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EXECUTIVE SUMMARY

On April 29-May 2, 1998, researchers from the National [nstitute for Occupational Safety and
Health (NIOSH) cvuluated a [irsi-gencration engineering control designed te capture and remove
fupitive asphalt emissions during asphalt paving The Dynapak engineering control evalualion
was completed as part of a Department of Transportation {DOT) progect 10 evaluate the
effectiveness of engineering controls on asphalt paving cquipment NIOSH researchers
conducted the research through an mter-agency agreement with DOT's Federal Highway
Admmstration (FHWA) Industry, labor, and governmental participation in the project was
fostered through a research partnership which included NIOSH, FHWA, the Natuonal Asphalt
Pavement Association (NAPA), the Asphalt Insutute, six manufacturers of agphalt paving
equipment, the International Union of Operating Engineers (IUOQE), the Laborers’ International
Umnion of North America (LIUNA), and the Laborers™ Health and Safety Fund of North America
(LHSFNA)

The asphali paving cngineering contral sindy consisted of two major phases  During the primary
phase, NIOSH researchers visited each participating manufacturer and evaluated thewr
cngineering control designs under managed environmental conditions  The indoor evaluation
used tracer gas analysis techniques to quantify the control’s cxhaust flow rate and (o delermine
the control’s capture efficicncy Rcsults from the indoor evaluations provided equipment
manufacturers with the nceessary information to maxmmize engineering control performance prior
{0 the second phase ol the study, performance evaluation of the engincering controls under “real-
Life’ paving conditions

Throughout each manufacturcr’s phasc two evaluaton, NIOSH researchers focused primarily on
the abulity of the engneerning control to capture and remove airborne contaminants generated
within the asphalt paver’s auger arca Sccondary measuremenis were collecied at screed and
paver operator posituons located on the asphalt paver  Since no prescribed methods exist o
evaluale engineening controls under the umque physical constraints of the asphalt paving
environment, the NIOSH rescarchers developed a mullifaceted evaluation strategy that mcluded
tracer gas testing, mdusinal hypiene sampling, and real-time sampling for particulate (PM10),
orgamc vapor, and temperature  All of these metheds were mcorporated mnta a contral-on vs
coutrol-off field evaluation protocol n order to quaniify the engineering control’s performance

The scope of this report 1s lunuted to the Dynapac phasc two (field) evaluabion ol g single
engineering contral mstalled on a Dynapac Model F30W Wheeled Paver with screed model VB
1000V

The exhaust hood measured 94 inches long and was centered behind the paver and over the
augers The plenum inlet was a 1-inch slot, located on the bottom of the plenum and ruaning the
approximaie length of the hood The 8-inch wide plenum varned i height from 11 inches at the
two ends to 5 inches at the center to allow clearance for the auger assembly Frve-inch {langes



extended from the leading and traiting edges of the exhaust hood across the lull length of the
hood The open space between the leading flange and the rear of the paver measuted 5 inches

The hood position was {ixed With the augers placed in a typical paving height {position #4), the
bottom of the hood measured 46 inches above the ground and approximately 26 inches above the
lop of the augers

A partition, localed within the exhaust plenum, separated the night and lefi halves of the plemum
Two hydraulically-driven exhaust fans, one lor cach hall of the plenum, provided the negative
pressure and cxhaust capacity ta the exhaust hood Each fan 1s rated at approximately 590 cubic
feet per munute (cfm) [1000 cubic meters per hour] The exhaust volumes mdicated by the tracer
gas tests were 1207 ¢fm for the two fans combined

Test results indicate that the Dynapac engineering control design was successful i caplunng and
remaoving an average of 31 percent of the asphalt fume released from the auger arca This source
reducihion led to an uverage worker-area reduction of 3 percent  One way o circumvent the
mathematical impact of background concentrations and the vanability resulting from ambient
condinons, as well as the frequent interruptions in the paving process, was o cvaluate the
engineering control’s ability to prevent highcr-level {top 25%) contannant concentrations at
both the anger and the screed operator and paver operater positions  Using this approach, the
Dynapac engneertng control produced an average reduction 1n higher-level exposures of

&1 pereent at the auger and 47 percent at the screed and operator workstations

The Dynapac evaluation was the last of six ficld evaluations to be conducted as part of the
engineermg conlrols research partnership  Many of the environmental and process vanables
were unique 1o the Dynapac cvaluation  For example, the Dynapac field evaluation was the oaly
evaluation conducted largely in a parking lot  This bmuated the amount of conlinuous paving that
could be done and made the evaluation more difficult The reported performance results should
nat be used to predict future resulls under different conditions or to compare performances with
those obhtamed by other paver manufacturers

The implementation of cngincering controls on asphalt paving equipment will continue to be an
1leratuve process  NIOSH encourages Dynapac to incorporate the following recommendations
into their engineering control implementation process (1) Inveshigate ways to 1crease the
existing level of auger-area enclosurg, especially over the center portion of the auger area, {2)
Momtor the worker/contractor acceptance of the current/future auger-area enclosure design and
mearporale design changes f undesirable Held-modifications are observed, (3) Momtor figld
conditions of asphalt paver engineenng controls (o determmine how well the control design stands
up to the ngorous demands of a paving environment, and, (4) Modify or supplement the existing
hood enclosure to mimmize escaping fume when the screed 15 extended beyond the width of the
fractor



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), a Federal agency located 1n
the Centers for Disease Control and Prevention under the Department of Health and Human
Services, was established by the Occupational Safety and Health Act of 1970 This legislation
mandated NIOSH to conduct research and educational programs separate from the standard
setting and enforcement functions conducted by the Occupattonal Safety and Health
Admimstracon (OSHA) in the Department of Labor  Animportant area of NIOSH research
deals with methods for controlling occupational exposure to potential chenmeal and physical
hazards

The Engineeting and Physical Hazards Branch (EPHB) of the Division of Applied Research and
Technology (formerly, the Engineering Control Technology Branch (ECTB}) of the Dtwvision of
Physical Sciences and Engincering) has the lead within NIOSH to study and develop engineenng
controls and assess their impact on reducing occupational 1llness  Since 1976, EPHB has
conducted a large number of studies 1o evaluate engimeening control technology bascd upon
industry, process, or control lechnique The objective of each of thesc studics has been to
idenufy or design enginecring control techmques and to evaluate their effectiveness 1n reducing
poiential health hazards 1n an industry or at specific processes Information on cffective control
strategres 1s subsequently published and distributed throughoul the affected industry and to the
occupational safety and health commumnty

BACKGROUND

On Apnl 29-May 2. 1998, researchers from the National Institute for Occupattonal Satety and
Health (NIOSH) evaluated a first-gencration cngineering control designed to capturc and remove
fugitive asphalt cmissions during asphalt paving The Dynapac engincering controf evaluation
was completed as part of a Department of Transportation (DOT) project to evaluale the
effectiveness of engineering controls on asphalt paving equipment  NIOSH researchers
conducted the research through an inter-agency agreemcent with DOT’s Federal Highway
Admimstration (FHWA) Indusiry, labor, and governmental participation n the project was
fostered through a rescarch partnership which included N1OSH, FHWA, the National Asphalt
Pavement Association (NAPA), the Asphalt Institute, six manufacturers of asphalt paving
equipment (Barber-Greene/Caterpallar, Blaw-Knox, Cedarapids, Champion, Dynapac, Roadtec),
the International Union of Operaling Engineers (ILUOE), the Laborers® International Unton of
North Amenca (LIUNA), and the Laborers’ Health and Safety Fund of North America
(LHSFNA)

The NIOSH contribution Lo the engineering conirols partnership in¢luded cnginecring control
design and evaluation assisiance to each of the manufacturers during prototype development and
a detailed field performance evaluation of cach manufacturer’s engineertng control design duning
tradihonal asphalt paving operations  Throughouot the research partnership, NAPA played a
critical role as the industry hason, facilitating the interactions with each of the manufacturers



and coordinating the manufacturer/contractor/researcher requrements necessary for cach of the
field evaluations Project participation by TUOE, LIUNA, and LHSFNA rounded out the team
effort by facilitating worker participation and buy-n mto the engincenng controls research effort

The asphalt paving engineering contrel study consisted of two major phases  Duning the pnimary
phase, NIOSH researchers visited each particapating manufacturer and evaluated their prototype
engincering controls under managed environmental conditions  The indoor evaluation procedure
used a tracer gas analysis protocol to quanihify each control’s exhaust flow rate and determine the
gapture elfictency ' Results and recomumendations from the indoor evaluatons provided
¢quipment manufacturers with the necessary mformation to maximize engineering control
performance prior Lo the second phase of the study, performance evaluation of the engineenng
controls under “real-life” paving conditions

The Dynapac phase one evaluation occurred in August 1997 Results and recommendations from
the phase onc ¢valuatien are published 1n the NIOSH report, “A Laboratory Evaluation of
Protolype Engineening Controls Designed to Reduce Occupational Exposures During Asphalt
Paving Operations at Dynapac Compaction and Paving, Selma, Texas ™ Simnce the phase one
evaluation was only one portion of the overall development and evaluation of the Dynapac
engineering control, finalization of the Dynapac phase one report was delayed until the
completion and co-release of Dynapac's phase two report

The scope of this report 15 the Dynapac phase two (field) cvaluation of a prototype engineering
control installed on 1 Dynapac Model F30W Wheeled Paver with screed model VB 1000 V (sec
Figure 1} Participating NIOSH researchiers included Ken Mead, Mechamcal Engineer, Leroy
Mickelsen, Chermical Engineer, Dan Farwick, Industrial Hygiene Technician, Stan Shulman,
Stattsucian, and Anesha Morton, Chemical Engineer, all from the fermer Division of Physical
Scicnces and Engincering (DPSE), now the Division of Applied Research and Technology
{(DART) The NIOSH team was augmented by a paving ieam from Dynapac  For two of the
three days, the work was done on the premuses of an asphalt paving company, paving theuwr
asphalt producing arca  On the last day, the work was dene on a road leading to the parking lot

EVALUATION PROCEDURE AND EQUIPMENT

With the input of 1ts parmers, NIOSH researchers developed an evaluation pretocol that focused
on each engimeering contrel’s ability to capture and remove airbome contaminates generated
within the asphalt paver's auger area® Secondary measurcments were collected at screed and
paver operatoer positions located on the asphalt paver The primary focus was the control of
asphalt fume, a particulate with a diameter of about 1 0 nucrometer (1 x 10 meters) and smaller
A secondary focus was on the control of organic vapors engenating from the hot mix asphalt
(HMA) Since no prescribed methods existed to evaluate engineering eontrols under the umgque
physical constraints of the asphalt paving environment, a multifaceted protocol using multiple
evaluation methods was developed to quanniiy each engineenng contral’s performance
(Appendix A) Euch of the evaluation methods within the protocol has inherent advantages and



