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EXECUTIVE SUMMARY

On September 9-13, 1996, researchers from the Natwnal Insutvie for Occupationat Safety and
Health (NIOSH) evaluated a first-generatton engineering control designed to capture and remove
fugitive asphalt emissions during asphalt paving  The Caterpillar engineering control evaluation
was completed as part of a Depariment of Transportauon (DOT) project 1o evaluate the
effectiveness of engineering controls on asphalt paving equipment  NIOSH rescarchers
conducted the rescarch through an mter-agency agreement with DOTs Federal Highway
Adminstration (FHWA)  Industry, labor, and governmental participation 1n the project was
fostared through a research partnership wluch included NIOSH, FHWA, the Nauonal Asphall
Pavemnent Associauion (NAPA), the Asphalt insnitute, six mannfacturers of asphalt paving
¢quipment, the International Unton of Operating Engineers (ITOE), the Laborers™ international
Union of North America (LIUNA). and the Luborers® Health and Sufety Fund of North Amernca
{(LHSFNA)

The asphalt paving engincering control study consisted of two major phases  Dunng the pnmary
phase, NIOSH researchers visited each partucipating manufacturer and evaluated their
engineering control designs under managed environmental conditions  The indoor evaluanon
used fracer gas analysis techmgues to guantify the control™s cxhaust flow rale and to determune
the control’s capture efficiency  Results from the mdoor evaluations provided cqupment
manufacturers with the necessary information to maximize engineering control performance prior
ta the second phase of the study, performance cvaluation of the engineering controls under “real-
hfe” paving condiaons

Throughout each manufacturer’s phasc two evaluatien, NIOSH researchers focused primarily on
each engmeering control’s ability to capturc and remove wirborne contaminales pencrated within
the asphalt paver’s auger area  Secondary measurements were collected at screed and paver
operator posilions located on the asphalt paver Since no prescribed methods exist to evaluate
cngineeriyg controls under the umque physical constraints of the asphalt paving environment, the
NIOSH researchers developed a muoltifaceted evaluation strategy that included tracer gas tesung,
industnial hygiene sampling, and real-timic saropling for particulate (PM L0}, orpanic vapor, and
temperature  All of these methods were mcorporaied inio a control-on vs control-off field
evaluation protocol m order to gquantify the engineering control’s performance

The scope of this repor 15 luimiated to the Caterpillar phase two (field) evaluation of a single
engincermg confrol installed on a Caterpillar Model AP-1050 asphalt paving machine The
lested design consisted of a single exhaust hood mounted above the auger area A rubber hood,
predominantly covering the center uuger aren between the rear of the tractior and the front of the
serced, enclosed about 40 percent of the top of the auger arca  Awrhorne contamnants were
exhausted from the auger area through the use of a hydraulic exhaust fan located under the paver
deck Ducting routed through the rear tractor wall connected the cxhaust fan to the hood  An
exhaust stack, attached to the discharge sude of the fan, exited up through the paver deck 1o a
point ahout 6 feet above the deck and about 12 feet above the ground
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Field tracer gas measurement techniques revealed an average cxhaust flow of 1130 cubie feel per
inute (efm) from the exhaust fan  Test rpsults indicate that the Caterpillar engineermyg control
design was successful 1n capturing and removing an average of 60 percent of the asphalt fume
released from the auger area  This source reductton led to an average worker-area reduction of
41 percent  One way to circumvent the mathematcal impact of background concentrations and
the vanability resulting from ambient conditions was to evaluate the engineering control’s abiity
10 prevemnt lugher-level {top 25%) contamnant concentrations at the screed operator and paver
operator posiions  Using (hus approach, the Caterpdlar engincering control produced an average
reduction mn higher-lcvel exposures of 68 percent within these workstations

The Caterpillar evaluation was the third of six field evaluations to be conducted s part of the
engincering controls research partnership  Although the testing methods used bad only a
rmmmal history 10 the challenging envirenment of asphalt paving, there was sufficient
expenence (o warrant some modilications in the overall lesting protocot . Knowledge gained
duning this evaluation resulted 1in imnied changes to the evaluation protocol and potentrally
impacted the findings of subsequent performance cvaluations  Lastly, many of the eavironmenial
and process variables were unique to the Caterpillar evaluatton  For exampie, the Caterpullar
field evaluation was the only evaluation conducted while paving ity streets  For all of these
rcasons, the reported performance results should not be used o predict future resulls under
different conditions or to compare performances with those obtained by other paver
manufacturers

The unplementation of cnginecting controls on asphalt paving equipment will continue to be an
terative process NIOSH encourages Caterpillar to incarporate the following recommendatians
1nter their engineering control implementation process (1) Investigate ways 10 increase the
cxisting level of auger-area enclosure, especially over the cenier portion of the auger area [From
the observation standpomt, 1f HMA 15 {lowing to the end of the avger, mtuitively 1t 15 flowing at
the center as well |, (2) Monitor the worker/contractor acceplance of the current/future auger-area
enclosure design and mncorporate design changes 1f undesirable field-modifications are observed.
(3) Monuor field conditions of asphalt paver cngmeering controls to determmne how well the
control design stands up to the rigorons demands of a paving environment, and, {4) Modify or
supplement the existing hood enclosure to mimumize escaping fume when the screed s extended
beyond the width of the paver



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), a Federal agency located 1n
the Ceniters for Disease Control and Prevention under the Department of Health and Human
Scervices, was established by the Occupational Safety and Health Act of 1970 This legislation
mdndated NIOSH to conduct research and educational programs sepdrate from the siandard
setting and enforcement functions conducted by the Occupational Safety and Health
Admmstrution (OSHA) 1t the Deparunent of Labor  An important arca of NFOSH research
deals with methods for controlling occupational exposure (o potential cherpical and physical
hazards

The Engineering and Physical Hazards Branch (EPHB) (formerly the Engineering Control
Technology Branch} of the Division of Applied Research and Technology (DART) (formerly the
Division of Physical Sciences and Engineering) has the lead wiihin NTIOSH Lo study and develop
enginecring controls and assess their impact on reducing occupatiomal llness  Since 1976, EPHB
has conducted a large number of studhes to evalvale engineenng control echnotogy based upoi
mdustry, process. or control techmique  The objective of each of these studies has heen to
wenufy or design enginecring control techmques and to evaluate their effectiveness in reducing
potential health hazards in an industry or at specific processes  Information on effective control
strateges 1s subseguently published and distributed throughout the affected industry and to the
occupational safely and health commun:ty

BACKGROUND

On September 9-13, 1996, researchers from NIOSH cvaluated a first-generation engineering
control designed to capture and remove fugitive asphalt emissions dunng asphalt paving  The
Caterpillar engineenng control evaluation was completed as part of a Department of
Transportatinn (DOT) project to evaluate the effeciiveness of engineering contrels on asphalt
paving equipment NIOSH researchers conducted the research through an inler-agency
agreement with DOT’s Federal Highway Adoumstration {(FHWA) Industry. labor, and
governmental participation n the project was fostered through a research partnership which
wcluded NIOSH, FHWA, the National Asphalt Pavement Association (NAPA), the Asphalt
Institute, sax manufacturers of asphalt paving equipment (Barber-Greene/Caterpillar, Blaw-Knox,
Cedarapids, Champion, Dynapac, Roadtec), the International Union of Operating Engineers
(TUQOE}, the Laborers’ Intetnational Umaon of North America (LTUNA), and the Laborers” Healih
and Safety Fund of North Amenrca {LHSENA)

The N1IOSH contribution o the engineenng controls partnershup included engineenng controd
design and evalualion assistance to each of the manufacturers dunng prototype development and
a detmled field performance evaluation of each manufacturer’s engineering control desigh dunng
tradrieonal asphalt paving operations  Throughout the research partnership, NAPA played a
cntical role as the industry haison, facilitating the interacttons with each of the manufacturers
and coordinating the manufacturer/contractor/researcher requirements nccessary for cach of the



field evaluations Project participation by TUOE, LIUNA, and LHSFNA rounded out the (cam
effort by facilitating worker participation and buy-n 1nto the engineering controls research effort

The asphalt paving engimeering control study consisled of two major phases During the primary
phase, NIOSH rcsearchers visited each participating manufacturer and evaluated thewr prototype
engineering controls under managed environmental conditions  The indoar evaluation procedure
used a tracer gas analysis protocol 1o quantity cach control’s exhaust flow ratc and determine the
capture efficiency ' Results and recommendations from the mdoor evalvations provided
equipment manufacturers with the necessary information to maximze engimeering control
performance prior Lo the second phase of the study, performance cvaluation of the cngineering
contrels under “real-hife” paving conditions

The Caterpillar phase one evaluation accurred in March 1996 Results and recommendations
from the phase one evaluation are published i the NIOSH report, “A Laboratory Evaluabion of
Prototype Engineening Controls Designed to Reduce Occupational Exposures Dunng Asphalt
Paving Operations at Caterpillar Paving Producis {Barber-Greene), DeKalb, Hhinois ™ Since the
phase one cvaluation was only one portion of the overall development and evaluation ot the
Caerpillar engimeenng conirol, Hinahizavon of the Caterpillar phase one report was delayed until
the completion and ¢o-release of Caterpillar’ phase two report

The scope of this report s the Caterpullar phase two ({tield) evaluation of a prototype engineermg
controd nstalled on a Caterpillar Model AP-1050 asphalt paving machine (see Figure 1)
Participating NIOSH rescarchers imcluded Ken Mead, Mechamcal Engincer, Leroy Michelsen,
Chemucal Engineer, Scott Earnest, Industrial Engineer, Larry Reed, Acronautical Engineer, Dan
Farwick, Industrial Hygene Technicaan, Clint Morley, Intern-Indusinal Hygienist all from the
Division of Applied Research and Technology (DART), NIOSH and Carohne Portmann, Intern-
Indusirial Hygrenist, from the Division of Surveillance, Hazard Evaluation, and Field Studics
(DSHEFS), NIOSH The NIOSH team was augmented by Tom Brumagin, NAPA’s Directar of
Environmental Scrvices, Keith Schmude, Caterpillar’s Chief Design Engineer, Rob Lobmeyer,
Caterpillar Project Engincenng Supervisor, Jack Farley, Caterpillar Munager of Customer
Support, and Dave Conzelmann, New Orleans Territory Manager for .ouisiana Machinery, a
Caterpillar equipment dealer  The field evaluation was conducted 1n ¢oordmation with New
Orleans, Lowsiana, paving contractor, Barnere Construction at two Barriere project sites 1n New
Orleans, Lomsiana Randy Barns, Area Superiniendent, represented Barriere Construction

EVALUATION PROCEDURE AND EQUIPMENT

With the input of 1ts puriners, NTOSH researchers developed an evaluation protocol that focused
on each enginecring control’s ability 10 capiure and remove airborne contaminates generated
within the asphalt paver’s auger area * Sccondary measurements were collecied at screed and
paver operator posittons located on the asphalt paver The pnmary focus was the control of
asphall [ume, a particulate with a diameter of about | Q0 mucrometer (| x 10° meters) and smaller




