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ABSTRACT

When construction workers usc hand-held grinders to smooth poured conerete surfaces after
forms are stripped, they nisk overexposure to respirable dust and crystalline silica  This report
examines the performance of a local exhaust ventilation system for hand-held gnnders The
system consisted of the gnnder, which was equipped with a venhilated shroud, a length of flextble
corrugated hose, and a portable electnc vacuum cleaner that acted as the fan and dust collector for
the ventilation system Auir samples for respirable dust and crystalline sihca were collected during
five days of gnndmg  Eight-hour TWA respirable dust results ranged 0 55 mg/m? to 1 2 mg/m’,
or from (0 45 to 1 5 imes the PEL.  These results exceeded the OSHA PEL for respirable dust
contalmung > 1% quartz on 4 of 5 sampling days Eight-hour time weighted average quartz
exposures ranged from 0 036 mg/m? to 0 13 mg/m’, or from 0 72 to 2 6 times the REL of 0 05
mg/m’. These results exceeded the NIOSH REL for crystaliine stlica on 4 of 5 sampling days
The results of arr samphing mdicate that this vacuum cleaner and shroud system contro! exposures
within the range of protection provided by a half-mask respirator
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INTRODUCTION

The National Institute for Gecupational Safety and Health (NIOSH) 1s located 1n the Centers for
Dhsease Control and Prevention (CDC), under the Department of Health and Human Services
(DHHS) NIOSH was estabhshed m 1970 by the Occupational Safety and Health Act, at the same
tume that the Occupational Safety and Health Adminmistrabion (OSHA) was estabhished i the
Department of Labor (DOL) The OSHAct legislanon mandated NIOSH fo conduct research and
education programs separate from the standard-setting and enforcement fanctions conducted by
OSOA  An imporiant area of NIOSH research deals with methods for controlling occupational
exposure to potential chemmcal and physical hazards

The Engineenmng and Phystcal Hazards Branch (EPHB) of the Division of Applied Research and
Technology (DART) has been given the lead within NIOSH to study and develop engineenng
controls and assess thetr impact on reducing occupational illness  Since 1976, EPHB {and 1ts
forerunner, the Engimeenng Contro! Technology Branch) has conducted a large number of studies
to evaluate engineening control technology based upon mdustry, process, or control techmque
The objective of each of these studies has been to evaluate and documcnt control techmques and
to determuine the effectiveness of the confrol technigues in reducing potential health hazards m an
mdustry or for a specific process

This 1s the second report of a project to investigate exposures to construction workers that result
from clipping and gnnding concrete and other construetion matenals that contam crystallme
sihea, and engineenng controls to reduce those exposures  This report descnibes the exposures
that resulted from the use of local exhaust ventilation dunng concrete gnnding  Exposures and
controls associated with fuck-pointing, whach typically involves remaving mortar from brick and
bleck walls with grinders, are described 1n other EPHB reports from this praject

OCCUPATIONAL EXPOSURE TO CRYSTALLINE SILICA

Silicosis 1s an occupational respiratory disease caused by inhaling respirable crystalline silica dust
Silicosis 1s ureversible, often progressive (even after exposure has ceased), and potentialiy fatal
Exposure to sihica dust oceurs m many cccupations, wcluding construchion  Because no effective
treatment exists for silicosis, prevention through exposure control 1s essential ' When proper
practices are not followed or controls are not maintained, silica exposures can exceed the NIOSH
Recommended Exposure Limit {(REL) or the OSHA Pemmussible Exposure Limut (PEL) '

The NIOSH REL for respirable crystalline sihea 1s a 10-hour, tme-weighted average level of ¢ G5
mg/m® NIOSH has classtfied erystalline s1lica as a potential occupational carcinogen  Therefore,
NIOSH recommends that employers make efforts to reduce silica exposures below the REL

The OSHA PEL for respirable dust containing 1% quartz or more 15 expressed as an equation

