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INTRODUCTION

The National Institute for Occupational Safety and Health {NIOSH), a federal agency located in the
Centers for Disease Contro] and Prevention (CDC) under the Department of Health and Human
Services, was established by the Occupational Safety and Health Act of 1970 This legislation
mandated NIOSH to conduct research and education programs separate from the standard setting and
enforcement functions conducted by the Occupational Safety and Health Admmistration (QSHA) m the
Department of Labor An important area of NIOSH research deals with methods for controlling
occupational exposure to potential biological, chemical, and physical hazards

The Engmeermg and Physical Hazards Branch (EPHB) of the Division of Applied Research and
Technology has been given the lead within NIOSH to study the engineering aspects relevant to the
control of hazards mn the workplace Since 1976, EPHB has assessed control technology found within
selected industries or used for common 1ndustnial processes  EPHB has also designed new control
systems where current industry control technology was msufficient The objective of these studies was
to document and evaluate effective control techniques (e g , 1solation or the use of local ventilation) that
mimmized the nsk of potential health hazards and created an awareness of the uscfulness and availability
of effective hazard control measures

One industry rdentified for EPHB control studies 1s that of asphall roofing Epidemmologic studies of

roafers have demaonstrated an excess of lung, bladder, renal, brain, biver, and digestive syslem cancers
among roofers or other accupations with the potential for exposure to asphalt '''¢ It 15 unclear to what
extent these Aindings may be attnbutable to asphalt fume exposure Roofers m the past have also been
exposed to coal tar and asbestos which are known carcinogens

As artesult of the epidermological data, researchers from EPHB developed a project to evaluate
engineerning controls 1n the asphalt roofing industry  Due to the lugh asphalt temperatures used in the
roofing process, roofing kettle operators may be at a higher nisk of asphalt fume exposure than workers
1n any other industry or trade This project evaluates existing engineering controls for asphalt fume
¢xposures o toofing kettle operators and, 1f necessary, redesigns those controls to reduce operator
exposure In 1990, an estimated 46,000 roofing workers were exposed to asphalt fumes 1n the United
States Only 10% of those workers were covered under a collective bargaimng agreement These
workers were employed pnmanly by small contractors who generally lack detailed occupational safety
and health programs or 2 designated occupational safety and health expert — about 90% of roofing
contractors have fewer than 20 employees Studying ways to reduce exposure to these construction
workers addresses item 10 2 of the Healthy People 2000 Objectives, the NIOSH National
Occupational Research Agenda (NORA), and OSHA prionities !7*

While this preject concerns 1tself pnmanly with the reduction of asphalt fume exposure to kettle
operators, paralle! studies in cooperation with the EPHB study provide an m-depth examination of

asphalt fume exposures to workers on the roof during hot asphalt application  There are three NIOSH
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studies examining engineering controls, blood and unne biomarkers, and medical effects due to asphalt
fume exposure and a Harvard Umversity study exammming urine hiomarkers and PAC/Pyrene exposure

Kettle operators are responsible for maintamming the appropnate supply of hot asphalt at the correct
temperature for application en the roof duning constructzon of bwlt-up roofs (BUR) BURs are layers
or phes of fiberglass felt scalcd together with hot asphalt  The layers provide protection against
moisture penetration and, combined with the asphalt’s ability to seal itself;, makes BUR an excellent
waterproofing system ™ Roofing kettles are steel contamners used to heat and store hot asphall until
needed for apphication on the toof They vary m size froms 150 1o 1500 gallons They are equpped
with a positive displacement pump, powered by & gasoline engine, which recirculates the hot asphalt 1n
the kettle and transfers the hot asphalt, via a “hot pipe,” to the roof Roofing kettles are normally
equipped with one or two propane fired bumers for heating the asphalt  The propane burners exhaust
into fire-tubes which are submerged in the asphalt within the kettle  These tubes direct the hot
combustion gases through one or two passes runmng the length of the kettle, transfernng heat energy to
the asphalt before bemg released to the atmosphere The asphalt temperature 15 controlled by throttling
the propane supply to the bumer(s}) The throttle valve 1s manually operated by the kettle operator or
hydraulically actuated via a thermostat  The kettle 15 usually located at ground level duning the roofing
cperation When additional asphalt 1s needed by the workers on the roof, hot asphall 1s pumped from
the kettle through the hot pipe to the roof level for application Activation of the pump may be done
manually by the kettlc operator or remotely from the roof by a pull rope attached to the kettle The
recirculating/iransfer pump 1s normally operated only dusing the transfer of hot asphalt to the roof