Figure 1. Caterpillar Model AP-1G50 Asphall
| Paving Machine undergoing field tesung of
prototype engineening controls  The testing site
+ Was 4 €Ity streetl paving project i New Orleans,
Louisiana

A secondary focus was on the control of organic vapors onginating from the bot mix asphalt
(HMA) Since no prescribed methods existed 10 eviludte engineening controls under the unigue
physical constraints of the asphalt paving environment, a mulufaceted protocol using multiple
evaluation methads was developed to quantdy each engineenng control’s performance
(Appendix A) Each of the evaluation methods wathin the protocol has inherent advantages and
disadvantages, some ol which can have an effect on the calculaied results - An additional
advantage of using multiple evaluation methods was that at times, the harsh environment led to
equipment malfunctions and the loss of unportant data  The impact of these losses was lessened
by the presence of muluple evaloation tools. It was anucipated thut some of these methods
would wark better than others and that as the overall project progressed, adjustments would be
made to the selection and applhication of the evaluation methods based upon prior experiences A
ltsting and description of the evaluation methods follows

Tracer Gas For the phase rwo (field) evaluations, the tracer gas evaluaiion technigue from
phase one was modified for use duning actual paving operations  The methad to calculate total
exhaust flow of the cngineenng controd did not deviate from the phase one tracer gas method
However, the caplure efficiency SF, dosing techntque requred modiftcation for use when paving
Instead af supplying SF, to the auger arcu via a distnbution plenum under the auger, the SF, was
supplied through four medical-qualily 20-gauge tnjection ncedles, uniformly distrebuted across
the widih of the auger The ntent of this dosing system was to deliver the SF; into the open head
space near lhe top of the auger area (above the fresh HMA and between the front of the screed
and the rear of the tractor) The four needles were postiioned at a level approxamate 1o the top of
the screed and pointed downward towards the avger’s center shaft  In thus manner, the SF; was
injected m uniform amounts across the four dosimg points, into the flow of fume and vapors
convecuvely raising out of the auger head space  For the Caterpiilar evaluation, the total dosing
flow of SF, was approxumately 0 | liters per minute (Ipm) for each ncedle (0 2 Ipm per side)
Multiple tests were conducted during each control-on test period  Diflicualttes encountered with
the field tracer gas method included maintaining the 1mjecuon needles at the prescribed locations,
preventing needle obstruction duc to occasional contact with the HMA, and maintaining a steady
supply of 120V electrical current to the dosing and sampling equipment



Industrial Hygiene Santpling  Industnial hygiene (IH) sumpling trains were configured for use
with two analytical sampling methods  The first method quantificd the tolal particulate drawn
into a filter cassette then determined what portion of the collected particulate was benzene
soluble This mcthod 15 often referred to as the Benzene Soluble Fraction (BSF) method Due to
anticipated detection lmtations, this meihod was only used at sampling locations directly above
the auger The second TH sampling method was 4 new analytical method developed by NIOSH
resedreh chemists  The new methed quantified concentrations of (otal polycyclic aromatie
compounds (PACs) and was reportedly more sensittve than the asphalt fume sampling method
previously described  Due to the merease 1in sensitivity, the total PAC method was used for
sampling both above the auger and at each of the asphalt paver's workstations Euach of these
methods s desenbed in detail 1n the NIOSH Manual of Analytcal Methods (NMAM) At the
auger area, four general area (GA) samphing locations were umlormnly distributed across the
width of the auger Additional GA sampling locations included the right and left paver operator
posittons and the nght and left screed operator positions  Lastly, breathing zone (BZ) samples
were collected from the paver operator (PO}, night screed operator (RSQ), and the lefl screed
operator {LSO} In order to establish the control-on vs control-off performance ratio, each
sampling pasition (GA or BZ) was assigned two sampling trains (one {or control-on and one for
control-off} for each sampling method used The same personal sampling pump was used to pull
air through each of the two sampling trains  For each duy of testing, one sampling train was uscd
dunng all of the control-on periods and the other was used during all of the control-off penods

In this manner, there was only onc IH performance ratio per day established for each of the
sampling locauions  Ditficulues encountered wath the IH evaluation method included (1) Filier
loss 1nto the asphalt, (2) IH pump battery faults due to long days of use under hot conditions, (3)
Arca confamination from non-paving sources of PACs such as diesel fuel openly used for solvent
(see Figure 2}, dicsel leaks and fires from the screed heater, diesel exhaust from the tractor,
aerosolized hydraulic flid from exhavust lan failures, cigarette smoking, and, (4) Non-auger
sources of asphalt fume associated with the matenal transfer vehicle (Shutlle Buggy)

| Figure 2: Photograph showing apen bucket of diesel
fuel adjacent to the right screed aperaton’s work station
8 Non-paving sources of aromatic compounds such as

g diesel fucl may have adverscly affected the measured
exposure reductions at paver workstahons
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Real-Time Aerosol Monitoring: Two types of dircct-reading acrosol momtors were used 10
measure airborne particulate concentrations  To reduce the impact of naturally-occurning
environmental pariiculate upor the data results, each of the aerosol monitors was configured to
Limit recorded measurements to particles with an aerodynamic equivalent diarneter of

10 nucrameters or less (cahibrated ta Anzona Red Road Dust) The sampling inlet for one of the
parficulate monitors, a DataRAM Aerosol Momtor (MIE Inc , Billerica, MA), was postiioned m
the cenler of the auger area with the sampling head located 12-15 mches above the top of the
auger blade Tn this posiion, the DataRAM could measure partsiculate escaping directly from the
auger area Sample frequency for the DataRAM was ance every 6 seconds  The other two
aerosn) monttors were Grunm Dast Monitors (Grimm-Labortechmk, Germany) One Grinm
was positioned adjacent to one of the paver operator positions while the other was positioned
adjacent to 4 screed operator posiion  The mtmmum sample trequency option for the Grimms
was once cvery 6 scconds  However, the Grimm internally averages the individual readings over
a prescribed sample period and reports only the maximum, mmimum, and average concentralions
for that period  For the field paving evaluations, the munimum available sample penod ot
l-rmnute was selecled for these instruments Uncertanues associated with the aerosol
monitenng included the unknown effects of varyimg hummdity and instrument vibrason  The
DalaRAM sample 1nlet included an in-line heater whreh helped to reduce variahon due
hurmidity  The Grimms did not have the in-line healer option  Vibration 1solators were used with
all of the aeroso! monmors m an cifort to mimrmize vibratonal error Both types of aerosol
monitors incloded an internal warming feature for excessive vibration, however, it 18 unknown
how much error can occur before these warmings are activated

Real-Time Organic Vapor Monitoring: Real-time momtonng of wotal organic vapor was
conducted using twa TVA 1000 Toxic Vapor Analyzers (Foxboro, Foxboro, MA) Each TVA
contamed bath a Flame Tomzation Deteccor {FID} and a Phato lonrzaton Detector (P11 for the
detectwn of volatile organcs  Both the FID and PID detectors were used in each TVA and were
programmed {0 record measurement responses once every 4 seconds The sample nlet (o one
TV A was located above the auger and adjacent to the DataRAM 1nlet  The second TV A inlet
lacation alternated between the screed operator pasition and the paver opcrator posiion (adjacent
to the respective Grimm Dust Monitors)  The alternation pattern was randomly generaled prior
to the start of the tield evaluation Duifficulues encountered with the TV As inchuded mechanical
breakdowns, suspected to result from elevated humudity and tempecature levels, unknown
response vanation due to humidity, mstrument drift, awrborne concentrations of hydraulic fluid
aerosolized by a leaking connection at the cxhaust fan, and the previously described work
practices associated with the use of diesel fuel  These ditficulues posed a much greater dalemma
as the measured concentrations approached the predominant background levels  Due to its
increascd sensiavity over the P1D, only the FID measurctnents were used to determine the
organc vapor control efficiency as detected above the auger  The PID measurements weie
available as a backup, 1n the event of FID failure  Many of the instrument abservations collected
for the paver and screcd operator posittons were nat greatly distmguishable from the background
concentration measured during non-paving activities  'This observatuon remained true during
both control-on and control-off condinons



Wind Speed And Temperature: Twa portable Hygro-thermo Anemometers, Model HTA 4200
(Pacer Industries, Chuppewa Falls, WI), were uscd to measurce and log the cross-wind {wind
blowing perpendicular to the paver’s durection of travel) velocrly  As an added benefit, these
instruments also recorded the temperature  The HTAs were positioned to sample from the screed
and paver operating posiions with one HTA adjacent lo each of the Gnimm Dust monitors  The
wind velocity and temperature were sampled once every 4 scconds

All uf the evaluation methods were incorporated 11to a contral-on vs control-off field evaluation
protocol 1in order Lo quannfy the engineening control's performance  Due ter the nature of Lhe
engineering control design, sweiching between a control-en and a control-off test setting was
lumited to activating and deactivating the exhaust fan  There was no fecasible way to remove and
reattach the exhaunst hoods and enclosure hood when switching between control sethings  Thus,
any control effect (good or bad) created by the mere presence of the engineering controf would
have affected the overall performance evaluation results  Since the control scttings were
alternated, the only condttion that was randonmuzed was the initial seiping {or the given day
However, the evalnation plan also speeified that of day | started with control-on then the
following day would siart wath control-off and vice-verss The third day of sampling was
different 1n that only short-term sampling (no mdustral hygiene sampling) was carried out by
randomzing comtrol-on and control-off settungs 1in pairs  Further detaels concerming the statistrcal
design and randomizatian strategy for the real-ume and indusinial hygiene samples are included
m Appendix B

An 1ndetermunate variable for all of the direct-reading 1nstruments was the impact of background
concentrations and environmenlat vanabies The Caterpillar fiekd evaluation was umque m that
11 was the only cvaluatton to be conducicd within an urban area, primarily on a major city street
Intniively, higher background concentrations of PACs and acrosols associated with vehicle
engues would be expected To compound the matter, large portions of the street were
sigmificantly covered by an overhead canopy of very large trees  Fume and other contaminanis
from sources other than the paving machine could bnldup within the canopy and generate an
mereased background concentration {see Figure 3)

One way to munmize the unknown vanable effects 1s through shorter sampte penods collected
closer in ume  In this way, any background and environmental effects would be more likely to
influence the contiel-on and conirol-off testing scenunos 1 4 simslar munoer  In a unkque
modification to the evaluatior protocol, day 3 of the Caterpillar field evaluation was dedicated
solely to short-term sampling  This change was done at the cost of losing a day of industrial
hygiene sampling




Figure 3: Non-paver sources of asphalt
fume such as that generated by the
MTY, were occastonally contained by
canopies of large (rees. thus incrcasing
¥ background concentrations

ENGINEERING CONTROL DESIGN DESCRIPTION

The Caterpillar phase two (ficld) evaluation was conducted on a simgle engineening control
mstalled on a Caterprllar Model AP-1050 asphalt paving machine The tested design consisted
of a single exhaust hood mounted above the auger area A rubber partition, covercd a portion of
the center auger area between the rear of the tractor and the front of the screed, enclosimg aboutl
40 percent of the top of the auger area  Aurborne contanunants were exhausted trom the auger
area through the use of a hydravlic exhaust fan located under the paver deck  Ducting routed
through the rear tractor wall connecting the exhaust fan to the hoed An exhaust stack, exited up
throngh the paver deck to a pont abont 6 feet above the deck and about 12 feet above the ground

