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INTRODUCTION

The National Institute for Occupational Safety and Health (N1OSH), a federal agency located mn
the Centers for Dhsease Control and Prevention {CDC) under the Department of Health and
Human Services, was established by the Occupational Safcty and Health Act of 1970 Thes
legislation mandated NIOSH 1o conduct research and education programs separate from the
standard setting and enforcement functions conducted by the Occupational Safety and Health
Admumstration (OSHA) in the Department of Labor An important area of NIOSH research
deals with methods for controlling cceupational exposure to potential liological, chemcal, and
physical hazards

The Engineering and Physical Hazards Branch (EPHB) of the Dhvision of Applicd Research and
Technology has been given the Icad within NIOSH to study the eéngineening aspects relevant to
the control of hazards in the workplace Since 1976, EPHB has assessed control technology
found within selected industries or used for common industral processes EPHB has also
designed new control systermns where current mdustry control technology was mnsufficient The
objectives ol these studies were ta document and evaluate effective control technigues (¢ g.,
1solation or the usc of local ventilation) that numinmzed the risk of potential health hazards and to
create an awareness of the usefulness and availability of effective hazard control measures

One industry ident:ficd for EPHB control studies 15 the asphalt roofing industry  Eprdemiologic
studies of roofers have demonstrated an excess of lung, bladder, renal, bram, hver, and digestive
system cancers among roofers or other oceupations with the potentral for exposure to asphalt ¢
It 15 unclear to what extent these findings may be attnbutable to asphalt fume exposure Roofers
n the past have also been cxposed 1o coal tar and asbestos, which arc known carcinogens

Due to the high asphalt temperatures used 1n the roofing process, roofing kettle operators may be
at ligher nisk of asphalt fime exposure than workers in any other industry or trade  As a result of
the epidermological data and this increased potential for exposure, researchers from EPHB
developed a project tc evaluate engineering controels 1 the asphalt roofing mdustry  This
rcsearch cvaluates existing engineenng controls for asphalt fume exposures to roofing kettle
operators and, if necessary, redesigns those controls to reduce operator exposure

In 1990, an estimated 46,000 roofing workers were exposcd to asphalt fumes 1t the Umited
States Only 10% of those workers were covered under a collective bargaiming agreement
Thesc workers were employed primanty by small contractors who generally tack detailed
occupational safety and health programs or a desighated occupational safety and health expert —
about 90% of rocfing contractors have fewer than 20) employees ' Studying ways to reduce
exposure {0 these construgtion workers addresses item 10 2 of the Healthy People 2000
Obrectives, the NIOSH National Occupational Research Agenda (NORA}, and OSHA

priorities '*



While this project concerns 1self pnimarily with the reduchion of asphalt fume exposure to kettle
operators, parallel studies 1n cooperation with the EPHB study provide an in-depth examination
of asphalt fume exposures fo workers on the roof during hot asphalt application  There are three
NIOSH stuches examimng engineenng controls, blood and unne homarkers, and medical effects
due to asphalt fume exposure, and a Harvard Umiversity study 13 examemng urme biomarkers and
PAC/Pyrene exposure

Kettle operators are responsible for mamtamming the appropriale supply of hot asphalt at the
correct temperature for application on the roof duning construction of built-up roofs (BUR)

BURs are layers or plies of fiberglass felt sealed together with hot asphalt  The layers provide
protechon against moisture penetration and, combined with the asphalt’s ability to seal atself,
make BUR an excellent waterproofing system > Roofing kettles are steel containers usad to heat
and store hot asphalt untsl needed for application on the roof They vary 1n size from 150 to 1500
gallons They arc equipped with a positive displacement pump, powered by a gasoline engine,
which redistnbutes the hot asphalt m the kettle and transfers the hot asphalt, viz a “hot pipe,” to
the roof Roofing kettles are normally egnpped with one or two propane fired burmers for
healing the asphalt The propane burners exhaust mto fire-tubes winch arc submerged in the
asphait withan the kettle These tubes direct the hot combustion gases through one or two passes
running the length of the kettle, transferring heat energy to the asphalt before being released into
the atmosphere  The asphalt temperature 1s controlled by throttling the propane supply to the
bumer{s) The throttle valve 1s manually operaled by the kettle operator or hydraulically actuated
via a thermostat  The kettle 1s usually located at ground level during the roofing operation

When additional asphalt 15 needed by the workers on the roof, hot asphalt 15 puraped from the
kettle through the hot pipe to the roof level for application  Activation of the pump may be done
manually by the ketlle operator or remotely from the roof by a pull rope atlached to the kettle

The recirculating/transfer pump 1s normally operated only during the transfer of hot asphalt to the
roof

Roofing asphalt may be delivered 1o the work site in solid kegs or in tanker trucks When tanker
trucks are uscd, a roofing kettle may not he necessary unless additional heating 1s requured The
more lradiiional method 15 to dehver the asphalt in solid, paper-wrapped kegs which weigh
approximately 100 pounds During Ioading, the keitle operator must remove the paper wrapping
and chop the solid asphalt keg into smaller, more manageable pieces These pieccs are manually
loaded nte the kettle through a raiscd kettle hd or, when available, through a “post office” type
safety loading door designed to reduce worker exposure to asphalt fumes and to prevent the
operator from being splashed with hot asphalt In addition to loading asphalt, the kettle operator
penodically opens the hd to remove impurities which tend to accumnlate on the surface of the
hot asphall, ths 15 called skimming

The equiviscous temperature (EVT) 1s the apphication temperature (EVT vanes with each
production batch) at which optimum wetting and adhesive qualities of the roofing asphalt 1s
obtained The asphalt tempcrature 1n the kettle 15 maintained somewhat higher than the EVT of
the asphalt The actual mamtenance temperature of the kettle wall vary according to outdoor



temperature, length of hot pipe, asphall usage rate, pump flow rate, and type of receving vessels
on theroof The flashpomnt (FP} 15 the temperature at which the asphalt may burst mto flame
The maxaimum heating temperature 15 S0°F less than the FP and should not be exceeded The
type of asphalt used 1n an application 15 detenmined by, among other things, the slope of the roof
being built  Table 1 shows the EVT and other thermal properties for four types of asphalt