Roofing asphalt may be dehivered ta the work site 1n solid kegs or in tanker trucks When tanker trucks
are used, a roofing kettle may not be necessary unless additional heating 15 required  The more
tradittonal methed 15 to deliver the asphalt mn solid, paper-wrapped kegs which weigh approximately
100 pounds Duning loading, the keitle operator must remove the paper wrapping and chop the solid
asphalt keg mto smaller, more manageable pieces These pieces are manually loaded mnto the kettle
through a raised kettle lid or, when available, through a “post office” type safety loading door designed
te reduce worker exposure to asphalt fumes and prevent the operator from being splashed with hot
asphalt In addition to loading asphalt, the kettle operator peniodically opens the Iid to remove
impunities which tend 1o accumnlate on the surface of the hot asphalt, this 15 called skammng

The equiviscous temperature (EVT) 1s the application temperature (EVT varnes each production batch)
at which optimum wetting and adhesive qualities of the roofing asphalt 1s obtained The asphalt
temperature 1n the kettle 18 mamntamed somewhat higher than the EVT of the asphalt  The actual
maintenance temperature of the kettle will vary according to outdoor temperature, length of hot pipe,
agphalt usage rate, pump flow rate, and type of receiving vessels on the roof Table 1 shows the EVT
and other thermal properties for four types of asphailt The flashpoint (FP} 1s the temperature at which
the asphalt may burst into flame  The maximum heating temperature 1s 25°F less than the FP and
should never be exceeded The type of asphalt used in an application 1s determuned by, among other
things, the slope of the roof being bult



Table 1
Maximum Heahng Temperature, Flashpoint, and EVT of Various Types of Asphalt

Maximum
Heating Flash-pomnt EVT
Type Number  Kind of Asphalt  Temperature °F  Temperature °F =25 °F
Type ! Dead Level 475 525 375
Type I Flat 500 530 400
Type I Steep 525 575 425
Type IV Special 525 575 425

HEALTH EFFECTS/OCCUPATIONAL EXPOSURE CRITERIA

There are three primary sources used 1n the United States for environmental evaluation cntena NIOSH
Recommended Exposure Limits (RELS), the American Conference of Governmentai Industrial
Hygiemsts (ACGIH) Threshold Limt Values {TLVs), and the U S Department of Labor OSHA
Permessible Exposure Limits (PELs) OSHA has specific PELs for regulating the construction

industry °' The OSHA PELs are the only legally enforceable exposure critena among those l1sted, and
duing therr development, OSHA must consider the feasibility of controlling exposures i addition to the
related health effects In contrast, NIOSH RELs are based prmanly on concerns relating to health
effects The ACGIH TLVs refer to arborne concentrations of substances and represent conditions

under winch it 15 believed that nearly all workers may be txposed, day after day, without adverse heakh
effects The ACGIH 1s a private professional society and states that the TLVs are only guidelines

In a 1988 rule on air contaminants, OSHA proposed a PEL of 5 mg/m® as an 8-hr ime-weaighted
average (TWA) for asphalt fumes exposure 1n general industry  This proposal was based on a
preliminary finding that asphalt fumes should be considered a potential carcinogen # In 1989, QSHA
announced that 1t would delay a final decision on the 1988 proposal because of complex and confhicting
1ssucs submutted to the record * In 1992, OSHA published another proposed rule for asphalt fumes
that indicated a PEL of 5 mg/m?* (total particulate) for general industry, construction, maritime, and
agriculturz ** Although OSHA invited comments on all of the altematives, its proposed standard for
asphalt furnes would establish 2 PEL of 5 mg/m’ (total particulate) based on averdance of adverse
respiratory effects The OSHA docket 15 closed, and GSHA has not scheduled any further action

In 1977, NIOSH established an REL of 5 (: mg/m’ (total particulate) measured as a 15-minute ceilling
himut for asphalt fumes to prolect against imitation of the scrous membrane of the conjunctiva and the
mucous membrane of the respuratory tract  In 1988, NIQSH (in testumony to the Department of



Labor) recommended that, based on the QSHA cancer policy,” asphalt fumes should be considered a
potential pccupational carcnogen 2 This recommendation was hased on mformation presented in the
Niemeier et al study ¥ This NIQSH conclusion 1s based on the collective evidence found 1n available
health effects and exposure data =

