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ABSTRACT

The ohjective of this study was to quantify the exposure reduction that could be achieved
through the use of a water spray attachment while brealang conercte with jackhammers The
effectiveness of the water spray examined in this study was evaluated by measunng the redaction
in the respirable dust and quariz cxposurés in (he brealhig zones of two construction workers
when the dust control device was used compared to the exposure when no dust control device
was used Respirable dust exposure was measured 1n real nme using a pertable laser photometer
in addition, personal breatlng zone samples for respirable dust and respirable crystalline silica
were collected and analyzed using established NIOSH methods Water apphed using a sohd
cone nozzle at a Jow rate of 300 mL of water per munute resulted 10 a 69 to 71% reduction in
respirahle dust exposure and a 77% reduchion in quurlz exposure A water llow rate o 250
mL/minute resulted 10 a 42 to 43% reduction 1 respirable dust exposure and a 39% reduction in
silica exposure  Use ol the control with a clogged nozzle resulted m exposure increases  The
best exposure reduction demonstrated 1n these tnals would permit a worker to use the
Jackhammer under these conditions for up te 4 hours and 45 minutes 1n an eight-hour shift with
no other exposures to quartz without excecdmg the REL or up to ¢ hours and 40 nunutes i an
eight-hour shift with no other quartz exposures without exceeding the calculated OSHA PEL



INTRODUCTION

The National Institute for Oceupational Safety and Health (NTOSH) 15 located 1n the Centers for
Ihsease Control and Prevention (CDC), part of the Depariment of Health and Human S¢rvices
(DHIS) NIOSH was estabhshed i 1970 by the Occupational Safety and Health Act, at the
same hme that the Occupational Safety and Health Admmstration (OSHA} was ¢stablished in
the Department of Labor (DQL} The OSH Act Icgislation mandated NIOSH to conduct
research and education programs separate from the standard-setting and enforcement functions
condycled by OSHA  An unportant arca of NIOSH research deals with metheds for controlling
accupational exposure to potential chemical and physical hazards

The Engineening and Physical Hazards Branch (EPHB) of the Divisien of Apphed Research and
Technology {DARTY has been gaven the lead within NIOSH {o study and develop engingering
conlrols, and assess their impact on redecing occupational illness  Since 1976, EPHB {and its
predecessor, the Engineering Control Technolegy Branch) has conducted a large number of
studtes to evaluate engineening control technology based upon indusiry, process, or conirol
techmique The objective of each of these studics has been 1o evaluate and document control
techmques and to determine their effectiveness in reducing potential health hazards in an
industry or for a specific process

The goal of this project was to quantify the exposure reduetion that could be achieved through
the use of a water spray attachment while breaking concrete with jackhammers In this case, the
walter spray allachmeni consisied of a spray nozzle, of the type used with od-burming faornaces,
and associated hoses and fithings  Water was supplied by a pressunzed tank mounted on the air-
compressor trailer

OCCUPATIONAL EXPOSURE TO CRYSTALLINE SILICA

Silicosis 1s an occupational respiratory disease caused by mhahing respirable crystalline sifica
dust Silicosis 1s rreversible, often progressive (even after cxposure has ceased), and potentially
fatal Because no effective treaiment exists for silicosis, prevention through exposure contro] 15
essential  Exposure 10 respirable crystalhine sihica dust occurs in many occupations, including
construction Crystailine silica refers to a group of mincrals composcd of sihicon and oxygen, a
crystalline structure 18 one tn which the atoms are arranged n a repeating three-dimenstonal
pattern ! The three maor forms of crystalline sihica are quartz, cristobalite, and indymite :
Quartz 1s the most common form of crystalline silica ! Respirable refers to thal portion of
arrborne crystallme silica that 1s capable of entering the gas-exchange regions of the lungs1f
inhaled, this includes particles with aeredynamic diameters less than approximately 10 wm *

