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EXECUTIVE SUMMARY

On December 9-14, 1996, researchers from the National Institute for Occupational Safety and
Health (NIOSH) ¢valuated a firsi-generation engineering control designed to capture and
remove fugitve asphalt emissions dunng asphale paving  The Champion engineenng control
evaluarien was completed as part of a Department of Trunsportanon (DOT) project to
evaluate the effectveness of engineenng controts on asphalt paving equipmeni  NIOSH
researchers conducted the research through an inter-agency agrecment with DOT's Federal
Highway Admunistration (FHW A} Industry, labor, and governmental participation in the
project was fostercd through a research partnership which meluded NIOSH, FHWA, the
National Asphalt Pavement Association (NAPA), the Asphalt Institute, six manufacturers of
asphalt paving equipment, the International Union of Operating Enginecrs (IUOE), the
Laborers’ Internanonal Unwon of Narth Ameeica (LIUNA), and the Laborers”™ Health and
Saflety Fund of North America (LHSFNA)

The asphalt paving engineenng control study consisted of iwo major phases During the
primary phase, NIOSH researchers visited each participating manufacturer and evaluated
their cngincenng control designs under managed environmental conditions  The indoor
evaluation used fracer gas analysis techniques to quantify the control’s exhaust flow rate and
to deternune the control's capture cfficiency Results from the indoor evaluations provided
equipment manufacturers with the necessary information to maximize engineering control
performance prior to the second phase of the study, performance evaluation of the
enginecring controls under “real-hife” paving cenditons

Throughout cach manufacturer’s phase two evaluatton, NIOSH researchers focused primarily
of each engineering control’s ability to capture and remove aitbome contaminates geacrated
within the asphalt paver’s auger arca  Secondary measurements were collected at screed and
paver operator positions located on the asphalt paver  Since no prescribed methods exast o
evaluate engineertng controls under the unique physical constraints of the asphalt paving
cnvironment. the NIOSH rescarchers developed a mulofaceted evaluation stralegy that
included tracer gas testing, indusioal hygiene sampling, and real-tume sampling for
paruiculate (PM1{), organic vapor, and lcmperature Al of these methads were incorporaled
inte a conirol-on vs contrel-oif ficld evaluabion protocol in order to quanufy the engineening
control’s performance

The scope of this report 15 limited 1o the Champion phase (wo {field} ¢valuation of a single
engincering control mnstalled on a4 Champion Madel 1110T asphalt paving machine The
tested design cansisted of a sungle exhaust haod mnning the full width of the tractor and
located above the augers The size, shape, and onentation of the hoed resulted 1n enclosing
ahout 30 pereent of the top of the auger arza within the wadth of the tractor  The plenuin
takeoff from the exhuust hood routed the exhaust air through the rear tractor wall and up
through the paver deck A heavy-strength flexible duct completed the connection to a
hydrauhc exhaust fan located on the paver deck An exhaust stack, attached 1o the discharge

v



side ot the fan. discharged the captured fumes at a point about 5 feet above the deck and
about 10 feet above the ground

Freld tracer gas measurement technuques revealed an average exhaust flow of 1700 cubuc feet
per munute (cfin) from the exhaust fan Test results indicate that the Champion engineering
control design was saccessful m capturing and removing an average of 83 percent of the
asphalt fume rcleased from the auger area  Thus source reduction led to an average worker-
area reduction of 49 percent One way to circumvent the mathematical impact of background
cotcentrations and the variability resuiting from ambient conditions was to evaluate the
engmeering contral's abulity to prevent higher-level (top 25%:) contammant cencentrafions at
the screed aperalor and paver operator posihons  Using this approach, the Champion
engtneering control produced an average reduction 1n ngher-level cxposures of 74 percent
wilhin these workstatians

The Champion evaluation was the fifth of six field evaluations to be conducted as part of the
cngincering contrals research partnership  Although the testing methods used had a nummal
history 1 the challenging environment of asphalt paving, therc was sufficient expencnce to
warrant some modifications in the overall testing protocol  Knowledge guined dunng this
evaluation resulied 1n umited changes 1o the evaluation protocol and potentially impacted the
findings of ihc subsequent performance cvaluatton  Lastly, many of the environmental and
process vanables were unique to the Champron evaluatton  For example, the Champion field
evaluatron was the only evaluation conducted during the new construction of a major
highway For all of thesc reasons, the reported performance results should not be used 1o
predict furare resnlts under different conditions or to compare performances with those
obtained by other paver manufacturers

The implementation of engincering controls on asphalt paving cquipment will continue 1o be
an iieranve process NIOSH encourages Champion fo incorporate the following
recommendafions 1nto their engineering control implementation process (1) Investigate
ways to 1ncrease the existing level of auger-arca enclosure, especially over the center porlion
of the auger area [From the observalion standpomnt, 1f HMA 1s flowing to the end of the
auger, intuitively 1t 18 flowing at the center as well ]. (2} Monutor the worker/contractor
acceptance of the current/future auger-area enclosure design and incorporate design changes
if undesirable figld-modiNeations are observed, (3) Momitor field conditsons of asphalt paver
engineering controls (o determine how well the control design stands up to the rigorous
demands of a paving environment, and, (4 Modify or supplement the existing haod
cnclosure 1o munimize cscaping lume when the screed 15 extended beyond the wudth of the
tractor



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH). a Federal agency located
n. the Centers for Disease Control und 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 rescarch und educational progrums separate from the
standard setung and enforcement [unctions conducted by the Occupattonal Safety and Health
Admunistration (OSHA) mn the Department of Labor An important area of NIOSH rescarch
deals wrth methods for contrelling occupational exposure 1o potential chemucal and physical
hazards

The Engincering and Physical Hazards Branch (EPHB) (formerly the Engineening Control
Technalogy Branch) of the Dhvision of Apphed Research and Technology (DART) {formerly
the Division of Physical Sciences and Engineenng) has the lead within NIOSH to study and
devclop enginecring controls and assess their impact on reducing oceupational tlness  Since
1970, ECTB has conducted a large number of studhes 10 evaluate engineermg control
technology based upon tndustry, process, or control tcchnique The objective of cach of these
studics has been 10 1denuiy or design engineenng control techmques and lo evaluate their
effectiveness m reducing potential health hazards 1n an industry or at speeific processes
Information on effective control strategies 15 subsequently published and distnbuted
throughout the affected industry and to ithe occupational safety and health community

BACKGROUND

On December 9-14, 1996, researchers from NIOSH evaluared a first-gencration engincering
conirol designed to caprure and remove fugitive asphalt emssions dunng asphalt paving
The Chumpion engineenng control evaluation was completed as part of a Department of
Transportation (DOT) project to cvaluate the effectivencss ol cngincening controls on asphall
paving cquipment NIOSH researchers conducted the research through an inter-agency
agreement with DOT's Federal Highway Administration (FHWA)  Industry, labar, and
governmental participation in the project was fostered through a research partncrshup which
included NIOSH, FHWA, the Nauonal Asphalt Pavement Associanon (NAPA)Y, the Asphalt
lastitute, six manufacturers of asphalt paving equipment {Barber-GreenefCaterpritar, Blaw-
Knox, Cedarapds, Champion, Dynapac, Roadtec), the International Umon of Operating
Engimeers (IUOE}, the Laborers’ International Umon of North Amenca (LTUNA), and the
Laborers’ Health and Salety Fund ol North America (LHSFNA)

The NIOSH contnbutron to the engineening controls parinership included engineering control
design and evaluauon assistance to each of the manufacturers during profotype developmenl
and a detailed field performance evaluation of each manufacturer’s engineering control
design during traditronal asphalt paving operations Throughout the rescarch partnership,
NAPA played a critical role as the industry liaison, facihitaning the interactions with cach of
the manufacturcrs and coordinating the manufacturcr/contractor/researcher requirements



necessary for each of the field evaluanions  Project participaton by IUOE. LIUNA. and
LHSFENA rounded out the team effort by facditating worker participution and buy-1n 1nto the
engineenng controls resedarch effort

‘The asphalt paving engineering control study consisted of two major phases During the
primary phase, NIOSH researchers visited each participating manufacturer and evaluated
their prototype engineering controls under managed environmental conditions  The indoor
evaluation procedure uscd a lracer gas analysis protocol to quaniifly cach control’s exhaust
flow rate and determine the capture efficiency * Results and recommendations from the
yndoor evaluatuons provided equipment manufacturers with the necessary information to
maximize engineenng centrol performance prior te the second phase ot the study,
performance evaluation ot the engtneecng contrals under “real-life” paving conditions

The Champion phase one evaluation occurred 1n November 1995 Results and
recommendations from the phase ene evaluation are published 1n the NIOSH report, A
Laboralory Evaluation of Prototype Engineering Controls Designed to Reduce Occupational
Exposures Durnng Asphalt Paving Operations at Champion Road Machunery, Shippenshurg,
Pennsylvama ™ Since the phase one evaluation was only onc portion of the overall
development and evaluation of the Champion engineering control, finalization of the
Champion phase one report was delayed until the completion and co-release of Champron’s
phase two report

The scope of this report 18 the Champion phase two (ficld) evaluation of a prototype
engineenng control istatled on a Chamipion Model 1110T asphalt paving machine (see
Figure 1} Parucipating NIOSH rescarchers included Ken Mcad. Mechanical Enginecr, Leroy
Mickelsen, Chemucal Engimeer, Dan Farwick, Industrial Hygiene Technician, Stan Shulman,
Stausucian, all from the Diviston of Applied Research and Technelogy (DART), Greg
Kinnes, Industral Hygiemslt, from the Division of Surveillance, Hazard Evaluation, and Field
Studies (DSHEFS), and Jeff Bryant, Industnial Hygenist, from the Education and

Figure 1. Champion Model 1110T
Asphalt Paving Machine undergoing field
testing of prolotype engineering controls
The test s1le was a new hughway project
leading into Hilton Head, South Carolina




Information Division (EID) The NIOSH team was augmented by Tom Brumagin, NAFA’s
Director of Environmental Services, and Champion Design Engineers Ron Scheffler and
George Reed  The evaluation was conducted 1n coordination wilh South Carolina paving
contrector Rea Consiruction al a new construciton project near Hilton Head, South Carolina

