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ABSTRACT

Three different dust controls for use with jackhammers were evaluated The objective of this
study was to quantfy the exposure reduction that could be achieved thraugh the vse of a water
spray attachnient and two different tool-mounted local exhaust ventilation shrouds during
voncrete pavemeni breaking with jackhammers  The effectiveness of the dust conlrols examined
tn this study was evaluated by measuning the reduction 1n the respirable dust cxposure in the
breathing zone of the construction worker when a dust control device was used conpared to the
exposure when no dust control device was uscd  Resparable dust exposure was measured 1n real
tume using a portable lascr photomeler In addition, personal breathing zone sumples were
collected and analyzed using established NIOSH methads Mean respirable dust concentrations
when using water as a control were consistently statistieally lower at the p<0 (15 level from the
means of all other types of controls, for both the personal breathing zone samples collected on
filters and the real-time results Use of waler, applied using a solid cene nozzle ai a flow rate of
350 mL. of walcr per mmute, also resulted 1n the greatest reduction in resparable dust
concentration when compared with no conlrol (72% tor filter samples and 90% for real-time
samples) Both local exhaust ventilation controls showed reductions 1n the 50 to 60% range
However, reductions using cxhaust ventilation controls were not statistically sigmificantly
drfferent from each other or from ne control at the p<{) 05 leve! due to the vanability of the
measurcments made when exhaust ventilation controls were used

v



INTRODUCTION

The National Institute for Oceupational Safety and Health (NIOSH) 15 located n the Centers for
Dnsease Control and Prevention (CDC}, under the Department of Health and Human Services
(DHHS) NIOSH was cstablished in 1970 by the Occupational Safety and Health Act, at the
same time thai the Occupational Safety and Health Admimstravon (OSHA) was established
the Department of Labor (DOL) The OSH Act legislation mandated NI{(JSH to conduct research
and education programs scparate from the standard-setting and cnforcement functions conducted
by OSHA An important arca of NIOSH rescarch deals with methods for controlling
occupattonal exposure to potential chemical and physical hazards

The Engineening and Phvsical Hazards Brunch (EPHB) of the Division of Appled Research and
Technology {[DART) has been given the lead wethmm NIOSH to study and develop engineering
controls and assess their impact on reducing occupational 1llness  Since 1976, EPHEB (and 1ts
predceessor, the Engineermg Control Technology Branch} has conducted a large number of
studies to evaluate engineering control fechnolegy based upon wdustry, process, or control
techmique  The ebjective of cach of these studies has been to evaluate and document control
techmques and to detcrmine ther effectiveness in reducing potential health hazards i an industry
or for a specific process

The goal of this project was to quanify the exposure reductian that could be achieved through
the use of a water spray attachment and two different tool-mounted local exhaust venulauton
shrouds during concrete pavement breaking with jackhammers  In thie case, the water spray
attachment consisted of a spray nozzle, of the type used with oal-burning furnaces, and associated
hoses and filtmgs  Water wus supplicd by a pressunized lank mounted on the arr-compressor
trailer The local exhaust ventilation (LEVY} included an off-the-shelf shround typically used with
Land-held rock drills and @ custom-made shroud The same dust collector, one sold for use with
the rock-drill hood, was used for both LEV attachments

OCCUPATIONAL EXPOSURE TO CRYSTALLINE SILICA

Silicosis 1s an occupanonal resperatory discase caused by mnhalimg respirable crystalline silica
dust Silicosis 18 irreversible, often progressive (even afier exposure has ceased), and potentally
fatal Because no effectrve treatment exists for silicosts, prevention through exposure control 15
essenbial Exposure (o respirable crystalline silica dust eccurs in many occupations, including
construction Crystalline sihica refers to a group of minerals composcd of silicon and oxygen, a
crystalline structure 15 one in which the atoms ar¢ arranged in a repeating three-dimensional
pattern | The three mayor forms of crystalline silica are quartz, cristobalite, and tidymite !
Quartz 15 the most common form of crystatline sihca ' Respirable refers to that portion of
airborne crystalline silica that 1s capable of entering the gas-exchange regions of the lungs if
mhaled, this includes particles with aerodynamic diamcters less than approximalely 10 pm 2



When proper practices are not followed or controls are not muintaimed, respirable crvsialline
sthea exposures can exceed the NIOSH Recommmended Exposure Limit (REL), the OSHA
Permtsaible Expasure Linut (PEL), or the American Conference of Governmental Industrial
Hygienists (ACGIH) Threshold Limit Value (TLV) ** NIOSH recommends an exposure Lt of
0 05 mg/m” 1o reduce the risk of developmg silicosis, lung cancer, and other adverse health
effects