The Catcrpullar design focused primarily at enclosing the center of the auger area directly above
the point where HMA from the slat conveyors 1s dumped in front of the auger blades Towards
the ends of the augers, the level of enclosure diminished When the available paving width
needed to be increased, the ends of the screed were extended bevond the widih of the tractor In
this position, the extended portion of the screed had mummal enclosure, fumes and vapors pear
the end of the anger were nunimally controlled and ambient winds had an increascd opportumity
1o disrupt fume containment throughout the auger area

DATA RESULTS

Wind Speed and Temperature

The HTA 1nstruments that recorded wind speed and temperature were located at the screed
operator and paver operator lecations  Although there was some indication of generai trends
associated with wind speed (1 ¢, ligher wind speeds may have led to lower concentrations at the
screcd and operator positions), there was no determinable correlation between the measured wind
speeds und the exposure concentrations observed by the direct readmyg instuments  Liitle
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difference {less than 1/5 degree F) in average temperatare was found between conirol-on and
control-off setungs When 5-munute peniods (before and after a control setting change) were
studied This estimate 18 based on S-munute scgments since temperature differences should
develop guickly

SF; Determinations

There were a total of ten control-on runs 1n which SF, determinations were made  Mulaple
dctermmnations were conducted and averaged within each run, resulting in a total of ten average
efficiency estimates The average of these was a 93 percent reduction  The lower 95 percent
confidence pont [or the truc efficiency was 91 percent  Thus, for the ST determunations, the
true efficiency of the engineering control can be said to be grealer than 91 percent with 95
percent confidence The SF; evaluations were treated as a separate expeniment  Due to 1ts
reduced varabilily, the 95 percent lower confidence limuts (LCL) were used as opposed to the
80 percent Limuits used when evaluating reductions 1 environmenial contaminants

Environmental Contaminants

Roughly 200,000 data poinis were statistically evalualed as 4 resull of the four-day paving
evaluation Tables I and Il below summarizes the results of the cvaluation A more comgplcte
des¢ription of the evaluation methods may be found in Appendix B

(eneral Comment: Equipment falures for the TV A located at the auger lead to erroneous data
which were not used in Table 11 DataRam and Grunm {mcdians) were higher for day 3 than for
other days Far the Gnimm data, the upper 23 percent delerminations did nor indicate higher
reduction than for ail medians Vapor data away from the avuger did not indicate a reduction

Table I

Enginéering Control’s Airborne Confaminant Contrel Efficiencies
{All Periods)

SAMPLES ABOVE AUGER SCREED/PAVER OFPERATOR SAMPIES
DataRam TvA H IH IH Grimms  Gnmms TVA T™vA IH IH
{Aerosol)  (Vapor) (Total Total Benz (Aerosol]  Upper (Vapor) Upper (Total Upper
PACs}  Par Saol 255 3% PACS) 25%
Part
Reduction 45 4h 63 69 73 33 a6 3 7 48 Eid)
Estimate
Tndmdual 39 33 57 G4 6% 23 i | 3 ET)) 50
LCL'
Simulianeous 29 0 41 50 58 ] 48 0 0 19 33
LCL?




Note 1: When the inient is to quote resuits for just one kind of sample (& g, aerosols above
anger) then the Reducuon Estimate and Individual Lower Confidence Lunit (LCL) for that
mdividual sample type are appropnale

Note 2: When the 1ntent 1s to guote an overall picture of all sample types (aerosel/vapor, real-
time/[H) then the Reduction Estimatcs and Simullaneous LCLg are appropriate

Table 11
Engineering Control*s Airborne Contaminant Control Efficicncies
Day 3: Short Periods Only

SAMPLES ABOVE SCREEDYPAVER OPERATOR SAMPLLS
AUGER

DrataRam TVA Grimms Gnmms TVA TVA
tAerosall  (Vapor) (Aerosol) Upper {Vapor)  Upper

5% 25%
Reduction Estumate 81 B 62 72 3 5
Individual LCL' 78 _ 57 66 2 03
Stmulaneaus LOL? 70 42 51 0 0

Note 1: When the intent 1s to guote results for just one kond of sample (e g , aerosols above
auger) then the Reduction Estimate and Individual Lower Confidence Limit (LCL) for that
wdividual sample type ave appropriate

Note 2: When (he intent 1s to quate an overall picture of all sample types (aerosol/vipor, real-
ume/TH) then the Reduction Estimates and Simultaneous LCLs are appropriate

DATA DISCUSSION

The asphalt paving engineering controls project was an experiment that established new ground
1n the apphication and performance evaluaiion of engineering conirels  As such, there were no
regulatory, consensus, or indusiry standards by which to perform the evaluation  The hot mobile
environment of asphalt paving work was an addiional obstacle  Given these houtations, and 1n
consideration of the ime and resource constraints associated with each field cvaluation, NIOSH
and 1ts pariners developed a “shotgun™ approach to guantifying engineering control efficiency
during asphalt paving  The general concept was to use muluple evaluation technigues n a
statistically designed testing strategy of control-off and control-on periods It was anneipated
that some techmques may perform betier thao others and for that reason, redundant upproaches
were 1ncorporated 1nto the evaluation protocol  Furthermore, new vanations of the sainpling
protocol, such as Day ¥'s short-term sampling periods, were developed as the field cvaluations
progressed The Caterpillar evaluation was the thurd field evaluation of asphalt paving



cngineering controls A discussion of each evaluation techmque, its resulis, and 1ts usefulness to
the Caterpillar engineenng conlrol evaluation 1s discusscd below

Wind Speed and Temperature

The lack of an wdentified numertcal correlation between the wind speed and observed
concentrations, regardless of the status of the engineering control, appears to dicate that there
arc additional varnables that play a role in detesmining wndividual exposure concentrations  In
considering wind velocity, related vanables such as wind direction, adjacent geographic teaturcs,
and the paver's own profile could easily contnbute to the exposure quantity

The evaluation of temperature reduchions due to Lthe engineering controls was ot an original
objecirve of the ficld evaluation protocol  After qualitative observations at an carly field
gvaluation indicated that temperature reductions were a polential fringe benelit, the temperature
probe on the HTA turming vane anemometer was 1identified 1o record any tempceramice reduction
due Lo the engineering controls  While the ohserved reduettons m temperature are mimmally
existent, there are some potential explananons

} Swmnce the HTA's temperamre sensor 15 partially shielded by the airfosl encirching the rotating
vanc anemometer, 1he recorded temperature may more accurately reflect that of the ambient
cross-winds as opposed to the convective currents raising from the HVMA 10 the auger ared

[V

The cxtended screed design used with the evaluated paving machine appears to position the
screed operators further behind the avger arca than some other sureed designs  The increased
distance from the HMA 1n the auger would likely reduce the auger-source temperature effects
felt by 1he screed operators  Thus, partiad redhicizons of convechve currents escapng the
auger area may not be sigmificantly detectable at the screed operator positions

Given Lhese considerations, the reported valucs for temperature reductions due ro the control
should be considered as only cursory observations I Caterpillar determines that a more detailed
quantification of temperature reductions due to the engineering controls 15 desired, a separate
evaluation that focuses specifically on this 1ssue 15 recommended

SF. Determinations

The result of the SF, evaluation procedure (m = 93% capture efficiency) reveals that the
engineering control performed very well at capturing the trzcer gas supplied info the auger area
It 1s important to note, however, that the SFé testung protocol ullows the observer to 1denufy
performance reductions under short-term, 1deal conditions which are very close inume  This
generally produces performance daia whose results are more optinustic than the protacal’s other
evaluanen methods By comparison, the SF, results arc roughly twice the performance results
for the overall reductions of real-time measurements collected above the auger [Table 1
DataRam (1= 45%), TVA (1 =46%)] However, when compared with data that were simularly
collected under short-term sampling periods conducted closer i tune, the results arc simtlar
[Table I DataRam (n = %1%)] Another issue to consiler when cvaluating the tracer gas results
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16 that these values solely reflect the cnmincening control’s abulity to control awborne
contamunants at the four poiwnts of SF, 1njection 1indo the anger area By compurnison. the other
evaluation methods detect airborne contaminant concentrations regardless of therr source The
collection of fume andd vapor that were generated and reledased 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’s I and [ mdicate that the engineenng control captured and
removed on average 60 percent of the asphalt fume (DataRAM, PAC and BSF samples)
generated within the auger area  The discrepancies between the real-time and TH sumples over
the auger (Table I) could reflect the differences associated with sampling postions as well as the
previgusly mentioned dafficulties with vsing real-tune sampling over the longer sample penods
The section “IH Samples™ in Appendix B contains additional discussion of differences in
estimated reduction of particulate by real-time and industrial hygiene methods The improved
performance results shown in Table U are especially encouraging since the short-term sampling
method increases the likelihood that any observed differences are prumanly due to the
engincenng conirol  When evaluated collectively, the short-term results and the results from the
1 samples collected over the augar indicate (that the engineenng cantrol prevented the majonty
of asphalt fume from escaping the auger area

The results for controlling organic vapor (TVA) also show a significant reducuon 1n escaping
contanunani, although not as impressive as the short-term DataRam and the IH results
Unfortunately, the TVA at the auger malfunctioned during the day of short-term sampling so no
short-term paired reductions arc available  Interestingly, the long-term TV A results at the auger
(n = 46%) are very sinular to the long term DutaRam results al the avger (n = 45%) The same
sampling location (single pownt over center of auger arca) was used for both of these mstruments
Thus the discrepancy hetween these two results may parhally reflect a different level of control at
this individual locauon, than the control level observed across Lhe four sampling locations used
for the IH sampling

Screed/Paver Operator--

Due to the lower number of samples at the screed and paver operator positions and the increased
varnabilily ai these distances from the ehginecning control, all samples (includes GA and BZ
Total PAC samples) collected at the non-auger postiions were evaluated collectively accordmg to
sample type Even wath the wcreased pool of data, the vanabibity ai these positions 1s nouceably
reflected 1 the reduced confidence limats

The engtneenng control source reduction lead (o an operator and screed worker average
reduction of 41 percent, based on the average reduction for Grimm and total PAC samples
Since the concentratons observed at the non-auger locanons averaged roughly 17-fold lower
than those observed mmedately above the avger (based upon companson of T Total PAC
results), the lower control efiiciency at the non-auger positions was helteved to partially result
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from the natural control-effects produced by environmental factors  In other words, when the
wind and environmental factors cffectively reduce conlaminanl concentrations, there 1s less
opportumty for the engineening contral to affect exposures  When the environmenial factors are
less effective 1 controlling the removal of anger source emissions, such as during a stagnant
wind condition, the worker-area concentrations increase  Under these conditions, the
contribution of the cngineering control becomes more 1mportant  As 4 fallow-up to this coneept,
the data were analyzed to deterinine what contribution the engineering control provided when the
environmentdl factors were nol as effective (1 e, when work arca exposures were at thewr
highest) For this analysis, the data were analyzed to deterrmine the engineering control’s
efficiency at reducing the occurrence of the highest 25 percent of fume exposure concenirations
These results (see Table 1) indicate that the presence of the engineening control effectively
reduced the occurrence of higher-level concentrauions at the screed and paver operator posiions
by 08 percent (average upper 25 percent reduction for particulate and total PAC®s) Since, by
design, the engineering control only captures fumes onginatng from the zuger arca. this analyss
appears to verify that the auger arca was the mgjor contributing scurce of hegher-level asphalt
lume cxposures