EVALUATION PROCEDURE AND EQUIPMENT

With the input of its partners, NIOSH researchers developed an evaluation protocol that
focused on sach engineenng control’s amhty to capture and remove airborne contaminaies
generaled within the asphall paver’s auger area * Secondary measurements were collected at
screed and paver operator positions located on the asphalt paver The prnimary focus was the
control of asphalt fume, a particulate with a diameter of about 1 0 micrometer (1 x 10e
meters) and smaller A secondary focus was on the control of organic vapors oniginating
from the hot mux asphalt (HMA) Since no prescnibed methods cxisted o evaluaic
enginecning controls under the uniue physical consiraints of the asphalt paving environment,
a mulufaceted protocol using muttuple evaluation methods was developed to quantify each
engineening control’s performance (Appendix A) Each of the evalnation methads within the
protoce] has mherent advaniages and disadvaniages, some of which can have an effect on the
calculated results  An additional advantage of using multple evaluation methods was that, al
times, the harsh envirenment led to equipment malfunctions and the loss of important data
The umpact of these losses was lessened by the presence of multiple evaluation tools It was
anticipated that some of these methods would work betler than others and that as the overall
praject progressed, adjustments would be made to the sclection and application of the
evaluation methods based upen prior expenences A hsting and description of the evaluation
meihods follows

Tracer Gas For the phase two (ficld) evaluations, the lracer gas evaluation techmgue from
phase one was modified for use duning actual paving operations  The method to caiculate
total exhaust flow of the engineenng control did not deviate from the phase one tracer gas
method However, the capture elficiency SF, dosing techmque regured modification for use
when paving Instead of supplying SF, to the auger area via a distnibution plenum under the
anger, the SF, was suppleed through four medieal-quality 20-gange mjecuion needles,
uniformly distributed across the wadth of the auger The intent of this dosing sysiem was (o
dehver the SF, mnt: the open head space near the top of the auger area {above the fresh HMA
and between the front of the screed and the rear of the tractor) The four necdles were
posttioned at a level approximate 10 the top of the screed and pointed downward towards the
avger's center shaft  In thus manner, the SF, was injected 1n umiform amounts across the four
dosing pomts, into the flow of fume and vapors convectively raising out of the auger head
space For the Champon evaluation, the total dosing flow of 8F, was approximately € 9 Ipm
evenly distributed among the four dosing necdies  Muliple tests were conducied during each
control-on test pertod  Dafficulies encountered with the field tracer gas method included
muintaimng the jection needles at the prescribed locations, preventing necdle obstruction



due 10 vecasional contact wath the HMA, and maintaining a steady supply of 120V electrical
current 1o the dosing and sampling equipment

Industrial Hygiene Sampling Industral hygiene (TH) sampling trains were configured for
use with two analytical samphing methods The first method gquantified the total particulate
drawn 1nte a filter cassette then determuned what portion of the collected particulate was
henzene soluble  This method 1s often referred to as the Benzene Soloble Fraction (BSF)
method Due to anticipated detection imatations, this method was only used at sampling
locations directly above the anger The second IH sampling method was a new analyhical
method developed by NIOSH research chernists  The new method gquantified concentrations
of tatal polycyclic aromaiic compounds (PACSs) and was reportedly more sensitive than the
asphalt fumc sampling method previcusly desenbed  Due (o the mercase m sensitivaty, the
fotal PAC method was used for sampling both above the anger and at each of the asphalt
paver’s workstations Each of these methods 1s described 1n detail 1in the NIOSH Manual of
Analytical Methods (NMAM)' At the auger arca, four gencral area (GA) sampling locations
were uniformly distrtbuted across the wadth of the anger Additional GA sampling Iocations
inctuded the nght and letfi paver operator positions and the night and left screed operator
positions  Lastly, breathing zone (BZ) samples were collected from Lthe paver operator (PO),
right screed operator (RS0), and the left screed operator (LSQ) In order te establish the
control-on vs control-off performance ratoe, each sampiing positon (GA or BZ) was
assigned two sampling teains {one for control-on and one for control-off) for each sampling
method used The same personal sampling pump was uscd 1o pull air through each of the two
samplhng trains  For each day of testing, one sampling train was used to sample with the
enginecrng control activated and the other was used when the control was deactivated In
this manner, there was only one TH performance ratio per duy established for each of the
sampling locattons  Difficulties encountered with the IH evalvation method included (1)
Eilter loss inwo the asphalt, (2) Arca contamination from non-paving sources of PACs such as
cigarette smoking, diesel fuel openly used for solvent (see Figure 2), diesel exhaust from the
tractor, and, (3) Non-auger sources of asphalt fume associated with the matenal transfer
vchicle (Shuttle Buggy - day 3 only)
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K3 Figure 2: Photopraph showing open bucket of diese! fuel
adjacent to the left screed operator’s workstuhon  Non-paving
o b3 sources of aromatic compounds such as dhesel fuel may have
g adversely affected the measured exposure reductions ai paver




Real-Time Aerosol Monitering  Two types of ducct-reading acrosol momtors were used to
measure airborne particulate concentrations  To reduce the impact of naturally-occurring
enviranmental particulate upon the dara resuits, each of the aerosol monitors was configured
ta limit vecorded measurements to particles with an aerodynumte equivalent diameter of

10 micrometers or iess (calibrated to Anizona Red Road Dust) The sampling inlet for one of
the particulale monmtors, 4 DataRAM Aerosol Momtor (MIE Inc |, Billerica, MA), was
positioned 1 the center of the auger area with the sampling head located about 12 inches
above the top of the auger blade  In this position, the DataRAM could measure partiwculate
escaping directly from the auger area Sample frequency for the DaluRAM was once every

4 seconds  The other two aerosol momutors were Grimm Dust Monitors (Grimm-
Labortechnik, Germany) One Grimm was positiened adjacent to enc of the paver operator
positiens wiile the other was posiuoned adjacent to a screed operator positton  The
nummum sample frequency option for the Grimms was once every 6 seconds However, the
Grimm mternaltly averages the individual readings over a prescribed sample penied and
reports only the muximum, mummum, and gverage concentrations for that penod  For the
field paving evaluations, the minymum avatiable sample period of 1-minute was selected for
these mstruments  Uncertainties associated with the derosol momtonng 1ncluded the
unknown effects of varying humadity and nstruenent vibration  The DataR AM sample 1nlet
included an in-hine heater which helped to reduce vanation duc to humudity  The Gnmms did
noi have the in-line heater option - Vibration 1solators were used wath all of the aerosol
monitors 1n an effort 1o rminimize vibrational error - Both types of aerosol monzriers incinded
an internal warning feature for excessive vibration. however, 11 15 unknown bow much error
can occur before these warnings are actvated

Real-Time Organic Vapor Menitoring Real-time monmtoring of total orgunic vapor was
conducted using two TVA 1000 Toxic Vapor Anatyzers (Foxboro, Foxboro, MA) Each
TVA contamed both a Flame Tonization Detector (FID) and 4 Photo Iomzation Detector
{PID) for the detection of volatle organies  Both the FID and PID deiectors were used n
each TVA and were programimed to record measurement responses oncc every 4 seconds
The sample intet to one TVA was located above the auger und adyacent to the DataRAM
mlet The second TV A mnlet location alternated hetween the screed operator position and the
paver operator position {adjacent to the respective Grmm Dust Monistors) The alternation
pattern was randomly generated prior to the start of the ficld evaluatton Dafficulties
encountered with the TV As included mechanical breakdowns, suspected to resuait from
clevaled hurudity and temperature levels, unknown response varnation duc to hunidity,
instrument dnift, and the previously described work practices associated with diesel fuel
These difficulties posed a much greater dilemma as (he measured concentratons approached
the predominant background levels  Due Lo 1ts increased sensitivity over the PID, only the
FID measurements were used to determine the erganic vapor control efficiency as detected
abave the auger The PID measurcments were available as a backup, m the event of FID
farlure



Wind Specd And Temperature: Two portable Hygro-thermo Anemometers, Model HTA
4200 (Pacer Industnes, Chuppewa Falls, WI), were used to measure and log the cross-wind
(wind blowing perpendicular to the paver’s direchion of travel) velocity  As an added benefit,
these mstruments also recorded the temperature The HTAs were positioned to sample from
the screed and paver operating positions with one HTA adjacent to each of the Gnmm Dust
monitors The wind velocity and temperature were sampled once every 4 seconds

All of the cvaluation methods were incorporated thlo a contral-on vs contral-ott fictd
evaluahon protocol m order to quantfy the engtneering control’s performance Due to the
nature of the engieering control design, switching between 4 contrel-on and 4 control-off
test sctling was himuted to activating and deactivating the exhaust fan  There was no feasible
way {0 remove and reattach the exhaust hoods when switching between control setimgs
Thus, any control effect {(good or bad) crealcd by the mere presence of the engineering
control would have affected the overall performance evaluation reselts  The sampling
scenario was estahlished in a randomized fashion prior 1o the start of the evaluation, one
sequence of randomuzed pairs {control-cn and control-off) for short-lime pairs and a second
sequence ¢ randomized pairs [or long-time parrs  Further details concermung the statistical
design and randomuzation strategy for the real-time and industnal hygene samples is
included m Appendix B

Anindeterminate variable for all of the direct-reading insiruments was the rmpact of
hackground concentrations and gnvironmental variables One way to mrminize the unknown
varwable effects 15 through shotter sample periods collected closer in ttme  In this way, any
background and environmental effects would be more likely to influence the control-on and
control-off testing scenarios 1o a simlar manner  In g unigue modification to the evaluation
protocol, the amount of time dedicated each day 1o the long pened HH sampling was reduced
1o roughly three hours total  Thas allowed the remainder of each day to be designated for the
short-term sampling

ENGINEERING CONTROL DESIGN DESCRIPTION

The Champion phase two ({icld) evaluation was conducted on a single engmeering control
wstalled on a Champion Model ! 110T asphalt paving machine The tested design consisted
of a smgle slot-type exhanst hood running the full width of the tractor and located directly
above the augers The size, shape, and orientauon of the hood resulted in enclosmg about