When proper practices are nol fellowed or controls are nol mamtained, respirable crystalhine
silica exposures can exceed the NIOSH Recommended Exposure Limit (REL), the OSHA
Permussible Exposure Lint (PEL), or the Amencan Conference of Governmental Industrial
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Hygiensts (ACGIH) Threshold Limul Value (TLV) > NIOSH recommends an exposure limit of
005 l‘ng,;‘m:1 to reducc the nsk of developing sihicosis, lung cancer, and other adverse health
effects

The OSHA PEL for respirable dust contarmng 1% quartz or more 18 expressed as an equation

10
Respirable PEL = —— 10
b (% Silica) + 2 (1

If, for example, the dust contains no crystallne silica, the PEL 15 5 mg;‘m'l, and 1f the dusl 1s
100% crystalline sibtca, the PEL1s 0 1 mg/m”  For tndymite and cristobalite, OSHA uses half
the value calculated using the formula for quarlz. The ACGIH TLVs for cristebalite, quartz, and
tndymute are all O 05 mg/m3

METHODS

Exposure assessment

The effectiveness of the watcr spray dust control cxammed 1n thus study was evalualed by
measuring the reduction 111 the respirable dust exposure in the breathing zone of the construction
worker when the dust conirol device was used compared to the exposure when no dust contral
device was used Respirable dust exposure was measured (n real ime using a portable laser
photometer (DUSTTRAK™ Acrosol Monifor, TSI Inc , St Paul, MN) connecled via flexible
tubing to a respirable dust pre-sclector (a nylon cyclonc) placed 1n the employee’s breathing
zone In addition, personal breathing zone samples were collected at a flow rate of 4 2
Iters/minute using a battery-operated sampling pump connected via Tygon tubing to a pre-
weighed, 37-mm diameter, 5-micron {im) pore-size polyvinyl chloride filter supported by a
backup pad i a thres-piece filter cassclic scaled with a cellulose shrink band in accordance with
NIOSH Methods 0600 and 7500, and a cyclone (GK 2 69 Respirable/Thoracic Cyclone , BGI
Inc , Waltham, MA) ° Bulk samples of settled dust were also collected m accordance with
NIOSH Method 7500 °

Gravimetric analysis for respirable particulate was carried out with the following modifications
te NIOSH Method 0600 1) the filters and backup pads werc stored m an environmentally
controlled room {2021 °C and 501 3% relative humidity) and were subjected 1o the room
condihions for at least two hours for stabihzation pnor to tare and gross weighing, and, 2) two
welghings ol the tare weight and gross weight were performed ° The difference between the
average gross weight and Lhe average tace weight was the result of the analysis  The lumit of
detection for this method was 0 02 mg



Crystalline sibhca anaiysts of filter and bulk samples was performed using X-ray diffraction
NIOSH Method 7500 was used with the following modifications 1) filters were dissolved
ictrahvdrofuran rather than bemg ashed in a furnace, and 2) standards and samples were run
concurrently and an externzl calibration curve was prepared from the integrated intensiies rather
than using the suggested normahization procedure ° These samples were analyzed for quartz and
cristobalite The himuts of detection for quartz and cnstebalile on filters were 0 01 and ¢ 02 mg,
respeciively The lunit of quantitation 1s 0 03 mg for both quartz and cnstobalite  The limuis of
detection 1n bulk samples were 0 8% for quartz and 1% for cnstobalite  The Limut of quantitalion
was 2% for both [orms of crystallme silica 1a bulk samples

