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Case Studies

Control of Respirable Dust and Crystalline Silica
from Breaking Concrete with a Jackhammer

Dawn Tharr, Column Editor

Reported by Alan Echt, Karl Sieber,
EricaJones, Donald Schill, Daniel Lefkowitz,
Joseph Sugar, and Ken Hoffner

The Engineering and Physical Haz-
ards Branch (EPHB) of the National
Institute for Occupational Safety and
Health (NIOSH) has been given the lead
within NIOSH to study and develop en-
gineering controls and assess their im-
pact on reducing occupational illness.
The objective of each of these studies has
been to evaluate and document control
techniques and to determine their effec-
tiveness in reducing potential health haz-

ards in a specificindustry or for a specific . . .
process. The goal of the project reporte&*OOd PN 3214 2203 00, Atlas Copco4-inch-diameter corrugated black plastic

in this article was to quantify the ex- Construction Mining TechniqL_Je USA, drainage pipe was placed between the
posure reduction that could be achievew?" Commerge City, CO). This shroudshroud and the jackhammer and secured
through the use of a water-spray attacHS |r_1tended t_o lie flat on the wor_k surfaqe,vvith duct tape.

ment and two different tool-mounted lo-While the bit of the pneumatic tool is  The second shroud (see Figure 2)
cal exhaust ventilation shrouds durind’nsertedthroughtheshroudintotheworlwas designed and custom made for
kSurface below. The shroud is split tothis project (Eurovac, Concord, Ontario,
hammers. In this case, the water-spra IIow_for easy insertion and removal ofCanada). It consisted of a steel collar
attachment consisted of a spray nozzl e_b|t. Air is exhausted through a takewelded to a steel “U,” which was in turn
(of the type used with oil-burning fur- off in the side of the shroud, parallelwelded to two_ steel tangs that were at-
naces) and associated hoses and fitting@. the plane of the work ;urfa}ce. Totached tq the Jackhammgr W|th'the latch
Water was supplied by a pressurized tanRrevent the shroud_ from climbing thebqlt.A?-mch length of 3-|nch-d|_ameter,
mounted on the air-compressor trailed@ckhammer bit during use, a length ofwire-wound, clear flexible tubing was

The local exhaust ventilation (LEV) in-
cluded an off-the-shelf shroud typically
used with hand-held rock drills and a
custom-made shroud. The same dust col-
lector (one sold for use with the rock-
drill hood) was used for both LEV
attachments.

FIGURE 1
The rock-drill shroud.