50 percent of the tap of the auger area withun the width of the tractor Due to the angled
orientation of the exhaust hood, much of the auger area that was not physically enclosed was
effectively enclosed by a continuous capture veloonly near the surface of the duger aren The
plenum takcoff from the cxhaust hood routed the exhaust air through the rear tractor wall and
vp through the paver deck A heavy-strength flexihle duct completed the connechion 1o a
hydraulic cxhaust fan located on the paver deck The fan was located approximately & feet i
front of the left paver operator position  An exhaust stack, altached to the exit side of the
fan, discharged the captured fumes at a powni about & feel ubove the deck and about 10 feet



above the ground The exhaust stack outlet included a 45 degree [orward angle that directed
the high velocity exhaust upward and away from the paver operutor

The Champion design focused upon capturing the fumes generated within that portion of the
auger area bounded by the wadth of the tractor  When the ends of the screed were extended
beyond the edge of the tractor to increasc the available paving width, the extended portian of
the screed was not prolected by the exhaust hood In this pesitian, fumes and vapors near the
endd of the auger were virtually non-controlled and ambaent winds had an increased
opportunity to disrupt fume containment throughout the auger area

DATA RESULTS

Wind Speed and Temperature

The HTA instruments that recorded wind specd and temperaturc were located at the screed
operator and paver operator Jocations  Median wind speeds were calculated for each control
setting used 1n the randornizaution  Although there was some indication of general trends
associated with wind specd (sec Figure 14 1n Appendix B} there 1s no way Lo predict
cxposures based upen a given wind speed

The HTA temperatare medians for most control sctting pertods were under 90 degrees F
Some of the days had median temperatures less than 60 degrees F in the mornings On
average, little difference 1n temperature was found between control-on and control-otf
sertings when 5-munute penods (before and after a control setting change) were studied  Thes
esnimate 1s based on 5-mnute segments since lemperature differcnces should be quickly
observed after a change 1n control selting

SF. Determinations

There were a total of s1x control-on runs i which S5F; determmations were made  Multiple
detcrmmnations were conducted and averaged withun each run, resulting 1n a total of six
average efficiency estimates The average of these was 4 99 percent reduction The Jower
95 percent confidence point for the truc efficiency was 97 percent  Thus, for the SF;
determunations, the true efficiency of the engineening control can be said to be greater than
97 percent with 93 percent confidence The SF, evaluations were treated as a scparate
experiment Due to its reduced variabilily, the 95 percent lower confidence binuts (LCL)
were used as opposed to the 80 percent himuts used when evaluating reductions in
environmenial conlanunants

Environmential Contaminants

Roughly 200,000 daia pomnts were statistically evaluated as u result of the five-day puving
evaluation Table | sumimanzes the results of the evaluation A more comgplete descoption
of the evaluatton methods may be found in Appendix B



Table I
Engineering Control’s Airborne Contaminant Control Efficiencies

SAMPLES ABOVE AUGER SCREED/PAVER OPERATOR SAMPLES
DaraRAM TVA IH IH IH Grimms  Grimms TVA TVA IH TH
(Actosul)  (Wapory {Tetal  Towl Benz | (Aetosol)  Upper  (Vapord Uppes (Towl  Upper
PACY)  Part Sal 25% 25% PACS) 5%
Part
Reduction 85 53 850 81 84 43 68 23 44 54 79
Estinate
Tandividual B3 50 75 76 74 34 v 19 37 40 74
LCL'
Simnultaneous 80 45 57 59 64 15 40 13 24 a 56
LcL/

Note 1 Whenr the ntent 1s to quote results for just one kind of sample (e g , aerosols above
auger) then the Reduction Estimate and Individual Lower Confidence Limut (LCL) for that
mdividual sample 1ype 18 approprale

Note 2 When the 1ntent 15 to quote an overall picture of all samaple types (aerosol/vapor, real-
trme/TH) then the Reducuon Estmates and Simokianeous LCLs are appropnaie

DATA DISCUSSION

The asphalt paving engineering contiols project was an expertment that established new ground
in the apphication and performance evaluation of engineening controls  As such, there were no
regutatory, consensus, or indusiry standards by which to perform the evaluation The hot mobile
envirenment of asphalt paving work was an additronal obstacle Given these hmutations, and n
consideration of the hme and resource constramts asseciated with each ficld evaluanon, NIOSH
ad tts partners developed a “shotgun™ approach (o quantifying eogineering control efficiency
during asphalt paving The general concept was to use multiple evaluation techniques in a
statistically designed testing strategy of control-off and control-on pertods It was anticipated
that some lechmgues may perform better than others and for that reason, redundant approaches
were incorparated into the evaluation protocol  Furthermore, new variations of the sampling
protocol, such as the reduced duratien for long-term sampling penods, were developed as the
ficld cvaluations progressed The Champion evaluation was the fifth [ield evaluation of asphalt
paving engineering controls A discussion of each evaluation techmgque, s resulis, and its
usefulness to the Champion engmeering control evaluation ts discussed below



Wind Speed and Temperature

Although some general trends were evident for at least one of the evaluation methods (FID at
anger), the lack of a predictable refauonship between the cross-paver (perpendicular to direction
of paver travel), wind speed. and observed concentrations at each conlrol selung appears to
indicate that there are additional vanables to determininyg mdividual cxposure copeentrations In
consudening wind veloetty, relaled vanables such as wind direction, adjacent geographic
features, and the paver's own profile could easily contribute to the exposure guanisy

The evaluation of temperature reductuons due 1o the engneenng controls was not an orgsnal
objective of the field evaluation protocol  After qualitative observations at an early ficld
evaluation indicated that temperature reductions were a polential fninge benefit, the temperature
probe on the HTA wimtng vane anemometer was dentified to record any temperaturc redoction
due to the engmeenng controls  In hindsight, the HTA was not the correct instrument for
recording temperature changes due to control of the auger area  The HTA’s temperature sensor
15 sigmficantly shielded by the airfoil encircling the rotating vane anememeter  Thus, the
recorded temperature mare accuralely reflects that of the wind as opposed to the convective
currents nsimg from the HMA m the auger arza.

Given these considerations. the lack of a mcanmgful temperature reduction due ta the control
should be considered as only a cursory ohservation  If Champion determines that a more
detailed quantification of temperature reduction duc to the engineening controls 15 desired, a
separate evaluation that focuses specifically on this issue 1s recommended

SF,; Determinations

The result of the SF, evaluation procedure (n = 98 7% capture efficiency) reveals that the
engimeering conlrel pertormed very well at captuning the tracer gas supphied mio the auger arca
It 1s 1mportant to note, however, that the SE; westing protocol allows the observer to dentify
performance reductions under short-term, 1deal conditions which are very close in ime  Thus
generally produces performance data whose resulis are more ophimistic than the protocol’s other
evaluation methods  Another 1s5ue 10 consider when evaluating the tracer gas results is that
these values solcly reflect the engineering control’s ability to control airborne contaminants at
the four points of SE, injection into the avger area By comparisen, the other evaluabon
methods detect airborne contaminant concentrabions regardless of thewr source  The cellection
of fume and vapor that were generaled 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 | indicate that the engineering control captured and removed an
average of 83 percent of the asphalt fume (DataRAM, PAC, and BSF) gencrated within the
auger area  In addition, there 1s pencral consistency among the DataRAM and UH resulis

(= 80-853%) The results for contrelling organic vapor {TV A} also show a significant
reduction 1n escaping contammant (n = 53%) although not as impressive as the other evaluation
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methods  This reduced performance for the TVA 15 consisient with results seen at other field
evaluations and 15 hikely associated with organic vapor contaminalion ongmating from sources
other than the HMA n the auger area

Screed/Paver Qperator—

Due to the Iower number of samples at the screed and paver operator posiiions and the increased
variabitity at these distances from the engincering control, all samples (includes GA and BZ
Total PAC sampies) collected at the non-guger positions were evaluated collectively without
regard to sample type  Even wath the increased pool of data, the variatnlity at these positions 15
noticeably reflected 1n the reduced confidence himts

Since the concentrations observed at the non-auger locations averaged roughly 23-fold lower
than those observed immechately above the auger (based upon comparison of IH Total PAC
results), the lower control cfficiency at the non-auger postions was believed (o partially result
from the natural control-eftects produced by environmental factars  In other words, when the
wind and environmental factors effectively reduce contaminant concentrations, there 15 less
apportunily for the enginesrng control Lo affect exposures When the environmental factors are
less etfectrve 1n controlling the removal of auger source emissions, such 4s duning a stagnant
wind condition, the worker-aren concentrations increase  Under these condaions, the
contribution of the engineering control becomes more important  As a follow-up to this
concept, the data were analyzed to detcrmunce what contribution the engincering control provided
when the environmenltal factors were not as effective (1 e , when work area exposures were at
theiwr highest ) For this analysis, the data were analyzed to determune the engineering control’s
efficiency for those control-on penods that correspond to the hughest 25 percent of control-off
fume exposure concentrations These results (scc Table I) indicate that the prescence of the
enginecring control effectively reduced the ocewrrence of higher-level concentrations at the
screed and paver operator positions by 74 percent (average upper 15 percent reduction for
particulate and total PACs) Since, by design, the engineenng control only captures fumes
onguating from the auger area, this analysis appears to venty that the auger area was the major
contributing source of higher-level asphalt fume exposures

Interpreting the resulls for the TV A at the non-auger posiions is a difficult task  As discussed
previously. the TV As FID detector 1s a non-specific detector, {1 e, the same concentratcn of
two differcnt erganics can gencrale dramatically different instrument responses) (thus it 15 not
posstble to determine the source, 1dentify, or actual concentration of the measured contaminant
given the available data M 15 interesting to note that winle the upper 25 percent reduction

{1 = 449%) 15 a substantial miprovement over the results for all of the TVA datu (n = 23%), over
50 percent of the measured orgumic vapor conceniration appears o be unailected by fumc
control at the auger The soorce and idenuty of the unknown contaminant observed by the TVA
rcrnan unhnown

1)



Given the inconsistencies between the TVA data (1), ;20 = 44%) and the consistently higher
determinations irom the the Total PAC and real-iime particulate methods (M. 255 = 79 and
68% respectively) and miven the physical charactenistic differcnees between the orgamic vapar
momtored by the TVA and the asphalt fume particulate, NJOSH considers the TVA resulis at
the non-auger pasitions to be non-representative of the exposure reductions to asphalt fume af
these positions