Table 1
Maximum Healing Temperature, Flashpomt, and EVT of Various Types of Asphalt
Maximum
Heating Flash-pomnt EVT
Type Number  Kind of Asphalt  Temperature °F  Temperature °F +25 °F

Typc 1 Dead Level 475 525 375
Type I Flat 500 550 400
Type I Steep 525 575 425
Type IV Special 525 575 425

HEALTH EFFECTS/OCCUPATIONAL EXPOSURE CRITERIA

There are three pnmary sources used 1n the United States for environmental evatuation criteria
NIOSH Recommended Exposure Limmits (RELs), the Amencan Conference of Governmental
Industral Hygiemsts {ACGIH) Threshold Limit Values (TLVs), and the [IJ § Department of
Labor OSHA Pcrmussible Exposure Limits (PELs) OSHA has specific PELs for regulating the
construction industry # The OSHA PELs are the only legally enforceable exposure critena
among those listed, and durmg theiwr development, OSHA must consider the feasibility of
controlling exposures 1 addition to the related health effects In contrast, NIQOSH RELs are
hased pnmarily on concems relating to health effects The ACGIH TLVs refer to axrhome
concentrations of substances and represent conditions under which 1t 15 beheved that nearly all
workers may be exposed, day after day, without adverse health effects The ACGIH, a private
professional society, statcs that the TLVs are only guidelnes

In a 1988 rule on air contaminants, OSHA proposed a PEL of 5 mg/m’ as an 8-hr time-weighted
average (T WA) for asphalt fumcs exposure in general industry  This proposal was based on a
preliminary finding that asphalt fumes should be considered a potential carcinogen * In 1989,
OSHA announced that 1t would delay a final decision on the 1988 proposal because of complex
and conflicting 1ssues submutted ta the record ** Tn 1942, OSHA. pubhished another proposcd rule
for asphalt fumes that indicated a PEL of 5 mg/m’ (total particulate) for general mdustry,
construction, mantime, and agnculture * Although OSHA invited comments on all of the
alternatrves, its proposed standard for asphalt fumes would establish a PEL of 5 mg/m? (total
parhiculite) based on avordance of adverse respiratory effects  The OSHA docket 1s closed, and
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OSHA has not scheduled any further action

In 1977, NIOSH established an REL of 5 0 mg/m’ (total particnlate) measured as a 15-mmmute
cerling linut for asphalt fumes to protect against imtation of the serous membrans of the
cemunctiva and the mucous membrane of the respiratory iract  Tn 1988, NIOSH (in testimony to
the Department of Labor) recommended that, based on the OSHA cancer policy,* asphalt fumes
should be considered a potential occupational carcmogen ¥ Thus recommendation was based on
mformation prosented m the Niemerer et al study ** This NIOSH conclusion 1s based on the
collective evidence found 1n available health effects and exposure data 7

The current ACGIH TLV for asphalt fumes 15 an 8-hr TWA-TLV of 0 5 mg/m’ as benzene-
extractablc inhalable particulate (or equivalent method) with an A4 designation, indicating that it
i1s not classifiable as a human carcinogen

Asphalt fumes have been reported to cause umtation of the mucous membranes of the eyes, nose,
and resprratory tract * Whtle other symptoms such as coughing and headaches were reported
recently, there was no statistical association with asphalt fume exposure *"** Results from
expenmental studics with ammals®™ ** ¥ indicate that roofing asphalt fume condensates gencrated
n the laboratory and apphed dermally cause bentgn and malignant skan tumors 1n several strains
of mice Inffercnces in chemical composition and physical characteristics have been noted
between roofing asphalt fumes collected 1n the field and those generated 1 the laboratory
However, the significance of these differences 1n ascnbing health effects to hurnans 1 unknown
Furthermore, no pubhished data ¢xist that cxamine the carcinogenie potential of field-generated
roofing asphalt fumes 1n ammals Since the health nsks from asphalt exposure are not yet fully
defined, NIOSH, labor, and industry are working together to betier characterize thesc nsks while
continuing therr effort to reduce worker exposures to asphalt fumes

In the rooftng mdustry, exposure to asphalt fumes and other related exposures 1s well
documented and studies still continue  Several studies have identificd incrcased polyeycelic
aromatic compounds (PACs) exposure to the kettle operators versus other categories of roofers 7
Duc to the nature of the kettle operator’s job, thus appears to be an obvious conclision, however,
few controls have been utilized to mimmize thesc cxposures

STUDY BACKGROUND

A survey was conducted on January 23-25, 2001, at the Blue Vallcy West High School in
Stilwell, Kansas, where a new 3-ply roof with a mineral surface fiber glass cap sheet was boing
applied This was a new hmlding under construction  The engimeering contrel used during this
evahiation was low furming asphalt, other existing engineering controls for this industry wall be
evaluated m subsequent surveys A final report will summanze the cngincenng controls
evaluated from all of the survevs



SITE DESCRIPTION AND WORK ACTIVITY

The Blue Valley West High School 1s a farge multiple wing schoo! that was under construction
when the survey was conducted Dunng this time, the roof over the swimming pool area was
being installed The roof being applied consisted of two layers of polyisocyanurate installation
board, a layer of Pertite board, 3-plys of black fiber glass felt paper, and a mineral surface fiber
glass cap sheet  Shown in Table 2 15 the amount of asphalt used each day of the survey

Table 2
Amount of Asphalt Used Each Day
Date Amount of Asphalt Used Type of Asphalt Used
(pounds)
1/23/0% 6000 Conventional
1/24/01 3900 Conventional
1/25/01 1500 Low furmng

Sampling was conducted for three days On the first two days conventional type L asphalt was
used On the third day TruMelt™ low fuming type Il asphalt was ysed TruMelt™ Jow fuming
asphalt contains up to 1% of a blend of polymers The addition of the polymers to the asphatt
forms a steady-state surface [ayer that reduces the release of fumes from the asphalt mto the air
The roofers began work at 7 00 am each day At that time, the kettle operator loaded asphalt
into a kettle and Wit the propanc burners to begin bringing the asphalt up te the correct
temperature On the first day, a 1200 gallon Panther kettle was used  On the second day, a 600
gallon Garlock kettle was used A 600 gallon Panther kettle was used on the third day of
sampling The 600 gallon Panther kettle used on the third day was approximately half full with
conventional asphalt The kettle operator filled the kettle to the top with TruMelt™ at § 00 AM
A complete crust over the surface of the asphalt was not achteved uniil 10 00 AM The kettles
were located at ground level in front of the swimrng poel wing of the high school