concrete pavement breaking with jac

Background

This study evaluated the effectiveness
of LEV and water-spray controls. Two
different LEV controls were tested. The
first (see Figure 1) was an off-the-shelf FIGURE 2
rock-drill dust control shroud (Suction The custom-made shroud (flexible tubing removed for clarity).
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attached to the bottom of the collar withFigure 3). The pressure in the tank wasluced by those without controls. Percent
a hose clamp. This tubing served as theontrolled by a regulator. The contractoreduction was estimated by:
inlet for the shroud. The shroud wasestimated that the cost for parts and ma-
exhausted through a length of 1.5-inchehining was approximately $200.60.
diameter steel tubing that was attached
to the collar at a 90-degree angle, whiclExperimental Design
was welded to another length of 1.5-inch ~ For the trials with the ventilation con- (no-control mean)]  [1]
steel tubing at a near 90-degree anglérols, 60-pound (Ib) jackhammers (also . .
with the opening (the vacuum hose atknown as pavement breakers) were used In order to measure this reductlo_n,
tachment point) pointing up the barrelthat were similar to the types typicallytrlals of the cont_rol; were conducted n
of the jackhammer toward the handle. Aused by the contractors with whom Wefourrounds conS|st!ng of fourtrials eqch.
NIOSH technician welded a piece of flatworked on this project. Due to a IackThe_Order of the trials was randomized
steel plate across the top of the steel “Ubf communication among the partners, Y |th|_n each round_. Each trial Ia_sted ap-
to prevent air from entering the exhausB0-Ib jackhammer was used for the trial _roxmately 10 minutes. Real-tl_me and
stream through that opening. The manwith the water-spray control. The ven- |I_tersamples were collected during each
ufacturer recommends an exhaust flowilation control/jackhammer pairs weret”al' (Note: Aweld on thg cusFom-made
rate of 100 cubic feet per minute (cfm)connected via flexible hose toarock—drillShrOUd bque aﬁe( the third trl|al.) .
at 70 to 80 inches of water to effectivelydust collector (DCT-10, Atlas Copco Each trial consisted of using a jack-
capture the dust) Construction Mining Technique USA, hammer 10 break up a slab of reinforced
The water-spray attachment was fabinc., Commerce City, CO). The manu_congrete pavemgnt or a co ncrete sound
ricated by one of the contractors whodfacturer reports that this unithasamaxi-t?arrler (laid on its side) in thglma.te—
participated in this study (Mt. Hope Rockmumrowcapacityofapproximately100rIaIS storgge yard of the participating
Products, Inc., Wharton, NJ, a divisioncfm at an operating pressure of 8 baﬁonstructlon company. TV.VO construc-
of Tilcon New York, Inc., West Nyack, (116 psi). At that flow rate, the max- tion workers participated in the study.
NY). The water nozzle used was a solidimum static pressure is reported to bgoth workers wore hard hats, safety
cone nozzle of the type used for oilapproximately 450 millimeters of Waterglasses, ear plugs, v_vork gloves, vyork
burners (Type B, 11.00 GPH, 8§ela- (17.7 inches of watefy) The jackham- boots, and half-facepiece dual cartridge
van Inc. Fuel Metering Products, Bam-mers were used with 3-inch chisel bitsalr-purlfymg. respwators with P100 fil-
berg, SC). It was mounted in a brackefor all trials except for the first use of ters. In addition, each wore a m_etal toe
welded on the end of the jackhammethe water-spray control, where a stanguard on one foot while operating the
and connected via flexible, 16—pounds-dard moil-point chisel was used. For;ackhammers.
per—square—inch (ps¥g-inch-diameter the trials where no control was used,
hydraulic line to a quarter-turn valvethe construction workers used the 60-ljjathods
mounted near the ha_ndle of_ thejackhgn]'ackhammer normally supplied by their 114 offectiveness of the dust controls
mer. A length of%/g-inch-diameter air employe_r. _ _ examined in this study was evaluated
hoseIedfromthe_valvetoa60—.gallonwa— The aim of this study was to estlmateoy measuring the reduction in the res-
ter tank (pressurized to 22 psi) mountedhe reduction in dust produced by thepirable dust exposure in the breathing

on the air compressor trailer (seeunitswith controls compared tothatpro—Zone of the construction worker when

a dust control device was used com-
pared to the exposure when no dust
control device was used. Respirable
dust exposure was measured in real
time using a portable laser photometer
(DUSTTRAK™ Aerosol Monitor, TSI
Inc., St. Paul, MN) connected via flexible
tubing to a respirable dust pre-selector (a
nylon cyclone) placed in the employee’s
breathing zone.
_ In addition, personal breathing zone
s samples were collected at a flow rate
§ of 4.2 liters per minute using a battery-
- . operated sampling pump at the emplo-
FIGURE 3 yee’s waist, connected via Tyg8rub-
The water-spray attachment, showing method used to attach the nozzle to the toglto a pre-weighed, 37-mm-diameter,