Figure 1. Dynapac Medel F30-4W Asphalt Paving Machime Undergoing Freld Testing of
Prutoiype Engineering Controls

disadvantages, some of which can have an effect on the calculated results  An additional
advantage ol using multiple evaluation methods was that at times, the harsh cnvironment led to
equpment malfunctions and the loss of important data  The impact of these losscs was lessened
by the presence of multiple evaluation tools It was anticipated that some of these methods
would work better than others and that as the overall project progressed, adjustments would be
made to the selection and applicanon of the evaluation methods based upon prior expenences A
listing and description of the evaluation methods follows

Tracer GGas For the phase two (field) evaluauons, the tracer gas evaluation technique from
phase one was medified for use during actual paving operations  The method to calculate total
exhausl fllow of the engineenng control did not deviatc from the phase one tracer gas method
However, the capture efficiency SF, dosing techmgue required modification for nse when paving
Instead of supplying SE, to the auger arca via a distibution plenum under the auger, the ST, was
supplied throngh four medical-quality 20-gauge injection needles, umiformly distributed across
the wadth of the auger The intent of this dosing system was to deliver the SF, into the open head
space near ihe top of the auger area (above the fresh HMA and between the front of the screed
and the rear ol the tractor} The four needles were positioned at a level approximate to the 1op of
ihe screed and pointed downward towards the auger’s center shaft In this manner, the SF, was



imyected (n umform amounts across the four dosing points, mto the flow of fume and vapors
convectively raisig out of the auger head space  For the Dynapac evaluation, the wotal dosing
flow of SF, was approximately 0 45 lpm evenly distnbuted among the four dostng needies
Multiple tests were conducted during each ¢ontrol-on test period Difficulties encountered with
the field tracer gas method included maintaimng the myection necdles at the prescribed locations,
preventing needle obstruction due 1o occasional contact with the HMA, and maintaiming a steady
supply ol 120V electrical current to the dosmg and sampling equuipment

Industrial Hygiene Sampling: Industrial hygiene (IH) sampling frams were configurcd for use
with two analytical samplhing methods  The first method quantfied the total particulate drawn
tnto a filter cassetic and then determmed what portion of the collected particulate was benzene
soluble This method 18 aften referred to as the Benzene Scluble Fraction (BSF) method Due to
anticipated detection hmitations, this method was only used at samphng locations direcily above
the auger The second TH sampling methed was a new analytical method developed by NIOSH
research chemists The new method quanntfied concentrations of tolal polycyche aromatic
compounds (PACs) and was reportedly more sensitive than the asphalt fume samplmg method
previously desciibed Due to the increase in sensimivity, the total PAC method was used for
sampling both above the auger and at each of the asphall paver’s workstations Each of these
methods 15 described 1n detail in the NIOSH Manual of Analytical Methods (NMAM) * At the
anger area, four general area (GA) samphny locations were umformly distributed across the
width of the auger Additional GA sampling locabons included the right and left paver opcrator
positions and the right and left screed operator positions  Lastly, breathing zone {BZ) samples
were collected from the paver operator (PO), right sereed operator (RSO}, and the left sereed
operator (LSO)  In order to cstablish the control-on vs control-off performance ratio, each
sampling positon (GA or BZ) was assigned two sampling trains (one for control-on and one for
control-oft) for each sampling method used The samc personal sampling pump was used to pull
arr through each of the two sampling rains  For each day of testing, one sampling train was used
16 sample with the engineering control activated, and the ather was used when the control was
deactivated Dufficulties encountered with the IH evaluation mcthod included (1) filter ioss into
the asphalt, (2} arca contammation [rom non-paving sources of PACs such as eigarette smoking,
dicsel fucl openly used tor solvent (see Figure 23, diesel exhaust from the tractor, and, {3) non-
anger sources of asphalt fume associared with the matenal transfer vehicle

Real-Time Aerosof Monitoring: The direci-reading aerosof momiors used to measure auborne
particulate concentrations were three DataRAM Aerosol Momtots (MIE Inc |, Billerica, MA)} To
reduce the impact of naturally-occurring environmental particulate upon the data results, each of
the acrosal momtors was configured to limit recarded measurements to particles with an
actodynamic equivalent diameter of 1) micromecters or less (calibrated 1o Anvona Red Road
Dust). The sampling wlet for one of the particulate monitors, a, was posiioned n the center of
the auger arca with the sampling head located about 12 tnches above the top of the auger blade
In this position, the DalaRAM could measure particulate escaping direclly from the auger area



Iigure 2: Photograph showing the sampling cassettes above the auger area

The other two aerosol momitors were posiboned away from the auger area  One was positioned
adjacent to onc of the paver operator positions while the other was posiioned adjacent 1o a
screed operator position  Howcver, one of the DataR A Ms broke duning the first day of sampling
For the two remaining days, one of the mstruments was positioned at the auger  The nlct
location of the other DataRAM was alternated between the screed operator position and the paver
operator postion  The allernation pattern was randomly generated prior to the start of the field
cvaluation The sample frequency tor the DataRAM was once cvery 4 seconds  Uncertainties
associated with the aerosol monitoring included the unknewn effects of varying hurmidity and
instrument vibratton  The DutaRAM sample mlets included an w-line heater which helped to
reduce variation due to humudity Vibration 1selators were used with all of the aerosol momitors
1in an ¢ffort 1o mumimuze vibrational errer  The aerosol moniiors included an umternal warning
fearure for excessive vibratton Howcver, 1t 18 unknown how much error can occur before these
warnmngs are actrvated

Real-Time Organic Vapor Monitoring: Real-tune monitoring of total organic vapor was
conducled using two TV A 1000 Toxic Vapor Analyzers (Foxboro, Foxboro, MA) Each TVA
contained both a Flame lomzation Detector (FID} and a Photo Iomzation Detector (PID) for the
detection of volatile orgamics  Both the FID and PID detectors were used m each TV A and were
programmed ¢ record measurcment responscs once every 4 seconds  The sample inlet 1o one
TV A was located above the auger and adjacent to the DataRAM mlet  The sccond TVA nlet



location alternated between the screed operator posifion and the paver operator The allemation
pattern was randomly generated prior to the start of the field evaluation IDhfficulies encountered
with the TVAs mcluded mechamical breakdowns, suspected to result from elevated humidily and
ternperature levels, unknown response varaiion due to humidity, instrument dnft, and the
previously described work practices associated with diesel tuel  These ditticulties posed a much
grealer dilemma as the measured concentrations approached the predominant background levels
Due to 165 increased sensitivity over the PID, only the FID measurements were used te determunc
the organic vapor control efficiency as detected above the auger The PID measurcments were
available as a backup 1n the event of FIID» failure

Wind Speed and Temperature: Two portable Hygro-thermo Anemometers, Model HTA 4200
{Pacer Industries, Chippewa Falls, W), were used to measure and log the cross-wind (wind
blowing perpendicular to the paver’s direction of travel) velocity  As an added benefit, thesc
instruments also recorded the temperature The HTAs were posihoned to sample from the sereed
and paver operating positions with one HTA adjacent to the mlets for the DataRAMS and TVAs
The wind veloeity and temperaiure were sampled once every 4 seconds

All of the evaluation methods were incorparated mnio a control-on vs control-off field evatuation
protocal m order 1o quantify the engineenng control’s performance Due to the nature of the
engineering control design, switching between a conlrel-on and a control-ofl {est selling was
limutcd to activating and deactivaung the exhaust fan  There was no feasible way to remove and
reatiach the exhaust hoods when switching between control setungs  Thus, any control effect
{good or bad) created by the mere presence of the engneening control would have aftected the
overall performance evaluation results The sampling scenano was established i a randomized
fashion prior to the start of the evaluatton  Further details concerning the statistical design and
randomizabion sirategy lor the real-time and industnal hygiene samples 1s included 1n

Appendix B

An indeterminate vanable for all of the direct-reading instruments was the 1mpaci of background
concentrations and environmenial vanables  One way (o mimimize the unknown vanable effects
18 through shorter sample penods collected closer in ime  In this way, anty backgreund and
environmental effects would be more likely to miluence the control-on and control-off testing
scendrios 1n a sinmlar manner  The amount of time dedicated each day to the long period TH
sampling was reduced This allowed the remainder of each day to be designated for the short-
term sampling

An tmportani problem for these data was the nature of the work area being paved and the makeup
af the crew  Because the first two days were spent doing an entrance and parking area for the
asphalt company, there were frequent stops to reorient the paver  [Lwas dillicult to obtan
continuous paving for more than a few minutes  Also, the crew was made up of workers from
Dynapac, who did not do thus work on an everyday basis  These cansiderations, plus problems
that the asphalt company had 1 providing a continuous supply of asphalt, mcant that the work
was not done as continuous paving  Short length sampling segments may not provide a good



evaluation of the paver’s controls  As a possible correction for the sampling problem, an
alternative cstimate 1s provided for control effectiveness by each mstrumental method, based on
the ghest control-olf measurcments  This cstimate 1s described m move detal in the sechion
“Data Results

ENGINEERING CONTROL DESIGN DESCRIPTION

The Dynapac phase two (field) evaluation was conducted on a single engineering control
installed on a Dynapae Model F30W Wheeled Paver with screed madel VB H00 V- The
exhaust hood measured 94 inches long and was centered behund he paver such that 50 percent of
the exhaust hood served the nght half of the auger area and 50 percent served the left half The
plenum nlet was a 1-mch slot, located on the bottom of the plenum and minmng the approximate
length of the hood The 8-inch wide plenum vaned in height from 11 inches at the two ends to

5 inches at the center to allow clearance for the aupger assembly Five-nch flanges extended from
the leadmyg and tratling edges of the exhaust hood across the full length of the hood The open
space between the leading {lange and the rear of the paver measured 5 inches

The hood position was fixed With the augers placed 10 a typical paving herght (position #4), the
bottom of the hood measured 46 mches above the ground and approximately 26 inches above the
iop of the augers

A partition, located withan the exhaust plenum, separated the night and left halves of the plenum
Two hydraulically-driven exhaust fans, one for each half of the plenum, provided the negative
pressure and exhgust capacity le the exhaust hood Each fan 18 rated al approxamately 590 cubic
feet per minute (cfim} [ 1000 cubic meters per hour]