The OSHA PEL for respirable dust contammg 1% quartz or more s expressed as an equation

10
R lePEL = — M ——— 1
espirable PE % Siia) + 2 {h

H, for example, the dust contains no ¢rystalline silica, the PEL 155 mg/m", and 1f the dust 13
100% crystalline sihica, the PEL 1s (0 1 mg/m” For tridymate and cristobalite, OSHA uses half the
value calculated usmg the formula for quartz The ACGIH TLVs for cristobalite, quartz, and
tridymite are all 0 05 mg/m’

METHODS

Exposure assessment

The effectiveness of the dust controls examined m this study was cvaluated by measurmg the
reduction in the respirable dust exposure in the breathing zone of the construction worker when a
dust control deviee was used comparcd to the exposure when no dust control device was used
Respirable dust exposure was measured m real tume using a portable laser photometer
(DUSTTRAK™ Acrosol Momitor, TS] Inc , St Paul, MN) connected via flexible tubing to a
respirable dust pre-selecior (a nylon cyclone) placed in the empleoyee’s breathing zone  In
addinion, personal breathing vone samples were collected at 2 flow rate of 4 2 Iiters/minute usmg
a battery-operated samplig pump at the cmployee’s wazst connected via Tygon tubing to a
pre-weighed, 37-mm diameter, 5-micron (un) pore-size polyvinyl ¢hlonde filler supported by a
backup pad 10 a three-piece filter casseite sealed with a cellulose shrink band in accordance with
NIOSH Methods 0600 and 7300, and a cyclone (GK 2 6% Respirable/Thoracic Cyclone , BGI
In¢ , Waltham, MA) placed 10 the employee’s breathing zone * In addition ta the personal
samples, bulk samples of settled dust were collacted in accordance with NIOSH Method 7500
Bulk samples were collected from two of the sound barriers and two of the reinforced concrete
pavement slabs shown in Figure | A bulk sample was callected from the bag at the outlet of the
dust collector as well, represchting a composiic of the matenal that was chipped and collected

Gravimetric analysis for respirable partiiculate was carried out with the following modifications
to NIOSH Melhod 0600 1) the hilters and backup pads were stored 1in an environumentally
controlled room (2041 °C and 50+4:5% relative humedity)} and were subjected to the room
conditions tor at least twe hours for stabtlization prior to tare and grass 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 himit of
detectzon for this method was (0 02 mg

Crystallime silica analysis of filter and bulk samples was performed using X-ray diffraction
NIOSH Method 7500 was used with the following modifications 1) filters were dissolved n
tetrahydrofuran rather than being ashed n a furnace, and, 2} standards and samples were run
concusrenlly and an extemnal calibralion curve was prepared from the integrated intensities rather
than usmg the suggested normalization procedure © These samples were analyzed for quartz and
cristobalite  The limuts of detectton for quartz and cristobalite on filters were 0 01 and 0 02 mg,
respechively  The hnut of quantitation 1s 0 03 mg for both quartz and crestobalite ' The himmts of
detection 1n bulk samples were O 8% for quartz and 1% for eristobalite  The humit of quantitation
was 2% far both forms of ¢rystalline silica m hulk samples

Description of controls

This study evaluated the effectiveness of lacal exhaust ventilathon and water spray controls  Two
diffcrent local exhaust ventilation controls were tested The first (Figure 2) was an off-the-shelf
rock dnll dust contral shroud (Suction Hoad PN 3214 2203 00, Atlas Copeo Construction
Mining Technique USA Ine , Commerce City, CQ) This shroud 15 mtended to Lie flat on the
work surface, while the bit of the pnenmatic tool ts mnscrted through the shroud nto the work
surface below  The shroud 1s sphit to allow for casy insertion and removal of the bit Air s
exhausted through a take-off in the side of the shroud, parallel to the plane of the work surface

In order to prevent the shroud from chmbing the jackhammer bt during use, a length of 4-inch-
diameter corrugated black plastic drainage pipe was placed between the shroud and the
Jackhammer and secured with duct tape (Figure 3)