10
{% Silica) + 2

Respirable PEL =



Thus, if the dust contams no ¢rystaliing silica, the PEL 1s 5 mg/cubic meter (m’), and 1f the dust 15
100% crystalline silica, the PEL 1s 0 1 mg/m® For tndymute and cnstobahtc (other forms of
crystallme sihea), OSHA uses half the value calculated using the formula for guartz

METHODS

Personal breathing zone samples were collected at a flow rate of 1 7 hiters/minute using a battery
operated sampling pump connected via Tygon tubing to a 10-millimeter (mm) nylon cyclone (a
Dorr-Oliver cyclone) and a pre-weighed, 37-mm diameter, S-micron (pm) pore-size polyvinyl
chlonide filter supported by a backup pad in a two-piece filter cassette sealed with a cellulose
shrink band, 1n accordance with NIOSH Methods 0500 and 750¢ * In addition to the personat
samples, bulk samples of settled dust were collected 1n accordance with NIOSH Method 7500
Two personal breathing zone samples were collected each day The pump was tumed off during
breaks and at lunch time, and when the worker left the arez or performed a task other than
grnding

Samples were analyzed m accordance with NIOSH Methods 0600 and 7500 with modifications
Gravimetric analysis for respirable particulate was carried out with the follewing modifications fo
NIOSH Method 0600 1) The filters and backup pads are storcd in an environmentally controlled
room (2143 °C and 50+5% relative humidity) and are subjected to the room conditions for at least
two hours for stabihzation pnior to tare and gross weighing, and, 2) Twe weighings of the tare
weight and gross weight are performed The difference between the average gross weight and the
average tare werght 1s the result of the analysis  The himut of detection for this method 15 0 02

milhgrams (mg}

Crystalline silica analysis was done ustng X-ray diffraction NIOSH Method 7500 was used with
the following modifications 1) Filters were dissolved in tetrahydrofuran rather than beimng ashed
in a fumace; and, 2) Standards and samples were mn concurrently and an external cahibration
curve was prepared from the integrated mtensities rather than using the suggested normahization
procedure These samples were analyzed for two forms of crystalline silica, quariz, and
cristobalite  The lunuts of detection for quartz and cnistobalite on filters are 0 01 and 0 02 mg,
respectively  The hinait of quantitation 1s ¢ 03 mg for both quartz and cnistobalite on filters  Bulk
samples were collected and analyzed qualitatively for quartz and cnstobahte by X-ray diffraction
to determine 1f any mnterference were present in the matenal The limts of detection 1n bulk
samples are & 8% for quartz and 1% for cristobahte The hmit of quantitation is 2% for both
forms of crystalline silica 1n bulk samples

Productivity was quaniified by using a tape measure to mark off the area of concrete surface
fimshed dunng each day of sampling Vacuum cleaner performance was measured i terms of the
capacity of the vacuum cleaner bag, the total pressure of the vacuum cleaner, and the static
pressure and air flow through the shroud-hese-vacuum cleaner system Bag capacity was
measured using a portable electronic scale to weigh the empty bag and weigh the bag when the



cement mason judged 1t to be full  The time was also noted each time the vacuum cleaner bag
was changed to deternnne how long 1t took the vacuum cleaner to reach its capacity Static
pressure was measured by inserting a smooth-walled metal tube the same diameter as the vacuum
cleaner hose 1 line with the hese between the shrond and the vacuum cleaner and measunng the
suction using a U-tube manometer placed on a hole dnlled 1n the side of the metal tube while the
shroud was held against a flat surface A flow was calculated by measuring the air velocity m
the vacuum cleaner hose and muluplying this by the cross sectienal area of the hosc  Pressure and
amr veloeity measurcinents were made a sufficient number of hose diameters from the togl and the
vacuurn cleaper to mitigate the effects of turbulence on the measursments  Centerhine velocity
was measured using a TSI Velocicalc Plus model §386 multi-parameter ventilation meter