The Dynapac design focused upon capturing the fumes generaied within that porizon of the auger
area bounded by the width of the tractor  When the ends of the screed were extended beyond the
cdge of the traclor to increase the available paving width, the extended portion of the screed was
not protected by the exhaust hood Tn this position, fumes and vapors near the end of the anger
were virtuaily non-controlled and ambient wands had an increased opportunity to disrupt fume
containment throughout the auger area

DATA RESULTS

Wind Speed and Temperature

The HTA instruments that recorded wind speed and iemperature were located at the screed
operator and paver operator locations Median wind speeds were calculated [or cach control
setting used 1n the randomuzation There was no clear indicatzon of correlalion between the wind
speed and the measurement levels

The HTA temperature medians varied between about §0 and 110 degrees T On average,
temperature 15 about 1 9 deprees F lower for control-on than for control-off This cstimate 1s
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based on S-minute segments chosen analogously to the 45 mnute segments  This estimate 15
based on S-munutc segments since temperature duTerenees should be quickly observed after a
change n control setitng  The two-sided mdividual 80 percent confidence hmits indicate that the
temperature for control-off 15 between 04 degrees T lower and 3 9 degrees F lagher than the
control en

SF, Determinations

There were a tolal of six control-on runs in which SF, determunations were madc  Multiple
determunations were conducted and averaged within each run, resulting i a total of seven
average efficiency estimates The exhaust volumes determuned by the tracer gas tests werc

1204 ¢fin for the two [ans combined The average collection cfficiency was a 54 4 percent  The
95 pereent confidence limuts [or the true efficiency were 40 2 and 68 6 percent  Thus, for the SF,
determinations, the true cfficiency of the engmeening control van be said to be between 40 and
69 percent wilh 95 percent confidence The SF, evaluations were treated as a separale
experiment Due to its reduced vaniability, the 95 percent lower confidence limuts (LCL) were
used as opposcd to the 80 pereent himots used when evaluating reductions i environmental
contaminants Because of the width of the paving machine, there was mterest in whether the
inside and outside SF, detenminations differed  There 1s no statistically significant difference 1n
thewr efficiencies

Environmental Contaminants
Table [ summanzes the results of the evaluation A more complete description of the evaluation
methods may be found in Appendix B

Tahle 1
Engincermg Control’s Airberne Contaminant Control Efficiencics
Qvcrall average
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Neote | When the intent is to quote results for just one kind of sample (e g, acrosols above
auger) then the Reduction Estimate and Individual Lower Conlidence Limnit (LCL) for that
individual sample type 1s appropriate

Note 2 When the mient 15 to quote an overall picture of all sample typces {acrosol/vapor, real-
tume/[H) then the Reduction Estimates and Simultaneous LCLs ar¢ appropriate

DATA DISCUSSION

The asphalt paving engeering controls project was an experiment that established new ground
m the application and performance evaluation of engineering controls  As such, there were no
regulatory, consensus, or industry standards by which to perform the evaluation  The hot mobile
etvironment of asphalt paving work was an additional obstacle Given these hmitations, and
consideration of the ime and resource constramnts associated with each field evaluation, NIOSH
and 1ts partners developed a “shotgun® approach to quantify engineering control efficiency dunng
asphalt paving 'The general concept was 1o use multiple evaluation techmques 1n a stahsheally
designed testing stralegy of control-off and control-on peniods [t was anticipaled that some
techniques may perform better than others and for that reason, redundant approaches were
incorporaled mto the evaluation protocol  Furthernore, new variations of the sampling protocol,
such as the reduced duration tor long-term sampling periods, were developed as the field
evaluations progresscd  The Dynapac cvaluation was the sixth field evaluation of asphalt paving
cngineering controls - A discussion of each evaluation techmque, 1ts results, and ts usefulness to
the Dynapac engincering control cvaluation 1s discussed below

Wind Speed and Termperature

The lack of a predictable relationship between the cross-paver (perpendicular to dircction of
paver wravel) wind speed and observed concentrations at cach control sellng appears to mdicate
that there are additional variables that determming individual exposure concentrations  In
considering wind velocity, related vanables such as wind direction, adjacent geographic features,
and the paver’s own profile could easily contribute to the exposure quantity

The evaluation of temperature reductions due to the engineering controls was not an onginal
objective of the field evaluation protocol  After qualitative obscrvations al an early field
evaluation indicated that temperature reductions were a potential fnnge benefit, the temperature
prube on the HTA turming vane anemometer was identified to record any temperature reduction
due to the engineening contrels  {n hindsight, the HTA was not the corrcet instrument for
recordmy lemperature changes due to control of the auger arca The HTA’s lemperature sensor
1s significantly shielded by the airfoil encircling the rotating vane anemometer  Thus, the
recorded temperature more accuratcly reflects that of the wind as opposcd 10 the convechve
currents nising from the HMA in the auger area



Given these considerations, the lack ol a meaningful temperature reduction due to the control
should be considered as only a cursory observation  If Dynapac deternunes that a more detaled
quantification of temperature reduction due to the engincermy controls 15 desired, a separate
evaluation that focuses specifically on this tssue 15 recommended

SF; Determinations

The result of the SF, evaluation procedure (1) = 54% capture efficiency) reveals that the
engineermg control did not perform very well at capturing the tracer gas supplied into the auger
area [t 1s important to note, however, that the SF, testing protocel allows the observer 10 1dentify
performance reductions under short-term, deal conditions which are very close in tume  This
generally produces performance data whose results are more oprmstic than the protocol’s other
evaluation methods Another 1ssuc to consider when evaluating the tracer gas results 1s that thesc
values solcly reflect the cngineering control’s ability to control airborme contaminants at the four
pomts of SF, mnjection into the auger area By comparison, the other evalnation methods detect
arrborne contaminant concentrations regardless of their source  The collection of fume and vapor
that were penerated and released during extended screed paving, for example, could not be
represented by these tracer gas performance results

Environmental Contaminants
Auger Area—

The results depicted 1n Table I indicate that the engineering control captured and removed an
average of 31 percent of the asphalt fume (DataRAM, PAC, and BSF) generated within the auger
arca In addition, there 15 genera) consistency among the DataRAM and 1H resulis

(n--25-35%) The results for controlling organic vapor (TVA) shew no reduction in cscaping
contaminani  This reduced performance for the TV A 1s consistent with results seen at other field
evaluations and 1s likely associated with organic vapor contamination originating from sources
other than the HMA mn the auger area The relatively low effectivencss of the controls prompted
as to examine the effectiveness for the upper 25 percent control-off pairs, which provided higher
reduction estimates- 61 percent at the fume and 21 percent for the vapor The rationale for using
the upper 25 percent values 1s given in the next section  This approach was mtended for use with
samples away from the auger, where uncontrolled vanables such as wind rmight unduly affect the
estimated reduction  The thought way that, at (he auger, reductions could be expected to be so
high that such an approach had no henefit For this study, esiimated reduchion at the auger 1s
relatively low, no higher than 35 percent by any of the methods used  Since it may be that the
repeated interruptions 1n the sampling are partly responsible for this, the upper 25 percent
estumates are also provided here
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Screed/Paver Operator—

Dite 1o the Jower number of sampics at the sereed and paver operator positons and the increased
variabifiry at these distances from the engineering control, all samples (includes GA and BZ
Total PAC samples} collecied at the non-auger positions were evaluated collectively withont
regard to sample type For the fume the estimated reduction was aboul 3 percent

The lower control efficicney at the non-auger positions was believed to partially result from the
natural control-etfects produced by environmental factors In other words, when the wind and
environmental factors effectively reduce contarninant concentrations, there 1s less opportunuly tor
the enginecring contral to affect exposures  When the environmental factors are less eftective in
controlling the removal of auger sourcc enussions, such as dunng a stagnant wind condition, the
worker-area concentrations increase  Under these conditions, the contribution of the enginecring
control becomes more mmportant  As a follow-up to this concept, the dala were analyzed to
determune what contribution the engincering control provided when the environmental factors
were not as cffective (1 e , when work area exposures were at thetr hughest)  In addition, we
hoped to compensate for the lack of continuous pavimg, as was mientioned n the previous
section  For these reasons, the data were analyzed ta determune the enmneering control’s
efficiency for those control-on periods that correspond to the highest 25 percent of control-off
fume exposure concentrations These resulis (see Table I) indicate that the presence of the
cngincenng conirol eflectively reduced the occurrence of lugher-level concentrations al the
screed and paver aperator positions by 47 percent (average upper 23% reduction for particulate
and total PACs) Since, by design, the engineering contral only captures fumes originating from
the auger area, this analysis appears to vertfy that the auger area was (he major contnbuting
source of higher-level asphalt fume exposures

Interpreting the results for the TVA at the non-auger positions 1s a difficult task  As discussed
previously, since the TVA’s FID detector 1s a non-specific detector, (1 ¢, the same concentration
of twa different organics can pgencrate dramanically differeni mstrument responses) 1t 1s not
possible to determine the source, 1dentity, or actual conceniration of the measured contaminant
given the avallable data  The upper 25 percent reduction estimate mdicates 0 reduction, the same
as lor the analysis based on all of the daia  Given {he inconsistencies hetween the TVA data

{T ypper 25 = %) and the consistently mgher determnations from the Total PAC and real-time
particulate methods (1 .25, = 61 and 32%, respectively) and grven the physical characlenstic
differences between the organic vapor montored by the TVA and the asphalt fume particulate,
NIOSH considers the TV A results al the non-auger positions to be non-representative of the
cxposure reduchions to asphalt funte at these positions

iy



CONCLUSIONS AND RECOMMENDATIONS

The scope of this report 1s linmited to the Dynapac phase two (field) evaluahion of a single
cngineering control installed on a Bynapac Model F30W Whecled Paver with screed model VB
100V On average, the Dynapac design was suceessful in capiuring and removing 31 percent
of the asphalt fume (Real-ume particulate and TH samples) originating froim the anger area  The
reduction in fume escaping from the auger resulted 1n an average reduction ol 5 percent within
the screedman and paver operator work areas  During those penods when environmental factors
were not as effective 1n reducing area concenlrations {t e , when exposures were at their mghest),
the engineering control provided an average fume exposure reduction of 61 percent at the auger
and 47 percent away from the auger These perfonmance values represent an achievable level of
performance by the evaluated engineering control operated under the conditions observed dunng
the Dynapac engineering control evaluation The average reductions indicate low effectiveness
of the controls It 15 passible that the constanl interruptions in the paving process are responsible
There 15 no way 10 assess this possibthity short of conducting addinonal evaluahons