Interprening the results for the TVA al the non-auger positions 15 a more difficult task  In prior
field evaluations, overali values at the screcd and paver opcrater posilions were mdiscernihle
from 4 zero response, with values often fluctuating above and below the theoretical zero position
In the New Orleans evaluation, there appeared each day to be a persistent background
concentration regardless of paving or non-paving status The source of the background 15
uncertaim and could be associated with the urban environment, excessive hunudity, or some other
seurce of organic vapor Since the FID detcctor 15 a non-specific detector, {1 ¢, the same
concentration of twa different orgunics can generate dramatically different instrument responses)
11 15 not possible to deterimine the source, dentity, or actual concentration of the background
contarmnant given the avaiable data 1n ap effort 1o evaluate the control reduction without the
impact of ament PAC background concentratons, “background-corrected™ reductions were
calculaled after subtracting the lowest determmunable background concentration from all of the
control-on data recorded for each day of sumpling  Ideally, the true background would have been
determned through direct measurement at some point away from the paving acuvity  In this
regard, the “corrected” daia may shightly overestimaie the actual background concentration  The
reduciion results reflecting the background-compensated data are shown in Table 111



Table 111
Background-Corrected Results for TVA at Non-Auger Positions

Over All Days short-term (Day 3)
TVA TVA TVA TVA
{Vapor) Upper {Vapor) Upper
Pt 25%
Reduction Esumate 16 22 24 18
Individual LCL 6 0 g a
Simulianeous LCL 0 0 1] {0

Given the obvieus inconsislencics belween the TV A data and those observed using the Taotal
PAC method and the physical characierisuc differences between the organic vapor moattared by
the TVA and the asphalt fume particulate, NIOSH considers the TV A results at the non-auger
positions 1o be nop-representative of the exposure reductions to asphalt fume at these posiiony

CONCLUSIONS AND RECOMMENDATIONS

The scope of this report 1s limuted to the Caterpillar phase two (field) evaluation of a single
engineering control installed on a Caterpillar Model AP- 1050 asphalt paving machimme Cn
average, the Caterpillar design was successful 1n capturmg and removing 60 percent of Lhe
asphalt fume {DataRam, PAC, and BSF samples) onginaung from the auger atea A special
short-term sampling methed conducted on day 2 of the field evaluatron indicated that the
engineering control was capable ot contrelling as much of 80 percent of the asphalt fume
originating from the auger arca  The engincering control’s success 1n capturing fumes at the
auger was reflecled in reducbons of worker exposures (GA & BZ) as well  Over all days, the
average worker-area reductions were 41 percent with an average 08 percent reduction during the
highest exposure cendiions  Dunng the short-term day of sampling, thesc results improved (o
average reductions of 62 percent overall and 72 percent during the highest exposuare conditions

The Caterpullar evaluation was the third of six [icld ¢valuations to be conducted as part of the
engineering controls research parinershep - Although the testing methods used had only a
minimal history (n the challenging environment of asphalt paving. there was sufficient
exXpernciice 10 warrant some modifications i the overall testing preiocol Knowledge ganed
during this eviluatien resulted 1n Tunited changes to the evaluation protocol for subsequent field
evaluations and potenually impacted therr results Lasily, many of the environmental and process
vanables were unique to the Caterpillar evaluation  For all of thesc reasons. the reporied
perfermance resulls should nel be used to predict Foture results under differcnt condions or to
comipare performances with those obtwined by other paver manutfacturers

In aimost any industrial process, the design and implementation of engineering controls becomes
an iterative exercise  The Caterpillar field evaluation completed an important step 1n this process
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by successfully demonstrating significant fume reductions due to the engineering control
Eftective July 1, 1997, Caterpallar began providhng engineering controls as standard cquipment
on all of their new highway-class pavers As the Caterpillar engineermg control 1s adopted 1nto
the industry, NIOSH recommends the following (1) Investigate ways to merease the existing
level of auper-area cnclosurc, especially over the center porbon of the auger area {From the
observation standpoint, 1f HMA 15 flowing to the end of the auger, intustively 1t s flowing at the
cenier as well 1, (2} Monitor the worker/contractor acceptance of the current/future auger-area
enclosure design and ncorporate design changes tf undesirable field-modificaions are observed,
(3) Monurar ficld conditions of asphalt paver engineering controls to determune how well the
control design stands up to the ngoreus demands of 4 paving environment, and, (4) Modify ar
supplement the existing hood enclosure to minumze escapmg fume when the screed 1s extended
beyond the widih of the paver If desired, NIOSH engineers are available to assist in the desagn
or design review of any of these recommendations
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APPENDIX A

ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT

PHASE TWO (FIELD) EVALUATION PROTOCOL



ASPHALT PAVING FIELD EVALUATION PROCEDURE

The feld evalnaiions of the paving equipment manufacturers’ engineerning control designs will
atternpt 1o charactenize the control performance of each prototype design durmg normali paving
operations The field evaluation techrugues are designed to mingmize interference with the
paving process Dunng the field evaluations, the paver will aiternate berween “engineenng
confrods on”” {controlled) and “engineering conteols of £ (uncontrelled) condibons  The duration
of each condition will depend on the difficulty 1n transitiomng between controlled and
uncontrolled scenarios  Imittally, the duratron for each condition will be twe hours  Time
duration modiflications will be made n the field as dictated by the equipment design, preliminary
data analysis, and the paving process

Safety ln addition to following the safety procedures established by the host coniractor at the
field site, the following cautions and procedurces will be exercised al each festing site

1 Orange safety vests will be worn by all persons when working on or near roads
2 Yellow wamng hights wall be operating on each vehicle during ficld testing

3 All compressed gas cylinders will be transporned, handled, and stored in accordance
with the safety recommendations of the Compressed Gas Associalion

4 The Threshold Limit Value for sulphur hexafluondc 1s 1000 ppm  While the
generated concentrations will be below thus level, the concentration m the cylinder 1s
near 100 percent  For this reason, the compressed cylinder will be maintained
outdoors during use  Should a regulator malfunctron or some other mayor accidental
release oceur, observers should stand back and let the lank pressure come to
equilibrium with the antent environment

Three cvaluation methods will be used duning the prototype evaluations Method A 15 a tracer
gas method which will only occur dunang “controlled” paving conditrons In this method, sultur
hexafluonde (SF;) 1s mjected 1nto the auger region behund the tracior and in front of the screed
Aur samples are taken within the cngmeenng control’s exhaust duct(s) to deterimne what
percenlage of the surrogate “contarinant™ was captured and removed by the cngineerning control
A modified version of Method A will also be used lo quaniify the cngmeenng control’s exhaust
volume For Method B, organic vapors, respirable aerosol, wind velocity and temperatre are
measured at point Jocations with real-ume instruments during both controlled and uncontrelled
paving conditions  The data are downloaded to a computer and analyzed to determine the
concentragon of arrborne contaminants, the environmental condihions, the effect of the wind, and
the effect of the enginecring controls  For Method C, personal and area samples are collected an
sampling media throughout the day  Two sets of sampling medra will be used at each sampling
location  One set will be used to sample during controlled paving, and the other will be used
durtng uncontrolled paving Each sample will be color coded 10 rdenudy 1t as a controtled or



unconirelied sample At each samphng location, the two samphing trams will lead to a single
sampling pumg  The controlled vs unconirolled paving scenario will dictate which of the two
sampling trains will be actrvely connected to the sampling pump When 1n an nactive status, the
samplmg train will be capped at the inlet and outlet 10 avord vaper magration

Field Set-up The following ficld setup and evaluation method descriptions are based on our
understanding of the field environmen at most asphalt paving sites  The ficld evaluation
protocol may vary shightly due to unforeseen conditions at some field sites

Evaluation Method A (Tracer Gas) The tracer gas evaluabons will occor twice a day,
moming and afternoon  These evaluation pertods will correspond with paving penods whuch
nhlize the engineering controls  For thus evaluation, we release 4 known guantity of sulphur
hexafluonde (SF,) mio predetermned locations, then measure the arount of SF, captured and
removed through the engineering control’s exhaust duct  The SF, release 15 conlrolled by three
mass flow controllers which arc each calibrated for a predetermuned flow rate of 99 98 percent
SF, Each controller 1s connected to a PTFE distnbunon tube  One tabe feeds SF; mto each sade
of the paver's auger area, and the third tube feeds SF, directly into the engineenng conirol’s
exhaust hood

A hole, drtlled into the engineening conirol’s exhaust duct, allows access for a multi-point
monitoring wand The location for this hole 15 selected to allow for thorough muxing of the
exhaust air stream The monitonng wand is onented so that the perforations are perpendicular to
the moving air A sample tube connects the wand 10 a Bruel & Kjaer (B&K) Model 1302 Photo-
acoustic Infra-red Multi-gas Monutor positioned on the paver deck  The gas momlor analyzes the
arr sample and records the conceniranion of SF; withan the exhaunsi stream  The BAK 1302 will
be programmed 1o analyze an air sample approximately once every minute

To determine the total exhaust volurmne of the engineening control, a known SF, supply will flow
through a sigle mass flow controller and directly into the cngincenng contrel's exhaust hood,
thus creating 4 100 percent capture elficiency The mean concentration of SF measured 1n the
cxhaust siream wall be used to calculate the volume of air exhausted by the engineenng control
The equation for determuning the exhaust volume 1n cubic feet per minute (cfmj} 13

Q(uxh}= [QusrerCispal 2 10°
where Q.= volume of ar exhausted through the engineering control (clim}

Q= volume of SF, {cfm) mtroduced mto the system The flow rate in liters per
minute {(pm) must be drvided by 28 2 hiters/cubic toot (o convest the units to
cfm

Cor= concentration of SF, (parts per mullion {ppmy)) detccted by the B&K 1302

When the engineenng control design uses a dual exhaust system, each side of the exhaust system
will be evaluated separately  Quick-connect fittings will be used as required to assist the
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evatualion of beth hoods The results can then be summed 1o ablain the engineering control’s
total cxhaust volume

During the capture efficiency evaluations, a known supply of SE, will be released through two
mass flow controllers Onc mass flow controller will feed a calibrated flow of SF, 1o the night
auger arca, 1he other controlier wall feed the lefi auger area Within each auger area, two PTFE
distribution tubes will be strategrcally positioned for releasing the SF,  This results m a total of
four SF, distribution tubes within the two auger areas  These will be labefed R-In. R-Out, L-In,
L-Cut Figure 1 shows the ptanned distnbution tube locations  Using quick-connect tittings, the
engmeering control capture efficiency evaluations will be conducted for both the inner auger
arcas {SF, released through R-In and L-In) and the outer auger areas (SF; released through R-Out
and L-Out)

