage The workers seemed to stay markedly cleaner than other workers who perform the mortar
removal tasks associated with tuckpoiniing  The workers were careful to routinely pulse the

filters 1n order to maintain dust capture efficiency  The workers were pleascd to use the conirol
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measures which kept their clothes relatively clean durimg the opcration Duning the second day

of air sampling, work was mierrupted by sporadic thunderstorms
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Figure 10 Video exposurc momtoring results for Joc Due Shroud used with the Dustcontrol

vacuum cleancr
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Phscussion

Study Findings

Video exposure momtonng results are presented in Figures 10 -12  These results indicate that
the venhlated shrouds do not provide complete dust control  In the video tape, lughly visible
dust plurmes occurred when the shroud failed to caplure the dust crtted by the grninding wheel
Shrouds uscd for capturmg generaied dunng grinding operation function as receiving hoods
Typically, visible dust plumes occur when the shroud’s exhaust take-oif does not make physical
contact with the wall  This occurs at the start of a honvontal cut on the bed jomts and dunng
the culting of vertical (head) joints - When the shrowd’s exhaust take-off 18 not touching the
wall. the dust plume flows under the exhaust take-off The presence of a visible exhaust plume,
tid not alwayvs canse an gxposure pcak  Sometimes, the dust plume moved away from the
worker and at other times, the plume caused an exposure peak  Thus, worker exposure 1s a
funchion of dust comssions, wotkpractices that cause dust crmssions, and the dispersion of these

enissions toward or away from the workcer

The respirable dust and respirable erystalling silica measurements were very encouraging

These exposures remained below 0 2 and 0 03 mg/m? respectively Howcver, the workers were
not continuously removing old mortar  During the first sampling session on May 23, 2001 the
workers contmuously remeved mortar The two respirable dust exposures were O 17 and 0 12

me/t’, respectively for workers 8 and T The mass ol respirable dust collected m the vacuum
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cleaners were respechively 25 and 7 pounds in a ume penod of 160 minutes  During other
sampling sessions, other work besides mortar removal by grinding was occurnng and less

materal was collected mn the vacuum cloancr bags

A prior laboratory evaluation showed that exhaust ventilation rates 10 excess of 80-100 c¢fm did
not result i further reduction of the respirable dust enussions generated by using a 4 1nch
gnnder to remove mortar on a test wall ¥ The field measurements presenied here arc conststent
with the laboratory study {inding that a mimimum exhaust flow rate of 20 c¢fm per inch of blade
thameter are needed to contral respirable dust ermissions Becausc equipment detertorates with
age, vacuum cleaners and exhaust systems must involve a prudent amount ol over design

Thus, a specification of 25 cfim per inch of blade diameter that 15 specified by ACGIH should be

used un exhaust volume criterra *

The applicability of these results 1o other tuck pointing situations 15 unclear The representatve
of The Western Group stated that this was a tymeal restoration job - Typically, restoration jobs
mvolve removai of only the deteriorated mortar Consequently, the fraction of the time spent
grinding will vary from site to site  Thus, there 1s 3 need for additional exposure measurements
to predict expesures for future jobs and to develop generic exposure control recommendations

for (hus Lask
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Recommoendations for Further NIOSH Work

Dunng this study. twe days of sampling on two workers were conducied Beeaunse there may be
tremendous exposure variability causcd by produciion ratcs, the amount of mortar removed,
wind conditions, the dust dhispersal at the work site, and other site conditions, additional
exposure data 15 needed to assess the exposure outcome of using exhaust shrouds with an
exhaust volume of 2 mmimum of 80 c¢fm for a four inch gnader Additional data should be
taken at a site where nearly all of the maortar 15 bemng removed  Such results would provide
some exposure data for a worst case exposure scenano  Exposure data from scveral sites are
nceded to cstablish the exposure ranges for these cxhaust volume recommendations  From
such mformation an empirical control strategy mvolving engineenng controls and respirators

could be devised

Research 13 needed on the performance of vacuum cleaners to control the dust collected by
mortar removal If a vacuumn cleaner does not efficiently capture the dust, the vacuum cleaner
gould be a significant source of worker exposure to crystalline silica exposure  This rescarch
should address the ctficiency ol vacuum cleancrs to remove dust, dust exposure sources
associated with the operation of the vacuum ¢leancr, the durability of the vacuum cleaner, the
filter's hifc, the case of cleaning the vacuum cleaners filters, the ease of use of the vacuum
cleaners, and the cost 1ssues  The placement of the vacuum cleaner on the swing stage needs be