The Dynapac evaluation was the fast of six field evaluations to be conducted as part of the
engeering controls research partnership  Many of the environmental and process variables

were unique to the Dynapac evaluation  For all of these reasons, the reported performance results
should not be used to predect future results under different conditions or lo compare
performances with those obtained by other paver manulacturers

In almost any industrial process, the design and implementation of engmeering controls becomes
an 1igrative exercise  The Dynapac field evaluation completed an important step m this process
by marginally successfully demonstrating an 31 percent capture of the auger-source asphalt fume
and by reducing workers® exposurcs by 5 percent  These results, together with the low tracer gas
results { 54% capture), suggest sone problems with the Dynapac contrels  Dynapac began
providing engineering controls as standard equipment en all of their new lughway-¢lass pavers
As the Dynapac enganeerimg control 15 adopted 1nto the industry, NIOSH recommends the
following (1) Investigate ways to 1ncreasc the existing level of auger-area enclosure, especially
over the center portion of the auger area, (2) Monitor the worker/contractor acceptance of the
current{uture auger-area enclosure design and incorperate design changes 1f undesirabic field-
modufications are observed, (3) Momitor field conditions of asphalt paver engineering controls fo
determine how well the contrel design stands up to the nigorous demands of a paving
cnvironment, and {4} Modify or supplement the existing hood enclosure to mimmize escaping
{ume when the screed 1s extended beyond the width of the tractor

If desired, NIOSH enginecrs are available to assist i the design or design review of any of these
recommendations
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APPENDIX A

ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT

PHASE TWO (FIELD) EVALUATION PROTOCOL



ASPHALT PAVING FIELD EVALUATION PROCEDURE

The field cvaluations of the paving cquipment manutaciurers’ engineering control designs will
attempt to charactenze (he control performance of each prototype design dunng normal paving
aperations  The field evaluation techmques are designed to mmimize interference with the
paving process  Duning the ficld evaluations, the paver will alternale between “engmeenng
contrals on” {controlled) and “engineering controls of” (uncontroiled) condmeons The durabon
of each condition will depend on the difficulty 1n transitiening between conirelled and
uncontrolled scenarios  huhially, the duration for each condition will be 2 hours  Time duration
modifications will be made 1n ihe field as dictated by the equipment design, prelimnary data
analysis, and the paving process

Safety In addition to following the safety procedures established by the host contractor at the
field site, the following cautions and procedures will be excreised at cach testing site

I Orange safety vests will be worn by all persons when working on or near roads
2 Yellow warmng hghts will be operating on each vehiele during field testing

3 All compressed gas cylinders will be transported, handled, and stored m accordance
with the safety recommendations of the Compressed Gas Association

4 The Threshold Lumt Value for sulphur hexattuoride 1s 1000 ppm. While the
generated concentrations will be below this level, the concentrafion in the cylinder 15
ncar 100 pergent  For this reasan, the compressed cylinder will be maintamed
outdoors during use Should a regulator malfunction or some other major accidentai
release oceur, observers should stand back and lel the fank pressure come to
equiltbnum with the ambient environment

Three evaluation methads will be used dyring the prototype evaluations Method A 15 a tracer
gas method which will only occur duning “controlled” paving conditions In this method, sulfur
hexaflucnide (SF,} 15 injected into the anger region behind the tractor and 1n front of the screed
Aar samaples are taken within the engancenng control’s exhaust duci(s) to determine what
percentage of the surrogate “contamunant” was captured and removed by the engineering control
A modified version of Mcthod A will also be used ta quantify the engineenng control’s exhaust
volume For Method B, orgamic vapors, respirable aevosol, wind velocity, and temperature are
measured at pomt locations with real-time mmstruments during both controlled and vncontrolled
pavmng conditions The data are downloaded to a computer and analyzcd to defermune the
concentraton of airbome contaminants, the cnvironmental conditions, the effect ol the wind, and
the effect of the cnzineening controls  For Method C, personal and area samples are cotlected on
sampling media throughout the day  Two sets of sampling media will be used at cach sampling
Jocation One set will be used to sample during controlled paving and the other wili be used
during uncontrolled paving Each sample will be color coded to 1deniily 1t as a controlled or
uncontrolled sample At each sampling location, the iwa samphing trains will lead 1o a single
sampling pump The controlled vs uncontrolled paving scenane will dictate wiuch of the two



sampling trams will be actively connected to the sampling pump  When m an inactive status, the
sampling train will be capped at the mlet and outiet 10 averd vapor migration

Field Setup The fetlowmg field setup and evaluation method descriptions are based on our
understanding of the field environment at most asphalt paving sites  The field evaluabon
protocol may vary slightly duc to unforesecn conditions at somg ficld sites

Evaluation Method A (Tracer Gas) The tracer gas evaluations will occur lwice a day,
mornng and afternoon  These evaluation perads will correspond with paving periods which

utthze the engieering contrels For this evaluation, we release a known quanuty of sulphur
hexafluonde (SF,) into predetermined localions, then measure the amount ol SF,, captured and
removed through the engineering centrol’s exhaust duct  The SF, release 1s conirolled by three
mass flow controllers which arc cach cahibrated for a predetermined llow rute of 99 98 percent
SF, Each controller 1s connected to a PTEE distribution tube  One tube feeds SF, mto each side
of the paver's auger area and the third tube feeds SF¢ directly into the engineering control’s
exhaust hood

A hole, dnlled mto the engineering control's exhaust duet, allows access {or a multt-point
momnitoring wand The location for this hole 1s selected to allow for thorough mixing of the
exhaust ar stream The monmitoring wand 1s oricnted so that the perforations are perpendicular to
the moving air A sample tube cannecls the wand to a Bruel & Kaer (B&K} Model 1302 Photo-
acoustie Infra-red Multi-gas Monutor positioned on the paver deck The gas monifor analyzes the
air sample and records the concentration of SF, within the exhaust streamn  The B&K 1302 wall
be programmed to analyze an air sample approximateiy once cvery minute

Tao deternunte the total exhaust volume of the engineering control, a known SF, supply will flow
through a single mass flow controller and dircctly into the engimecenng control's exhaust hood,
thus creating a 100 pereent capture slficicncy  The mean concentration ot SF, measured in the
exhaust stream will be uscd to calculate the volume of air exhausted by the engineenng control
The equation for determinmg the exhaust volume n cubic feet per minute (cfm) 15

Qeas= [ Qi izrey] % 10°
where Q.= volume of aur exhausicd through the engingening control (¢lm)

Q= volume of 8F, (cfm) mtroduced mta the system  The flow rate in liters per
minute (Ipm) must be divided by 28 3 liters/cubic foot to convert the unmits to
cim

Cisre—  concentration of SF (parts per million (ppm)) detected by the B&K 1302

When the engineenng conlrel design uses a dual cxhaust system, each sude of the exhaust system
will be evaluated scparately  Quick-connect fittings will be used as required to assist the
evaluation of both hoads  The results can then be summed to obtain the engineering control’s
total exhaust volume



During the capture efticiency evaluations, a known supply of SF, will be r¢leased through two
mass flow controllers One mass flow controller will feed a calibrated flow of SF, ta the nght
auger area, the other coniroller wall fecd the left auger area  Withun each aunger area, two PTFE
distribution tubes will be sirategicatly pasitioned {or releasing the SF, Tius results in a total of
tour SF, distribution tubes within the two auger areas  These will be labeled R-In, R-Out, L-In,
L-Out Figure 1 shows the planned distribution tube locations  Usmg qunck-connect fitngs, the
engincering control capture efficiency evaluations will be conducted for both the mner auger
areas (8F, released through R-In and L-In) and the outer anger areas (SF, releascd through R-Out
and L-Out)

As the engineering control exhaust hood captures all or part of the released SE,, the diluted SF,
concentrations will be monitored 1 the same manner as stated for the exhaust volume
evaluanions Momtoning will conunye for gpout 10 mimnes or until approXimate stcady-siate
concentrations appear The measured concentration will be multiplied by the exhaust volume of
the exhaust hood(s) 1n order to calculate the total volume of SF, captured by the engineering
conttral The amount of captured SF, will be compared to the known releasc rate of 5F, 10
deterrmume the engineering control’s capture efficiency

The sequence trom a complete tracer gas evaluation run 15 outlined below

«  Cahbrate the B&K gas analyzer before going to the ficld with SF, concentrations ranging
from zero to 1(H} ppin (5 points)

»  Position and secure the power supply, B&K, SF, gas cylinder, and mass flow conirollers
on the paver deck so that they arc nmrnobile and arc not 1n the paver operator’s way

»  Bascd on engineering ¢control exhaust volumes provided by cach manufacturer, calculate
the flow rate of SF, requured to create an SF, coneentration approximating 15 parts per
million (ppm) durmg the 100 percent capture evaluations Calibrate one of the three mass
flow controllers at thrs calculated SF, flow rate

= Assuming an engmeering control caplure cfficiency of 50 percent, cahibrate the remaining
two mass flow controllers such that the measured SF, concentration will approximate
15 ppm during the engineering control SF, capture efficiency cvaluations

«  Position the mner and outer pawrs of PTFE distribution lubes withmn the nght and left
auger areas  Have a paver operator raise and lower the sereed to venfy that the
distribulion tubes and connections do not interfere with the paving mechamsms

»  Position a distnbution tube within the engimeering control’s exhaust hood(s)

*  Dnll an access hole m the engineering control's exhaust duct(s) and position the sampling
wand nto the hole, with perforations criented perpendicular 1o the exhaust flow

«  Turn on the B&K gas analyzer and mpui the ambient temperature and pressure

o  After the paving process has begum, activale the mass flow cantrollers which supply SF,
to the mner auger posibions and adjust to the desired flow rate

+  Measure the diluted SF, concentration within the engineering control’s exhaust duct for
10 muinutes or until steady-state condittons are approximated (Note For dual duct
designs, this measurement period will occur twice, once for each exhaust duct )



Switch the SF, supply to the two outer auger positions and repeat the previous
measurernent step

Measure the temperature and pressure within the engineering control’s exhaust duct(s)
(Thest will later be used to convert SF, concentration readings in the exhaust duct from
ambient lemperature and pressure to actual temperature and pressure }