EVALUATION METHODS

In order to develop useful and practical recommendations, the abihty of the engineenng control
measure to reduce worker cxposure (o air contarminants must be documented and evaluated
Where practical, this was accomplished by evaluatig workers’ exposure to asphalt fume
particulate and PACs both with and without tow fuming asphalt Personal breathmg zone and
area air samples were collected and analyzed for total particulate (TP), benzene soluble fraction
(BSF) of the total particulate using NIOSH Manual of Analytical Methods (NMAM) Method
5042, and using NMAM Methed 5800 for PACs ** The temperature of the hot asphalt was
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recorded penodically with an electronic thermocouple and compared to the temperalure gauge
permanently mounted on the ketile

Air Sampling

The personal breathing zone and area arr sampling consisted of two samplmg trams per worker or
area  One samphing tramn was used to collect TP and BSF and the other train was used to collect
total PACs Both samplmng trains’ air sarnphng pumps were cahbrated to a norminal flow rate of
2 iters per minute (Ipm) Personal breathung zonc mir samples were collected on the kettle
operaior and three roof level workers Area air samples were collected at ground level at each of
the four corners around the kettle The area air samplers were placed 1n trnipods, and the samnpling
media was posttioned to breathing zone height (approxumately 60 inches above the ground)

Area air samples were also collected near the hot prpe on the roof  These arca ar samples were
algo placed on tnpods with the sampling media positioned to breathing zone height

Kettle Temperature

The kettle was equpped with a permanently mounted temperature gage This gange reading was
used by the kettle operator to motutor and mamtain the hot asphait above the EVT The mounted
pauge caltbration was checked agamnst a Tegam Model 821 microprocessor thermomcter using a
K-type thermocouple

Table 3 shows a summary of the keitle asphalt temperature measurements made dunng the three
days of sampling The maximum keitle temperature was noted to be above the maximum heating
temperature, although the meun kettle temperature generally was not  On 1/25/2001, the outside
arr temperature was quate low, which accounts for the higher required kettle temperatures  To
keep the asphalt at proper application temperature, 1t was necessary 1o have a higher kettle
temperature

Table 3
Summary of Kettle Temperature Data
Mimmum  Maximum Mean Mean Gauge
Date MNumber Keitle Kettle Ketile Kettle

of Temperattre Temperature Temperature Temperature

Measurements (°F) (°F) (°F) {°F)

1/23/01 _4 512 560 534 520

1/24/01 5 510 550 525 497

1/25/0% 4 538 568 552 347




Statistical Evaluation

Personal breathing zone and area wir sample data for TP, BSF, and total PAC were statistically
compared with and without low fuming asphalt using Student’s t-test Statistical comparisons
were also done for the data normalized by dividing the data by the amount of asphalt used,
adjusted to normal temperature and pressure, and the combination of the normalized by dividing
the data by the amount of asphalt vsed and adjusted to normal temperature and pressure

RESULTS

Kettle Operator Sample Results

Personal breathing zone air samples were collected on the kettle operator (KP-04) and analyzed
for TP, BSF, and total PAC Samples were collected for three days, and the results are histed n
Table 4 Two days of sampling were conducted when the kettle contained conventional asphalt,
and one day of samplhing was conducted when the kettle contained TruMelt™ low fuming
asphalt Table 5 summanzes the mean concentration for the kettle operator for each of the
analytes when conventional and low fuming asphalt was used and the percent reduction obtained
using the low furmng asphalt

Table 4
Kettle Operator (KP-04} TP, BSF, and PAC Exposure Concentrations
400 Total With or
Sample TP BSF 370PAC  PAC PAC Without
Sample Time Conc Conc Cong Cone Conc Low Fuming
Date  (min) (mgm’) (mgh®) (pg/m’)  (ugm’)  (pg/m’) Asphalt
1/23/01 494 192 111 194 388 233 Without
1/24/01 492 315 274 462 123 585 Without
1/25/01 447 157 3 85 181 461 227 With




Table 5
Summary of the Kettle Operator (KP-04) TP, BSF, and Total PAC Exposur¢ Results

Asphalt Type
Conventional Low Fuming
Exposure Analyte Mean Conc Mean Cone % Reduction
TP (mg/mr’) 253 157 ) 382
BSF (mg/m?) 193 0 85 589
Total PAC (ng/mr’) 409 227 . 487

For all Tables

TP = total particulate

BSF = benzene soluble fraction of TP

PAC = polycyche aromatic compounds

370 PAC = PAC measured at 370 nm emission wavelength
400 PAC = PAC measured at 400 nm cmassion wavelength
Total PAC == sum of 370 and 400 nm PAC concentrations
mg/mr = milhigrams per cubie meter of air

Lg/m® = micrograms per cubic meter of wir

I = nanometers

Area Air Sample Result For Samples Collected Around The Kettle

Area air samples were collected at the four corners of the asphalt roofing kettle at breathing zone
height Samples were coltected and analyzed for TP, BSF, and total PAC two days when
conventional asphalt was used 1n the kettle and one day when low furming asphalt was used n the
kettle These results are shown in Table 6 and summarized 1n Table 7



Table 6
Area Air Sample Conecntration Results For TP, BSF, and FAC Collected Around the Kettle

With or
Sample Sampie 370 400 Total Without
Location Locatien Sample T BSF PAC PAC PAC Low
Sample Around 1 Timne Conc Cone Conc Cone Conc Fummng
Date Ketile Number (min) (mg/m'} (mg/m* (ug/m’) {(ug/m¥) {(ug/m’)  Asphalt
1723/01 NE KA-01 519 036 019 350 6.60 41 06 Without .
cormer
1/24/01 NE KA-01 183 126 118 2693 504 3289 Without
corner
1/25/01 NE KA-01 463 497 443 826 217 1044 With
COTREr .
1/23/01 NW KA-(2 j19 4 43 462 628 i31 759 Without
comer
1/24/01 NW KA-02 511 011 0 06 473 072 5.45 Without
cotmer
1/25/01 NW KA-02 466 033 015 259 679 327 With
corner
1/23/01 SE KA-03 519 377 387 436 871 523 Without
corner
1/24/01 SE KA-03 176 131 111 1795 467 2262  Without
comer
1/25/G1 SE KA-03 463 379 216 532 122 654 With
comer
1/23/01 SW KA-04 522 1352 133 222 44 4 266 Without
comer
1724/01 SW KA-04 51 022 0135 18.6 4 60 232 Without
comer )
1/25/01 SW KA-04 463 065 038 871 21 8 109 With