CONCLUSIONS AND RECOMMENDATIONS

The scope of 1his report 15 imited 1o the Champon phase two (field) evaluation of 4 single
engineering control mstalled on a Champion Model 11 10T asphalt paving machine On
average, the Champon design was successful 1n capturing and removing 83 porcent of the
asphalt fume (reai-tune particulate and 1H samples) ortginating from the auger area  The
reduction in fume escaping from the auger resulted m an average reduction of 49 percenl within
the screedman and paver operator work areas  Durmg those penods when environmental factors
were not as effective 1n reducing area concentrations (1 ¢ , when work area exposures wete at
their highest), the engincering control provided an average fume exposure reduction of

74 percent These performance values represent an achievuble level of perforuance by the
evaluated engincenng coittrol operated under the conditions observed dunng the Champion
engingenng control evaluanon The Champion evaluation was the fifth of six field evaluations
to be conducted as part of the engineering controls research partnership  Although the testing
methods used had only a minimal history 1n the challenming environment of asphalt paving,
there was sufficient expenience to warrant some tnodafications in the averall testing protacol
Knowledge gained during this evaluaiion resulted in further hmuled changes to the evaluation
protocol and potentially impacted subsequent evaluation results  Lastly, many of the
environmental and process vartables werc unjue to the Champion evaluanon  For all of these
reasons, the reported performance results should not be used to predict futare results under
different condstions or to compare performances with those obtammed by other paver
manufacturcrs

in almost any industrial process, the design and 1plementation of engineertng controls
becomes an iterative cxercise The Champion field evaluation completed an important step in
thus provess by successfully demonstrating an 83 percent capiure of the auger-source asphalt
fume und by reducing workers' exposurcs by 49 percent  Effective July 1. 1997, Champion
began providing engineering controls as standard equipment on all of therr new highway-class
pavers  As the Champion enguaecning control 18 adopted mto the industry, NIOSH recommends
the following (1) Investgate ways 10 1ncrease the existing level of auger-area enclosure,
especially over the center portion of the amger area  [From Lhe observauon standpomt, 1f HMA
15 flowang 1o the end of the auger. intuitively 1t 1s tlowing at the center as well |, (2) Monitor the
worker/contractor acceptance of the current/future auger-area eaclesure design and incorporate
design changes 1if undesirable field-modifications are observed, (3) Monitor tield conditions of
asphalt paver engineering controls to determine how well the control design stands up to the
ngorous demands of a paving environment, and, {(4) Modify or supplement the existing hood
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enclosure to mimimize escaping fume when the sereed s extended beyond the width of the
tractos

If destred, NIOSH engineers ate avanlable to assist 10 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 PROTQCOL.



ASPHALT PAVING FIELD EVALUATION PROCEDURE

The field evaluations of the paving equipment manufacturers’ engneering control designs will
dattempt to charactenze the control performance of each prototype design during normal paving
operations The figld evaluation techniques are designed lo rmmimize mterlerence with the
paving process During the field evaluations, the paver will alternate between “engineering
controls on” (controlled) and “engineering controls of " (uncontrolled) condititons  The duration
of cach condition will depend on the difficulty 1 transitiomng between controtled and
uncontrolled scenarios  Imally, the duration for cach condition will be two hours Time
duration modifications will be made 1n the field as dictated by the equpment design, preliminary
data analysis, and the paving process

Safety In addion to following the safely procedures established by the host contractor at the
field sute, the following cautions and procedures will be exercised at each testing site

I Orange safety vests will be worn by all persons when working on or near roads

b2

Yellow warning hghis will be operating on each vehicle dunng field tesung

3 All compressed gus cyhnders wall be transported, handled. and stored in accordance
with the safety recommendations of the Compressed Gas Association

4 The Threshold Lamut Value for sulphue hexafluotide 18 1000 ppm Whle the
generated concentrattons will be below this level, the concentration 1n the cylinder 15
near 100 percent  For this reason. the compressed cylinder will be mamntaned
outdoors during use  Should a regulator malfunction or some other major accidental
release gccur, observers should stand back and et the tank pressure come o
equilibrium with the ambient environment

Three evalvaton methods will be used during Lthe protolype evaluations Method A s a trucer
gas method wiuch will only occur during “cantrolled” paving conditions  In this method, sulfor
hexafluonde (SF,) 15 mmjected nto the auger region behind the tractor and 1n front of the screcd
Air samples are laken within the engimeenng conirol’s exbawst duct(s) o delermine what
percentage of the surrogate “contaminant™ was captured and removed by the engineering control
A modified version of Mcthod A will also be used to quantfy the cngincening control’s exhaust
vplume For Method B, orgamic vapors, respirable aerosol, wind velocity and lemperature are
measured at point locations with real-time instruments during hoth controlled and uncontrolled
paving condittons  The data are downloaded to a computer and analyzed to determine the
concentration of airbome contatunants, the environmental conditions, the effect of the wind, and
the effect of the engineening controls  For Method C, personal and area samples are collected on
samphng media throughout the day Two sets of sampling media will be used at each sampling
location  One set will be used 10 sample durmg controlled paving, and the other will be used
during uncontrolled paving  Each sample wall be color coded 1o identify 1t as a controlled or



uncontrolled sample At each sampling location, the two sampling trans wall lead to asingle
sampling pump The controlled vs uncontrolled paving scenano will dictate whuch of the two
sampling trains will be actively connected to the sanphing pump  When i an inactive status, the
sampling tram wili be capped at the Inlet and outlet to avosd vapor migration

Ficld Set-up The following field sctup and evaluation method descriptions are based on our
understunding of the field environment at most asphalt paving sites  The field evaluation
protocol may vary shightly due to unforeseen conditions at some field sites

Evaluation Method A (Tracer Gas) The tracer gus evalvations will occur twice a day,
morning and afternoon  These evaluation penods will correspond with paving periods wlich
utilize the engineening controls  For this evaluation, we release a known gquaniity of sulphur
hexafluonde (SF;) into predetermmined locations, then measure the amounlt of SF, captured and
removed through the engineering control’s exhaust duct  The SF; release 1s controlled by three
mass flow controtiers which are each calibrated for a pradetermmined flow rate of 99 98 percent
SF; Each controller 1s connected to 2 PTFE disinibution tube  One wube feeds SF, 1into each side
of the paver's auger ared, and the third tube feeds SF, directly into the engineening conirol’s
cxhaust hood

A hole, dnlled into the engineenng contrel's exhaust duct, allows access for a mult-poant
monyformg wand The location for this hole 15 selecled to allow for thorough mixang of the
exhaust air stream  The monutoring wand 15 ortented so that the perforations are perpeitdicular to
the moving air A sample tube connects the wand 1o a Bruel & Kjaer (B&K) Maodel 1302 Phoro-
acoustic Infra-red Multi-gas Monutor positioned on the paver deck The gas monitor analyzes the
atr sarmple and records the concentration ol SF, within the cxbaust stream The B&K 1302 will
be pregrammed to analyze an air sample approXimately onge every rmnute

To determune the toral exhaust volume of the cogineening control, a known SF, supply will flow
through a single mass flow controller and directly nto the engineening control's exhanst hood,
thus creating a 100 percent capture efficiency The mean coneentration of SF, measured 1n the
exhaust stream will be used to calculate the volume of arir exhausted by the engineering comrol
The equation for determuning the exhaust volume 1a cubie feet per mmnute (cfm) 15

Q= [QusredCisray] X 10*
where Q,,~ volume of arr exhansted through the engineenng control (cfm)

Qspy= volume of SF, (ctm) introduced into the systcm  The flow raie 1n hiers per
mrnule {Jpm) must be divided by 28 3 hiters/cubic foot (o convert the units to
cfm

Csr= cancentration of SF, (parts per mullion {ppm}) detccted by the B&K 1302

When the engineerimg contrel design uses a dual exhaust sysiem, each side of the exhaust system
will be evaluated separately Quick-connect fittings will be used as required o assist the



evaluation of both hoods The results can then be summed to obtan the engineenng control’s
total exbhanst volume

Duning the capture efficiency evalnations, a known supply of SE, will be releascd through two
mass flow controllers  One mass flow controller will feed a calhbrated flow of SF; lo the nght
auger area, the other controller will feed the left auger ares Within each auger area, two PTFE
disinibuiron tubes will be strategically positioned for releasing the SF, This resulis in a total of
four SF, distnbution tebes within the two auger areas  These will be labeled  R-In, R-Qui, L-In,
L-Out Figure | shows the planned distnbutien tube locations  Using quick-connect filtings, the
engmeering control capture efficiency evaluations will be conducted for both the inner auger
areas {SF, relcased through R-In and L-In) and the outer auger areas (SF, released through R-Out
and L-Oul)

As the cngincering control exhaust hood captures all or part of the relcased SF,, the dilured SF;
concentrations will be monitored in the same manner a5 stuted for the exhaust volume
cvaluations Monitoring will continue for about 10 munutes or unti! approximate steady-siate
concenirations appear  The measured concentration will be multiplied by (he exhaust volume of
the exhaust heod(s) in order to calculate the total volume of SE, captured by the engineering
control The amount of captured SE; will be corpared to the known release rate of SF; to
determne the engmeenng control’s caplure elfliciency

The sequence from a complete tracer gas evaluation mn 18 outlned below

»  Calibrate the B&K gas analyzer before poang to the ficld with SF, concentrations ranging
from 0 to 0O ppm (5 points)

+ Posimon and secure the power supply, B&K. SF, gas cylinder, and mass flow controilers
on the paver deck so that they are immobile and arc not 1n the paver operator's way

« Based on enginectrtng contral exhaust volumes provided hy each manufacturer, calculate
the flow rate of SF, required to create an SE, conceniration approximating 15 parts per
million (ppm} dunng the 100 percent capture evaluatiens  Cabibrale one of the three mass
flow controllers at thus calculated SF, flow rate

* Assuming an enginecnng control caplure efficiency of 50 percent, calibrate the remaiing
two mass flow controllers such that the measured SF, concentration will approxirmate
15 ppm dunng the engineering control SF, capture efficiency evaluations

»  Position the inner and outer pairs of PTFE distnbution tubes within the right and left
anger areas Have a paver operator raise and lower the screed 1o venfy that the
distribution tuhes and connections do not interfere with the paving mechanisms

*  Position a distribution tube within the engineering contrel’s exhaunst hood(s)

+  Dnll an access hole in the engineerning control's exhaunst duct(s) and positton the sampling
wand mnto the hole, with perforations onented perpendhicular to the exhaust flow