The second shroud (Figures 4 and 5) was designed and customn made for this project (Eurovac,
Concord, Ontarro, Canada) It consislcd of a steel collar welded to a steel “U,”" that was m turn
welded to two steel tangs that were attached to the jackhammer wath the latch bolt A 7-inch
length of 3-inch-diameter wire-wound elear flexible tubmg was attached to the bottom of the
collar with a hose clamp This ftubing served as the nlet for the shroud The shroud was
exhausted through a length of 1 5-inch-diameier steel tubing thai was atiached to the collarata
90° angle, which was welded to another length of 1 5-mch steel ubing at a near 90° angle, with
the opening {the vacuum hose altachment point) pomung up the barrel of the jackhammer,
toward the handle A NIOSH technician welded a piece of flat steel plate across the top of the
steet “U” to prevent air from entering the exhaust stream through that operung (Figure 6} The
manufacturer recommended an exhaust flow rate of 100 cubic feet per munute (¢fm) at 70 to &0
inches of water 1n order to effectively capture the dust ®

The water spray attachment was fabricated by one of the contractors who participated in this
study (Tilcon New York, Inc at their Mt Hope facility in Wharton, NJ)  The waler nozzle used
was a solid cone nozzle of the type used for o1l bumers (Type B, 11 00 GPH, 80°, Delavan Inc



Fuel Metering Products, Bamberg, SC) 1t was mounted 1n a brackct welded on the end of the
jackhammer and connected via flexible 16 pounds per square inch (psi} ¥8-inch-diameter
hydraulic line to a quarter-turn valve mounted near the handle of the jackhammer A length of
Ye-mch-diameter air hose led from the valve to a 60-gallon water tank {pressunized 1o 22 psi)
mounted on the wr compressor trailer (Figures 7 and 8) The pressure m the tank was controlled
by aregulator The contracior estimated that the cost for parts and machining was approxunately
$20000°

Expermmental design

For the trials with the venlilatlion conirols, 60-1b jackhammers (also known as pavement
breakers) were used that were similar to the types typically used by the contractors with whom
we worked on this project  Due to a lack of communication among the partners, a 90-1b
jackhamemer was used for the trials with the water-spray control The ventilation
control/jackhammer pairs were connected via flexible hose to a rock-drill dust collector {DCT-
19, Atlas Copeo Construction Mimng Techmique USA Inc , Commerce Cily, CO} The
manufacturer reports that this untt has a maximum flow capacity of approximately 100 cfin at an
operating pressure of 8 bar (116 ps1)® At that flow rate, the maximum static pressure is reported
1u be approximalcly 450 mullimeters of water (17 7 inches of water) ” The jackhammers werc
used with 3-inch chisel buts for all trials, except for the first use of the water-spray control, where
a standard moil point chisel was used For the trials where no control was used, the construction
workers used the 60-1b jackhammer normally supplied by their employer

The am of this study was to estimate the reduction in dust produced by the units with controls
comparcd to that produced by those without controls Percent reduction was estuiated by

Estimated % Reduction = 100 x [1 - {contral mean)/( no-control mean)] (2)

In order 1o measure this reduction, nals of the controls were conducted 1n 4 rounds consisting of
4 trials m each round The order of the trials was randonmized within each round (see Figure 9)
Each inal lJasted approximately 10 munutcs Real-ime and filter samples were collected during
gach trral  [Note A weld on the custom-made shroud broke after the thard thal (Figure 10} ]

Each tnal consisted of using a jackhammer to break up a slab of reinforced concrete pavement or
a concrete sound barrier (laid on 1ts side) m the matenials storage yard of the participating
construction company (Figure 1) Two construclion workers particepated in the study Both
workers wore hard hats, safety glasses, car plugs, work gloves, work hoots, and half-facepiece
dual carindge air-punfymg respirators with P100 filiers  In addition, each wore a metal toe guaid
on one fool while operating the jackhammers

Wimnd and weather measurements

Wind direction and velocily were measured using an vltrasomce wind sensor (WindObserver I,



Gill Instruments Ltd , Lymington, England) placed on a low wooden stand near (but not blocked
by} the air compressor trailer  The compressor’s battery provided power Lo the sysiem through a
vollage mverter Temperature and relative hurmidity were recorded twice during the course of the
day using a multi-parameter ventilation meter (VELOCICALC® Plus model 8386, TSI Inc , St
Paul, MN)

Water flow measurements

Water flow through the spray nozzle was measured using o stopwaich and a measuning cup The
stopwatch and water flow were started simultaneously and the amount of water dispensed 1n one
minute was recorded Three measurements were performed in erder to obtamn an average flow
rate

Statistical methods

All data were first tested for lognormality, and data were found to be lognormal  Statistically
significant differences in mean concentratrons with various types of controls were determined
using a onc-way analysis of variance of the log-transformed data Bonferron: adjustments were
dane for compansons between mean control levels