COImET




Table 7
Summary of Area Air Samples (KA-01 through -04) Collected Arecund the Kettle TP,
BSF, and Total PAC Exposure Results

Asphalt Type
Conventional Low Furming
Expositre Analyte Mean Conc Mean Conc %% Reduction
TP (mg/m’) (SD} _ 451(539) 2 43 (2 30) 46 1
BSF (mg/m’} (SD) 414 {483) 1 78 (1 98} 570
Total PAC (pg/m’) (SD) 896 (1220) 460 (477) 48 7

Roof Level Worker Sample Results

Personal breathing zone air samples were collected on the roof level workers whe were putting
on the new roof Two of the workers who were mopping, and one worker who was lugeing the
asphalt, were sampled for TP, BSF, and total PAC for two days using conventional asphalt and
one day using low fumuing asphalt  Worker KP-03 performed the lugging activities on the roof,
filling the lugger wath asphalt and using the lugger to fill the mop buckets wath asphalt Workers
KP-01 and KP-02 performed the asphalt mepping activities on the roof The personal breathimg
zone air sample data collected from the roof-level workers are shown in Table 8 The mean data
for all workers on the roof for each analyte are shown in Table 9 along with the percent
reduction

Table 8
Roof-Level Worker TP, BSF, and PAC Exposure Conecentrations
With or
370 400 Total Without
Worker Sample TP BSFK PAC PAC PAC Low
Samplmg D Time Conc Cone Cone Conc Conc Fummg

Day Number (lr) (mgm®) (mgm’) (ugm’) (ue/m’) (pg/m’)  Asphalt

1/23/01 KP-01 478 0.85 058 829 157 98 6 Without
1/24/01 KP-01 478 041 026 42 1] 7 36 49 4 Without
1/25/01 KP-01 294 053 032 719 171 891 With

1/23/01 KP-02 470 203 OR7 161 311 192 Without
1/24/01 KP-02 463 (30 024 348 588 407 Without
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112501 KP-02 294 086 050 116 273 143 With
1/2301 KP-03 472 2 44 212 261 522 313 Wathout,
124/01  KP-03 472 077 042 117 224 140 Without
1/25/01 _ KP-03 322 154 123 218 560 274 With

Table 9
Summary of Roof Level Workers (KP-01, -02, and -03) TP, BSF, and
Total PAC Exposure Results

Asphalt Type
Conventional Low Fuming
Exposure Analyte Mean Cone Mcan Cong % Reduction
TP (mg/m”) (ST 113{(0 &%) 097 {0 52) 142
BSF (mg/m?) (SD) 079 (0 70) 0 6& (0 48) 139
PAC (pg/m’) (SD) 139 (102) 169 (94 8) 216

Statistical Analysis of the Effectivenass of using Low Fuming Asphalt to Reduce
Worker and Area Air Exposures to Asphalt Fumes

Statistical analyses were conducted on the air sampling data to determune the effectiveness of
reducing worker exposure 1o asphalt fumes by using low furming asphalt A summary of these
analyses 1s shown in Table 10 Compansons were made belween awr sample results for TP, BSF,
and total PAC while conventional asphalt was used to sample results from times when low
furmng asphalt was uscd Compansons were made for the following groups the ketfle operator
( KP-04), the four area air samples (KA-01 through -04) collected around the asphalt kettle, and
the three roof-level workers (KXP-01, -02, and -03) Included in Table 10 are percent reductions
i exposure to the mean TP, BSF, and total PAC concentrations, p-values, t-values, and critical
-value at 95% confidence

Using t distnbution, reductions 1in exposurcs were tested to determine 1f they were statistically
sigmficant at 93% confidence None of the reductions measured for the kettle operator, area
samples collectcd around the kettle, or the roof-level worker samples were found to be
statistically sigmficant at 95% confidence
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Table 10
Summary of Statisticai Analyses of the Effectiveness of Using Low Fuming Asphalt to
Reduce Worker and Area Air TP, BSF, and Total PAC Exposures

Percent Reduction Critical t
in Exposure at
{Conventional - Low 95%
Companison Group/ Analyte fuming)/Conventional p-value  t-value confidence
Kettle Operator/TP 379 02640 09158 63138
Kettle Operator/BSF 560 020922 (07647 63138
Kettle Operatar/Total PAC 44 5 03290 05958 653138
Area Samples Around Kettle/TP 46 1 (12429 07238 1 8125
Area Samples Around Kettle/BSF 570 01897 09198 18125
Area Samples Around 48 7 02572 06760 18125
Kettle/Total PAC
Roof-Level Workers/TP 142 03937 02801 1 8946
Roof-Level Workers/BST 139 04110 02335 1 8946
Roof-Level Workers/Totat PAC 216 03436 -04199 1 8945

Companson of Results by Normalized Exposure Concenfrations by the Amount of
Asphalt Used that Day

The amount of asphalt used each day vancd as shown in Table 2 Becausc the exposure levels of
TP, BSF, and total PAC measurced for the workers and area air samples may be affected by the
amount of asphalt used each day, TP, BSF, and total PAC concentration for the worlkers and area
air samples collected around the keitle were normahzed by dividing these concentralions by the
pounds of asphalt used that day These normahzed concentrainons were then compared,
conventional asphalt to low fummg asphalt, to see 1f the reductions 1n exposure were statistically
significant when normahized Listed i Table 11 and summanzed in Table 12 are the normahized
TP, BSF, and total PAC concentrahions for the kettle operator ( KP-04)  Listed in Table 13 and
summanzed n Table 14 are the normahzed TP, BSF, and total PAC concentrations for the four
area air samples (KA-01 through -04) collected at the four corners of the kettle Listed tn Table
15 and summarized 1n Table 16 are the normalhized TP, BSF, and total PAC concentrations for
the roof-level workers ( KP-01,-02, and, -03)
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Table 11
Kettle Operator (KP-04) Normahzed TP, BSF, and
PAC Exposure Concentrations