RESULTS

The work desenbed 1n this report involved ysing an electric hand-held grinder to remove surface
imperfections from poured concrete walls and columns The work took place inside a parking
garage undcr construction. All of the work dunng the sampling days took place on level 1
(ground level) which was an enclosed area except for the entrance and exit at erther end The
cement fiimsher wore wark boots, work glaves, a hand hat, safety glasses, and a face shueld whle
grinding  In addition, he wore a 3M model 6300 dual cartridge half-mask air-punfying respirator
with 3M model 2096 P1G0 filters He used a Metabo model W7-115 Quick 10,000 rpm grinder to
gnnd the concrete, except on March 6, when he used a Bosch model 1347A gnnder The gnnders
were equipped with a Pearl Abrasive Vacu-Guard shroud connected to a Pust Control model DC
2700 C vacuum cleaner equipped with a Model 4504 pleated cellulose filter with a surface area of
I 5 square meters Thas filter 1s rated by the manufacturer to be 99 99% efficient when tested
using DIN 24184, a European standard, by the German certification organization
Berufsgenossenschafthches Institut for Arbertssicherheit (BIA) The test aerosol (s composed
mostly of silica dust with a particle size range of 1-3 micrometers * Two different DC2700 C
vacuum cleaners were used The vacuum cleaner used duning the first two days of sampling had
visible dust inside the motor housing and inside the manometer, dicating that dust may have
been bypassing the filter. The vacuum cleaner used on the following three days of sampling did
not have any visible dust insrde the motor housmg or the manemeter

Industrial hygiene sampling

The results of air samphing and analyses for respirable dust and quartz are presented in Table 1
No cnstobalite was detected 1n any of the air samples Bulk sample resulis ranged from 7 4 to
15% quartz 1n samples of concrete dust No cnistobahite was detected 1n any of the bulk samples

PELs for respirable dust containing » 1% crystalline sihca for each day were calculated based on
percentage of quartz in samples. PELs were tested and found to follow 2 lognommal distribution
(in order to perform statistical tests based on the shape of the distnbution) with mean PEL over
the 5 days of .83 mg/m® Table I shows that 8-hour TWA respirable dust results ranged ¢ 535



mg/m’ to 1 2 mg/m’, or from 0 45 to | 5 times the PEL.  These results exceeded the OSHA PEL
for respirable dust contaimung = 1% crystalline silica on 4 of 5 sampling days Respirable dust data
were tested and found to follow a lognormal distnbution  Logarithms of the measured values
were therefore used for further analyses The arithmetic mean concentration was estimated to be
1 14 mg/m? with geometric mean of 1 35 mg/m’ and geometric standard deviation of 1 43 An
upper exact 95% confidence limit for exposure levels was found to be 1 83 mg/m’, indicating that
we can be 95% confident that the true anthmetic mean exposure for respirable dust in this case 1s
less than 1 83 mg/m* We can be 95% confident that the true mean exposure s less that 5 tintes
the (average) PEL of 83 mg/m’ Five ines the PEL was chosen as an arbitrary it because 1t 1s
one half the assigned protection factor of a half-faceprece respirator, and thus offers a large
margin of safety for the use of that {ype of respirator

Review of Table 1 also indicates that 8-hour ime weighted average quartz exposures ranged from
0 036 mg/m’ 10 0 13 mg/m?, or from 0 72 1o 2 6 tumes the REL of 0 05 mg/m’ These results
exceeded the NIOSH REL for crystalline silica on 4 of 5 sampling days The quartz data was also
tested and found to follow a lognormal distnbution Loganthms of the measured values were
therefore used for further analyses The anthmetic mean concentration was esiimated to be 0 159
mg/m’ with geometric mean of 0 142 mg/m* and geometric standard deviation 1 655 An exact
95% confidence Iimit for exposure levels was found to be 233 mg/m’, indicating that we can be
95% confident that the true anithmetic mean exposure for quartz m thas case 1s less than 233
mg/mr We can be 95% confident that the true mean exposurc 1s Icss that 5 tmes the REL of
05mg/m’