As the engineering control exhaust hood captures all or part of the released SF, the diluted SF,
concentrations will be momilored in the same manner as stated for the exhaust volitme
evaluations Monmtoring will continue tor about 10 nunutes or until approximate steady-stale
concentrations appear  The measured concentration will be muluiplied by the exhaust volume of
the exhaust hood(s) 1n order (o calculate the total volume of SF captured by the engineering
control The amount of captured SF,; will be comparcd to the known release rate of SF to
deterrmine the engineermy control's capture efficiency

The sequence from a complete tracer gas evaluation run 1s outlined below

+  Calibrate the B&K gas analyzer before going to the field with SF, concentrations ranging
from 0 to 100 ppm (5 pownts)

+«  Position and secure the power supply, B&K, SF, gas cyhinder, and mass flow controellers
on the paver deck s0 that they are immobile and are not 1n the paver operator’s way

« Based un engineering control exhaust volumes provaded by each manufacturer, calculate
the tlow rute of SE, required Lo creale an SE, concentralion approximating [5 parts per
muhon {ppm) duning the 100 percent capture evaluations Calibrate one of the threc mass
flow controllers at this calculated SF, flow rate

+  Assuming an engincering control ¢caplure elliciency of 50 percent, calibrate the remameng
iwo niass flow controliers such that the measured SF, coneentrabion will approximate
15 ppm during the engineering control SF, capture efficiency evaluations

»  Positon the 1nner and outer pairs of PTEE dhstnibution tubes within the night and left
suger areas Huve a paver operator ryise and lower the screed to venfy that the
distnbution tubes and connections do not interfere with the paving mechanisins

+  Position a distnibution tube within the engincering control’s exhaust hood(s)

s Dall an access hole m the cngincering control’s exhaust duct(s) and position the sanmipling
wand 1nto the hole, with perforanons orented perpendicular to the exhaust flow

« Turn on the B&K gas analyzer and mput the ambient temperaiure and pressure

«  After the paving process has begun. activaic the mass flow controllers which supply SF,
to the inner auger posinens and adjust Lo the desired flow rate
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Measure the diluted SF, concentration within the engmeenng control's exhaust duct for
[0 munutes ot until steady-state conditions ace approxunated (Note  Fer dual duct
designs, this measurement period will occur twice, once for each exhaust duct )

Switch the SF; supply 1o the two outer auger positions and repeat the previous
MEASVIEMCNL SICp

Measure the remrperalure and pressure within the engtnecring control's exhaust duct(s)
(These will later be used to convert SF, concentration readings 1n the exhaust duct from
ambient temperature and pressure o aciual lemperaiure and pressure )

At the end of the sampling peniod, while controlled paving 1s still in progress. deactivale
the SF, flow 1o the auger area and activate the SF, flow mio the engineenng control’s
exhaust hood Momtor the diluted concentrations of $I; in the exhaust duct to detcrmine
the cngincening control’s exhaust volume flow rate  (Note  For dual duct designs, this
measurement period will occur twice, once for each exhaust duct )

Turn off SF, dchivery Continue (o sample background readings for 2 minutes
Deacnivaic B&K sampling and store data in internal memory

Repeat the process cach time the engineertnyg control i 10 use

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

Evaluation Method B Real-lime Momitoring (Wind, Temperature, Organic Vapor, Acrosol
and Video Recording} Real-time monitoring will be conducted using five types of mstriiments

and a hand-held video camera, cach synchromzed o the internal elack of a notecbook computer
Video recordings of the paving pracess will be taken during the data collection process Lo
document traffic and for pse in real-ume momtonng  The angle for most of the video recording
will be from behund and to one side of the paver so that the screed area and the presence of
asphalt deltvery vehicles should be 1n view Figure 2 contamns information an the placement of
each rcal-ime mstrument  Each mstrument s identified below with 1ts bnef operaling sequence

1 Wind, Tempcrature (dry bulb (db)) Two portahle Pacer Hygro-thermo Anemometers will

log the cross-wimnd {wind hlowmg perpendicular to the paver’s direction of travel) velocity
und the ternperature at the screed conirol panel and at the unused paver operator posiion
The velocity will be averaged and recorded every 4 seconds

For each Hypro-thermal Anemometers

*

Change all battenes before gomng (o the survey ste
Locate positions al the down-wind screed control panel and the unused paver operator

chatr to locate the portable ancmometers  Orntent Lhe anemometers to measure the ¢ross-
wind velocny component (wind blowmg from side-iv-side across the paver)

Clear the memory of the anemometer’s mternal data loggers

Set data recording frequency and annataic the cquepment start time

Place the anemometers on the paver and annotate the wind direction



2 Organic Vapor Two Foxboro, TVA 10005 wilth fame 1onizahon and photo onization
detectors (FID & PID) will measure and record the total organic vapor concentration every
4 seconds One TYA 1000 will he perimanently located to moniter above the center of the
auger area, 3-6 inches above the height of the screed The second TVA 1000 will alernate
15 munute sampling penods between the unoccupied paver operator positton and the
downwind screed control panel

For each Foxboro TVA 1000
»  Locate a source of hydrogen near the field site for filling the FID flame fue] lanks of both
TYA 1000s before going on the survey
»  Charge the TVA 1000 batienics before going 1o the survey site
» Fill the H, tanks
»  Seteach TVA 1000 auro loggng rate to 4 seconds
s Synchronize TVA 1000 clocks to computer hime
+  Jgmite the FID flames
«  Calibrate the TVA 1000 with zero air and span gas

3 Aerosols The MIE, Inc . DataRAM Real-ume Aerosol Momitor and two Grimm Dust
Moniters will measure und record respirable (less than or equal to (<} 10 nucrons
aerodynamuc equivalent diameter} aeresol concentrations every 4-6 seconds  Qne Grimm
will be placed ncar the unused paver operator position  The second Grimm wall be near the
downwind screed operator position  The DataRAM will monitor with the TVA 1000 over
the center of the augers, 3-6 mches abave the height of the screed

DataRAM

e Charge the DataRAM ballery before gong to the survey sitc

»  Change the backup tilter in the DataRAM before gommg o Lhe survey site

e Calibrate the DataRAM using the inlernal reference calibration standard

o Install the temperature conditioning heater to the DataRAM Inlet

« Install the PM10 (Verify that 2 5 micron nozzle 15 nol wnstalled yn the PM 10 1nilet head)
inlet head to the temperature condiioning  heater

» Install the flexsble sampling hose an the et 1o the PM LD

= [nstall the ommdirectional sampling head to the free end of the flexible sampling hose

»  Set the DataRAM 10 sample every 4 seconds  Set pump flow raie to 2 0 Ipm

«  Synchromize DataR AM clock to the computer ¢lock

*  Locate a secure place to mount the DataRAM onto the paver and position the omat-
dircctional sampling head at the 1denufied monmitoring position

For cach Grirmn
= Charge the Gnimm barteiy and backup bateries before poing to the survey sitc
+ Replace the internal PTFE filier prior (o going (o the survey site
+  Remove the black protection cap from the air mlet
s Synchromze the Gnmm’s date and tune wath the notebook computer clock



« Insert the Grimm’s memory card

v Set the dust measurement mode to particles < 10 microns
+  Set the particle count to particies < 10 microns

+  Position the Gnmm 1n the desired monttorng position

Evaluation Method C (Total Polycyche Aromatic Co unds-BZ & GA Samples) There
will be 11 sampling locatuons for each day of paving duning the cngimeering control study field
study Eight of these locations will use GA samples, the other thige locairons will be personal
BZ samples mounted on the paver operator and both the screed operators  {See Figure 3 for a
schematic of the planned sampling locations ) Euach of the 11 sampling positions will have two
sampling trains, one for the controlled paving and one for the unconirolled paving The sampling
pumps will be calibrated to a flow rate of 2 lJpm  For this evaluation method, a switch from one
controlled sampling conditson to anather will proceed as follows

1 Both an active sample and an dle sample wall be co-lecated at 4 single sampling postiion
{Apphes to either general area (GA) samples or personal breathing zone (BZ) samples)

2 At the identified transihon ivme, the mlet eap will be removed from the “1dle” sampling
media

3 At the pump 1nlet, the hose from the active sample will be disconnected and replaced by the
hose from the wdle sample The time of day for this transition will be annotated for both
samples

4 The previously active sample (now 1dle) will be capped at the cassctte inlet and at the
sampling hose outlet

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

At the end of each day, all samples will be collected, capped, and stored 1n a chilled environment
until future delrvery at an analytical laboratory for analysis  Analysis of these samples wall be
conducted using the Total Polycychic Aromatic Compound (PAC) method recently developed by
ihe Matwonal Inspiute for Oceupational Safoly and Health, Dinsion of Applied Research and
Techrology (DART) (formerly the Division of Physical Sciences and Engineering), Chemical
Exposure and Momitonng Branch (CEMB) (formerly the Methods Rescarch Support Branch)
See Attachment ! for a descriptive overview of this analysis

Integrated pecsonal and arca samples well he colleeted using PTEE filters followed by sorbent
tubes A summary of acuvities associated wrth this sampling method 15 listed below

+  Calibrate samphing pumps to flow at 2 lpm

+  Construct pars of sampling trans for esght arca and three persenal sampling posioons
(total of 22 samples per day)

v Color cade each sampling train  red=unconttolled, blug=centrolled sampling scenano

+  Assign one red and one blue samping train to each sampling pump, and record the pump
number-sample media assignmenis



Place frve area and three personal samplers Remove filter caps, start pumps. record timne,
pump number, location/persen, and filter number

Run personal and area samplers for the tull working shift

Post-calibrate sampling pumps and record information on datu sheets

Inventory samples, prepare ficld blanks, and pack collected samples on 1ce

Dcliver samples to NIOSH analytical laboratory for total PAC analysis at the end of the
SUIVEY

Additional Measurements

Ambient temperature and asphalt application temperature will be measured during ¢ach
conirolled/uncontiolied paving scenano  Ambient pressure will be obtained through local
weather data sources

Any down ttme of more than 5 nmunutes wall be recorded

The arnval/depariure times and the HMA payload (tons) will be recorded for cach HMA
dehvery vehicle

The crude o1] source, supplier, and mux design will be recorded

The paver model number, any modifications to the paver, and enginecning control systein
dimensians will be recorded



Figure 1 Tracer Gas Dosing And Sampiing Locations
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Figure 3 Total-PAC Sampling Locations
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ATTACHMENT A

POLYCYCLIC AROMATIC COMPOUNDS AS A CLASS PROCEDURE

Analytical Overview

The Polycyche Aromatic Compounds (PACs) are extracted from the samphing media with