=  Turn on the B&K gas analyzer and mput the ambient temperature and pressure

«  After the paving process has begun, activate the mass flow controllers which supply SF,
to Lthe inncr auger positions and adyust to the desired [ow rate




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

Switch the SF; supply to the two outer auger positions and repeat the previous
mcasnrement sicp

Measure the temperature and pressure wrthin the engincering control’s exhaupst duct{s}
{These will later be used to convert 8F; concentration readings 1n the exhaust duct from
ambient temperature and pressure to actual temperature and pressure )

At the cnd of the sampling peniod, while contrelled paving 1s stull in progress, deactrvate
the SF, flow to the auger arca and activale the SF; flow 1nto the engincenng control’s
exhaust hood Monttor the diluted concentrations of SF 1n the exhaust duct to determine
the enginecring control’s exhaust volume flow rate (Note For dual duct designs, this
measurement peryd wall occor twice, once for each exhaust duct )

Toen off SF, delivery  Continue to sample background readings for 2 nunutes
Deacnivate B&K sampling and store data in internal memory

Repeat the process each ume the engineenng control 1510 use

At the cnd of each day. remove the B&K from paver, and download stored data to a
compuier

Evaluation Method B Real-time Monmtoring {Wind, Temperature, Organic Vapor, Aerosol

and Video Recording) Real-time monstonag will be conducted using five types of instruments

and a hand-held video camera, each synchron:zed (o the internal clock of a notebook computer
Video recordmgs of the paving process will be taken durning the data collection process to
document tratfic and for use 1n real-ume moniloring  The angle for most of the video recording
will be from behind and to one side of the paver so that the screed area and the presence of
asphalt delivery velicles should be 1n view  Figure 2 contans imformation on the placement of
each real-time instrument Each instrument 15 1dentified below with its brief operating sequence

1 Wind, Temperature (dry bulb (db)) Two portable Pacer Hygro-thermo Anemometers will

log the cross-wind (wmd blowing perpendicular te the paver's direction of travel) veloeny
and the temperature at the screed controt panel and at the unused paver operator position
The velocity wall be averaged and recorded every 4 seconds

For cach Hygro-thermal Ancmometers

Change all batteries before going to the survey sie

Laocate positions at the down-wind screed contral panel and the unused paver operator
chair to locdle the porlable anemometers  Oricnt the ancmometers to measure the cross-
wind velocity component (wind blowing from side-10-s1de across the paver)

Clear the memory of the anemometer’s niernal daia loggers

Set data recording frequency and annotate the equipment start tune

Place the anemometers on the paver and annotate the wind direction




2 Orgamic Yapor Two Foxboro, TVA 10005 with flame jomzation and photo 1on1zation
detectors {(FID & PID) will measure and record the total organic vapor concentration every
4 seconds One TVA 1000 will be permancutly located to monutor above the cenler of the
avger arey, 3-6 ches aboye the height of the screed  The second TVA 1000 will alternate
15 minute sampling periods between the unoccuapted paver operator positeon dand the
downwind scraed eontrol panel

For each Foxboro TVA 1000
= Locate a source of hydrogen near the field site for filling the FID flame fuel tanks of both
TVA 1000s before going on the survey
»  Charge the TVA [000 battenes before powng to the survey site
+  Fill the H, tanks
«  Scteach TVA 1000 auto logging ratc 1o 4 seconds
*  Synchromze TVA 1000 clocks to computer time
«  [gnite the FID flames
»  Culibrate the TVA 1000 with rero wir and span gas

3 Acrosols The MIE, Inc , DataRAM Real-tme Aerosol Montor und two Grimm Dust
Momtors will measure and record respirable (less than or equal to {<) 10 microns
aerodynamic equivalent diameter) acrosol concentrations every 4-6 seconds One Grimm
will be placed near the unuscd paver operator posiion  The second Grimrn will be near the
downwind screed operator position  The DataRAM will manitor with the TVA 1600 over
the center of the augers, 3-6 (nches above the herght of the serced

DataRAM

= Charge the DataRAM battery before gomng to the survey site

»  Change the backup filter in the DataRAM before going to the survey site

v Calibrate the DataRAM using the internal reference calibration standard

= Install the temperature condiiomng heater (o the DataRAM Inlet

»  Install the PM10 (Venfy that 2 5 micron nozzle 1s not installed in the PM 10 inler head)
iniel head to the femperature condittoming heater

= Install the flexible sampling hose on the nlet to the PM10

» Install the ommidirectional sampling head to the free end of the flexible sampling hose

»  Set the DataRAM to sample every 4 seconds  Sel purmp tlow rate 10 2 0 Ipm

+  Synchromze DataRAM clock to the computer clock

+  Locate a secure place to mount the DataRAM onto the paver and position the omni-
directional sumpling head al the sdentificd monitoting position

For each Griram
»  Charge the Grimm battery and backup batteries before gomng to the survey stite
+  Replace the miternal PTEE filter prior to going Lo the survey site
«  Remove the black protecuon cap from the mr inlet
*  Synchromze the Grimm’s date and tume with the notebook computer clock



¢+  Insert the Gnmm's memory card

*  Set the dust measurement mode to particles < 10 merons
= Set the particle count to particlcs < 10 microns

= Position the Grnimm 1n the desired monitoring pesition

Evaluation Method C (Total Polyeyclic Aromatic Compounds-BZ & GA Samples) Therc
will be 11 sampling Iocations for each day of paving dunng the engimeenng control study hicid
study Eight of these locations wall use GA samples, the other three locattons will be personal
BZ saraples mounted on the paver operator and both the screed operators  (See Figure 3 for a
schematic of the planned sampling locations ) Each of the 11 sampling positions will have two
sampling traips, onc for the controlled paving and one for the uncontrolled paving The sampling
pumps will be calibrated to a flow ratc of 2 Ipm For this evalugton method, & swalch from ane
controlied sampling condition to another will proceed as follows

1 Both an active sarnple and an 1dle sample will be co-located at 4 smgle sampling position
(Apples to either general area (GA) samples or personal breathing zone (BZ) samples)

2 At the wlentafied transiion ume, the inlct cap will be removed from the “wle”™ sampling
media

3 At the pump inlet, the hose from the active sample will be disconnected and repiaced by the
hose from the 1dle sample The nme of day for this transinion will be annotated for bath
samplcs

4 'The previcusly active sample (now 1dle) will be capped at the cassette inlet and at the
sampling hose outlet

3 This process will be repeated as transiions are muade between controlled and uncontrolled
paving conditions

At the end of each day, all samples will be collected, capped, and stored i a chilled envirenment
untl future delivery at an analytical laboratory for analysis  Analysis of these samples will be
canducied using the Total Palyeychic Aromatic Compound (PAC) method recently developed by
the National Institute for Occupational Safety and Health, Division of Applied Research and
Technology (DART) (formerly the Division of Physical Scicnces and Engincening), Chenmucal
Exposure and Momtonng Branch (CEMB) (formerly the Metheds Research Support Branch)
See Attachment 1 for a desenptive overview of this analysis

Inlegrated persenal and area samples will be collected using PTFE filters followed by sorbent
tubes A summary of acuviiies associated wath this samphng method 1s hsted below

¢+ Calibrate sampling pumps to flow al 2 Ipm

«  Construct pairs of sampling tramns for eight area and three personal sampling positions
(total of 22 samples per day)

«  Color eode each sampling tramn  red=uncontrolled, blue=controlled sampling seenano

*  Assign one red and one blue sumpling train to each samphng pump, and record the pump
number-sample media assignments
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Place five area and three personal samplers Remove filter caps, start pumps, record trme,
pump npumbcr, location/person, and filter number

Run personal and area samplers for the full working stuft

Post-calibrate sampling pumps and record information on data shects

[nventory samples, prepare field blunks, and pack collected samples on 1ce

Deliver samples 0 NIOSH analytical laboratory for total PAC analysis at the end of the
SUrVey

Addittonal Measurements

+

Ambient femperature and asphalt application temperature will be measured duning each
controlled/uncontrolicd paving scenanie  Ambient pressure will be obtwned through local
weather data sources

Any down tume of more than 5 muutes will be recorded

The arnval/departure imes and the HMA payload (tons) will be recorded for each HMA
delivery vehicle

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

The paver mmodel nurnber, any modifications to the paver, and engineerng contral sysiem
dimensions will be recarded



Figure 1 Tracer Gas Dosing And Samphing Locations
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Figure 2 Real-Time Samphng Locations
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Figure 3° Total-PAC Samphng Locahons
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ATTACHMENT A

POLYCYCLIC AROMATIC COMPOUNDS AS A CLASS PROCEDURE

Analytcal Overview

The Palycyclic Aramatic Compounds (PACs) are extracted from the sampling media with

4 malliliter (mL) of hexane Using a Zymark Benchmate 11 the sample solution s fractionated
into an aliphatic, an aromatic, and a polar fraction Two mL of the sample solution 15 eluted
through a cyano-solul phase extractton (SPE} column while the remaiming 2 mL s retained for
addittonal anatyses such as sulfur compounds  An additional 2 mL of hexane 1s used to wash the
SPE column and colleeted with the previous hexane eluate The polar compounds remain on the
column while the aliphatic and aromatic compounds are collected 1n the 4 mL of hexane eluate
Four ml. of DMSO is added to the hexane eluate and agitated The aliphatc fraction remains 1n
the hexane layer while the aromatic compounds mugrate into the DMSO layer duning (fus
liquid/liquud extraction  The DMSO layer 1s transferred into a High Performance Liquid
Chromatography (HPLC) auto-sampler tube for flow-mjection analysis Flow-injection analysis
vses fhe same equipment and data reduction 13 an HPLC analysis except no attempt 13 made to
scparate the compounds into discreet peaks By removing the column, the equipment 1§ used to
deliver the sample as a single peak, monitored spectroflucrometncally, and quanntated as
ugfsample of PACs as a class  The samples are notmalized using a Supeleo QTM PAH tmigture




TOTAL PAC PROCEDURE

Sampie Fractionation
L Remove filters and tubes from refrigerator and allow to come to room temperature

2 Place Qlier, front section, and back sectron of wbe 1n separate 16 x 100 screw-cap culiure
tubes (Dargger Cat#ilLX23607B) Drscard the o-rigs from the cassette The front glass
wool 15 added to the front sorbent culture tube section  Add the rmddle and back glass
wool 1o the back sorbent cullure tube section

3 Add 4 mL of hexane (Burdick and Jackson 216-1) to each culture tube
4 Cap the threaded tube with the PTFE-faced cap and rotate overmight (Labquake Shaker)
5 Using a Pasteur pipet, remove the hexane from the threaded tube and place ma 16 x 100

nim straight walled disposable culture tubes (CMS 339.-309) This transfer 15 nccessary
becavse I could not figure a way te modify the threaded tube to hold the SPE holder on the
Benchmate Let me know if you find a way!