Productivity and perfermance

Table 2 lists the square feet of concrete surface fimshed each day These typicalty mcluded a
rixture of walls and columns The vacuum cleaner bag was emptied twice on February 21 and
22, once on February 26, a day which was devoted primanly to finishing six sets of pared
columns, twice on March 2, and once on March 6, a day which also involved grindimg more
columns than walls The scale was used to weigh bags on February 22 The two full bags
weighed approximately 18 pounds each It was not clear whether the decision to empty the bag
was determuined by the physical capacity of the bag, or a decision by the cement mason to change
the bag at a manageable size and weight

Aar velocity measurements were made once each day on February 21 and 22 and on March 2 The
average airflow caiculated from these measurements was 96 cubic feet per munuie (range 86 to
106 cfin) Static pressure was measured on March 2 and found to be 21 mches of water (in wg)

A graph in the manufacture’s catalog rates the flow at approximately [00 cfm at a statc pressure
of approximately 21 1n wg, indicating that performance 1 the field 1s in line with the
manufacturer’s spectfications.* The manufacturer rates the maximum flow of this vacuum cleaner
as 112 cfm, with 2 maximum negative pressure of 84 1n wg.



DISCUSSION AND CONCLUSIONS

The results of arr sampling indicate that this vacuum cleaner and shroud system control exposures
within the range of protection provided by a half-mask respirator, and the task of changmg bags
artd cleaning the vacuum cleaner filter do not seem to interfere with the productivity of ithe cement
mason He reporled that electricians had told im that they didn’t need to clean concrete dust
from the hght fixtures they were instatling, and form crews were able to work nearby stnppmg
forms while he was gnnding (the 1ssue of bystander exposures 15 beyond the scope of this study,
but should be addressed) Uncontrolled grinding would not have permitted this to occur  In fact,
tasks that took place nearby such as form stripping, drilling holes for pipe hangers, floor
sweeping, and forklift traffic, may have contnbuted to the cement mason's exposure  This
illustrates one of the difficultics i conducting ficld studies to assess the effectiveness of
engineenng controls for construction tasks

The selecticn of the vacuum cleaner filter may also have contnibuted to the cement mason’s
exposure if fine particles that passed through the filter A future study could determune the
particle size distnbution associated with concrete grinding to aid in filter selecbon The same
study could address the 1ssue of effective filler hfe, to determing a filter change schedule The
same company that manufactures the vacoum cleaner produces a device that uses compressed air
to clean the filters, thus potentially prolonging therr usable life

There was a learming curve associated with the use of the vacuum cleaner and shroud on the part
of the cement mason and the employer Imtially, the cement mason cleaned the filter by removing
it from the vacnum cleaner and dropping or pounding it on the floor of the garage  This was the
techmque he used with a camister vacuum that he had used previously with thos shreud, and he
reportediy had nof recerved trammng 1 the use of the new vacuum cleaner He learned io use the
valve an the side of the vacuum cleaner to use back pressure to clean the filter, which reduced
down tume and probably prolonged filter hfe In addgtion, because of a reported shortage of bags,
the cement mason dumped the filled bags on the floor, where they became an aerosol source when
forklift traffic drove through them or when thiey were swept up by another worker Finally, the
wetght of the shroud and hose m addition to the grinder, used for penods of up to 340 minutes,
reporiedly caused some upper extrermity pain for the cement mason  However, this may bave been
due 1n part to hus practice of reachuing as high on the wall as he could whtle grinding, and only
usintg his portable scaffold for the portion at the top of the wall that was beyond his reach

Keeping the tool m a neutral position i front of his body mught reduce hus discomfort

While thas shroud was only able to reduce exposures to levels that were mn excess of applicable
exposure [imits, one should remember that 1n this study, the cement mason spent most of the day
grinding walls, which 1s not typical of s work  Thus, 1n actual use, the time weighted average
exposures would be somewhat lower
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