With or
Sample Normalized Normalized Normalized Without
Sample  Time TP Cone BSF Conc Total PAC Conc Low Fumimng
Date  (mn) {mg/m) {mg/m") (ng/m) Agphalt
1/23/01 494 0 00032 000019 0.03877 ) Without
1/24/01 492 0 00081 0 00070 0 14995 Without
1/25/01 447 Q00104 0 00057 0.15133 With

Table 12
Summary of Kettle Operator {KP-04) Normalized TP, B5F, and
Total PAC Exposure Results

Asphalt Type
Conventional Low Fuming
Exposure Analyte Mean Normahzed Mean Normahzed % Reduction
Conc Conc
TP (mg/m?) 0 00056 000104 -85 2
BSF (mg/m’®) 0 00044 (000057 276
Total PAC {(ug/m*) 0 09436 0 15133 -60 4
Table 13
Normalized TP, BSF, Total PAC Concentrations for Area Aiwr Samples Collected
Around the Kettle
Normalized
Normalized Normahzed Total PAC
Sample TP conc / BSF conc / conc / With or
Location Lb Asphalt Lb Asphalt Lb Asphalt Without
Sample D used used used Low Fumung
Date Number (mg/m’Lhb ) (mg/m°Lb } {pg/m’Lb ) Asphalt
1/23:G1 MNA-01 0 00006 0 00003 0 00692 without
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1/24/01  NA-01 0 00003 0 00002 (1 00140 without
1/25/01  NA-01 0 00252 000144 0 43566 with
1/23/01  NA-02 {00074 0 00077 012637 ?v1tl‘{0ut
1/24/01 NA-D-Z {1 00323 0 00302 0 84336 without
1/25/01  NA-02 0 00022 0 00010 _(292178 with L
1/23/1 " -I\“IA-{B (.00063 ' 0 l-’_}0064 008714 without o
1/24/01  NA-03 0 00335 G 00284 0 57992 without
1/25/01  NA-03 000043 0 00025 007257 with
1/23/01 NA-04 0 00025 G 00022 0 04439 without
1/24/01 NA-04 0 60006 {: 00004 000595 without
1/25/01  NA-04 0 00331 0 00295 Q69567 with
Table 14

Summary of Area Air Samples (KA-01 through -04) Collected Aronnd the Kettle

Normalized TP, BSF and Total PAC Exposure Results

Asphalt Type
Convenuonal Low Fuming
Exposurc Analyte Mean Normalized Mean Nommalized * Reduction
Conc
TP (mg/m®) (SD) 000104 (0.00141) 0 00162 {0 00153) 355
BSF (mg/m*) (8D} 0 00095 (0 00126} (100115 (0 00132) -252
Total PAC (ug/m’) (SD) 021193 (0.31934) 0 30642 (0 31829) -44 6
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Table 13
Roof-Level Warker Normalized TP, BSF, and PAC Expasure Concentrations

Normalized Normahzed  Normalized With or
Samphng  Worker Sample TP BSF Total PAC Without
Day Iy Time ¢hr ) Conc Conc Conc Low Fuming

Number (mg/m’) (mg/m?) (ngim®) Asphalt

1/23/01 KP-01 478 (000014 0 00010 001644 Without

1/24/01 KP-01 478 000011 0 00007 001267 Without
1/25/01 KP-01 294 000635 0 00022 005937 With

1/23/01 KP-02 470 0 00034 0 00CES 003196 Without

1/24/0} KP-02 463 0 00008 0 00006 001044 Without
1/25/01 KP-02 294 0 00057 0 00033 009552 With

1/23/01 KP-03 472 0 00041 000035 005215 Without

1/24/01 KP-03 472 0 00020 000017 003585 Without
1/25/01 KP-03 322 0.00103 0 00082 018238 With

Table 16

Summary of Roof Level Workers (KP-01, -02, and -03} Normalized TP, BSF, and

Total PAC Exposure Resnlts

Asphall Type

Conventional Low Fuming
Exposure Analyte Mean Normalized Mean Normalized % Reduction
Cong
TP (mg/m’) (SD) 000021 (0 00013) 0 00865 (G 00035) ~208
BSF {mg/m’) (SD} 0 Q0015 (000011} 0 00046 (0 00032) -206
PAC (pg/m*) (S8D) 0 02658 (0 01628) 0 11242 (0 06322) -323
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Statistical Analysis of the Effectiveness of Using Low Fuming Asphalt to Reduce
Worker and Area Air Normalized Exposures to Asphalt Fumes

Stattstical analysis of the normalized exposure concentrations was conducted w the same manner
as exposure ¢concentrations Stahistical compansons were done for the kettlc operator (KP-04),
the combined results for the three rool-level workers (KP-01, -02, and -03), and the combwned
results for the four area air samples (KA-01, -02, -03, and -04) collected around the kettle These
statishical analyscs are histed 1n Table 17, for each compartson group and each analyte included m
the table are the percent reduction m the mean exposure concentrahon when comparing mean
exposure while using conventional asphalt to mean exposures while using low fumng asphalt,
the p- and t-values for the reductions, and the critical t-values at 95% confidence

Statistical comparison of the kettle operator’s (KP-04) mcan nonmalized TP, BSF, and the total
PAC concentration cxposures increased when using low fummyg asphalt  Similarly the area arr
samples collected around the kettle and the roof level workers mean normalized exposurc
concentrations to TP, BSF, and total PAC increased m concentrahion when the low furming
asphalt was used

Table 17
Summary of Statistical Analyses of the Effectiveness of Using Low Fuming Asphalt to Reduce
Worker and Area Air Normahized Exposnres to Asphalt Fumes