RESULTS AND DISCUSSION

Effect of controls on respirable dust exposures

Mean respirable dust concentrations when using water as a control were consistently staustically
lower al the p<Q (5 level from the means of all other types of contrels, for both the personal
breathing zone samples collected on fillers und the real-time resulls  Reduclions using exhaust
ventilation controls were not statistically significantly different from each other or from no
control at the p<0 05 level due to the vanability of the measurements made when exhaust
ventulation controls were used  Air sampling results from the filter samples are presented in
Table 1 Recal-time z1r sampling ecsults are provided m Table 2

Use of water also resulted i the greatest reduction in respirable dust congentration when
compared with no control {72%, for atr samples and 90%, for real-tune samples} Both shroud
and vacuum controls showed reduciions m the 5(0% to 60% range Percent reduction for cach
type of control 1s given m Table 3

Crystalline silica samphng results

Analysis of the sound barrier bulk samples indicated that they contained 19% quartz (by weight)
The two samples of reinforced concrete pavement contained 23 and 28% quartz  The sample
from the dust collector contained 19% quartz



Three of the personal breathing zone samples were not analvzed for silica because the mass of
respirable dust collecied on the filter did not cxceed the hrmit of quantitation for stlica (¢ 03 mg
for both quartz and cristobalite on filter samples) Thesc samples were collected during the usc
of the water spray in rounds ong and three, and during the use of the rock-drill shroud n round
two Cristobalite was not detected on any of the filters {the limut of detection was 0 02 mg)
Trace amounts of quartz, between the lunit of detection and limit of quantitation, were found on
three filters These were collected when no control was used 1n the third and fourth round, and
when the custom-made hood was used in round three  Quartz was not detected 1n the remaiming
personal breathing zone samples These results were due 1 part to the fact that the mass of
respirable dust colleeted on all of the samples was low (<0 02 mg io 0 |4 mg of respirable dust)
Even 1f the dust in those samples contamed 22% quartz, the average amount in the bulk samples
(resuling m 0 004 mg to 0 03 mg of quariz on the filters), the mass of quartz on the filters would
not have exceeded the inut of quantitation  This illustrates one of the drawbacks of using short
sampling fimes when gvaluating controls

Wind and weather resulis

The average wind speed was 4 mph, with a maximum of 13 mph  The prevailing wind was to
the west (average bearing 90 degrees) The workers’ positions n relation to the wind direction
changed throughout the day, 5o no attempt was made to correlate wind speed with exposure
However, bascd on observations of the airborne dust, the wind did not appear to lunder the
effectiveness of the controls  The temperature ranged from 71 to 73 °F, and the relative humadity
ranged from 41 to 43%

Water flow results

The water spray attachment delivered approximately 350 mL of waler per minute at the
jackhammer This flow rate reduced dust by an average of 72 to 9% when compared to no
conlrol  Water supplied at this flow rate did not add a substantial amount of water to the work
surface [n fact, the surface dried to the touch after the pavement breaking trial stopped
Additionally, use of the water control device did not wet the workers” clothing or shoes

Conclusions and recommendations

This study demonstrated that a water spray control that used a rcadily available nozzie al a low
flow rate was capable of achieving a 70 to 90% reduction n respirable dust exposures Twao
ventilation shrouds were capable of achieving reductions 1n the range of 50 to 60%  Although
these reductions were not significantly different from no control, they indicate that ventilanon
shrouds menit further investigation  [n addition, the dust collector seleeted for this evaluation did
not operate within the parameters recommended by the maker of the custom-made shroud  Thus,
the custam-made shrond should be re-evalualed using a dust collector that 15 capable of



producing a negative pressurc in the range specified by the shroud manufacturer  The fact that
lhe shroud broke indicates that o mere rugged design may be required, perhaps a cast piece rather
than a welded shroud would suffice

Another limlatton of this study 1s that a 90-]b jackhammer was used with the water spray
control, while 60-Ib jackhammers from three dufferent manufaciurers were used for the two LEV
controls and the no-comtrol condition  The effect of the heavier hammer on the samphing results
when compared o the lighter hammers 1s unknown  Although the three 60-1b jackhammers were
nearly identical 1n their appearance, the effect of using jackhammers from different
manufacturers 18 not known  The fact that the jackhammer used with the custom-made hammer
was ncw at the time of the survey, while the other jackhammers were not, may have also
miroduced crror