Description of cenirols

Thus study evaluated the effectiveness of a water spray control  The water spray attachment was
[abricaied by one of the contractors who participated m this study (Tileon New York, Inc at their
Mt Hope facility m Wharton, KJ) The water nozzle uscd was a solid cone nozzle of the type
used for o1l bumers (Type B, 12 00 GPH, 80°, Delavan Inc Fucl Metering Products, Bamberg,
SC) The nozzlc was mounted 1n a channel welded on to a 90-pound jackhammer {Ingersoll
Rand, Woodchff Lake, NJT) and held in place by a set screw (Figure 1) The nozzle was
connected via 16 pounds per square inch (ps1) Ye-inch-diameter flexible hydraulic lineto a
quarter-turn shut-off valve mounted near the handle of the jackhammer A length of ¥e-inch-
diamcter air hose led from the valve to a 30-gallon tank (Speedaire mode] STF564A, Dayton
Electrie Mfg, Inc, Chicago, TL) mounted on the air compressor tratler {(model 185, Tngersoll
Rand, Woodchif Lake, N)) (Figure 2) ‘Lhe tank was pressunzed 10 30 pst The pressure in the
tank was controlled by a regulator Two jackhammers were fitted with this control  The
Jackhammers were used with standard moil point chisels for all trials

Experimental design

The amm of this study was to estimate the reduction in dust produced by the umts with controls
compared to that produced by those without controls  Percent reduction was estimated by

Estimaled % Reduction = 100 X {1 - {conlrol mean)/{ no-control mean)]  (2)

In order to measure tius reduction, tnals were conducted with the control 1 use {(wet) and
without using the control {dry) FEach trial lasted approximately 1 hour Real-time and filter
samples were collected durng cach trial  Samphing pumps and aerosol momtors were turned off
dunng breaks or process disruptions durng a tnal - Sampling resumed until data were collected
for approximately 1 hour, when a ttial was halted Two construction workers each operated a
jackhammer during four {nals, two wet and two dry each, for a total of etght tnals In order to
minirmze the effects of ingenng dust upon the exposurc measurements, the wet inals were
conducted before the dry trials ‘The tnals were conducted concurrently (Table 1 :llustrates the
arder m which the inals were performed)



Each tral consisted of using a jackhammer (o break up a block of concrete or 4 concrete traffic
bartier (laid on 1ts side) in the matenals storage yard of the construction company  Two large
blocks of concrete and 4 concrete tralfic barriers were arranged in rows runmng from northwest
{0 southeast in an area approximately 25 by 30 feet Two construction workers parlicipated 1n
the study Both workers wore hard hats, safety glasses, ear plugs (Form Iit, MSA, Pitisburgh,
PA), work gloves, wotk boots, and N9S respirators (A flinity Pro, MSA, Piitsburgh, PA)

Wind and weather measurements

Wind direction and velocity were measured using an ultrasonic wind sensor (WimdObserver 11,
Gill Instrumenis T.td , Lymmgton, England) mounted on a low wooden stand and placed on top
of a stack of stored construction malenal  Temperature and relative humidity were recorded
twice dunng the course of the day using a mult-parameter ventilation meter (VE LOCICALC®
Plus model 8386, TSI Inc, St Paul, MN)

Water flow measuremenis

Water flow through the spray nozzle was measured using a stopwatch and 4 measuring cup The
stopwatch and water flow were started sumultaneously and the amount of water dispensed m one
mmute was recorded Three measurements were performed 1n order to obtain an average flow

rile

astatstical methods

All data were first tested for lognormality, and were found to be jognommal Deseniptive
statistics and percent Teduction in exposure were calculated from the results  Plots were made
from the real-timc data to 1llustrate the effectiveness of the dusl control

RESULTS AND DISCUSSION

During the 1nitial wet trial, the spray nozzle on the jackhammer used by Worker | becume
clogged when 1t struck the concrete  One of the authors accidentally replaced the nozzle with a
Type B, 12 0, 6(° nozzle (Delavan Inc Fucl Metening Products, Bamberg, SC) Worker 1 used
the jackhammer equpped with {lus nozzle for the remamder of the day The compressed air
exhaust on the jackhammers may have influenced the performance of the control  After the first
hour, the exhaust outlets were rotated so they exhausled more fo the front than down, but the
range of adjustrment was lunited to about halfway berween straight down and bonizontal wn either
direction