4 mmlliiter {mL) of hexane Using a Zymark Benchmate 11, the sample solution 15 fractionated
mio an ahphatic, an aromane, and a polar fraction Two mL of the sample solution ¥ eluled
through a eyano-solid phase extraction (SPE) column whale the remaining 2 mlL 1s retamed for
additional analyses such as sulfur compounds An addional 2 mL of hexane 15 nsed to wash the
SPE cotumn and collected with the previous hexane eluate  The polar compounds remam on the
column white lhe aliphatic and aromatic coanpounds are cellected in the 4 mb of hexane eluate
Four mL of DMSQ 15 added to the hexane eluate and agitated  The aliphatic fraction remarns n
the hexane layer while the aramatic compounds rmigrate into the DMSO layer during thes
ligmd/iquid extraction  The DMSO layer 15 transicrred mnto a High Pecformance Liquid
Chromatography (HPLC)} auto-sampler tube for flow-injection analysis  Flow-injectton analysis
vscs the same equipment and data reduction as an HPLC analysis except no atempt 1s made (o
separate the compounds 1nto discreet peaks By removing the column, the equipment 1s used Lo
deliver the sample as 4 single peak, momtored spectroflucrometncally, and quantrtated as
ugfsample of PACs as aclass The samples are normalized using a Supelco QTM FPAH muxture




TOTAL PAC PROCEDURE

Sample Fructionalion

[

2

11

12

Remove filters and tubes from refrigerator and allow to come ta Toom temperature

Place filter, front section, and back section af tube n separate 16 x 100 screw-¢ap culture
tubes (Damgger Cat#1.X23607B) Discard the o-nings from the cassctte  The front glass
wool 15 added to the front sorbent culture tube section  Add the maddle and back glass
wool to the back sorbent culture tube section

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

Usmg a Pasteur pipet, remove the hexane from the threaded wbe and place moa 16 x [0
mm straight walled disposable culture tubes (CMS 339-309}  Thus transter 1s necessary
heeause [ could not figure a way to modify the threaded tube to hold the SPE holder on the
Benchmale Let me know 1f you find a way!

Place the straight walled tube 1n the first rack of the Benchmate 1T wath the SPE tube
(Supelco LC-CN SPE #5-7013) Place a threaded tube with a sleeve made af plastic or
Tygon tubing over the threads 1 the second rack of the Benchmate Il This sleeve allows
the Benchmate urtn to control the tube

Filt the Benchmate reservoirs with hexane, DMSO, methylene chlonde, and methanol  (All
Burdick and Jackson HPLC Grade )

Run the weight calthration and purge programs to prepare the Benchmaie

Run the attached Benchmate pragram

When finished, about 2 mL of the onginal hexane extract will rematn m the first culture
tebe  Transfer thus solutton to an amber 4-mL autosampitng vial {Kimbile 60884 A-1545)
and cap with solid PTFE-faced cap (Qorpak 5200/100}  Analyze this solutton for sulfur
PACs and henzathiozol Discard the SPIE tube

The second collure wbe will contaun about 4 mL of hexane and 4 mL of DMSO  Remove
the sleeve, cap the iube, and rotaic the sample overnight to allow hiquid/Aiguid extraction of

the PACs 1nto the DMSO layer.

Transfer the DMSO layer {bottom) to an amber autwsampling tube for HPLC analysis



Flow Injection Analysis

Equipment Waters 600-MS System Controller, Thermo Separatons Group Membrane
Degasser, Waters 715 Ultra WISP, two (2) Shimadzu RF-335 HPLC Fluorescent Detectars, and
a Dnenex Al-450 Laboratory Antomation System  One of the detectors 15 set at 254 nm
excitation and 370 nm enussion wiule the other 15 set at 254 nm excitation and 400 crmssion A
flowrate of 1 5 mL of 100 percent acetomitrle 18 used to carry the sample to the detectors  The
mjection volume 1 25 ul  The runtume programed into the data acquisition method allows {our
wyjectrans of the same sample A purge of 1 minute was programed nto the WISP to allow time
for the method start and injection stast {0 coordinate

Standards Supelco QTM PAH test muxture {4-7930) 15 used as the standard It contains
2000 ug/mL of 16 individual PACs, therefare, thas bulk standard contans 32,000 ug/mL of total
PACs The working standards (ug of 1otal PACs/mL} are senal dilouons in DMSO

Since the samples contain a large range of conceniralions and the Inmuted linearity of the
fluorescent detectors, multiple runs had to be made of the samples

Run 1 Imtally, the samples are run with the detector set i the low sensativity mode  Typically,
the calibratron curve ranges from 0 5 to 15 O ug/mL  Samples bracketed watlun thns cabbranon
curve are quantitated using a least squares program

Run 2 Sample areas exceeding the highest standard of Run 1 are diluted with DMSO and
reanalyzed The majority of the dilutions are requnred for the 254/400 setling but both must be
checked

Run 3 Saraples below the towest standard of Run 1 are reanalyzed with the detector set 1n the
high sensitivity mode  The highest standard must overlap the first cahbrabion curve and the LOD
associated with this procedure 15 typically around 0 (1 ug/mL

Calculations

The arcas of the four rephicate mpections are averaged The calculated valves are 1n ug/mi.
Caleulation of the fingl concentration must take nto account that 4 ml of DMSQ was used in the
fractienation and that only hall of the sample was fracthionated, therefore, the conversion factor
from vg/ml to ug/sample 15 &

ug/sample = 8§ x ug/mlL



APPENDIX B

ENGINEERING CONTROLS FOR ASPHALT PAVING EQUIPMENT

CATERPILLAR PHASE TWO FIELD EVALUATION

STATISTICAL DESIGN AND DATA ANALYSIS



CATERPILLAR (NEW ORLEANS)

EXPERIMENTAL DESIGN

The data were collected i perieds that included two kinds of randonuzation See Figure 1 for
the randormzanon that was used durmg the expeniment  There was rapdomizaben of shorter
length time periods and randomization of longer length time perieds Both kends of
randomization were required, since the longer periods were needed for the industrial hygicne
samples, and the shorter length perieds were required to mcerease the precision of the difference
between the contrel-an and coentrol-off periods Tor the real-time samplers A penod consisted
of a randomized pawr {control-on, conwrol-off)  For purposes of TV A sampling at the screed and
operator, the periods in the short-term were designated as euther screed or operator samples

Since only onc TV A wstrument was avalable for sampling at these two locations, the 1nlet (0 the
TVA was placed either at the screed or operator according to the randomization scheme  In the
long-term periods, the TVA was randomuzed between screed and operator sampling, cven though
the conirol setling was unchanged

Although we call the periods cither short* or Tong,” shori periods were not all of the same
length and long periods were not all of the same length  The short periods varied n length
between 5 munutes and 15 minutes  Notice that whercas days 1 and 2 had two long-time periods,
day 4 had three long-time periods

METHODS FOR DATA ANALYSIS

1 Since thesc data were collected 1m batches of control-on and control-off, it is nol appropriate
to treat the measuremenis individually when making companison of control-on and control-off
seitings The reason 1s that the vanability of measuremncents made 1n baiches 1s usualty different
{smaller} from that of mecasurements which are collected n a randomized fastwon  Since the
randonuzation uscd 10 the study 1s within the periods, 1t makes sense to calculate one number
for each control-on and control-off setting within cach period Sincc the median 1s nol
sensiive to measurements from the center of the distribution, the median 15 used in the analyses
of all the real-time measurements (These included vapor and particulate at the anger and away
from the auger )

For the mdustrial hygienc samples, each of which 1s collected for a relatively long period of
time, the average of cach type of samplc was used. rather than the median Because each
sample 15 a ime-weighted average over a relatively long period of time, the sample
determinations themselves adjusi for extreme values that eceur in the course of sampling,
and the average rather than the median seems appropriate. Thes average was taken over all
tocations sampled during the control setting  The mdustnal hygienc samples included rotal PAC
at the auger (four locations), total PAC away from the auger (two or three personal samples and
four area samples), and total particulate/benzene soluble fraction (BSF) analyses for samples at
the auger (four locations}



2 An carly analysis question was which measurements to use in computation of the medran  For
shori-tine penads, it makes sense to use all measurements  For long-time penods there are
trends mn the data that indicate 1t 18 unwise ta use the entire sct of data at one control setting
Consider Figure 2, a plot of the medians of sequential measvrements by the DataRam (DRAM)
particulate monitor  Each plotied value 1s a median of over 100 deternuinations  Compansons of
conlrol-on and control-off depend upon which medians are actually paired  For instance, 1f we
compare the last transition from control-off 1o control-on at a lietle after hour 15 in Frgure 2, we
sec that there 18 some difference w the conwrol-off and control-on medians (42 percent reduchion
due 1o controly  Near the bottomn of the figure are the medians on the log scale for all
measurernents ut each control settng in each period  f we compare the median value for the tast
period control-off setting with that for the last peniod control-on setting we find a huge
diffcrence, an 85 percent reduction due to the control  Since we ourselves hdave no control over
environmental changes, it makes sense to compare control-on and control-off determunations that
are close together in time  In other words, we will compare medians of measurcments after a
change point from one control setting to the other for the long-time periods.

3 Another question concerns how many measurements to use before and afier a change
pomt  Our thinking 1s that determinations close together in time are more similar mn the
uncontrollable variables We must determine how far in time before and after a control sctting
chunge we must include data for computation of the medians We musl decide what duration
should be taken for each period Compansons of conlrol effectiveness were done for different
length nme periods The number of minutes was always a function of absolute clock time
{from the start of the perind), since the idea is that it 15 nvaportant to be close together in
time to allow for better comparability of the determinations, The periods are constructed
with respect te the last measurement before a control setting change or the first
measurement after sech a change, For instance, 1if the last control-off determmnation before a
change occurred at 10 a m, then the 15 minute interval would include measurements between
945 and 10am If the first control-on determinanion was made at 1045 am , then the

15 manute determinations would include measurements between 1045 and 11 00am The
comparisons indicate that by approximately a hal{-hour the estimated effecttveness of the control
15 stable, and does not change much afier that  For the results presented here, half-hour
periods are used. Additional explanation is provided in the statistical appendix.

4 Day 4 of sampling daffercd from the first three days in that trucks were used for delivery of
the asphalt On the previous three days, the laying of asphalt was largely a continuous process
duc to the use of a matenal transfer vehicle On day 4, there were many stops in-between
trucks,

On the other hand, it seems sensible to miroduce a break where none 1s prescnt, since it may take
a while to reach an equihbrium  For instance, data 1n Figure 3 from the day of short-time
sampling suggest some dett at the beginning of 4 new control selting - often upward for control-
off and downward for control-on  Also, because there may be uncertainty about the exact
time that paving start or stops, ¥2 minute of measurements werc delcted after the time



indicating the start of a new control setting or after the time indicating resumption of
paving after a break of at least 23 seconds in paving aetivity, and analegously for the
paving hefore the control setting change ar before the 25 second stoppage in paving. This
deletion pohey applies to all days of data collection  This was done for all real-time
determinations except the GRIMMs, which were used for particulate measurements away
from the anger. The choice of a ¥4 minute 1s somewhat arbitrary  Some series arc relatively
short, and we do nol wani to exclude (oo much data By deleting a half nmnuie of 4-secend
measurements, we are deleting seven or cight measurements The GRIMMS are different
because they record a determnation every mimute With so few deterrmnations for the relatively
short periods of thus study, 1t makes sense to use ali the GRIMM data that we can for those
measuremenls which have at least half their minute samphng time in the particular control
setting under consideration.