Estimated % Reduction
= 100x [1 — (control mean)/
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5-micron (wm) pore-size polyvinyl chlo- The limit of quantitation is 2 percent for types of controls were determined us-
ride filter supported by a backup padboth forms of crystalline silica in bulk ing a one-way analysis of variance of
in a three-piece filter cassette sealedamples. the log-transformed data. Bonferroni ad-
with a cellulose shrink band in ac- Wind direction and velocity were justmentswere done for comparisons be-
cordance with NIOSH Methods 0600measured using an ultrasonic wind sertween mean control levels.
and 7500, and a cyclone (GK 2.69sor (WindObserver IlI, Gill Instruments
Respirable/Thoracic Cyclone, BGI, Inc.,Ltd., Lymington, England) placed on aResults and Discussion
Waltham, MA) placed in the employee’slow wooden stand near (but not blocked Mean respirable dust concentrations
breathing zoné&) by) the air compressor trailer. The comwhen using water as a control were
In addition to the personal sam-pressor’s battery provided power to theconsistently statistically lower at the
ples, bulk samples of settled dust weresystem through a voltage inverter. Temp < 0.05 level than the means of all
collected in accordance with NIOSHperature and relative humidity wereother types of controls, for both the per-
Method 7500. Bulk samples were col-recorded twice during the course ofsonal breathing zone samples collected
lected from two sound barriers and twathe day using a multi-parameter ventila-on filters and the real-time results. Re-
reinforced concrete pavement slabs. Aion meter(VELOCICALé@PIus Model ductions using exhaust ventilation con-
bulk sample was collected from the bag3386, TSI, Inc., St. Paul, MN). trols were not statistically significantly
at the outlet of the dust collector as well, Water flow through the spray nozzledifferent from each other or from no
representing a composite of the materiavas measured using a stopwatch and @ntrol at the p< 0.05 level due to the
that was chipped and collected. measuring cup. The stopwatch and wavariability of the measurements made
Gravimetric analysis for respirableter flow were started simultaneously, andvhen exhaust ventilation controls were
particulate was carried out with the fol-the amount of water dispensed in onaised. Air sampling results from the filter
lowing modifications to NIOSH Method minute was recorded. Three measuresamples are presented in Table |. Real-
0600: (1) the filters and backup padsnents were performed in order to obtairtime air sampling results are provided in
were stored in an environmentally con-an average flow rate. Table II.
trolled room (20t 1°C and 50+ 5% rel- All data were first tested for lognor-  Use of water also resulted in the great-
ative humidity) and were subjected tomality, and data were found to be lognorest reduction in respirable dust concen-
the room conditions for at least twomal. Statistically significant differencestration when compared with no con-
hours for stabilization prior to tare andin mean concentrations with varioustrol (72% for air samples and 90% for
gross weighing; (2) two weighings of
the tare weight and gross weight were
performed® The difference between the TABLE |

average gross weightand the average tarResylts of personal breathing zone samples for respirable dust collected on filters
weight was the result of the analysis. The

limit of detection for this method was Geometric

0.02 milligrams (mg). Concentration Geometric mean standard
Crystalline silica analysis of filter and Round Trial Description (mg/@) (mg/n?) deviation

bulk samples was performed using X-ray

diffraction. NIOSH Method 7500 was 1 No control 145 2.06 1.53

used with the following modifications: 2 5 No control 1.43

(1) filters were dissolved in tetrahydro-3 10 No control 3.33

furan rather than being ashed in a fur® 14 No control 2.62

nace: (2) standards and samples werk 2 Water spray 0.23 0.55 1.87

run concurrently, and an external cali-2 7 Water spray 0.90

bration curve was prepared from the in3 9 Water spray 0.52

tegrated intensities rather than using thé 15  Water spray 0.83

suggested normalization proced(fe. 1 3 Rock-dr!ll shroud 0.76 0.87 1.42

These samples were analyzed for quart 6 Rock-drill shroud 0.60

and cristobalite. The limits of detection3 12 Rock-drill shroud 0.93

for quartz and cristobalite on filters were? 13 Rock-drill shroud 1.36

0.01 mg and 0.02 mg, respectively. The 4 Custom-made shroud 1.26 1.12 1.33

limit of quantitation is 0.03 mg for both 2 8 Custom-made shroud 1.38

quartz and cristobalite. The limits of de-3 11 Custom-made shroud 0.81

tection in bulk samples were 0.8 percent Note A weld broke on the custom-made shroud after the third trial. A fourth trial
for quartz and 1 percent for cristobalite was not conducted with that control.
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TABLE I
Direct-reading respirable dust results

Geometric mean Geometric
concentration standard Minimum Median Maximum

Round Trial Description N (mg/@) deviation  (mg/m) (mg/n¥)  (mg/n?)