Respirable crystalline silica and respirable dust exposures

The results ol personal breathing zone samples collected using the filters and cyclones are
presented in Table 1 Values 1n parentheses imdicate resulls between the limut of detection and



the lumt of quantitation Resulis i this range are scmi- quantltauve estimales Respirablc dust
results for the wet trials ranged from 026 10 0 83 m g/m® for both workers  Respirable dust
results for dry lndls ranged from 0 38102 8 mg/m’ Quartz results for wet trials ranged frem
0 04 te 0 29 mg/m’, for dry trnals the quariz results ranged from 0 05 to 0 32 mgz’m Dry
exposurcs were higher for Worker 2 than they wers for Worker 1

Table 3 tlustrates the reductions achieved through the use of the water spray altachment
documented by the filter and cyclone sampling 1for Worker 1, the use of the spray inereased his
exposurc to respirable dust and crystalline silica overall The use of the water spray reduced
respirable dust expasure and quartz cxposure by 42 and 39%, respecttvely, when the results of
Trial 1, when the water spray nozzle was cloggced, are cxcluded For Worlker 2, use of the water
spray reduced respirable dust exposure by 71% and reduced quartz cxposure by 77%

The results of direct-reading sampling for respirable dust and expesure reduction are prowded n
Table4 Average respirable dust exposures durmg dry triats ranged Gom 067 t0 2 6 mg/m’, for
wet tnals, they ranged from 042101 6 mg/m’  These results also indicate that Worker 2
expenenced hlgher exposures during dry work than Worker 1 - Apain, the use of the water spray
was shown 10 ncrease dust exposure 1o Worker 1 overall, but when Tnal | 15 excluded, the use
of the water spray resulted mn an exposure reduction ol 43% For Worker 2, the water spray
reduced respirable dust exposure by 69% Figures 3 and 4 1llus(rate the reductions achieved
through the use of contrels  Figure 3 conpares the results of trials 2 and 3 for Worker 1 Figure
4 comparces frails 1 and 3 for Worker 2

Water flow results

The water spray altachment used by Worker | with the 12 0, 60° nozzle dehvered approximately
250 mL of watcer per minute at the jackhammer This flow rate reduced quartz and dust
exposures by 39 and 43% when comparcd to no control  The water spray attachment used by
Worker 2 delivered approximately 300 mL/min at 1he jackhamnaicr, resulting in a 77% reduection
1n quartz exposure and dust cxposure reductions of 71 to 77%  Water supphed at these flow
rates did not add a sybstantial amount of water to the work surface Trgure 5 shows a wet trial,
lustrating (he welting of the surface, as well as the positions of the workers and the layout of the
site

Bulk erystalline sihica sampling results

Analysis ol the bulk samples collected from three of the highway barriers indicated that they
contamed 4 0, 28, and 30% quartz (by weight) This variabiity may depend on whether the
sample contained more aggregate



Wind and weather resulls

The average wind speed was 1 4 mph, with a maxunum of 6 3 mph  The prevailling wind was
from the southwest (average bearing 254 degrees) The workers” posihions i relation to the
wind direchion changed throughout the day, 50 no altempl was made to correlate wind speed with
exposure However, bascd on observations of the airborne dust, the wind did not appear to
hunder the effectiveness of the contrals  The temperature ranged from 85 to 92 °F  The rclalive
humidity ranged from 36 (o 60%

Conclusions and rccommendalions

This study demonstrated that a watcr spray conlrol that used a readily available nozele at a low
flow rate was capable of achieving up to a 71% reduction in respirable dust exposure and up to a
77% reduciion in tespirable quartz exposwre  Compare Figure 5, which shows the use of the
control, with Figure 6, a dry trial  The madvertent use of a different nozzle for one of the inals
demonstrated the efTects of water flow and spray angle on dus! suppression for this control A
reduction in flow rom 300 ml/min to 250 mL/min and a reduction mn spray angle from 807 to 60"
resulted m a reduction in dust control cffectiveness from about 70% at the higher flow rate and
wider spray angle to around 40% at the lower flow ratc and narrower spray angle The
difficulties encountered with the nozzle repeatedly striking the concrete and clogging during the
first tr1al with Worker 1 indicate that worker training 1n the use of the control 15 important, that
the design should be modified to shicld the nozzle, snd that the worker should pay aticntion to
whether or not water 15 flowng from the nozzle