5 Another 1ssvue concerned drift in the F1D determinations  The TVAs were spanned with
samples conlamng 0o analyte and with sarmples contasming analyte that should have given
100ppm readings for FID Tius spanmng was carried out both at the beginning of the day and at
the ¢end ol the day The instruments are assumed to have linear relation to the true
concentration. Drift m the 100ppm determinations was assumed to be linear between the
two endpoints. This assurnption allowed for determination of a luctor for converting the
100ppm responses at a particular sampling time 1 to the equivalent responses at the imtial
100ppm spanning bme (t=0) Thereby, changes in readings over time o the same air
concentration would be corrected Because zerp span gas determunations were not recorded, a
sirmilar eorrection could not be made for any potential dnift 1n the zero

6 Faor the real-time data, In (median}s were analyzed via analysis of variance methods, in
order 1o obtain an estimate of the rauio of control-on to control-oft (by exponennating the
estimated dhfference [In{control-on) - In{eontrol-off)]}  The quanurty of tnterest 1s | minus the
estimated ratio, which 18 the cstimated reduction due to the contral-on, or {control-off median -
control-on median)/control-off median), which w converted to peccent reduction by multiplying
by 100 The models used are different for different kinds of measurements For the rcal-time
particulate at the auger and for vapor determinations, the models include terms for day-to-
day diffcrences, pair of (contrel-on, control-off) withun day, and mteraction hetwcen 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 cach sctting at each time, since the two different locations are sampled
simultancously and are correlated.

In the analysis of the total PAC data. the response 15 the average (on the natural log scale) over
the dafferent locations sampled simultaneously of the samc sample (ype For the total PAC away
from the auger, both area and personal samples arc included in the average Because the
industrial hygiene samples (total PAC or weighing samples) were long-time samples done
simultaneously, it was possible to carry out a combined analysis of these data  The control
effectiveness was estimated by including all sample types m the same split-plot analysis,



and obtaimng a separate estimate for cach sample type, but poaling 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 vanability of the measurements 15 samplimg vanabihty,
which was thought to be simular, even though the totzl PAC and the weighing methods are quite
different The whole plot error 15 due to the variabehiy of control setting differences over mexes
The sub-plot error 15 due (o varnation unexplained after adjustment for sample type differences
and sample Lype differences over control settings

7 Asmught be expected, reductton due to the contrel 1s greatest for the auger samples A
suggested alternanve for the non-auger particulate samples, both real-ime and total PAC, was
carried out  This was to estimate the percent reduction for the periods with the highest

25 percent control-off values  For the total PAC these are the highest 25 percent of the
individual location total PAC control-of T determinations away from the aeger  For the real-time
particulate or vapor, these are the hughest 25 percent of the control-off medians, where operator
and sereedman locations are treated mndividually  The data are analyzed as a split-plot kind of
design. The standard deviation for the control-on effectiveness for the highest 25 percent
can b¢ vbtained from the split-plot error. For the total PAC data the split-plot error s due
to the variability of control effectiveness over mixes; for the real-time data it is due to the
variability of control effectiveness over pairs within nuxes. The resulis from these analyses
can be mterpreted as follows  Since the observed reduction 15 confounded with uncontrollable
factors such as wind specd and direction, the lnghest control-off measurements may occur where
such factors are not effective 1n reducmg the contammant  Thus, the reduction here is of
interest, since 1t may indicate what can be expected when environmental control is not
present. Why choose 25 percent? Why not 30 or 50 percent cutofl pount” Because the choice 18
arbitrary, we will present results based on the upper 25 percent, but will also discuss results for
the upper 30 percent control-off vatues

£ For many of the compartsons that follow, the mum was to establish confidence hmits that
hold simultaneously for all comparisons af the 80 percent confidence level at the auger and
at the non-auger locations and aiso for the IH samples. Thus, for all comparisons
simultaneously we can say that the error rate is 20 percent. The probability that any
confidence mlerval stalements are 1n crror 15 po more (han 20t percent  Altagether if eight
comparisons were allowed for, then each would be allowed a 2.5 percent error rate. Since
the error rates add, the overalt error rate will then be no more than 20 percent The choice
of an overall 20 percent error cate 15 somewhat arbutrary although 20 percent mught be thought to
be acceptable since many factors i thus study arc not controlled The reason to control for the
overall error rate 1s that, although the mcasurcments may each be of a considerably different
nature, they are all correlated, since they are all taken at the same ime  Together they present
different aspecis of the workplace exposure te the particulate and vapor produced by the paving
praccss  Alternatively, we could consider each comparison of contrel-on versus control-off
as a separate test  In a less ambitious evaluation, only vne kind of measurement might be
taken or only ¢ne kind of measurement might be of interesi. For this consideration, we
have also calcnlated mdividual 80 percent confidence bands for cach deternmnation, The



above approach regarding confidence bands was used for tests of control effectiveness for
particulate and vapor In additwon, NEOSH conducted separate investigations whose
efficiency contidence limits were calculated independently from the vapor and particulate
samples. These included tracer gas cffectiveness, for which 95 pereent confidence himuts were
producesd, and evalnation of temperatore differences between control-on and control-off, for
which 80 percent confidence bands were calculated

9 In a study such as ths, there are different chowces as 1o how 1o view the days included n the
siudy To generalize the results tor the single paving machine evaluated here 10 any days and
locations on which that paver imght be used, we would want to regard the days of sampling used
in the study as a random sample  This gencralization 18 a more ambitious goal than we think 15
warranied by the data collected for this study Only a small sample ef possthle paving sies 1s
used and variation 1 ambient conditions (weather or habitat) 1s limited  Also only a single
paving muchine was evaluated For all of these reasons 1t makes sensc to treat the days studied
as having fixed means, rather than as a random sample of all pussible days

SF; DETERMINATIONS

The average SF, efficiency is 92.78. The estimated vanance 1s 11 34 With ten measurements,
this yields a standard deviation of the mean of 1 065 The 95 percent lower confidence limit
on the irue etficicncy is 92.78 - 1.833 (1.065) = 90.83, where 1 833 15 the 95th percentile of the
Student’s t distnibution with 9 degrees of freedom  Thus, the true cfficiency can be said to be
90 percent, with 95 percent confidence.

EFFECTIVENESS OF CONTROL AT AUGER

The yesults for the TV A analyses of vapors at the auger and ol the DataRam measurements at the
auger are shown i Figure 4 Results arc presented as percent reduction of the control-on
relative to the control-off. The percent reduction 1s given separately by day and by average over
all days for the real-time vapor and particulate samples

The percent reduction vancd considerably over days both for vapor and particulate  For all days
the percent reduction based oo RAM (particulate} data was about 45 percent, The lower
confidence limit for simultaneous comparisons was about 29 percent and for individual
comparisons was about 39 percent. For the vapor the overall reduetion was about

46 percent, with a lower confidence limit for simultaneous comparisons of about 0 percent
{thus, no reduction) and for individual comparisons of about 33 percent  Note that for vapor
data only two days of data were available, and only two pairs on the last day could be used



EFFECTIVENESS Of CONTROL AT SCREED AND OPERATOR
POSITIONS

The results for the vapor and particulate measuremenis at the screed and operator locations are
plotted by day 1n Figure 5 The results for vapors are the averages over the screed and operator
locations There is about 3 percent reduction for vapor measurements, with lower
confidence limit of O for simultaneous comparisons and about 1 percent fur individual
compansons. For the particulale ther¢ is estimated 33 percent observed reduction with a
lower confidence himit of 3 percent for simultancous comparisons and about 23 percent for
individual comparisons.

The analysis of the upper 25 percent particulate data vields a reduction of about

66 percent, with a lower confidence limit of about 48 percent for sumultancous comparisons
and about 61} percent for individual comparisons  For these results, medians are used from
both the operator and the screed locations Only those medians are included which huve the
control-ofl medwans 10 the upper 25 percent of all conteol-off medians  The estimated reduction
depends somewhat on the terms that are icluded 1n the statistical madel  An altcrnanve
esiimate, based on a somewhat different model, yrelds an estumated 36 percent reduction Given
the varaility 1n the data, the differcnce betwecn 66 and 56 percent 15 not great, and we use the
higher figure for our summary statistic When the analysis 1s carried out for the upper 50 percent
controt off median puirs. the reducuons are only a little smaller - estimated 49 percent reduction
Since we are not using many measurements for the upper 25 percent comp4nsons, 1t 18 resssunng
(o sec that the other compartson alse indicates large reductions  For the vapor, the estimated
reducnon for the upper 235 percent comparisons 13 about 7 percent, with lower {simnltaneous}
confidence limit showing no reduction, and lower(individual) confidence lumit showing about

3 percent reductton  Results change Little from the analyses based on the mechans

Figure 6 plets the geometric means for the particulate analyses The GRIMM (particulate)
data were not low compared to the RAM (particulate) auger data In fact. for some days and
sampling locatuons the GRIMM geometne means exceeded the geometric means of the
DataRAM data These are two different kinds of instrements, and one would not necessarly
expect GRIMM means to always be kess than DataRAM means The GRIMM dala are somewhat
different from all the other data collected  As was mentioned above. they were [-minute
averages of determinations made every 6 seconds There was no way 1o examince the ten
determunations that went into each of these averages

IH SAMPLES

Fugure 7 15 a plot of the percent reduciion due 1o the control, based on the lotal PAC industreal
hygicne sumple data (the sum of the 370nm and 400nm wavelengths) and gravimetnic samplcs
deterpuned from filters, ewther total particnlate or benzene soluble fraction of the total particulate
The gravimetric and total PAC samples were all collected at the auger There were also tatal



PAC samples collected in screedman and operator breathing zones as well as arca samples
corresponding 1o these breathing zone locations

All the auger samples - total PAC, total particulate, benzene soluble - show reductions of at
least 60 percent, though the estimates differ somewhat, respectively, 63, 69, and 73 percent.
The lower 80 percent (simultancous) confidence limits are, respectively, 41, 50, and

S8 percent.

The mdividual 80 percent confidence limits are, respectively, 57, 64, and 69 percent.