The water spray device was very cffecuve m reducing respirable dust concenirations  The
current configuration consisted of one nozzle arned at the front of the jackhammer chisel
Additional designs should be constructed and tested, to deternine f a different nozzle
arrangement, flow rate, or nozzle type would result in better conirol

Full-sluft sampling should be conducted using the water spray conirol to confirm 1ts effectiveness
during actial pavement breaking tusks  This would also allow investigators to determme 1f
peint-of-operation visibility 1s hampered by this centrol Future versions of the watcr spray
device may uliltze pressurzsed waler tnes rather than a pressunzed water tank

The benefits of the cxpenimental design used i this study were reduced exposurs to the worker
and relanvely quick assessment of controls, which were made possible through the use of a real-
time acrosol mstrument and the higher-flow cyclone The design also allowed the investigators
to select the water-spray control for further evaluation 1n the field
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Table | Results of Personal Breathing Zone Samples for Respirable Dust Collected on Filters

Concentrahion Gcomeine Mean  Geometne

~Round _Toal Descriphion (g’ (mg/m') Std, Dev
| 1 no control 145

2 5 no control 143

2

3 10 no conirel 333 06 153

4 __ 14 nocomtrel _ 262 . ___

1 2 water spray 023

2 7 wiler spray 090

3 9 water spray 052 035 187

A 18 waterspray 083 e _

| 1 3 rock-dnll shroud 076

2 6 rock-drilt shroud 1 60

3 12 rocl—drill shroud 093 087 142
c 4. 13 rock-dnlishroud 0 136 _ e

1 custom-masde shronud 126

2 8 custom-made shrowd | 38 112 133

3 11 custom-made shroud 081

Note A weld broke on the custom-made shroud after the thurd trial A fourth trial was not
conducted with that control
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Table 2 Direct Reading Resptrable Dust Results

Geometric
Mean
Concentration Geometric Mimmum Medtan Maximum

Round Trial Deseription N (mg/m) __Std Dev. (mg/m') (me/m™ (ng/hn'}

| 1 1 nocontrol 758 (38 652 001 039 2716
; 2 5 no ¢ontrol 613 0 70 476 001 (8] 2372
b3 1 no control 611 1 35 4 39 002 169 3691
.4 14 nocontrol 659 052 665 001 050 63 97
| 2 water spray 651 004 359 001 003 4 57
2 7 water spray 675 003 4 6h ¢ 01 004 728
3 9  waler spray 617 007 476 001 005 823
415 waterspray 619 016 354 00L 015 344
| 1 3 rock-dnlishrond 595 045 302 001 049 532
2 6 rock-drill shrond 642 059 330 002 0 66 20 418
3 12 rock-dnll shroud 607 ¢52 340 002 {51 2777
L 4 13 rockdollshroud 629 _ 060 28 003 _ 064 1601
1 custom-madc
4  shroud 623 (44 4 66 001 0352 12 50
2 custom-made
& shroud 631 015 754 (00 011 40 14
3 custom-made
1l shroud 621 022 4 66 00l 019 17 00

Note A weld broke on the custom-made shroud after the third trial A fourth trnial was not
conducted walh that control
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Table 3 Reduction in Expoesure for Each Control Versus No Control

_ Lype of Sampling Control %4 Reduction
waler spray 717

! Respirable Dust on Filters rock-dnll shroud 587

e _ . __kustom-made shroud 473
water spray %01
Real-Time rock-drill shroud 573

custom-made shroud SR7

11
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Figure 2 The rock-dnll shroud

Figure 3 The rock-dnll shroud m use

Figure 4 The ¢custom-made shroud
Fiexible tubing remaoved for clarity
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Figure 5 The custom-made shroud 1n use
The dust collector 15 1n the foreground

Figure 6 Plate welded across top of the U to
block air from entering the hood View 1s
from the bottom

Figure 7 The water spray attachment,
showing method used to attach the nozzle 1o
the tool
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F lgre & The jackhammer with the water
spray 1n use
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Rounds Trals
1 2 3 4
] ne control water spray rock-drifl shroud | custom-made
shroud
5 b 7 3
2 no control rock-dnll shroud wiler spray custom-made
shroud
9 10 11 12
3 water spray ne control custom-made | rock-drill shroud
shroud
13 14 cirsigm-madt 15
4 0
rock-drll shroud no control water spray

Nole X indicates that this trial was not Tun because a weld on the shroud broke
Figure ¥ Four Rounds of Randomzed Trials Used To Evaluate Dust Controls
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Figure [0 The broken weld on the custom-
made shroud
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