¢ Place the straight walled tube 1n the first rack of the Benchmate IF with the SPE tbe
(Supclea LC-CN SPE #5-7013) Place a threaded tube with a slecve made of plastic or
Tygon tubing over the threads in the second rack of the Benchmate I Thes sleeve allows
the Benchmate arm to contral the tube

7 Full the Benchmate reservorcs with hexane, DMSO, methylene chlonde, and methanol (Al
Burdick and Jackson HPLC Gradc )

8 Run the werght calibration and purge programs to prepare the Benchmate

9 Run the attached Benchrnate program

10 When hmshed, about 2 mL of the onginal hexane exiract will rem:an 1n ihe Orst culture
tube Transfer this solution to an amber 4-ml. autosampling vial {(Kimble 60884A-1545)
and cap with sohd PTFE-faced cap (Qorpak 5200/100) Analyze this selutien for sulfur
PACs und benzathuozol, Discard the SPE {ube

11 The second culture tube will contan about 4 mL of hexane and 4 mi. of DMSO  Remove
the slecve, cap the rube, and rotate the sample overnight to allow Liquid/liquid extraction of

the PACs 1nto the DMSQO layer

12 Transfer the DMSQ layer (bottom;} to an amber antosampiing tube for HPLC analysis
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Flow Injection Analysis

FEqmpment Waters 600-M5 System Conuroller. Thermo Separations Group Membrane
Degasser, Waters 715 Ultra WISP, two (2) Shimadzu RF-535 HPLC Fluorescent Detectors, and
a Dionex AI-450 Laboratory Autemation System  One ol the detectors 15 set at 254 nm
excitation and 370 nm enussion whtle the other 1s set at 254 nm excitation and 400 emussion A
flowrate of 1 5 mL of 100 percent acetonitrile 15 used to carry the sample to the detectors The
smjeciion volume 15 25 ull  The runtime programed mto the data acquistion method allows four
mjections of the same sample A purge of 1 minute was programed 1nto the WISP to allow ume
far the method start and 1njection start to coordinate

Standards Supelco QTM PAH test emixture (4-7930) 1s used as the standard It contains
2000 ug/mL of 16 individual PACs, thevefore, this bulk standard contains 32,000 ug/ml. of 1otal
PACs The working standards {ug of 1otal PACs/mL) are scnial dilutions in DMSO

Since the samples contain a large range of concentrations and the limuted lincarity of the
Muorescent delectors. multiple runs had to be made of the samples

Rup 1 [mtally, the sanples arc run with the detector set m the low sensitivity mode  Typically,
the caltbration curve ranges from 0 5 10 15 Oug/ml. Samples bracketed within this calibration
curve are quaniitated using a least squares program

Run 2 Sample arcas exceeding the highest standard of Run 1 are diluted with DMSO and
reanualyzed The majonty of the dilutions are required for the 2544400 sctting but both must be
checked

Run 3 Samples below the lowest standard of Run [ are reanalyzed with the detector set in the
high sensittvity mode  The highest standard must overlap the first calibration curve and the LOD
associuled wath this procedure 14 typically arcund 0 0f ug/mL

Calculations

The areas of the four rephicate 1njecuons are averaged The culculated values are in ug/mL
Calculation of the final concentration nst take into account that 4 mL of DMSO was used 1n the
fractionanion and that only half of the sample was fractionaled, therefore, the conversion factor
from ug/ml. 1o ugfsample 15 8

ng/sample = § x ng/ml.
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APPENDIX B

ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT

CHAMPION PHASE TWO FIELD EVALUATION

STATISTICAL DESIGN AND DATA ANALYSIS



CHAMPION (SOUTH CAROLINA)

EXPERIMENTAL DESIGN

'The data were collected in penods that mcluded two kinds of randomization See Figure 1 for
the randormuzation that was used duning the experunent  There was randomization of shorer
length tme penods, and randonzation of longer lenglh tine perrods  Both kands of
randonuzation were required, since the longer periods were needed for the mdustrial hygiene
samples, and the shorter length periods were required to increase the precision of the difference
between the control-on and control-oft peniods for the real-tunc samplers In Figure | “short”
designates a set of short-term penods, and “long” designates 2 long-termy penied A penod
consisted of a randornuzed pair {control-on, control-off} For purposes of TVA sampling at the
screed and operator, the pericds 1n the shorl-ierm were designated as enher screed or operator
samples  Since only one TVA instrument was available for sampling at these two locations, the
inlet to the TVA was placed erther at the screed or operator according Lo the randomization
scheme In the long-term periods, the TVA was randomized between screed and operator
sampling, even though the control setting was unchanged

Although we call the periads exther “short” or “long,” short periods were not all of the same
length and long periods were not all of the same length  “Short” periods vaned in length
hetween 1 and 3 truck loads, each of which usuoally lasted between 1 3 and 3 5 rmnutes  Three
track loads were needed when the control was on and SI'6 evaluation was underway  “Long™
peniads vaned in fenglh, since the aim was 1o collect enough matenal on the tubes and filters to
obtan samples above the limit of detectton  For control-on samples, this meant that sampling
continued for an hour of paving and for conirol-off samples, sampling usually lasted for at least
435 nunutes of paving

METHODS FOR DATA ANALYSIS

Some of the constderations 1nvolved 1n handlmg of the data are the following

1 Fagure 2 contamns particulate resulis from the auger sample on day 1, period 2 There were 77
measurements with the control-ofT and 110 measuremenis with the control-on  Since these data
were collected in baiches of control-on and control-off, it is not appropriate to treat the
measurements individuaily 1n making companison of control-on and control-off setings  The
rcason 15 that the vanability of measurements made in batches 15 usually different (usually
smaller) from that of measurements which arc collected 10 a randomuzed fashion  Since the
randomization used 1n the study 18 within the penods, 1L makces sense to calculate one number
for each control-on and control-off setting within each period Since the median 15 not
sensiive to measuremenis {rom the center of the disinbution, the median 15 used 1n the analyses
of all the real-ime measurements  (These included vapor and particulate at the auger and away
from the auger ) Because of this insensitivity and because it seemed difficult to decide which
of the many real-time measurcments might be outhers, the median is a sensible estimator

|



for the center of each control selting distribution. In Figure 2, the mcdian of the 77 control-
off measurements was 337,505 micrograms per cubic meler, comparcd with 34,560 micrograms
per cubic meter for the control-on setting  For the period shown i Figure 2, the medians appear
to show the centers of the distributions quite well

For the industrial hygiene samples, each of winch 1s collected for a period of not less than

45 minutes, the average of cach type of sample was uscd, rather than the median  Because cach
sample 15 a tunme-weighted average over a relatively long period of time (compared 1o the
short-term samples), the sample determinations themselves adjust for extreme values that
occur in the course of samphng, and the average rather than the median seems
appropriate, This average was taken over all locations sampled during the control setting  The
mdustrial hygiene samples included total PAC at the auger (lour locations), total PAC away from
the auger (two or threc personal sampies and four ared samples), and total particulate/benzene
soluble fracuon (BSF) analyses for sumplcs at the auger {four locations}

2 For long-time periods, especially comparison of control-on and control-off depends on the
data used to compuie the medians  Since we have no control over environmental changes, it
makes scnse to comparc control-on and control-off determunations that are close together 10 tune
In other words, we will compare medians of measurements before and after a change peint
from one control sctting to the other.

Since some of the short-time periods consisted ot segments due fo mierruptions 1in delivery,
some of these segments are spread out over a long period of ume, and surular concerns would
apply to them too

3 Another question coneemns how many measurements to use before and after a change
point Our thinking 1s that determunations close together 1 time are more similar jn the
uncontrollable variables We must determine how far i tme before and afier a control seiting
change to mclude data for computation of the medians

A related question conrems deletton of real-time measurements at the beginning or cnd of a
contmuons scquence of measurements at a control setting Trucks were used for delivery of the
asphalt for each day except the last  There were stops when there were delays 1n truck
arrival If there 1s a long break. environmental d:fferences can affcet estumates of the difference
between the two control settings [t 15 often true that after 1 change 1n control setting or after a
stop 1n paving activity, there 1s a period of time during which the measurements change their
means This tendency 1s clear i the vapor measurements shown in Figure 3, especially for
control-off Because of this tendency, we have deleted a half rmnute of real-time
measurements hefore and after a period of no paving that lasts for at least 25 scconds, This
was done for all real-time determinations except the GRIMMS, which were used for
particolate measurements away from the auger. The choice of a hall minute 15 somewhat
arbitrary Some series are relatively short, and we do not want to exclude too much data By
deleting a half mmnute of 4 sccond measurements, we are deleting seven or etghl measurcments



The GRIMMS are different because they record a determmnation every munute  With so few
determinations for the relatively short periods of this study, 1t makes sense 1o use all the
GRIMM data that we can for those measurements which have at least half their minute
sampling tyme in the particular control setting under consideration.

We must decide what duration should be taken for each period  Compartsons of controt
etfectiveness were done for different length tme pertods  The number of minutes was always
a function of absolute clock time (from the start of the period), since the idea is that it is
important to be close together in hime to allow for better comparability of the
detecrminations. The periods are constructed with respect to the last measurement before a
control setting change or the first measurement aftes such a change. Fornstance, if the last
control-off determination before a change occurred at 10 a m, then the 15 minute interval would
include measvrements belween 9 45 and 10 a m i the [irst control-on detcrmination was made
at 10 45 a m . then the 15 mipute determinations would include measurements hetween 10 43
and 11 00 am The comparisons shown n the section “Determining Length of Period™ 1ndicate
that by approximately 15 munutes the cstimated effectivencss of the contrel 1s stable The
results ulso demonstrate that the 30 second deletion at the start of the control sctting
increases the estimated reduction.