The particulate estimates differ considerably between real-ime and indusinal hygiene - the real-
time indicate about 45 percent reduction, the IH samples over 60 percent reduction. L1 facl,
this figure underestimates the difference n the cstimates, since TH samples were not taken on the
third day of sampling, the most effective day for the real-ume samples [t mught seem that the
differcnce 1n the estumates 1s due to the use of 30 munute penods for the real-tume samples,
compared with the entirg pertad for the IH samples  However, the results for 120 minule data
with short-time sampling excluded. shown 1n the “Statistical Section - Determuming Length of
Period,” indheate reduction less than 40 percent, much lower than the greater than 60 percent
estimates obrained from the indusinal hygiene samples  The reason for the difference appears io
be thal the industnal hygicne samples provide time-weighted averages over all control-on
determinations and over all contral-off detcrminations, ane determination by each method over
all occurrences of each control setting per day When the real-time samples are averaged in
the same manner, the resulting average estimate indicates a 57 percent reduction, just a
httle Jower than the average of the three mdustrial hygicne determinations (68%). Should
we be concerned about the different resuvlts, which depend on the way that we average the
real-time data? Asindicated in Figure 1, hoth days 2 and 4 of sampling begun with control-off
samples Both days have decreasing amounts of particulate over the conrse of the day ( see
Pigure 2 for day 4 data) Because of the order {control-off followed by contrel-on), combining
aver gll occorrences of y setung increases the size of the reduction due to control-on  On the
other hrand, since we expect the measurement level to attain a stable value fairly quickly, the
larger differences assaciated with the full-day time weighted average may have more to do
with environmental trends than with reduction due to the control. There is no way to
prove this, and using the average of the four anger particulate determinations, and the
average of the two non-auger particulate determunations js a compromise procedure,

Because the control effectiveness for the non-auger area samples and personal samples 18 quite
similar for ali three days of sampling, they are combined They average abeut 48 percent
reducthon due to the control, with 80 percent lower simultaneons confidence limits
indicating at least 19 percent reduction due to the control, and lower individual confidence
hands of about 40 percent.

The pairs of non-auger PAC data thal included the highest 25 percent of control-off
deferminations wcre also analyzed [or control effectiveness {see Figure 8) For these data, the
astinated effectiveness was 70 percent and a lower (simultaneous) confidence limit of

7



33 percent and a lower (mdividwal) confidence limit of 59 percenl, For the upper 50 percent
control-aff pawrs, the esimated reduction was about 62 percent  The lower conflidence humits are
30 percent (sumultaneous) and 52 percent {ndividual) The reason for the change when

30 percent 1s uscd can be found 1n Figure 8 Including the 50 percent highest control-off pairs
mcludes one low value, which decreases the overall effectiveness and increases the standard error
of the esumate  However, the esitmate from the upper SO percent contral-off pairs also suggests
higher reduction than the eseumate for all data

Figure 9 gives the daily geometric means of the total PAC breathing zone and non-auger
samples, by type (arca or personal samples} and by control seiting  The geometric means for the
breathing zone samples, whether control-on or control-ofi, do not change much from duy-to-day
The geometric means for the area samples, control-oft, do change considerably

Figure |0 shows a relantonship berween benzene soluble determinations and total PAC
determinations at the auger A relationshup can be developed becuuse there were filter samples
(for BSF method analysis) pawred with the total PAC samples at the auger The approximaie
straight line relationstup allows a crude conversion from the total PAC method to
gravimetric units. The conversion results must be interpreted Joosely, since there is no
certainty that the PACs mcasurcd at the worker positions arc 100 percent identical to thase
at the anger. However, the conversion is still useful since the only IH samples taken away
from the auger were total PAC samples, All but three of the non-auger fotal PAC samples
yicld benzene soluble “equivalent” determinations less than 0 mg/eu. m. Since the benzene
method 15 gravimetric. 1t 1s difficull to interpret negative values  Because the total PAC non-
auger samples show rcduction not mconsistent with that at the auger, and since there 15 no reason
to think thut the conversion frorm total PAC away from the auger should differ much from that
near the auger, it appears that the gravimetrie samples are not as sensitive as the (otal PACs

The TH data do allow us to make another estimate of the efficiency of the control for vapors The
filters that were used for gravimetric analyses had tube backups These tubes collected only
vapor, since the particujate was extracied by the filters  This, the efficiency of the coplrol can be
estunated by both the backup tube data (vapors) and the filter data (particulate) The
accompanying Figure 11 displays the efficiency by sampling day On average the reduction
due to the control based on the tube data is about 60 percent compared to about 70 pereent
for that based on the filter data. The difference between tube and benzene soluble results is
significant at the 5 percent level. This could be taken as another estimate of the efficicney of
the cantrol for vapors, although there 1s the possihility that the heat 1n the matenal on the filters
produced addttional vapor

WIND AND TEMPERATURE MEASUREMENTS

The HTA nstruments were located at the screcdman and operator locatzons  Lattie difference
{less than 1/5 degree F) in average temperature was found between control-on and control-
off when S-minute periods (before and after a control setfing change) were studied Five



minute periods were used here rather than the 30 memule penods used above, since we belicve
that temperature differences should show up quickly  As in the other comparisons, median
temperatures were used for this comparison, based on the painng scheme described above

Median wind speeds were caleulated for cach contiol settung used 1n the randomization  These
determunations and the lemperature determinalions were made by two HTA instruments, [ocated
near the GRIMMSs at erther the screed postitons or the operator positions No wind
measurements were taken on day t of sampling Day 4 was the windiest day. Therc 15 no clear
association between wind speed and level of contuminants

Reductions Given in Percent
Parl Vapor Teal Nens Total Parl mon T'arl nen Wapar Vapor Teral Ivilal PAL
aager auger PaC.aurer gy Patt - allger AUEeT Ron non PAL oin dugee
Real Beal :'“"I'; e Auger Auzer Real upper auger duger aon ;ﬁﬂ
ume fime puiene (T 15q, Real upper auger :
- ume 5% Indus
Fhvy
EST 43 46 63 T3 a9 33 o6 3 7 48 70
Indiv 39 3 57 o9 ad 23 ) 1 3 411 39
Lo
Sunl 25 Y 4] 58 i 3 a8 0 0 19 33

LCL

The results are summanized i the above table  An obvious quesiion 15 which kind of
confidence interval to rely on. If the basic avm 15 to quote results for just one kind of sample,
say real-tune particulate at the auger, then it 18 appropriate 10 quote the point estunate and the
mndividual lower confidence limit for that sample (ype. If the mn 1s to obtan an overall picture
of all matnces {particulat¢ and vapor) or all types of samples (real-time and industrial hygiene)},
then the simultaneous confidence intervals are the correct ones to use

STATISTICAL SECTION - DETERMINING LENGTH OF PERIOD

For the DataRAM datd, results are presented both with and without the one day of short time
samphng  For the FID al the auger, there were no results for the short-time sampling day
Results are piven as [In{con-off)-In(con-on))



Nominal DRAM DRAM FID-auger (no short
time available)

Time Exclude short fime Include short tme

15 mun 0 319¢0 196) 0 6590 143) 0 286(0 162)
30 min 0 240 128) 0600 116) 06140212)
45 min (236{(0 111) 059600 111) 0 645(0 264)
60 min (0 222(0 258) 0 586(0 17) 0 645(0 263)
120 min 0 425(0 266) 07380 173) 0 626(0 264)

For the FI1I), the main difference is between the 15 minute results and the Jonger tines  For
| 5 minutes, the estmated difference [In{con-off)-In(con-on)j at 15 minutes is 0 286 (reduction
due to the control 1s about 23 percent) compared to a chfference at 30 minutes of about

0 614 (reduction due to control about 46 percent) The simultanecus lower confidence bands are,
respectively O and O percent, and the lower confidence bands for individual comparisons arc 12
and 33 percent, respectively

For the DataRAM the main difference 1s between the 120 minute results and those for the
earlier times When the 30 munote and 120 minute resalts are compared for the DataRam
(including short-term), the estimated difference for the 120 minnte data 18 0 738 (reduction about
32 percent) und 0 594 for the 30 munute data (reduction aboud 45 percent]  Lower sumultaneous
confidence limits arc 29 percent for 120 munuie data and also 29 percent for 30 minute data
(because of the difference in the standard errors) The individual lower confidence bands arc 44
and 39 percent, respectively

(Excluding the shori-term data considerably lowers the estumaites - estimated difference of aboult
024 (21 percent reduction) for the 30 munute data and about 0423 (35 percent reduction) for the
120 nunote data

We will use the 30 minute results 1n the reporl. The reason is the FID data. There 1s no
way to say which duration gives the “right” estimate, but we can see that estimates of
duration between 3) and 60 minutes are relatively stable for both vapor and particulate.

We should recall that the FID is based on only two days of data, and all are long-time
periods. The DataRAM includes three days of long period samples, and one day of short
period samples The short periods vancd in length between from 5 minutes 1o less than

13 minutcs of continucus paving There is no problem in combining results from periods of
different lengths. whether 5, 10, or 30 minutes in length
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FIGURE 1.RANDOMIZATION SEQUENCE
THREE DAYS OF LONG TIME PERIODS, ONE DAY OF SHORT TIME PERIODS

i DAY 1 DAY 2 DAY 3 DAY 4
FPERIOD 1 L On L-OFF 8 L-OFF
PERIOD 2 L-OFF L-ON L-ON
PERIOD 3 L-ON L OFF L OFF
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FIGURE 2 LOGS OF MEDIANS OF PARTICULATE DATA FROM DAY 4

EACH MEDIAN BASED ON MORE THAN 100 MEASUREMENTS
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FIGURE 3 PARTICULATE DETERMINATIONS AT AUGER FROM DAY 3,
SHORT-TIME SAMPLING
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FIGURE 4: AUGER: %REDUCTION BY DAY & OVERALL

%REDUCTION DUE TQ CONTROL
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FIGURE 5: AWAY FROM AUGER: %REDUCTION BY DAY &
OVERALL, BASED ON SAMPLE MEDIANS

LOWEH B0 - CORFINENCE | IMITS FOR wAPOR ANO PARTICUE ATE GIVEN FOR BOTH SIMU_TANEDUS AKD MOV DLAL INFERL-NCE 4120
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BREDUCTION BUE TO CONTROL
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FIGURE 6:REAL-TIME PARTICULATE GEOMETRIC MEANS
AUGER MEASUREMENTS V1A DATARAM, NON-AUGER VIA GRIMMS

. GEOMETRIC MEAN (MICROGRAMS/CUBIC METER) (Thousands)

SAMPLING DAY

AUGER-ON CJAUGER-CFF EEOPEAATOR-ON
OPERATOR-OFF EISCREEDMAN-ON EISCREEDMAN -OFF,

ON MEANS 'CONTROL ON', OFF MEANS 'COMTAOL OFF', HIGHEST EFFECTIVEMESS ON DAY
3, SHORT-TIME SAMPLING
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BREDUCTION DUE TO CONTROL

FIG. 7: INDUSTRIAL HYGIENE SAMPLES: %REDUCTION BY DAY

80%. CONFIDENCE LIMITS, SIMULTANCOUSLY & INDIVIDUALLY FOH NON-AUGER TOTAL PAG,
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FIGURE B* % REDUCTION FOR LOWEST 75% CONTROL-QFF

VERSUS HIGHEST 25% CONTROL-OFF PAIRS

FOR TOTAL PAGC AREA & BREATHING ZONE SAMPLES AWAY FROM AUGER
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FIGURE 9:TOTAL PAC GEOMETRIC MEANS:BREATHING
ZONE SAMPLES & AREA SAMPLES AWAY FROM AUGER
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FIGURE 10 AUGER BENZENE SOLUBLE VS SUM GF
INSTRUMENTAL RESPONSES (370NM + 400NM)
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FIGURE 11 REDUCTION DUE TO CONTROL AT AUGER
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