At the end of the sampling period, while contrelled paving 1s sull in progress, deactivaic
the SF, flow to the auger area and activate the ST, flow nio the engineenng control’s
exhaust hood Momtor the diluted concentrations of §F, m the cxhaust duct to determune
the engineering control’s exhaust volume flow rate  (Note For dual duct designs, thus
measurement period will occur twice, once lor each exhaust duct )

Turn o[l SF; delivery Continue to sample background readings for 2 mmutes
Deactivate B&K sampling and store data 1n intermal memory

Repecat the process each time the engmeerig control 1s 1 use

At the end of each day, remove the B&K from paver, and download stored data to a
computer

Evaluation Meithod B Real-time Monitoring (Wind, Temperature, Organie Vapor, Acrosol

and Video Recording) Real-time momtoning will be conducted vsing five types of instruments

and a hand-held video ¢amera, each synchromzed to the internal clock of a notehook computer
Video recordimgs of the paving process will be taken during the data collection process to
document traffic and for use 1n real-time monrtoring  The angle for mest of the video recording
will be from behind and e one side of the paver so that the screed arca and the presence of
asphalt delivery vehicles should be i1 view  Figure 2 contans information on the placement of
each real-time instrument  Each mstrument 1s 1identified below wath uts bnicf operating sequence

1 Wind, Temperature (dry bulb (db)) Two portable Pacer Hygro-thermo Anemormeters will
log the cross-wind (wind blowing perpendicular to the paver’s direction of travel) velocity
and the temperature at the screed contret panel and al the unused paver operator position
The velocily will be averaged and recorded cvery 4 seconds

For each Hygro-therntal Anemomelers

Change ail battenes before going to the survev site
Locate positions at the down-wind screed control panel and the unused paver operator

charr to locate the portable anemometers  Oreent the anemormetsrs to measure the cross-
wind velocity component (wind blowing from side-lo-side across the paver)

Clear the memory of the ancmometer’s internal data loggers

Sct data recarding frequency and annotate the equipment start time

Place the anemometers on the paver and annotate the wind direchion

2 Qrganic Vapor Two Foxboro, TVA 1000s wath flame 10nization and phoio onizabon
detectors (FID & PID} wall measure and record the total organtc vapor concentration cvery
4 seconds  One TVA 1000 wall be permanently located to momtor above the center of the
auger area, 3-6 inches above the heipht of the serced The second TVA 1004 will altenate



13 munute sampling perieds between the unoccupied paver operator position and Lhe
downwind screed contre! panel

For each Foxbore TVA 1000
»  Locate a source of hydrogen near the field site for filling the FID flame fuel tanks of both
TVA 1000s before gomg on the survey
+  Charge the TVA 1000 battenes before yoing to the survey site
= Fill the H, tanks
*  Seteach TVA 1000 auto logging rate to 4 seconds
+  Synchromze TVA 1000 clocks to computer Lime
+  Igmte the FID flames
»  Calibrate the TVA 1000 with zero air and span gas

3 Agrosols The MIE, Inc , DataRAM Real-time Azrosol Monitor and two Grimm Dust
Monitors will measure and record respirable {less than or cqual to (<) 10 microns
acrodynamic equivalenl diameter) asrose! concentrahians every 4-6 seconds  One Grimm
wi1ll be placed near the unused paver aperator position  The second Grimrm will be near the
downwind screed operator posinion  The DataR AM will monitor with the TVA 1000 over
the center of the augers, 3-6 inches above the height of the screed

DataRAM

«  Charge the DataRAM battery beforc gomg to the survey silc

+  Change the backup filter in the DataRAM before going to the gurvey site

«  Calibrate the DataRAM using the internal reference calibration standard

+ Install the temperature condiiomng heater to the DataRAM Inlet

= Install the PM10 (Venfy that 2 5 micron nozzle 1s not mstatled in the PM 10 milet head)
inlct head to the temperature conditioning heater

«  Ingtall the Mexable sumpling hese on the mlet to the PM10

« Install the ommdirectional sampling head to the free cnd of the flexible sampling hose

+  Set the DalaRAM to samplc every 4 seconds  Set pump flow rate to 2 0 Ipm

= Synchronize DataR AM clock to the computer clock

«  Locate a secure place to meunt the DataRAM onto the paver and position the omni-
directional samplmg head at the 1dentified momitoning position

For each Grimin
¢ Charge the Grimm battery and backup battenies belore geing to the survey site
+  Replace the internal PTFE filter prior to going to the survey site
» Remove the black protection cap from the air inlet
= Synchronize the Grimm’s date and tirne with the nolebook computer ¢lock
¢  [nscrt the Gnimm’s mcmoery card
« St the Dust measurement mode to particles < 1 microns
»  Set the parficle count 1o particles < 10 microns
»  Position the Grimin in the desired monitoring position



Evaluahon Method C {Total Polycyclic Aromatic Compounds-BZ & GA Sampies) There
will be 11 sampling locattons for each day of paving during the engineermg control study licld
study Eight of these locations will use GA samples, the other three locations will be personal
BZ samples mounted on the paver operator and both the sereed operators  (See Figure 3 for a
schematic of the planned sampling locations ) Each of the 1] sampling positions wall have two
sampling trams, one for the gontrolted paving and one for the uncontrolled paving The sampling
purps will be calibraled 1o a flow rate of 2 [pm  For thus evaluation method, a switch from one
controlled sampling conditton to another will procecd as follows

1 Both an active sample and an 1dle sample will be co-located at a single sampling position
(applies to exther general arca (GA) samples or personal breathing zone (BZ) samples)

2 At thedentificd transition time, the mlet cap will be removed from the *1dle™ sampling
media

3 At the pump inlet, the hose from the actve sample will be disconnected and replaced by the
hosc from the 1dle sample The time of day for this transition will be annotated for both
samples

4  The previously active sample (now wlle) will be capped at the cassctte mlet and at the
sampling hose ouilet

5 Ths process will be repeated as transitions are made between controlled and uncontrolled
paving conditions

At the end of each day, all samples will be collected, capped, and stored 1n a chilled environment
untd future delivery at an analytical laboratory for analysis  Analysis of these samples will be
conducted using the Total Polyeyche Aromatie Compound (PAC) method 1ccently developed by
the National Institute for Qccupational Safety and Health, Division of Physical Sciences and
Engineerg, Mcthods Research Support Branch  See Attachment 1 for a descriptive overview of
this analysis

Integrated persenal and arca samples will be collected using PTFE filters followed by sorbent
tubes A summary of activities associated with this sampling method 15 listed below

+  Cabhbrate samphng pumps to flow at 2 lpm

+  Constryct pairs of sampling trains for eight area and three personal samphng posiions
(Total of 22 samples per day)

« Color code each sampling trun red=uncontrolled, blue=controlled sampling scenano

+  Assign one red and one blue sampling traun to each sampling pump and record the pump
number-sample media assighments

»  Place five arca and thrce personal samplers  Remove filter caps, start pumps, record tume,
pump number, location/person, and fitter mimber

«  Run personal and area samplers for the full working shuift

«  Posi-calibrate sampling pumps and record nformation on daia sheets

»  [nventory samples, prepare ficld blanks, and pack collected samples on 1ce



Deliver samples to NIOSH analytical laboratory for total PAC analysis at the cnd of the
SUrVEY

Additicnal Measurcments

Ambienl temperature and asphalt application temperature will be measured during each
controlled/uncontrolied paving scenario  Ambient pressure will be obtamed through local
weather data sources

Any down time of more than 5 mmnutes will be recorded

The amival/departure times and the FIMA payload {tons) will be recorded for each HMA
delivery vehicle

The crude o1l source, supphcr, and mix design will be recorded

The paver model number, any modifications to the paver, and enginecring control system
dimenstons will be recorded
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Figure 3 Total-PAC Samphng Locations

A

1
noccuped Paver Operator __r’
- |

B

_Ijv

O

B | —
|

—

—
R e
o ] 4]

_}_!4

e ]
|

|

1

o Cenera area =aMPlINg poSNIoNE JINdividually 'abeled

Personal brearhun%zone and geraral araa sampling poshons
1 LHS Scresd Gparswar

2 - Paver Oparator
3 - RHS Screed Operator



ATTACHMENT A

POLYCYCLIC AROMATIC COMPOUNDS AS A CLASS PROCEDURE

Analytical Overview
The Polycyclic Aromatic Compounds (PACs) are extracted from the sampling media with

4 moalhiliter (mL) of hexane Using a Zymark Benchmate I, the sample sohution s fractionated
mio an aliphatic, an aromatic, and a polar fraction  Two mU of the sample solution 1s cluted
through a eyano-solid phase extraction (SPE) column while the remaimung 2 mL s retained for
additional analyses such as sulfur compounds An additional 2 mL of hexane 15 used to wash the
SPE column and collected with the previous hexane elvate  The polar compounds remain on the
column whale the aliphatic and aromatic compounds are collected in the 4 mi of hexane eluate
Four ml. of DMSO0 15 added to the hexanc eluate and agitated The aliphatic fraction remamns m
the hexane layer while the aromatic compounds rugrate into the DMSO layer during this
ligud/higmd exiractiion  The DMSO layer is transferred mite a High Performance Liguid
Chromatography (HPLC) auto-sampler tube for {low-umection analysis  Flow-tnjection analysis
uses the same equipment and data reduction as an HPLC analysis except no attempt 18 made to
separate the compounds imto discreel peaks By removing the column, the equipment 18 used to
deliver the sample as a single peak, monitored spectrotluorometrically, and quantitated as
ug/saimple 0f PACs as a class  The samples are norinalized using a Supelco QTM PAH nuxture



TOTAL PAC PROCEDURE

Sample Fractionation

2

10

11

12

Remove filters and tubes from reftigerator and allow to come to room temperature

Place filter, front section, and back scction of tube 1n separate 16 x 100 screw-cap culture
tubes (Dargger CatLX23607B) Discard the o-rings from the cassette  The front glass
wool 1s added to the front sorbent culture tube section  Add the maddle and back glass
wool to the back sorbent culfure tube scction

Add 4 mL of hexane (Burdick and Jackson 216-1} to each culture tube
Cap the threaded tube with the PTFE-faced cap and rotate overnight  (Labguake Shaker}

Using a Pasteur pipet, remave the hexane {fom the threaded tube and place na 16 x 100
mm straight walled disposable calture fubes (CMS 339-309) Thus transfer 15 necessary
because I could not figure a way to modify the threaded tubc (o hold the SPE holder on the
Benchmate Let me know 1f you lind a way!