Compunson Group/Analyte Percent Reduction 1n p-value t-value Cntical t
Nermahized Exposure at 93%
(Conventional - Low confidence
fuming)/Conventional
Keitle Operator/Nommahized TP -851 02290 -1 1415 63137
Kettle Operator™Normalized BSF 277 04149 -0 2740 63137
Kettle Operator/Normalized total -60 4 03300 -0 5916 63137
PAC
Area samples around -55 6 02644 -0 6523 1 8125
kettle/Normalzed TP
" Area samnples around 252 03832 -0 3054 1 8125
kettle/Normalized BSF ]
Area samples around -4 6 03195 -0 4837 1 8125
kettle/Normahzed total PAC
Roof Jevel worker/Normalized TP -208.1 00119 -2 8728 1 8946
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Roof level workers/Normalhized 205 4 00307 -2 2253 1 8946
BSF

Roof level workers/Normalized -3229 00063 33271 1 8946
total PAC

Comparnison of Results After Adjusting Exposure Concentrations to Normal
Temperature and Pressure

Normal temperature and pressure (NTP) are 77°F and 760 mmHg The mean temperature and
pressurg measurement for the three days of sampling are shown i Table 18

Table 18
Weather Data
Date Mean Temperature {(°F) Mean Pressure
(mmHg})
1/23/01 392 740
1/24/01 359 743
1/25/01 240 744

Using the mean temperature and pressure measurements for each day, the TP, BSF, and PAC
exposure results were adjusted to NTP Thus data 15 shown in Tabie 19 and summanzed in Table
20 for the kettle operator (KP-04), mn Table 21 and summanzed in Table 22 for the area air samples
collected around the kettle (KA-01 through -04), and 1n Table 23 and summanzed in Table 24 for
the roof level workers (KP-01, -02, and -03) By adjusting to NTP, data from different sites can be

compared

Table 19
Kettle Operator (KP-04) NTP TP, BSF, and
PAC Exposure Concentrations

Sample Sample NTP TP NTP BSF NTP Total With or
Dale Time Congc Conc PAC Without
(mun ) {mg/m?) {mg/m*) Cone Low Fuming
(pg/m’) Asphalt
1/23/01 B 494 202 ) 117 244 Without
1/24/01 492 333 290 619 Without
1725/01 447 170 092 247 With

17




Tabie 20
Summary of Kettle Operator (KP-(4) NTP Exposure Results

Asphalt Type
Conventional Low Fumuing
Exposure Analyic Mean NTP Cone Mean NTP Cone % Reduction
! TP (mg/m’) 267 170 36 4
BSF ({mg/m’) 203 92 546
Total PAC (ug/m®) 431 24“'? 429
Table 21

Area Air Sample Concentration Results For NTP TP, BSE, and PAC
Collected Aronnd the Kettle

NTP With or
Sample Samplc Sample NTP TP NTP BSF Total Without
Date Lacation Time Cone Cone PAC Low Fuming
D {tnun ) (mgm®) (mg/m®) Conc Asphalt
MNumber (ng/m)
1/23/01 NA-01 519 0.37 020 435 Without
1/24/01 NA-01 183 (11 0 06 577 Without
1/25/01 NA-G1 463 411 235 ' 710 With
1/23/01 NA-02 519 4 64 4 84 794 Without
1/24/01 NA-02 511 133 123 3482 With{;ul
1/25/01 NA-02 466 036 016 355 With
1/23/0t NAGY | 519 395 405 548 Wlf_]';‘i;ﬁt )
1/24/01 NA-03 176 13 8 117 2394 Without
1/25/01 NA-03 463 071 041 118 With
1/23/01 NA-04 522 159 139 L 279 Without
1/24/01 NA-04 511 023 016 24 6 Without
1/25/01 NA-04 463 540 4 81 1133 With
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Table 22
Summary of Area Air Samples (KA-01 through -04} coliected around the Kettle NTP TP,
BSF, and Total PAC Exposure Results

Asphalt Type
Conventional Low Fuming
Exposure Analyte Mean NTP Cone Mean NTP Conc % Reductton
TP (mg/m’) (SD) 476{571) 264 (2 50) 44 5
BSF (mg/m*) (SD) 436({(511) I 93 (2 15) 557
Total PAC (ug/m®) (SD) 1840 {2563) 499 (519) 473
Table 23
Roof-Level Worker NTP TP, BSF, and PACT Exposure Concentrations
With or
NTP Without
Worker  Sample NTP TF NTP BSF  Total PAC Low
Sample b Time Conc Conc Conc Fuming
Date Number (hr ) (mg/m’) {mg/m?) {ug/m*) Asphalt
1/23/01 KP-01 478 89 061 103 Without
1/24/01 KP-01 478 043 028 523 Witheut
1/25/01 KP-01 294 057 035 267 With -
1/23/01 KP-02 470 212 092 201 Without
1724/01 KP-02 463 032 025 431 Without
1/25/01 KP-02 294 093 054 156 With
1/23/01 KP-03 _ 472 256 222 . 328 Without
1/24/01 KP-03 472 0 B0 069 148 Without
1/25/01 KP-03 322 167 134 297 With
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Table 24
Summary of Roof Level Workers (KP-011, -02, and -03) NTP TP, BSF, and Total PAC
Exposure Resalis

Asphalt Type
Conventional Low Fuming
Exposure Analyte Mean NTP Conc Mean NTP Conc % Reduction
TP (mg/m’) (SDY 119(093) 106 (0 56) 1038
BSF (mg/m’) (SD) D83(073) 074 (0 52) 102
PAC (pg/m’) (SD) 146 {107) 183 (103) 236

Statistical Analysis of the Effectiveness of Using Low Fuming Asphalt to Reduce
Worker and Area Air Exposures to Asphalt Fumes Adjusted to NTP

Statistical analyses were conducted on the NTP air samphing data to determine the effectivencss of
reducing worker exposure to asphalt fumes by using low funmnng asphalt A summary of these
analyses 18 shownn Table 25 Compansons were made between air sample results for NTP TP,
BSF, and total PAC while conventional asphait was used and when low fuming asphalt was used

Using t distribution, reductions n exposures were lested (o determing 1f they were statistically
sigmficant at 95% confidence Adjusting the exposure concentrations to NTP shghtly reduced the
percent reduchion scen for exposure measurements for the kettle operator (KP-04) and for the area
air samples collected around the kettle (KA-01 through -04) For the roof level workers, adjusting
the exposure concentrations to NTP showed that the roof level workers® exposures mcreased
slightly more when low firming asphall was used