reviewed [or safety and practicality 1ssues
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Afier completing the rescarch described 1n the preceding paragraphs, NIOSIT should prepare
a hazard contral document describing control recommendations for the use of gnnders to
remove mortar from buildings  These recommendations will need to address shroud design
and cxhaust ventilation specifications  Because the controls will not provide complete control
of the dust exposures, respirator recommmendations will probably need to be part of these
recominendauons  In addiion, NIOSH should prepare a video tape descnbing the conirol
measures capabibites and hmitations  This video tape should emphasize that workpractices
are imporiant and that the exhaust shroud 1s 4 recerving hood and needs to be appropnately

placed i order for the dust to be captured

Conclusions

Exposure measurcments wetre obtained which were consistent with the laboratory finduyg that
an exhaust flow rate of 100 cubic feet per munute can be used to reduce worker exposure W
respirable ¢rystalline stlica during the mortar removal associated with wuckpomting  Because
condritons at construchon site vary tremendously, additional exposure measuremenis are
needed 10 devclop an emprrical control strategy for the crystalline stlica exposures dunng

tuckpointing
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Table A2 Mass of dust callecied mn the vacuum cleancr

mmass collected 1 hag from
mass collected in bag fTom vacuum
Time penod vacimm cleaner for worker T
cleaner for worker $ {pounds)
(puunds)

5023 - momimg 254 7
3/23 - after noon 472 3

5124 mormung 14

5/25 afternoon 410 115
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Table A2 %51hea nthe dust collected in the vacuuwm cleaner

Tune pened

Vacoum cleaner

for worker 1

Vacuum

cleaner for worker 8

323 - mornmg 29 26
523 - afler noon 26 12
5724 moemmg 4%
523 afternoon 32 48
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Appendix B

The SAS System 07 04 Frday, June 15,2001 1

OBS DATE W L D LRD

i - el
1 37034 s v Q9893430 -0 06796 Authors annotation
3 37034 1 b DOM66 -336219 W - worker s= warker who used 1 motar
3 37035 s b 015504 -18G408 on vacuum cleaner, t = worker wha
4 37035 t b 005316 -2 83452 used 2 moters on vacuum cleanar
5 037034 ¢ v 019934 161277 L -samphng location, v= under vacuum cleaner
& 37034 s w 016576 -179720 w = worker
7 37034 s b 001507 -4 19509 b = end of swing stage
§ 37034 t v 015060 -189251 RD = respirable dust
9 7034 t w 00219 -2 16548 LRD = |n(RD)
10 37034 ¢ b 009413 -2 36307
1M 37034 ¢ w 011p28 -2 15178
12 37035 1 v 007641 -2 57162
13 37024 s w 017165 -1 76230
14 37034 s b 008583 245544
15 37035 1t w 004516 -3 097063
16 37035 t w Q12381 -2 085901
17 37035 s w 0Olesa? -1 79176
1B 37024 s v 01799 -171304
19 37033 s w 007594 .257776

20 37035 =2 v 017719 -] 73055
The SAS System 07 D4 Fnday June 15,2001 2
General Linear Models Procedure
Class Level Informalion
Class  Tevels Values
W 2 st
L 2 bvw

Number of obscrvations 1 data set = 20)

The SAS System 07 04 Foiday, June 15 2001 2
General Linear Models Proccdure

Dependent Vanable T.IRD

source Dy Sum of Squares Mean Square I Value Pr>1If
Model 3 6 74647736 1 34029557 261 00724
Error 14 725145594 031796114

Corrected Talal 19 13 99793180
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R-Square Y Root MSL LRD Mean

0 431962 -31 84651 071909517 -2 23088676
Source DF Type ] S5 Mean SByuare F Value Pr>F
W 1 I 39569693 1 30560695 269 01230
L 2 4 81910634 240955318 465 00282
WL 2 053167455 026583728 031 06094
Source DF Type LIl 58 Meun Square I’ Value Pr>F
W 1 1 30462597 130462507 252 01348
L. 2 4 81910636 240055318 465 00282
WHL 2 0 53167455 026383728 0531 0609

The SAS System 07 04 Frnday, June 15, 2001 7
General Linear Models Procedurs
Tubey's Studentized Range (HSD) Fest for vanable TR

NOTE This test controls the type [ cwpermentwise error rate. but generally
has a lgher type 1T error rate than REGGWO

Alpha= 005 4= 14 M50 517961
Crtcal Valve of Studentized Range= 3 701
Minmum Significant Dhilference= | 0412
WARNING Cell sizes are not cqual
Harmonic Mean of cell sizes= 6 545453

Means with the same tetter are not sigmificantly different

Tukew Grouping Meanm ML
A -1 5984 6w
A
B . -2 3041 A w
R
B -2B624 6 b