Place the straight walled tube 1n the first rack of the Benchmate 1§ wath the SPE tube
(Supelco LC-CN SPE #5-7013} Place a threaded tube with a slecve made of plasue or
Tygon tubing over the threads 1n the sccond rack of the Benchmate I This sleeve allows
the Benchimate arm to ¢onirol the tube

Fill the Benchmale rescrvomrs wath hexane, DMSO, methylene chlonde, and methanol (All
Burdick and Jackson HPLC Grade )

Run the weight calibration and purge progrars to prepare the Benchmate

Run the attached Benchmate program

When linished, about 2 mL of the original hexane cxiract will remain n the Lirst culture
mbe Transfer this selution to an amber 4-ml. autosampling vial (Kimble 60884A-1545)
and cap wiith solid PTFE-faced cap (Qorpak 5200/100) Analyze thus solution for sulfur
PACs and benzathwazol Dhscard the SPE tube

The second culture tube wiil contain about 4 mL of hexane and 4 mL of DMSO  Remove
the sleeve, cap the mbe, and rotate the sample overnight to ailow hquidhiquid exiraction of

the PACs mto the DMSO layer

Transfer the DMSO layer (boitom) to an amber autosampling tube for HPLC analysis

A-2



Flow Injectior Analvsis
Equipment  Watcrs 600-MS Sysiem Controller, Thermo Separations Group Membranc

Degasser, Walcers 715 Ultra WISP, two (2) Shimadzu RF-535 HPLC Fluorescent Detectors, and
a Dronex Al-450 Laboratory Automation System  One of the detectors 1s set at 254 nm
excitation and 370 nm emisston while the other 15 set at 254 nm excitabon and 400 emission A
flowrate of 1 5 mL of 100 percent acetominle 1s vsed o carry the sample to the detecters  The
mngection volume 15 25 uL  The runtime programed mto the data acquisition method allows four
injections of the same sample A purge of 1 min was programed nto the WISP to allow time for
the method start and injection start to coordinate

Standards Supelco QTM PAH test nuxture (4-7230) 15 used as the standard It contains
2000 ug/mL of 16 ndividual PACs, therefore, this bulk standard contains 32,000 ug/mL of wtal
PACs The working standards {ug ot total PACs/mL) are senal dilulions 1n DMS0O

Since the samples conlain a large range of concentrations and the [imited lineanty of the
fluarescent detectors, multiple runs had to be made of the samples

Run ]l Initially, the samples are run with the detector set 1n the low sensitivity mode  Tymcaily,
the calibration curve ranges from 0 510 [5 0 ug/mL Samples bracketed within this calibration
curve arc quaniitaied using a least squares program

Run 2 Sample areas excceding the highest standard of Run 1 arc diuted with DMS0O and
reanalyzed The majority of the dilutions are required for the 254/400 setting but both must be
checked

Run 3 Samples below the lowest standard of Run 1 are reanalyzed with the detector sct i the
high sensitivity mode  The hughest standard must overlap the first cabibration curve and the LOD
associated with this procedure 1s typically around ¢ 01 ug/mL

Calcniations

The areas of the four replicate injections are averaged  The caleulated values are i ug/ml
Calculation of the final conceniration must take into account that 4 mL of DMSO was used in the
fractronation and that only half of the sample was fractionated, therefore, the conversion factor
from ug/ml. to ug/sample 1s ¥

ug/sample = 8 x ug/mi



APPENDIX B
ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT
DYNAPAC PHASE TWO FIELD EVALUATION

STATISTICAL DESIGN AND DATA ANALYSIS



DYNAPAC (TEXAS)

EXPERIMENTAL DESIGN

The dara were collected m periods that included two Kinds of randomization See Figure 1 ior
the randormzation that was used durnmg the expermment  There was randomization of shorier
length time perwods and randamization of longer length tune periods  Both kinds ot
randomization were required, since the lomger periods were needed for the indusirial hygiene
samples, and the shorter length penods were requured to mcrease the precision of the difference
between the contrei-on and control-off periods for the real-time samplers  In Figure 1 “short”
designates a set of short-term pertods, and “long™ designates a long-term pertod A period
consisted of a randomzed panr {controf-on, controt-off) For purposcs of TVA sampling at the
screed and operator, the pertods m the short-term were designated as ether screed ar aperator
samples Since only onc TVA mstrument was available for sampling at these two locations, the
mlct Lo the TVA was placed erther at the screed or operator according to the randormzation
scheme In the long-tenm peniods, the TVA was randormized between screed and operator
sampling, even though the control setting was unchanged The imtention had been to have three
DATARAMS, one at the anger, and one at the screed, and one at the operator locations
However, becausc onc of the three units operated for just the first day, one DATARAM unit was
used tor both screed and operator locations, following the same randomuzation as the
corresponding TVA

Although we call the periads either “short” or “Jong,” shurt periods werce not all of the same
length and long periods were not all of the same length  “Short” periods were those for winch
na industrial hygiene samples were taken Thus, the periods could be shorter in iength since only
real-ime measurements were bemng taken “Long” peniods varied 1n length, since the aim was to
collect enongh matenal on the lubes and filters to ohtain samples above the limit of detection

A problem wnth thesc data was that there were many nitrrupitons n ihe paving process
Typieally, an uninterrupted sequence ol paving lasted for less than 2 munutes  So many
mierruptions make evaliation of control effectiveness very difficull  One reason 1s thal it may
lake a short ime of continuous paving before estimation of analyte concentration can be made
accurately Also, [or industrial hygiene samples, it was difficult to turn off the pumps every tume
there was an interruption  Thus, some of the tume that the industrial hygiene samples were taken,
there was no paving acuvity For this reason the collected data will be evaluated 1n two different
ways The first set of esimates will be based on all the data  The second sct of estiimates will be
based on those {control-on, cantrol-off) pawrs for whach the control-off determination falls 1n the
upper 25 percent of all control-off determinations from the course of the study From previous
studies, these upper 25 pereent results are usually higher than the overall results  The reasen to
carry out {hus sccond analysts tor all the data, 1s not to penalize the evaluation of control
effcchiveness because of the sampling probiems mentwoned above {See (8) below for [urther
discussion )



METHODS FOR DATA ANALYSIS

Some of the consmderations involved in handimg of the daia are the following

1 Figure 2 contains particulate results from the DATARAM auger sample on day 1, the second
period Therc are four scgments at conirol-on and three at control-off  Except for the last
control-oll segment, each segment show n the figure indicates a tendency for the measurements
to mcrease at the start of the segment  For control-on, three of the segments lasted lesy than

| munute, and one lasted for about 5 minutes For comrol-off, one segment lasted about

3 minutes and the two olhers about 2 minutes  Thus, there were many interruptions n the work
It 15 not possible to know how well each median level 1s determmined simce the intervals are shori

Over all three days of sumphing, the median length of time for paving 1s less than 2 minutes  For
days 1 and 3, the median wnterval length was less than 1 minute, @lthough different paits of each
day may have had more or fower niterruptions than other parts  For day 2 the median length 15
about | 6 munutes Since for most of these mtervals we cuclude 30 seconds at the begmning and
end of the interval, over half of the segmenis on days 1 and 3 are excluded! Perhaps these
interruptions help explam why the estimated reductions are relatively smalt

2 Since the data were collected in barches of control-on and control-off, it 1s not appropriate
to treat the measurements individually 1n making companson of control-on and control-off
setimgs  The reason 15 that the variability of measurcments made m: batches 15 usually defferent
(usually smaller) from that of measurements which are collected in a randomized fashron  Since
the randomization uscd mn the study s within the periods, 1t makes sense to calculate one
number for cach contral-on and control-off setting within each persod  Sincc the median 15
not sensittve 1o measurements from the center of the distnbution, the median 15 used in the
analyses of all the real-ime measurements {These included vapor and particulate at the auger
and away from the auger } Because of this imscensitivity and beeause it seemed difficult to
decide which of the many real-time measurements might be outliers, the median s a
sensible estimator for the center of each control setting distribution. Tn Figure 2, the median
of the control-off measuremenis was about 43000 micrograms per cubic meter, compared with
about 24000 micrograms per cubic meter for the control-on selting  For the period shown in
Figure 2, the medians appear to show the cenlers of the distributions guite weil

For the industrial hygiene samples, each of which is collected for a peried of not Icss than

45 minuies, the average of each type of sample was used, rather than the median  (For reusons
aiven in (6) below the average of the log of the deferminations was used } Because cach sample
is a time-waighted average over a relatively long period of time (compared to the short-
term samples), the sample determinations themselves adjust for extreme values that occur
in the course of sampling, and the average rather thap the mcdian seems appropriate, Thus
average was taken over all locations sampled durning the control setting  The industnal hygene
samples included total PAC at the auger {four locations), total PAC away from the auger (two or



three personal samples and four area samples), and total particulate/benzene seluble fraction
(BSF) analyses for samples at the auger {four locations}

3 For long-time periods especially, comparison of controi-on and conirol-off depends on the
data used to compule the medians If we compare the median of the entire setting of control-on
for the long-time period ol particulate measurcments at the auger shown 1 Figure 3 wath that ol
the entire setuing of control-off from the same period, we may get quite different results than f
we compare the data closer to the time at which the control settings change The problem 18 that
the control-off determinations tend to imcrease here, especially 1n the latter half of the control-off
sctting  Since we have ne control over environmental changes, 1t makes sense to compare
control-on and control-off determinations that are close together m ume  1n nther words, we
will compare medians of measurements hefere and afier a change point from one conirel
sethug to the other.

Siee some of the short-time periods consisted of segments duc to interruplions 1n delivery,
some of these segments are spread out over a long period of ume, and siumitar concerms apply to
them too

4 Another questton concerns how many measarcments to use before and after a change
pomt Our thinking 1s that determinations close together .mn fime are more similar in the
unconirollable variables We must determine how far in ume before and after a control setting
change to include data for computation of the medians

A related question concerns deletion of real-time measurements at the begnming or end of a
continuous sequence of measurernents at a control setting  Trucks were used for delivery of the
asphalt In addihion, during the morning of the last day of samplhing, asphalt was provided to the
paver by means of tractors  There were stops when there were delayvs ip tvuck arvival If
there 1s a long break, environmental differences can atfect estunates of the differcnce between the
two control settings 1t 1s often truc that after a change in control setting or afler a stop in paving
acuvity, there 15 a period of trme during which the measurerents change their means Because
of this tendency, we have deleted a 2 minute of real-time measurements before and after a
periad of no paving that Jasis for at least 25 seconds. This was done for all real-time
determinations.