1 1  No control 758 0.38 6.52 0.01 0.39 27.16
2 5 No control 613 0.70 4.76 0.01 0.81 23.72
3 10 No control 611 1.35 4.39 0.02 1.69 36.91
4 14 No control 659 0.52 6.65 0.01 0.50 63.97
1 2  Water spray 651 0.04 3.59 0.01 0.03 457
2 7  Water spray 675 0.05 4.66 0.01 0.04 7.28
3 9  Water spray 617 0.07 476 0.01 0.05 8.23
4 15  Water spray 619 0.16 3.54 0.01 0.15 3.44
1 3 Rock-drill shroud 595 0.45 3.02 0.01 0.49 5.32
2 6  Rock-drill shroud 642 0.59 3.30 0.02 0.66 20.48
3 12  Rock-drill shroud 607 0.52 3.40 0.02 0.51 27.77
4 13  Rock-drill shroud 629 0.60 2.83 0.03 0.64 16.01
1 4  Custom-made shroud 623 0.44 4.66 0.01 0.52 12.50
2 8 Custom-made shroud 631 0.15 7.54 0.00 0.11 40.14
3 11  Custom-made shroud 621 0.22 4.66 0.01 0.19 17.00

Note A weld broke on the custom-made shroud after the third trial. A fourth trial was not conducted with that control.

real-time samples). Both shroud and vadimit of quantitation for silica (0.03 mg samples. These results were due in part
uum controls showed reductions in thefor both quartz and cristobalite on filterto the fact that the mass of respirable
50- to 60-percent range. Percent redugamples). These samples were collectetiist collected on all of the samples was
tion for each type of control is presentedduring the use of the water spray inlow (<0.02 mg to 0.14 mg of respirable
in Table IIl. Rounds 1 and 3, and during the uselust). Even if the dust in those samples
Analysis of the sound barrier bulk of the rock-drill shroud in Round 2. contained 22 percent quartz, the average
samples indicated that they containeCristobalite was not detected on any oimount in the bulk samples (resulting in
19 percent quartz (by weight). The twothe filters (the limit of detection was 0.004 mg to 0.03 mg of quartz on the
samples of reinforced concrete pavemer@t.02 mg). Trace amounts of quartz, befilters), the mass of quartz on the filters
contained 23 percent and 28 percertiveen the limit of detection and limit of would not have exceeded the limit of
quartz. The sample from the dust collecguantitation, were found on three filters quantitation. This illustrates one of the
tor contained 19 percent quartz. These were collected when no controfirawbacks of using short sampling times
Three of the personal breathing zonevas used in the third and fourth roundsyhen evaluating controls.
samples were not analyzed for silica beand when the custom-made hood was The average wind speed was 4 miles
cause the mass of respirable dust colisedin Round 3. Quartz was not detecteger hour (mph), with a maximum of 13
lected on the filter did not exceed thein the remaining personal breathing zonéph. The prevailing wind was to the west
(average bearing 90 The workers’ po-
sitions in relation to the wind direction

TABLE Il changed throughout the day, so no at-
Reduction in exposure for each control versus no control tempt was made to correlate wind speed
- - with exposure. However, based on ob-
Type of sampling Control % Reduction servations of the airborne dust, the wind
Respirable dust on filters  Water spray 71.7 did notappear to hinder the effectiveness
Rock-drill shroud 58.7 of the controls. The temperature ranged

Custom-made shroud 47.9 from 71 to 73F, and the relative humid-

Real-time Water spray 90.1 ity ranged from 41 to 43 percent. _

Rock-drill shroud 573 The water-spray attachment delivered

Custom-made shroud 58.7 approximately 350 milliliters (ml) of wa-

ter per minute at the jackhammer. This
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flow rate reduced dust by an average dahe three 60-Ib jackhammers were nearlg
72 to 90 percent when compared to nadentical intheir appearance, the effect of
control. Water supplied at this flow rateusing jackhammers from different man-

did not add a substantial amount of wateufacturers is not known. The fact that the
to the work surface. In fact, the surfacgackhammer used with the custom-made
dried to the touch after the pavementshroud was new at the time of the sur-
breaking trial stopped. Additionally, usevey, while the other jackhammers were
of the water-spray control device did notnot, may have also introduced error.

wet the workers’ clothing or shoes. The water-spray device was very ef-

fective in reducing respirable dust con-

Conclusions and Recommendations  centrations. The current configuration

This study demonstrates that a waterconsisted of one nozzle aimed at the fron.

spray control using a readily aVaik:weo_fthejackhammerchisel.Additionalde-
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. Sugar, J.: Telephone conversation be-
tween Joseph Sugar, Tilcon New York,
and Alan Echt, Division of Applied
Research and Technology, National
Institute for Occupational Safety and
Health, Centers for Disease Control
and Prevention, U.S. Department of
Health and Human Services (October 3,
2002).