The current ACGIH TLV for asphalt fames 15 an 8-hr TWA-TLV of 0 5 mg/m’ as benzene-extractable
inhalable partsculate {or equivalent method) with an A4 designation, indicating that 1t 18 not ¢lassifiable as
a human carcinogen

Asphali fumes have been reported (o cause imitation of the mucous membranes of the eyes, nose, and
respiratory tract ** ‘Whle other symptoms such as coughing and headaches were reported recently,
there was no statistical association with asphalt fume exposure *"#? Results from expenmental studies
with amimals?” * * indicate that roofing asphalt fume condensates generated 1n the laboratery and
apphcd dermally cause benign and malignant skin tumors 1n several sirains of mice  Differences in
chemical composition and physical charactenstics have been noted berween roofing asphalt fumes
collected in the field and those generated 1n the laboratory ** However, the sigmficance of these
differences 1n ascribing health effects to humans 1s unknown Furthermore, no published data exist that
examine the carcmogenic potential of field-generated roofing asphalt fumes 10 ammals  Sigce the health
nisks from asphalt exposure are not yet fully delined, NIOSH, labor, and industry are working together
to better characienze these nisks while continuing their effort to reduce worker exposures to asphalt
fumes

In the roofing industry, exposure to asphalt fumes and other related exposurcs 1s well documented and
studies still continue Several studies have identified increased polycyclic aromatic compounds (PACs)
exposure to the kettle operators versus other categories of roofers ** Due to the nature of the kettle
operator’s job. this appears 1o be an obvious conclusion, however, few controls have been utihized to
mintmize these exposurcs

STUDY BACKGROUND

A survey was conducted September 18-21, 2000, at the Raytheon Corporation building 1n Fort

Wayne, indiana where a 2-ply built-up roof with mneral surface fiber glass cap sheei was being

apphed on top of the existing roof No tear-off of the old roof was performed The engineering control
_used dunng this evaluation was low fuming asphall  Other existing engineenng controls for this mdustry
wi1ll be evaluated 1n subseguent surveys A final report will summarize the engineening controls
evaluated from all of the surveys

SITE DESCRIPTION AND WORK ACTIVITY

The Raytheon Corporation building 15 a large multiple-wing four-story building that houses offices,
research fagslities, and spme manufactunng of electromc components A 2-ply built-up asphalt roof
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with mineral surface fiber glass cap sheet was being apphed to the existing roof, no tear-off was
performed Shown in Table 2 are the roof areas installed and the amount of asphalt used cach day of
the survey

Table 2
Area of Roof Installed and Amount of Asphalt Used Each Day
Datc Area of Roof Installed (ft) Amount of Asphalt Used (pounds)
918/2000 80,000 6000
9/19/2000 80,000 5700
9/20/2000 20,000 2200
9/21/2000 80,000 5600

The roofers began work at ¢ 30 am each day At that time, the kettle operator loaded asphaltinto a
9013 galion kettle manufactured by Garlock Equipment Company and hit the propane bumers 1o bring
the asphall up to the proper working temperature  The kettie was located at ground Ievel on one side
of the wing of the four-story bulding they were roofing  Duning the week that the survey was
conducted, the roofers applied a layer of underlay board, two plies of fiberglass felt and capped with
mmeral surfaced fiberglass cap sheet

EVALUATION METHODS

In order to develop nsefi! and practical recommendations, the ability of the engineenng control measure
to reduce worker exposure to air contarmnants must be documented and evaluated For tins study,
where practical, this was accomplished by evaluating workers' exposure to asphalt fume particulate and
PACS both with and without low furmunyg asphalt Personal breathing zone and area air samples were
collected and analyzed for total particulate (TP), benzene selubie fraction (BSF) of the lotal particulate
using NIOSH Manual of Analytical Methods (NMAM) Method 5042, and PACs using NMAM

Method 5800 ** The temperature of the hot asphalt was recorded pertodtcally with an electronic
thermocouple and compared to the temperature gauge permanently mounted on the kettle

Air Sampling

The personal breathing zone and area air sampling consisted of two sampling trains per worker or area
One sampling train was vsed to collect TP and BSF and the other train was used to collect total PACs
Both samphng trams’ air sampling pumps were cahbrated to an air sampling flow rate of 2 hters per
mrnuie (Ipm) Personal breathing zone air samples were collected on the kettle operater and tiree 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 on tripods and the sampling media were positioned to
breathing zonc height (approximately 60 mches above the ground) An area air sample was also
collected near the hot pipe on the roof  This sampler was also placed on a tnpod with the sampling
media at breathing zone height