We must decide what duratton should be taken for each penod Comparisons of control
effectrveness were done for different iength time perteds 'The number of mimmutes was always
a function of absolute clock time {(from the start of the perod), since the 1dea is that jtis
important to be close together in ime to allow for betfter comparability of the
determmnations. The penieds are constructed with respect to the Iast measurement before a
control sctting change or the first measurement afier such a change. Forinstance. 1f the last
contral-off deternunation before a change occurred at 10 a m , then the 13 miamte mterval would
mclude measurements between 9 45 and 10 am  [f the first contral-on determynation was made
at 10 45 am , then the 15 nunute determtnations would inchide measurements between 10 43




and 11 00 am The compansons shown n the section “Determining Length of Pertad” indicate
that by approxamalely 45 punutes, the estimated effectiveness of the cantrol 15 stable  The resulls
also demonstrate that the 30 second deletion at the start of the control setting increases the
estimated reduction

5 Another 1ssue concerned drift in the FID determinations The TV As were zeroed and
spanned with samples contaming no analyte and with samples contawnng analyte that should
have given either 10ppm or 100ppm readings for FID This spanmng was carmed out both at the
begimung of the day and at the end of the day Thus atlowed for correction for drift 1n the zero
responses of FII, by assuming linear dnift of the zero response between the two cnd points  Drift
1 both the (0 and 100ppm deterivunations was also assumed to be linear between the two
endpoints  This assumption allowed for determunation of a factor for converting the 10ppm and
100ppm responses at a particular sampling time t to the equrvalent responses at the imtial [dppm
and 100ppm spannmg eme (1=0) These factors were applied to ihe zero-corrected FID
deternmnations made at time t {0 convert them (o the equivalent determination at ime t=0, alier
which the mmtial instrumental response to zero span gas was added on Thereby, changes in
readings over ime to the same air concentration would be correcied

6 When the medians of many peniods were studied together, it happened that there was higher
varmbibity of the medians as the medians increased. This suggested that the natural log of
the medians was to be used when the data were analyzed The analysis will be based on the
difference of the natural logs of the conlrol] settmgs [or each pair

7 For the real-wine data, m(median)s were analyzed via analysis of variance methods, in
order to obtamn an estimate of the ratio ¢f ¢ontrol-gn to control-off  The quantity of interest s

i s the ratio, which s the reduction due to the control-on  The models used are different for
hfferent kinds of measurements For the real-time particulate at the auger and for vapor
determmnations, the models include terms For day to day differences, pair of (control-on,
control-off) within day and interaction between day and control differences The
particulate determinations away from the auger, measured at both the screedman and
operator locations, are averaged to obtain one average measurement at each sciting at each
time since the two different locations are sampled simultancously and are correlated.

The average of the log of the measurements was used m the analysis of the total PAC data,
where the average 15 taken over the different locations sampled simultaneonsly and sarularly for
the analvsis of the tota]l PAC data away from the auger For the latter, both area and personal
samples are averaged Logether

Since different sampling intervals were uscd for different instruments and since periods were of
vuriable length, the number of measurements on which the medians or averages was hased
varied considerably from period to period and from instrument to mstrument  Siee it was not
clear that length of perivd was related to preasion of data, an unweighted analysis was
glways used.



Because the industrial hygiene samples, total PAC or werghing samples, were long-time samples
done simultancously, 1t was posstble to carry oul a combined analysis of these data

For gach day’s data, averapes on the natural log scale were obtained for each kind of sample at
cach conlrol setung  The conirol effectiveness was ¢siimated by including all sample types
in the same split-plot analysis, in which samples collected during the same control setting
on the same day were treated as correlated. A separate estimate was obtained for each
sample type, but the residual variances werc pooled to obtain a better esimate of the sub-
plot vanance, with more degrees of freedom This seemed accepiable, since the bulk of the
variability of the measurements 1s sampling vaniability, which was thought to be similar, even
though the total PAC and the weighing methods are quite different

8 Both in the section on expenimental design and 1n item 1 above, the problem of frequent
interruptions i the paving process was discussed A svuggested alternative was carried out  This
was to estimate the percent reduction for the periods with the highest 25 percent control-off
vilues For the total PAC these are the highest 23 percent of the indtvidual location total PAC
control-off deternunations away from the auger For the real-lme particulate or vapor, these are
the highest 25 percent of the control-off medians ‘The results from these analyses can be
mterpreted as follows Since the observed reduction 1s confounded with uncontrollable factors
such as wind speed and direction, the highest control-off measurements may occur where such
factors are not effective tn reducing the contaminant Thus, the reduction here 1s of interest,
sinve it may indieate what can be expeeted when enhvironmental control 15 not present  There 13
no way to compensate for problems with collecuon of the data, but alternative estimates may
show the besl that the controls can do under this samplmg arrangement

9 For many of the comparisons that follow, the wim was to establish confidence limits that
hold simultanecusly for all comparisons at the 8@ pereent confidence Ievel at the auger and
at the non-auger locations and also for the TH samples. Thus, for all comparisons
simultancously we can say that the error rate is 20 percent. The probability that any
confidence inierval statements are i error 15 no motc than 20 pereent  Altogether if eight
comparisons were aliowed for, then cach would be allowed a 2.5 percent error rate. Since
the error rates add, the overall errvor rate witl then be no more than 20 percent  The chotce
of an overal]l 20 percent error rate 15 somewhat artitrary  Twenty percent mught be thought Lo be
acceptable, smoee many {actors in this study are not controlled  The reason to control for the
cverall error rate 15 that, although the nieasurements may each be of a considerably different
nature, they ace all correlated, sinee they are all taken at the same tune  Together they present
different aspects of the workplace exposure to the parhiculate and fumes produced by the paving
process Alternatively, we could consider cach comparison of contrel-on versus cantrol-off
as a separate test  In a less amitious evaluation, only one kind of measurement might be
taken or only one¢ Kind of measurement might be of interest. For this consideration, we
have also calculated individual 80 percent confidence bands for each determination. The
above approach regarding confidence bands was uscd for tests of control effectiveness {or
particulate and vapor In addition, NIOSH conducted separate investigations whose
efficiency confidence linits were calculated independently from the vapor and particulate



samples. These included fracer gas effectiveness, for which 95 percent confidence limats were
produced, and evaluation of temperature differences between control-on and control-olT, lor
which 80 percent confidence bands were calculated

10 In a study such as this, there are different choices as to how to view the days mcluded 1n the
study To generalize the results for the single paving machine €valualed here to any days and
locations on which thal paver mught be used, we would want to regard the days of sampling nsed
in the study as a random sample  This generahization 1S a more ambitious goal than we thunk 18
warranted by the data collected for this study Only a small sample of possible paving sues 18
used and vanation 1 ambient conditions (weather or habitat) 1s hmited  Also only a single
paving machine was evaluated For all of these reasons, 1t makes sense to treat the days studied
as having fixed means rather than as a random sample of all passible days

SF6 DETERMINATIONS

The average efficiency was 54.4, The estimuted variance 1s 235 62 With seven measurements,
thas vields a standard deviation of the mean of 5 80 Thus, the 95 percent confidence limits on
the true efficicney are given by 54.4 7 2.45 ( 5.80) = (40.2, 68.6), where 2 4315 the Student’s t
47 5 percentile far 6 degrees of freedom  Thus, the true efficiency can be said to be between
about 40 and 69 percent with 95 percent confidence The average flow rate 15 approxmmaiely
1204 with 95 percent confidence limuts of (1153,1256), obtauned by means of the t-distribution
with 4 degrees of freedom

EFFECTIVENESS OF CONTROL AT AUGER

The results for the analyses of vapor and particulate at the auger arc shown in Figure 4 Results
are presented as percent reduction of the control-on relative to the control-off. The percent
reduction 1s given separately by day and by average over all days, for the two kinds of samples,
plus 80 percent confidence lumits  For all days, the percent reduction based on particulate
data was about 34 percent. The lewer (ssmultancous) confidence hmit and lower indivadual
conlidence lumst indicated no reduction  For the vapor, there was no estimated reduction due to
the corttrol

Results for the upper 25 percent contral-off pairs (Figure 5) are more [avorable — esumated
reduction of 62 and 21 pereent for the particulate and vapor, respectively  The ondy lower
confidence limut greater than { was the individual lower confidence limut for the particulate,
which indicated about 6 percent reduction due to the control Results for the upper 50 pervent for
particulate and vapor are 59 and [3 percent, respectively  The control appeared to work
somewhat differently for vapor thun for pariculate as was true at other study sites too



EFFECTIVENESS OF CONTROL AT OPERATOR AND SCREED
POSITIONS

The results for the vapor and particulate measurements at the screed and operator locations are
plotted, by day, in Figure 6 There was no estimated redaction for either the vapor or the
particulate,

The analysis of the upper 25 percent control-off vapor pairs again yieids ne reduction. The
corresponding eshmate for the particulate pawrs (Figure 7) yields a reduction of about

32 percent, with a lower confidence limits indicating no reduction for either simultaneous
comparisons or individual compansons. For these resulis, medians are used from both the
opcrator and the screed locations  In Figure 8, the reducnons for each pair of particulale non-
auger (control-on, control-off) arc plotted versus the natural log of the control-off measurement
1 thatl pair - When the upper 50 percent of control-off samples are chosen for membership n the
higher group, the estumated reduction increascs to 54 percent  (Five values are added in gomng
rom the upper quartile to the median  These include three values mdicating high reduction at
In{control-off} about 7, as shown 1n Figure 8 )

IH SAMPLES

Figure 1015 a plot of the percent reduction duc to the eontrol, based on the tndusinal hygiene
samiple data From the total PAC auger samples, the estimated reduetion doe to the control
15 about 35 percent The lower 80 percent {(simultancous) confidence limt and the lower
(individual) confidence limit are about 0 percent. For the total PAC non-auger data, both
area samples and personal samples combined, the estimated reduchon is 10 percent, with
80 pereent lower (simultancous) confidence limit and lower (individual) confidence linmt
indicating no reduction.