4 Another 1ssue concemed drift i the FID determinations The TV As were zeroed and
spanned with samples contamning no analyte and with samples containing analyte that should
have miven 100 ppm readings for FID This spanning was carmcd out both at the beginning of the
day and at the end of the day This allowed for correction for dnft in the zero responses of FID,
by assuming linear dnft of the zero response between the two end points  Drift 1n the 100 ppm
determuindtions was also assumed 1o be linear between the two endpomnts  This aysumption
allowed for determunation of a factor for converting the 100 ppm responses at a particular
sampling ime t {o the equivalent responses at the ynhal 100 ppm spanning time (1=0) Thcse
factors were appliad to the zero-corrected FID determundtions made at time t to converl them to
(he equivalent delcrmnation al time =0, after which the 1mtial instrumental response to zero
span gas was added on Thereby, changes in readings over fume 1o the same air
concentration would be corrected

5 When the medians of many perods were studied together, it happened that there was higher
variability 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 tendency of hugher vanability at
higher loadings 18 most easily seen by comparing a day’s data for control-on and comtrol-off
Data for day 2 are shown 1n Figure 4 for vapor at the auger Results are similar for particulate at
the auger For both kinds of readings, control-off recadings are higher and tend to have higher
varialily than control-on readings  However, the two control scttings are corvelated, since as
one goes up the other tends to go up  Since the control-otf medians increase more. the ratio of
off 10 on 15 more vanable at the higher loading pairs (1, 2, or 8) than at the lower loading pairs
This snggest the henefit of the lag transformation, which will reduce the difference in
variability. Also, the design used here, in which the data are collected in many short-time



parrs of control-off and control-on uses the correiation to reduce the estimate of crror and
produce more precise comparisons. The analysis will be based on the defference of the natural
logs of the rontrol seitings for each pair

6 For the real-time data, In (median}s were analyzed via analysis of variance methods, 1n
order to obtam an cslimale of the rane of control-on to control-off (by exponennaring the
estimated difference [In(control-on) - Infcontrol-off)])  The quantity of interest 1s | munus the
estimated ratio, which 1s the estimated reduction due to the control-on, or {(contral-off median -
comtrol-on median)/{controi-off medtan), which 1s converted to percent reduction by multiplying
by 100 The models used are different for different kinds of measurements For the real-time
particalate at the auger and for vapor determinations, the models include terms for day-tlo-
day diffcrences, pair of (control-on, control-ofl) within day, and interaction between day
and control differences The particulate determinations away from the anger, measured at
both the screedman and operator locations are averaged to obtain one average
measurement at each selting at each time, since the two different locations are sampled
simultanconsly and are correlated.

in the analysis of the total PAC data, the average s calcutated over the natural loganthms of
deternunations at the different locattons sampled simultaneously for the same sample type For
the non-auger total PAC samples, both area and personal samples are included 1n the average
For the industrial hygiene samples, the terms in the models are just day and control setting,
since there 15 only one sample mean at cach control setting on each day.

Since different sampling intervais were ased for different instraments and since penods were of
variable length, the number of measurements on which the medians or averages was based
varicd considerably from period to period and from imstrument to instrument Simce 1t was not
¢lear that length of period was related to precision of data, an unweighted analysis was
always used.

Becouse the indusinal hygiene samples, total PAC, or wetghing samples were long-time samples
donc simultaneously, 1t was possible to carry out a combined analysis of these data

For each day’s data, averages on the natural log scale were obtamed for each kand of samplc at
each control setting The control effectiveness was estimated by including all sample types
in the same spht-plot analysis, and obtaining a separate estimate for each sample type, but
pooling the residual variances so as to use a better estimate of the sub-plot variance with
more degrees of freedom  This seemed acceptable, since the bulk of the vanablity of the
measurcments 1s sampling vanability, which was thought to be similar, even though the Lotal
PAC and the weighing methods are quite different

7 As might be expected. redoetion due to the control 1s greatest for the auger samples A
suggested aliernative (ot the non-auger parnculate sarnples, both real-ime and wtal PAC, was
carned out This was to estimate the percent reduction for the periods with the highest



25 percent control-off values For the (otal PAC, these are the highest 25 percent of the
ndividual Tocation 1otal PAC control-off determunations away from the auger For the real-tume
pariiculate or vapor, these are the haghest 25 percent of the control-oft medians where operator
and screedman Jocations arc treated individually  The results from these analyses can be
Interpreted as follows  Since the obscrved reduction 15 conlounded with uncontroliable factors
such as wind speed and direction, the highest control-off measurements may occur where such
factors are not effective in reducing the contaminanm  Thus, the reduction here is of interest
since 1t may indicate what can be expecicd when environmental control is not present.

8 For many of the compansons that follow, the aim was to estabhish confidence limits that
hold simrltaneously for all comparisons at the 80 percent confidence tevel al the auger and
at the non-auger lgcations 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 mnterval statements are 1n error 1s no more than 20 percent  Altegether if eight
comparisons were allowed for, then each would be allowed a 2.5 percent error rate. Since
the error rates add, the averall error rate will then be no more than 20 percent The choice
of an overall 20 percent ercar rate 15 somewhat arbirary  Twenly percent might be thoughn 1o be
acceptable, since many factors 1n this study are not contreiled The reason to control for the
averall error rate ts that, although the measuremenls mayv cach be of a considerably different
nature, they are all correlated, since they are all taken at the same time Together they present
dhfferent aspects of the workplace exposure to the particulate and fumes produced by the paving
process Alternatively, we could consider each comparison of control-on vs control-off as a
scparate test  In a less ambitious 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 used lor {ests of control effectiveness for particulate
and vapor 1n addition, NIOSH conducted separate investigations whose efficiency
confidence limits were calculated independently from the vapor and partienlate samples,
These included tracer gas ¢ffectiveness, for which 95 percent confidence himits were produced,
and evaluation of temperature differences beiween control-on and control-oft, for which 80
percent confidence bands were calculated

9 1In a study such s this, there are different choices as to how to view the days included in the
study To generalize the results for the single paving machine evaluated here to any days and
locations on which that paver might be used, we would want to regard the days of sampling used
in ihe study as a random sample This generalization 15 a rnore ambitious goal than we think,
warranted by the data collected for this study  Only a small sample of possible paving sies 1s
used and vanation in ambient condifions (weather or habatat) 1s hmted  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 pussible days



SF6 DETERMINATIONS

The average efficiency was 98,74, The cstimated vanance 1s 3 70 With six measurements, this
vields a standard deviauon of the mean of 0 785 Thus, the 95 percent lower confidence limit
on the true efficiency 15 98,74 - 2,015 (0.785) =98.74-1.58=97.,16, wherc 2 015 15 the Student’s ¢
95 pereenule, for 5 degrees of frecdom Thus, the true efficiency can be said 1o be

>%7.16 percent, with 95 percent confidence.

EFFECTIVENESS OF CONTROL AT AUGER

The results lor the TVA analyses of vapor and particulate at the auger are shown in Figure 5
Results are presented as percent reduction of the contrel-on relative to the control-oif. The
percent reduction 1s given separately by day and by average aver all days for (the two kinds of
samples plus 80 percent confidence imuts  The percent reduction vaned somewhat more over
days for vapor than for particulate  For all days the percent reductlion based on particolate
data was about 85 percent. The lower (simultancous) confidence linmt was about

80 pereent, campared with a lower mdividual confidence it of aboul 83 percent  Far the
vapor days | and 3 yielded percent reductions of over 60 percent compared to [ess than

50 percent for the other three days  Over all days the estiimated reduction was about

53 percent, with lower (sumultancons) confidence limut for of about 45 percent reduection
and individual confidence livut of about 50 percent. The control appeared to work somewhat
differently for vapor than for particulate

Plots of the data indicate that different amounts of contaminant were generated on different
days. Whercas days 1 and 3 had sample gcometric means for vapor at the auger greater than

20 ppm, the three other days had sample geomeine means less than 15 ppm On the other hand,
the particulate geometric means also were much higher for days | and 3 even though the
estimated efficiency of the control did not vary much over days For days 1 and 3, these
geometnc means for control-off exceeded 170,000 micrograms/cubic mcter, and for the three
other days, they were less than 105,000 Figure 6 plots geometric means for the real-tune
particulate data

EFFECTIVENESS OF CONTROL AT OPERATOR AND SCREED
POSITIONS

The resutts for the vapor and particutate measurements at the screed and operator locations are
plotted by day in Figure 7 Day 4 appeared to be very different from the other days, in that
there was much lower effectiveness of the control on that day for both vapor and
particulate than on other days. That this was not true for the auger data suggested that the
factors causing the difference could have heen ambient factors that would not alter effectiveness
at the anger The estimated redochon for the vapor was about 23 percent with
(simuitaneous} lower confidence limit of about 13 percent and (individeal) confidence hmit



of about 19 percent. For the particulate, the estimated reduction due io the control was
about 43 percent, with (simultanceous) lower confidence hmit of about 15 percent, and
{individual) lower confidence limit of about 34 percent.