Table 25
Summary of Statsstical Analyses of the Effectiveness of Using Low Funnng Asphalt to
Reduce Worker and Area Air NTP TP, BSF, and Total PAC Exposures

Percent Reduction Critical t
m Exposurc at
{Conventional - Low 5%
Comparison Group/Analyte fuming)/Conventional  p-value t-value confidence
Kettle Operator/NTP TP 36 4 027 0 86 63137
Kettle Operator/NTF BSF 54 6 030 D74 6 3137
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Kettle Operator/NTP Total PAC 28 034 057 63137

Area Samples Around Kettle/NTP TP 44 5 025 070 1 8125
Area Samples Around Kettle/NTP BSF 557 020 - 089 1 8125
Area Samples Around Kettle/NTP Total 47 3 0206 065 1 R125
PAC

Roof-Level Workers/NTP TP ) 108 042 022 1 8946
Roof-Level Workers/NTP BSF 102 043 018 1 8946
Roof-Level WorkersM'fP Total PAC 256 —0 32 -0 50 1 8946

Comparison of Results by Normalized Exposure Concentrations by the Amount of
Asphalt Used for that Day and Adjusted to NTP

The NTP exposure concentrations hsted in Tables 19, 21, and 23 were normalized by dividing the
NTP exposure concentrations by the amount ol agphalt used that day These NTP normmnahzed
exposure concentrations are listed 1n Tables 26, 28, and 30 and summanzed in Tables 27, 29, 31 for
the kettle operator (KP-04), area air samples (KA-01 through -04) callected around the ketile, and
the roof level workers (KP-01, -02, and -03}), respectuvely

Table 26
Kettle Operator (KP-04) NTP Normalized TP, BSF, and PAC Exposure Concentrahons
NTP NTP NTP With or
Sample Sample Normalized Normalized Normalized Without
Date Tune TP Conc BSF Conc  Total PAC Conc Low Funmng
{(min) (mg/m°1h) {mg/m’Ib) (ng/m’1b) Asphalt
1/23/01 494 0 00019 000013 0.04061 without
1/24/01 492 0 00070 000074 0 15875 without
1/25/01 447 0 00057 000062 0.16436 with
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Table 27

Summary of Kettle Operator (KP-04) NTP Normahzed TP, BSF, and
Total PAC Exposure Results

Asphalt Type
Conventional Low Fumning
Exposure Analyte Mean NTP Mean NTP % Reduction
Normalized Cone Normahized Conc
TP (mg/m*) 0 00044 0 00057 276
BSF (mg/m®) 0 00047 0 00062 -312
Total PAC (pg/m™ 0 09968 {0 164361 -64 9

Table 28

Area Air Sample Concentration Resulis For NTP Normalized TF, BSF, and
PAC Collected Around the Kettle

NTFP NTP NTP
Samplc Normalhzed Normahzed Normalized With or
Location  Sample TP BSF Total PAC Without
Sample i Time Cone Cone Conc Low Funnng
Date Number (mmn)  (mg/m’lb) {mg/m’lb) (ug/m’lb) Asphalt
1/23/01 KA-Q1 519 0 00003 0 00003 0.00725 with
1/23/01 KA-02 519 0 00077 (00081 0 13237 with
12301 KA3 519 000064 000067 009127 with
1/23/01 KA-04 522 0 00022 000023 0 04650 with
1724/1 KA-01 51 0 00002 0 00002 0 00143 with
1/24/01 KA-02 183 0 60302 000320 089283 with
1724/01 KA-03 176 0 00284 000301 061394 with
1/24/01 KA-04 511 0 00004 (00004 0 00630 with
1/25/01 KA-(Q1 463 0 00144 000157 (0 47319 without
1/25/01 KA-02 466 0 00010 000011 0 02366 without
1/25/1 KA-03 463 0 00025 000027 Q0 07883 without
1/25/01 KA-04 463 0 00295 000321 075560 without
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Table 29
Summary of Area Air Samples (KA-01 throngh -04) Collected Aronnd the Kettle NTP
Normalized TP, BSF, and Total PAC Exposure Results

Asphalt Type
Conventional Low Fuming
Exposure Analyte Mean NTP Mean NTP % Reduction
Normahzed Conc Normalized Conc
TP (mg/m’} (SD) {} 00095 (0.00150) 0 00119 (0 00167) -252
BSF (mg/m’) (SD) 0 00100 (0 00133) 0 00129 (0 00144) -28 8
Total PAC (pg/m®) {SD) 0,22399 (0 33815) 0 33282 (0 34570) -48 6
Table 30
Roof-Level Worker NTP Normalized TP, BSF, and PAC Exposure Concentrations
NTP NTP NTP With or
Normalized Normalized Nommahzed Without
Sample TP BSF Total PAC Low
Sample  WorkerID  Time Conc Conc Conc Furming
Date Number  (mun) (mg/m*) (mg/m?) (Lg/m’) Asphalt
1/23/01 KP-0t 478 0 00010 0 00010 001722 without
1/24/01 KP-01 478 0 00007 0 Q0007 001341 without
1/25/01 KP-0t 294 0 00022 0 00023 006449 with
1/23/01 KP-02 47} 0 00015 Q00015 003348 withont
1/24/n KP-02 463 0 00006 0 00006 001105 without
1/25/01 KP-02 294 000033 0 00036 010375 with
1/23/01 KP-03 472 000035 0 00037 0 05465 without
1/24/01 KP-03 472 000017 000018 003795 without
1/25/01 KP-03 322 0 00082 0 00089 019809 with
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Table 31
Snmmary of Roof Level Workers NTP Normalized TP, BSF, and
Total PAC Exposure Results

Asphalt Type
Conventional Low Fuming
Exposure Analyte Mean NTP Mean NTP %o Reduction
Nommalized Cone Normalized Conc
TP (mg/m®) (SD) 0.00015 (0 00014) 0 00046 (0 00038) ) -206
BSF (mg/m’) (SD) 0 00016 {0 00011) 0 006050 (0 G0035) 217
PAC (pg/m’) (SD) 0 02796 (0 01706) 0.12211 (0 06867) -337