The analysis of the upper 25 percent total PAC auger data (Figure [ 1) yields an estimate of

56 perceni  The lower {simultaneous) 80 percent confidence limit indicates no reduction, and
the lower (individual) 80 percent confidence il indicates at least 31 percent reduction  For the
non-auger data, the esumated reduchion 15 about 61 percent, wath lower {simultaneous)
confidence limit of about 22 percent, and individval confidence Ll of about 48 percent  The
data for the non-auger estimates are shown in Figure 12 The estunared reduction, when the
upper 50 percent control-off pairs are chosen for the ugher group, s about 29 percent for the
auger and about 53 percent for the non-auger data

The results for the filter samples, based on total particulate and benzenc soluble fraction, agree
well with the total PAC Ower all samples, the estimated reduction for benzene solubles 13 about
25 percent, with simultancous and individual confidence imits both indicating no redugction  The
reduction bascd on total particulate 1s about 33 percent, with individual and simultaneous
confidence limits indecating no reduction  The results based on the upper 25 percent control-oft
pawrs are stmilar to the total PAC at the auger For benzene soluble samples, the estimated

7



reduction s about 66 percent due to the control, with lower simultaneous confidence linut
indicating no reduction, but individual lower confidence lnt indicating 47 percent reduction
For the total parhiculate the upper 25 percent control-off pawrs indicate aboul 36 pereent
reduction, and the simultaneous lower canfidence hmut indicates no reduction, but the mdividuoal
lower confidence linut indicates 37 percent reduction  The estumates based on the upper

50 percent control-off pairs arc 25 and 29 percent, respectively

These filter samples are all auger samples

From Figure 11, nothiee that except for the 1otal PAC samples away from the auger, all the upper
25 percent samples come from the second day of samphng There were no indusinal hygienc
control cffectiveness estimates based on the first day of sampling, since onfy control-olf
industrial hvgene samples were coltecled then For the tolal PAC away from the auger, five
parrs were selected from the second day's samplcs and one pair from day 3

The geometric means for the indnstrial hygiene samples are given in Figure 13

WIND AND TEMPERATURE MEASUREMENTS

The HTA instruments were located at the screedman and operator Jocations, located near the
DataRams at eirther the screed positions or the operator positions  On average, the temperature 1s
about 1 9 degrees F lower for control-on than for control-off This estimaie 1s based on 5-munute
segments chogen analagously to the 45 minute segmenis The tweo-s1ded individual 30 percent
confidence hmts indicate that the temperaturc for control-off 1s between 0 04 degrees I lower
and 3 9 degrees F higher than the contrel-on

Median wind speeds were calculated for each control setiing used 1n the randormzation  These
determinations were also made by the two HTA instruments  There was hirmited wand data for
the [irst day of sampling and littlc variation in median wind speed for the third day of sampling
Comparison of the wind data for the auger DataRam data from the s¢cond day of sampling
indicated little correlation between the wind speed and the measurcment levels



Overall average

CONCLUSIONS

Par{ - Vapor- Totzal Eenz Total Part -non | ¥upor-non | Total PAC
auyer auper FPAC-auge | Sol- Part - auger auger non auger
Real-time | Real-ime | Indus Auper Auger Real-time | Real-time | Indus Hyg
Hygiene
EST 34 0 35 23 33 0 0 10
Indrv 0 0 0 0 0 0 0
g0t LCL
S1mul 0 ) o 0 0 0 n 0
B LCL
For upper 235 percent control-off pairs
Part - Yapor- Total Benz Total Parl -non | Vapor-non | Total PAC
auger auger PAC- Sol - Part - Aauger auger non auger
Real-tume | Real-tume | auger Auger Auger Real-ume | Beul-tune | Indus lHyg
Indus
Hygiene
EST 62 21 56 66 36 32 6l
[ndrv ] ] 3 47 37 il 48
Br%a LCL
Simnul ) 0 ] 0 0 1 0 22
Bna LCL

The resulls are summartzed 1n the above table  An obvious question 15 which kind of

confidence interval to rely on. If the basic aun 15 to quote resulls for just ene kind of sample,
say real-tume particulate at the auger, then 1t 1s appropriate to quote the point estimate and the

individual lower confidence hmat {or that sample type. 1f the aim 15 to obtain an overall picture
of all matrices (partriculate and vapor) or all types of samples (real-time and industrial hygienc)
then the simultaneous confidence mtervals are the correct ones (o use




ATTACHMENT: DETERMINING LENGTH OF PERIOD

The data 1n thus study were collceled i periods of several hours at each control setting  Thus was
true for both real-ume and mdustrial hvgene samples ' Whereas for the industnal hygicne
samples, we must use the measurement of each sample; for the real-time samples we can
choose which samples (data points) we might use. Why choose? The reason 1s that we
believe that samples closer together in time and sampling location are more hkely to be
subject to the same environmental factors. Thus, by choosing samples from the pared control
settmus that are close logether, we hope to obtain more precise compartsons of control
efTfectiveness Another reason to choose subsets of the longer periods 15 that we expeet that
control effectiveness will show up over a short period. For the data studied here, the approach
used was to study the effcctivencss of the control as estiumated from samples of different bme
length selections We considered periads of 1875, 3 73, 7 5, 15, and 30 munutes atier a control
setting change and before a control scttng change Also, (o allow for the possibility that the
concentration level rmght change at the begmning ot the trial, we considered different deletion
possibiliiies- no deletion, deletion of the fiest 15 seconds, or deletion of the first 30 seconds 1n the
trial data For all esumates shown, the last 30 secands of trial data were deieted, to allow for
possible uncertainty in the coded stopping times  The estimates of control eftectiveness are
given for the auger measurements, both particulaie and vapor These are given as average
jin{control-off)-In{control-on)|, plus the standard crror (the larger the difference the more
effective the contrul is):

Particulatc-Auger Vapor-Auger

Deletion time(sec) Deletion tume(sec)
Duration{ming 0 -] 5 30 O 15 30
1875 0 475(0401)  UUDEIZ) 02200 504) 0 35000 297 010 301
37 0423(0491) (327(0538) 0 3780 561) 1 325{0 255} 0 31640 26d)
75 0 3535f0 5011 0 282(0505) O 40440 565) -0 28500 279 4} 325(0 269)
15 0Z24(0501) 03az{0518) 031850 565) 03500 287y QD 3I02V0) D340 273)
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For the particulate at the auger, we see that for the shortest durateon shown, 1 875 minutes, no
deletion results 1n larger dhifferences (control-off, control-on) The 0 475 difference for no
delction corresponds to about 38 percent reduction, whereas the 0 22 difference tor 30 second
deletion corresponds to about 20 percent reduction

The relauvely tugh reduction for ( deletion at 1 §73 munutes delction 18 then vory sensttive o

deletion time, and also sensitive to duration, simce by 7 5 minutes the difference of ¢ 335
corresponds 1o 28 percent reduction, much lower than the 38 percent associated with the
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| 875 minutc duration  For the 30 second deletion time the estimated reduction 15 relatively
stable for long duration

From about 3 75 minutes to 60 minutes the estimated reduction ranges from about 30 percent (at
3 75 mmnutes) to about 35 percent {(at 45 munutes} For ull deletion fimes the estunates are
relatively stable for the time inlerval, 7 5 minutes to 45 munutes The 30 sccond delchion resulis
indcate larger reductions 1 thus duratton range than the 0 and 15 second reductions  For the
estimates prescnted m the body of the paper, we use those based on 30 seconds deletion and

45 minutes duration, since the estimated reduction 1s relatively stable then  The results for

120 minute duration, 1in comparison with 60 nunutc duration, may secm surpnsing  There are
just two long-ime penods m these data, and duning the long-time control-off period on day 1,
there is 4 considerable decline in the particulate determanations, which causes the much lower
reductions at 120 minutes, whatever the deletion time

The corresponding results for the vapor do not secm to be informative, since all estimated
reductions arc negatve reductions! A possible way to understand these negative results 15 that
when the fraction of the 45 minute period spent paving excecds 0 2, the per cent reduction 15
highest However, the dependence appears much stronger for the vapor, since for fraction less
than 0 2, there appears to be almost no reduchon 1t may be that the amount of ume spent paving
was too short to obtain a good estimate of the reduchion due to the vapor
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FIG 1 SAMPLING DESIGN USED IN STUDY
SHORT-TIME PERIOD AND LONG-TIME PERIOD RANDOMIZATION
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FIG 2 DATARAM MEASUREMENTS - AUGER, DAY 1, PER 2
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FIG 3 DATARAM AT AUGER, LONG-TIME PERIQD ON DAY 2
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FIG 4 AUGER %REDUCTION BY DAY & OVERALL AVERAGE
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FIG & AUGER %REDUCTION BY DAY & QVERALL AVERAGE
RESULTS FOR UPPER 25% CONTROL-OFF PAIRS
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FIG & NON-AUGER. %REDLUCTION BY DAY & OVERALL AVERAGE
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FIG 7 NON-AUGER. %REDUCTION BY DAY & OVERALL AVERAGE
LIPPER 25% CONTROL-OFF SAMPLES
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FiG © REAL-TIME PARTICULATE GEQOMETRIC MEANS
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%REDUCTION DUE TO CONTROL

FIG 11 INDUSTRIAL HYGIENE SAMPLES %RECUCTION BY DAY-
UPPER 25% CONTROL-OFF PAIRG
80% CONFICEMCE LIMITS SIMULTANEQUSLY & INDIWIGUALT ¥

PRANGN-AUG AREA & 87 CIAUGER [EBEN WETOTAL )

120
100
a0
&0
40
20
a
=20
-0
=G0
-80
~100
120

@ " % 4
%@% %, By,
DAY T e

WREDAEL § DME BASZL 0N REMWETH: MOA4E OF SUMMID 37m AND 400nm DETE XU HATHENE AVERSSE FOR HONAJSER

SAMSLEY COMGENES ARES & BRERT | IING JONC Sau-. 0 SYERAGFR DOl "ED WS AVT SAGE CF | K| COMTFOL

ket 1)

LH[CCNTREY, OFF] ANWE E4POMHENTIATED =0 uB“alN SVERASE SEMMTCH WS OONTRM DH CITIPRIWATISHE FIHE A 1

% REDUCTION FOR PAIR

FIGURE 42 % REDUCTICOM FOR LOYWEST 75% CONTROL-OFF
YERSUS HIBHETT 25% CONTROL-OFF FMRS

FOR TOTAL PAC AWAY FROM AUGER

LOWER GROUP_+ HIGHER GROUP

0o
N l)
Y D . R S
*

v _—

50 _________________________________ —_—— ]
-10{}_ - = R —f— et e c A Em e —mma——
AEDF — e e o _- J——
-200

1 2 3 4 5 6 7 B
LOG{CONTROL-OFF)

TV LAKCE MEGANYE REDLACTINME REMOVED = ROM BLOT FOR S0ALIMG REAGONS

17




13 INDUSTRIAL HYGIENE GEOMETRIC MEANS
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