A possible rcason for the lower reductions of the vapor away from he auger was the low levels
tound Whereas vapor geomelrnic means at Lhe auger were at least 7 5 ppm and much higher than
this for the control-off determmations  The geometrie means for the non-auger vapor data were
less than 7 5 wiath the exception of two control-off determinations

The analysis of the upper 25 percent control-off particulaie pairs (see Figure 7) yields a
reduction of ahout 68 percent, with a lower confidence hmit of about 40 percent for
simultancous comparisons and about 5% percent for individual comparisons For these
results, medians are used from hoth the operator and the screed locations  Only those pairs dre
wncluded which have the control-off medians m the upper 25 percent of all control-off medians
For the vapor, the estimated reduction for the upper 25 percent comparisons 1s about

44 percent, with {simultaneons) lower confidence limits of 24 percent and (individual)
lower confidence limat of 37 percent. Since the estimates may be scnsitive 1o the choice of
upper 25 petcent fraction, the analyses were also carried out vaing the vpper 30 percent control-
off pairs  The reductions are then a hietle smaller For the parttculate, the reduction 15 59 percent
and for the vapor 34 percent  The lower simultaneous conlidence limus are 31 and 24 percent,
respectively

IH SAMPLES

Figure 8 18 a plot of the percent reduction due to the control, based on the industrial hygienc
sample data  The total PAC auger samples estimale a reduction due to the contrel of about
30 percent, The lower 80 percent (stmuMancous) confidence limit is 57 perceni, and the
lower (individual) confidence limit is 75 percent. The PAC non-auger data, both area
samples and personal samples, agree quite well with each other for all four days of
sampling. For the combined area and personal samples, the estimated reduction is

54 percent, with 80 percent lower (simultaneous) confidence limit of (¢ percent and lower
(individual) confidence limut of 40 percent. Day 3 data gave much lower results for the non-
auger than the three agther days

Figure 9 mves the daly geometric means of the non-auger samples by tvpe (arcu or personal
samples) and by control setting

The analysis of the upper 25 percent total PAC data (see Figure 10) yaclds an estimate of

79 percent. The lower (simultaneous) 80 percent confidence limit shows at 1cast 56 percent
reduction, and the lower {individual) 80 percent confidence limit indicates at least

74 percent reduction, From Figure 10, 1t 18 apparcnt that the estimate depends on the choice of
upper 25 percent rather than say the upper 30 percent  For the upper 50 percent, the reduction
due to the control 1s about 65 percent with the simultaneous lower canfidence lunit about



35 percent and the individual lower confidence limit about 56 percent

Figure 11 shows a relationship between benzene soluble determinations and tota] PAC
determunations at the auger A relationship can be developed because there were filier samples
(for BSF method analysis} paired with the total PAC samples at the auger The approximate
straight line relationship allows a crude conversion from the total PAC method to benzene
soluble equivalents These are shown in Figure 12 The conversion resulis must be
interpreted loosely, since there 13 no certainty that the PACs measured at the worker
positions are 100 percen( identical 1o those at the auger, However, the conversion 1s still
useful since the only IH samples taken away from the anger were total PAC samples. After
“conversion” all breathing zone samples collected during control-on yielded average
determinalions less than 0 3 mg/cubic meter

The IH data do allow us to make another estimate of the cificiency of the control for vapors The
filters that were used for gravunetric analyses had iebe backups These tubes should collect only
vapor, sinec the particulate 15 extracted via the filters Thus, the efficiency of the contro! can be
compared based on the backup mbe data (vapor) versus the filter duta (benzene soluble fraction)
The accompanying Figure 13 displays the efficiency by sampling day  Although for three of the
days the reduction due to the control 18 hagher for the filter data, the overall average 1s only
slightly lugher Thus, the differcnces 1n efficiency for vapor versus particulate seen in the
real-tirne data do not show up in the TH data I may be that because of the heat of the
particulate near the anger, additional vapor 1s generated This couid aftect hoth control-on and
control-off determinations

WIND AND TEMPERATURE MEASUREMENTS

The HT A temperature medians for most contral setting periods were under 90 degrees F Some
of the days had median temperatures less than 60 degrees 1n the mornings, but that depended on
how early work started A companson of intercst 13 control-on penod median temperatures
versus copltrol-off medhan temperaiure  On average there 1s almost ny difference between the
median temperatures at the two settings,

Median wind speeds were calculated for each conirol setting used 1n the randomization These
deterrnations and the temperature determinations were made by the two HTA mstruments,
located near the GRIMMS at exther the screed positions or the operator positions We wish to
pbscrve how days daffercd in windiness  Day 1 was the windiest day, with all median wind
speeds larger than 200 feet per minute, and most of them larger than 400 feet per minute,
Days 2, 3, and 4 were the quictest days, with most of the medians less than 250 fect per
minute. [)ay 4 was the maost variable, with median wind speeds ranging from 100 to

600 feet per minute.

Figure 1415 a plot of median FID determinations near the auger versus median wind specd for
ihe shori-time penods of days 2, 3. and 4 The median wind speeds are averages from the two



HTAs. Days 2 and 4 data indicate that the median FID measurement decreascs as the
median wind speed increases. Sumular results hold for the particulate determunations at the
auger
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The results are summanzcd 1n the above table  An obvious question 1s which kind of
confidence interval to rely on. If the basic aum 1s 1o quote results for just vne kind of sample,
say real-time particulaie at the anger, then it 1s approptiate to quote the point estimate and the
individual lower confidence limit for that sample type  If the ain 15 to ebtain an averall picture
of all matnces (particulale and vapor) or ull types of samples (reat-tnme and industnal hygiene)
then the simultaneous confidence intervals are the correct ones 1o use

DETERMINING LENGTH OF PERIOD

The data 1n this study were collected 1n periods of several hours at each control setttng  This was
true for both real-time and industrial hygiene samples  Whereas for the industrial hygiene
samples, we must use the measurement of cach sample. For the real-time samples, we can
choose which samples (data points) we might use. Why choose? The reason is that we
believe that samples closer together in time and sampling location are more likely to be
subject to the same envurenmental factors, Thus. by choosing samples from the pawred control
settings that dre close together, we hope to obtain more precise companisons of control
effectiveness Amother reason to choose subsets of the longer periods is that we expect that
control effectiveness will show up over a short period. For the data siudied here, the approach
used was to study the effectiveness of the control as cstimated from samples of ditferent tume
length selectioms  We consideregd penods of 1 875, 375, 7 5, 15, and 30 after a control sctting
change and before a control selung change The estimales of control effectiveness arc given for
the auger measurements, both particulale and vapor These are given as average [In(control-
olfy-n{control-on)], phas the standard error:



Particulate Deletion Time(sec)

Vapor Deletion tima(ssac)

Duration{min)
1 875

375

75

15

30

0
1 77(0 20)
182(017)
1 87(0 15)
183(0 14)
182(0 14)

30
17(0 21)
1 86(0 16)
194(0 13)
19(0 12)
1 86(0 12)

0
0 62(0 091)
0 63(0 093)
0 63(0 085)
0 65(0 080)
0 65(0 079)

30
0 69(0 094)
0 72(0 096)
0 76(0 077)
0 75(0 069)
0 75(0 067)

For the particulate, we see that for time deleted at the start of the interval, there 15 not much
benefit  For 30 sccond deletion, 1if the periods are at least 3 75 minutes i doration, then there (s
not much difference in the estimate  Estimates are all between 1 86 and 1 94, corresponding to
reduction between &4 and 86 percent It may be there is no start-np effect for particuiate  There
15 not much difference for the 30 second deletion compared 1o no deleton

The vapor results differ in that deletion ttme 1 more unpoctant When 30 seconds are deleted,
the differences from zero time deletion are much bigger than for particulate  For zero deletion
the average valuc above is 0 63, comresponding (o gbout 47 perceni reduction, and for 30 seconds
delefed the average value s O 73, corresponding to 52 percent reduction Flowever, increasing
duration does not change the estimates very much  This may be because there were many
mterrupunons  For the shori-time penods, for the itne specahied at a ;ven conirol setting, the
avcrage fraction of ime m which there was actual paving was about 65 percent  Frequency of
interruptions can be a reason that there 1s not mach benelit from mereasing duration

Within the long-time pertods there s no evidence that longer duration alters results much  Also
there are many more short-time pairs at this sie, so that the above results have more to do with
short ime parrs than with long-time parrs - For the analyses, we waill use the results for

15 minutes, so that we are using the entire short-ime periods in most 1nstiances, and we will
deleie 30 seconds a1 the begimmng and end of the interval  The 13 munute intervals provide

approximately constant estunaie and standard error for both particulate and vapor
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FIG. 1 SAMPLING DESIGN USED IN STUDY
SHORT-TIME PERIOD AND LONG-TIME PERIOD RANDOMIZATION
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L=ONE {CONTROL-ON,CONTROL-OFF) PAIR,
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SEQUENCE OF ON & OFF SETTINGS RANDOMIZED IN EACH PAIR

FIG 2 PARTICULATE DATA AT AUGER
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FIG 3 DELAY IN MEASUREMENT CHANGES
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FIG 4. VAPOR MEDIANS AT AUGER FOR DAY 2
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FIG. 5: AUGER: %REDUCTION BY DAY & OVERALL AVERAGE

LOWER 80% CONFIDENCE LIMITS, SIMULTANEOUS & INDIVIDUAL VAPCR &
PARTICULATE
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FIG 6 GEOMETRIC MEANS OF PARTICULATE SAMPLE MEDIANS

AT AUGER AND AWAY FROM AUGER

OAUGER-ON OAUGER-OFA30OPERATOR-O
mOPERATOR-OFMISCREED-ONmSCREED-OFF |

P

=

= 1000004,

0 F

s

[ .

< 100000}

o~ i

@

é X

e 10000 z: : z===z=<f | |

= - - : -z

< --

g A

o 1%
= = : :
o - . :
,_IE_, i _ _
5 100

|

(h



FG 7 AWAY FROM ALUGER. %REDUCTION BY DAY 3 CVERALL, BASED ON SAMPLE MEDIANS
LOWER B0%: CONFIDENCE LIMITS FOR VAPOR AND PARTICULATE FOR BOTH SIMULTANECUS &
INGIVIDUAL GONF LIMITS #OR AVERAGE AND FOR UPPLA 25% GONTHOL OFF PAIRS
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FIG. 8: |H SAMPLE GEOMETRIC MEANS:BREATHING ZONE
SAMPLES & AREA SAMPLES AWAY FROM AUGER
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FIGURE 10 % REDUCGTION FOR LOWEST 75% CONTROL-QOFF VERSUS HIGHEST
25% CONTROL-OFF PAIRS
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BENZEME SOLUBLE N MG / CU M

FIG 11 AUGER BENZENE SOLUBLE VS SUM OF
INSTRUMENTAL RESPONSES (370NM + 400NM)
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FIG 12 EREATHING ZONE & NON-AUGER PACS
CONVERTED TO BENZENE SOLUBLE EQUIVALENTS
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FIG 13 REDUCTION DUE TO CONTROL AT AUGER

TUBE SAMPLES VS BEMZENE SOLUBLES OMN FILTER SAMPLES
O TUBE(VAPOR) MFILTER(BEN SOL)
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FIG 14 MEDIAN FID-AUGER VS MEDIAN WIND SPEED FOR
CONTROL-OFF FOR DAYS 2,34
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FOR DAYS 2 AND 4, CLEAR DECREASE IN FID AS WIND SPEED INCREASES

18