Statistical Analysis of the Effectiveness of using Low Fuming Asphalt to Reduce
Worker and Area Air NTP Normalized TP, BSF, and Total PAC Exposures

Statistical analysis of the NTP normalized exposure concentrations was conducted 1 the same
manrer as exposire concetitrations  Statistical compansons were done for the kettle operator (KP-
04}, the combined results for the roof~level workers (KP-01, -02, and -03), and the combined results
for the four area awr samples {(KA-01 through -04) collected around the kettle These statistical
analyses are histed in Table 32 For each companson group and analyic i Table 32, the percent
reduction 1n the mean exposure concentration when comparing mean NTP normalized exposure
while using conventional asphalt to mean NTP normahzed exposures while using low furming
asphalt, the p- and t-values for the reductions, and the crincal {-values at 95% confidence are shown

Table 32
Summanry of Statistical Analyses of the Effectiveness of Using Low Fuming Asphalt to
Rednee Worker and Area A Exposures to Asphalt Fumes Adjusted to NTP and
Normahzed by the Amonnt of Asphalt Used each Day

Percent Reduction Crnitical
it Exposure at
{Conventional - Low 5%
Companson Group/Analyte furmng)/Conventional  p-value t-valve  confidence
' Kettle Operator/NTP Normahzed TP 276 041486 -027403 63137
Kettle Operator/NTP Normalized BSF =312 040491 030793 63137
Kettie Operator/NTP Nommahzed -649 (032055 -0.63219 63137

Total PAC
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Area Samples Around Kettle/NTP -252 038316 -0 30540 1 8125
Normezhzed TP

Area Samples Around Kettle/NTP 288 036871 -034475 18125
MNormalized BSF ' )

Area Samples Around Kettle/NTP -43 6 030654 -0352193 1 8125
Normalized Total PAC

Roof-Level Warkers/NTP Normahzed =206 Q03070 -2 22532 t 8946
TP ; i o
Rocif-Level Workers/NTP Nomalized 217 002824 -2 28180 1 8946
BSF

Roof-Level Workers/INTP Normalized -337 Q00591  -337678 1 8944
Total PAC i

Statistical companison of the kettle operator’s (KP-04) mean NTP normalized TP, BSF, and total
PAC concentration exposures all increased shghtly when using low fuming asphalt  Stnmlarly the
area aw samples coltected around the kettle and the roof level workers mean NTP normahzed
exposurc concentrations to TP, BSF, and total PAC all increase shightly in concentration when the
low fummy asphalt was used

DISCUSSION

The kettle operator’s exposures to TP, BSF, and tatal PAC were reduced by 38%, 56%, and 45%,
respectively, when companing exposures when low fuming asphalt was used to when conventional
asphalt was used  'When exposure concentrations were adjusted for NTP the percent reductions for
the kettle operator were 36%, 35%, and 43%, changing the reduction m exposure slhightly ‘When the
kettle operator’s exposure data was normahzed exposures to TP, BSF, and total PAC mcreased by
85%, 28%, and 60% respectively when using low fuming asphalt When the normalized data was
adjusted to NTP the increase 1t exposures was shightly greater  These wicreases th exposure seen
when the data was normalized to the amount of asphalt us¢ each day suggests that to some degree the
exposure reductions seen when low fuming asphalt was used may be effected by the amount of
asphali used Another possible explanation for this increasc 1n exposure when the data was
pormalized 1s that on the third day of sampling when the low furmng asphalt was used, three hours
passed before a complete crust of polymer was formed over the surface of the asphalt thereby
allowing morc asphalt fume to escape in a simmlar manner as conventional asphalt None of these
reductions were statistically significant at 95% confidence

Simular to the results seen for the keltle operator, the mean cxposure concentration for TR, BSF, and
total PAC were reduced by 46%, 57%., and 49%, respectrvgly, in the area air samples collected
around the asphalt roefing kettle when comparing exposure results when low fuming asphait was
used 1o when conventional asphalt was used When the exposure data was adjusted to NTP, the
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reductions were shightly less than the unadyusted results  Like the kettle operator’s results, when the
area air sample results were normalized there was mcerease i exposure when low furmng was used
and the increasc was shghtly more when the normahzed area air exposure data was adjusted to NTP
Nong of the reduction were statistically sigmficant at 95% confidence

The mean exposure resuits for TP and BSF were reduced by 14% and 13%, respectively, n the roof
level workers® cxposure results when comparing low funung asphalt cxposure data to conventional
asphalt exposure data There was an mcrease of 219 1n total PAC exposure results for the roof level
workers when using low funung asphalt NTP data adjustments lowered the TP and BSF reductions
in exposure to 11% and 10%, respectively, while the increase in total PAC exposure seen when low
fuming asphalt was used was shghtly greater at 26% Normalizing the roof level workers’ exposure
data increased mean TP, BSF, and total PAC cxposure concentrations by 208%, 206%, and 323%,
respectively, when using low furming asphalt ‘When the normalized data was adjusted to NTP the
increases seen 1n the roof level workers® exposures were shightly greater when low fuming asphalt
was used None of the reduction were statistically significant at 95% confidence

The results of mcasurements taken when both conventional and low funmng asphalt were used at the
same asphalt roofing site indicate that using low fummg asphalt reduces the exposure of the kettle
operator to asphalt compounds The area samples and personal samples taken on the kettle operator
showed reductions, but none of the reductions measured were statisticatly sigmificant at 95%
confidence Two reasons that the reductions were not statistically signmificant are that the sample size
was too small, and on the day that the TruMelt™ was used, the pelymer crust was not fully formed
on the asphalt surface until three hours after air samphng had begun

When the results were normahzed by dividing by the amount of asphall used exposures for the kettle
opcrator, area air samples collected around the kettle, and roof level workers all shightly increased
mdicating that the reduciion measurcd may have been miluenced by the amount of asphalt used that
day

CONCLUSIONS

From the results of this survey, one conclusion that may be drawn 1s that 1n order to collect quality
data, the researcher must have some conirol over the amount of asphalt used each day and the
transihion: between conventional and low fuming asphalt Also, while 1t appears that using low
furming asphalt reduces operator exposure lo the components of asphalt fume, due to the many
variables encountered dunng sampling, the results are not statistrcally sigmificant
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