. Atlas Copco: Dust Collectors. Available

at http://sg01.atlascopco.com/SGSite/De-

fault.asp (accessed October 2, 2002).
Blais, J. (jason.blais@ca.atlascopco.

com): Re: Question about DCT 10 dust

nozzle at a low flow rate is capable ofSigns should be constructed and tested to collector. Private e-mail message to

achieving a 70- to 90-percent reductiorf€termine if a different nozzle arrange-
in respirable dust exposures. Two ventiment, flow rate, or nozzle type W°U|d5
lation shrouds were capable of achieving€Sult in better control.

reductions in the range of 50 to 60 per- Full-shift sampling should be con-
cent. Although these reductions were noucteéd using the water-spray control to
significantly different from no control, confirm its effectiveness during actual

they indicate that ventilation shroudsP@vement-breaking tasks. This would
merit further investigation. In addition, 80 allow investigators to determine if

the dust collector selected for this evalP0int-of-operation visibility is hampered
uation did not operate within the param—by this control. Future versions of the

Alan Echt (aecht@cdc.gov) (Sept 23,
2002).

. National Institute for Occupational Safety
and Health: NIOSH Manual of Analyt-
ical Methods, 4th ed. DHHS (NIOSH)
Publication No. 94-113. U.S. Department
of Health and Human Services, Public
Health Service, Centers for Disease Con-
trol and Prevention, NIOSH, Cincinnati,
OH (1994).

eters recommended by the maker of th&/ater-spray device may utilize pressurep, ropial NOTE:  Alan Echt and Erica
custom-made shroud. Thus, the custonized water lines rather than a pressurizegpnes are with the Engineering and Physical

made shroud should be re-evaluated u¥/ater tank.
ing a dust collector that is capable of pro-

Hazards Branch, and Karl Sieber is with the
The benefits of the experimental de-Surveillance Branch, NIOSH. Donald Schill

ducing a negative pressure in the rang%ign used in this study were reduced eX@nd Daniel Lefkowitz are with the New Jer-

o : . sey Department of Health and Senior Ser-
specified by the shroud manufacturePOSure tothe worker, and relatlvelyquu:lg/iCeS (NJDHSS). Joseph Sugar is with M.

The fact that the shroud broke indicate§SSessmentofcontrols, whichwere madgope Rock Products, Inc. Ken Hoffner is
that a more rugged design may be rePossible through the use of a real-timewith the New Jersey Laborers’ Health and

quired (perhaps a cast piece rather tha?‘lerOSOI instrument and the higher-ﬂo\/\ﬁafety Fund. For more information, contact

} cvclone. The design also allowed thetlanEcht, Engineering and Physical Hazards
a welded shroud would suffice). y 9 ranch, NIOSH, 4676 Columbia Parkway,

Another limitation of this study is that investigators to select the _Wat?r-spragincinnati, Ohio 45226; telephone: (513)
a 90-Ib jackhammer was used with thé:_ontrol for further evaluation in the g41.4111.
water-spray control, while 60-lb jack- field. _The authors gratefully acknowledge the as-
hammers from three different manufac- sistance of Michael Coyne, NJDHSS; George

Rosazza, Bishop Sanzari Companies; Mike
turers were used for the two LEV con-RergRENCES Cackowski, Laborers’ International Union of

trols and the no—co_ntrol condition. The; Epema, E. (eepema@eurovac.com): Vadorth America, Local 472; Kris Hoffman,
effect of the heavier hammer on the gshroud APT 160. Private e-mail messag&ccupational Safety and Health Adminis-
sampling results when compared to the to Alan Echt (aecht@cdc.gov) (July 10}Pfat|0n (?]SHA); and the New Jersey Silica
lighter hammers is unknown. Although  2002). artnership.