Even with the reduction tn quartz exposure seen in the trials for Worker 2, the average quartz
exposure of 0 085 mg/m’® would stll cxceed the NIOSH REL and ACGIH TLV 1f thus cxposure
level remained constant over an entire eight-howur stnft  However, Worker 2 could operate the
Jackhammer for up to 4 hours and 45 minates n an e1ght-hour shift with no other exposures o
guarts without exceeding the REL " The average quartz content ol 10% m the two samples
collected on Waorker 2 during the wet trals results in a calculated OSHA PEL of 0 56 mg/m’
Worker 2 would also caceed the PEL lor respirable dust 1f this exposure level was maintamed for
an entite shift, given that the average respirable dust concentration for Worker 2°s wet trials was
067 mg,fm3 At this exposure level, Worker 2 could operate the jackhammer [or up to 6 hours
and 40 rmmtes in an cight-hour smit with no other quartz cxposures betore he exceeded the
calculated OSHA PEL of 0 56 mg/m’ |

* (0 0BS mg/m’ quartz x 285 munutes)480 mnutes = 0 050 mp/m’ of quattz, &hr TWA

* (D 67 mg/m’ respirable dust x 400 nunutes)480 nunutes = 0 56 mg/m® of respirable dust, 8-hr TWA
9



The current configuration consisted of one nozzle aimed at the front of the jackhammer chusel
Additional designs should be constructed and tested to deternmune 10 a different nozzle
arrangement, a higher flow rate, or another nozzle type would result 1n betler contrei To
rummze the influence of the compressed ar exhaust from the jackhammer on lhe cffecliveness
ol this control, the exhaust should be directed away from the point of operation
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Figure | Jackbammer with dust control device
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Fipure 2 Water tank mounted on compresser trailer
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Figure 5 Waorkers durmmp a wet irial
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Fiure 6 Workers dunng a dry mal
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Table 1 Expertmental Design

Warker 1 Worker 2
Wet tnial Wet ingl
Wet tnal Wet tnal
Cry tnal Dry triat
Dry tnal Dry trait

Table 2 Results of Personal Breathing Zove Samples for

Respirable Dust and Quariz Collecied on Filicrs

Raspirable Average Respirable
Trnal | Control Dpust Clllﬁ.lagr‘)tz Flmﬁil ':.I'r:‘rll;e} V?:::f;‘ e Dpusta ?n:?:ntg
{mg} (Lfmin} mg/m
Worker 1
1 wet Q21 Q07 424 50 025 083 029
2 wet {0 DEB (0 01) 4 24 G0 025 026 (0 04)
3 dry 0097 (0 02) 424 60 (25 038 (0 08}
4 dry Q11 (0 01) 424 o 021 Q52 (0 D5)
Warker 2
1 wet 013 003 427 B0 026 051 113
2 wet 021 {0 Q1) 4 27 60 026 82 {Q04)
3 dry 071 011 4 27 3] 026 277 043
4 dry 0 41 G 07 4 27 53 023 181 032

Values 1n parentheses indicate results between the it of detechon and the Limag af

gquantitation  Results 11 this range are semi-quantifative estimales

Table 3 Exposure Reductions from Water Spray

Ra%plra;bla RE?BP”';&;“'E Respirable | Quartz | Quartz Quartz
(mgu:;“) (mgim3) | Dust (mg/m’) | (mgim3) | o lo0%
Average | Average : orcent | Average | Average | o tion

(o Ory | Reduction | Wet Dry
Woaorker 1
055 | 045 -2 017 1 2009 o
026° [ 045 42° 004 | 0065 3g"
Warker 2
067 [ 220 | 71 | o085 | 38 | 7

*Excluding the results of trial 1 for Worker |
MNegative number 1ndicates an increasc 1 exposure when conirol was used
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