Kettle Temperature

The kettle was equipped with a permanently mounted temperature gage The gage 15 used by the kettle
operalor to monitor and mamntamn hot asphalt above the EVT The mounted gage calibration was
checked agamst a Tegam Model 821 microprocessor thermometer using a K-type thermocouple

Table 3 sumnmanzes the kettle asphalt temperature measurernents made dunng the four days of
sampling

Table 3
Summary of Kettle Temperature Data
Minimum Maximum Mean Mean Gage
Number Kettle Kertle Kettle Kettle
of Temperature  Temperature  Temperature  Temperature
Daic Measurements (°F) °F °F) (°F)
9/18/00 3 476 508 506 475
9/19/00) 2 492 519 506 477
9/20/00 3 506 330 518 500
9/21/00 1 509 509 509 433
RESULTS

Kettie Operator Samplhng Results

Personal breathing zone air samples were coliected on the ketlle operator and analyzed for TP, BSF,
and total PAC Samples were collected for four days, and the results are hsted 1o Table 4 On all four
days of sampling, the keitle contained TruLo™ Jow fuming asphalt The mean concentration of TP for
the kettle operator was 0 $5mg/m? (SD = 0 32 mg/m’) The mean BSF concentration for the kettle
operator was 0 34 mg/m? (8D = 0 26 mg/m?*) The mean total PAC concentration for the kettle
operator was 68 ug/m’ (SD = 57 mg/m’)



Table 4
Kettle Operator (IP-01) TP, BSF, and PAC Exposure Concentrations

Sample TP BSF 370 PAC 400 PAC  Total PAC
Sample Time Conc Conc Conc Conc Conc
Date (men)  (mg/m’)  (mgim®)  (ugm’)  {(pgmw’)  (pg/m’)
9/18/00 333 050 026 34 B 42
9/19/00 544 101 073 122 29 152
9/20/00 346 D41 023 40 11 51
9721100 627 028 016 22 5 27

TP = total particulate

BSF = benzene soluble fraction of TP

PAC = polycyclhic aromatic compounds

370 PAC = PAL measured at 370 nm enussion wavelength
400 PAC = PAC measured at 400 nm emission wavelength
Total PAC = sum of 370 and 400 nm PAC concentrations
mg/m* = milligrams per cubic meter of air

ja/m’ = micrograms per cubic meter of air

NM = nanometers

na = not available

Area Samples Collected Around The Kettle

Area ar samples were collected at the four comers of the asphalt roofing kettle at breathing zone
height Samples were collected and analyzed for TP, BSF, and PAC for four days when low fuming
asphalt was used These results are shown m Table 5

The mean TP concentration for the 16 area air samples collecled around the kettle was 0 30 mg/m’
{SD =0 24) The mean BSF concentration for the area air samples collecied around the kettle was
022 mg/m’ (SD=021) The mcan total PAC concentration was 33 pg/m® (SD = 35)



Table 5
Area Air Sample Concentration Results For TP, BSF, and PAC
Collected Around the Kettle

Sample 370 400 PAC
Location Sample TP BSF PAC Conc Towl PAC
Sample Around Time Conc Cone Conc (pg/m*) Cone
Date Keitle (mm) (mg/m®y (mgm® (pgm) {pg/m®)

9/18/2000 NE comer St g17 013 13 28 16
9/19/2000 NE corner 544 037 028 24 57 30
9/20/2000 NE comer 343 (37 030 41 11 52

92172000 WE comer 613 409 007 14 33 17
9/18/2000 NW comer 511 009 003 34 a7 41
9/19/2000 NW corner 544 012 004 56 09 63
920/2000 NW comer 348 007 003 26 64 31
9/21/2000  INW comer Gl13 007 003 78 19 10
9/18/20000  SE comer 511 051 044 03 06 11
9/19/2000  SE corner 544 D38 030 47 11 58
9/20/2000  SE comer 148 RN 078 74 16 90
9/21/2000  SE comer 613 070 0350 94 25 124
9/18/2000 SW comer 511 018 012 15 37 19
9/19/2000 SW comer 544 037 028 48 11 60

9/20/2000 SW corer 348 032 020 22 62 28

9/21/2000 SW corner 613 011 005 90 24 11

TP = lotal particulate

BSF = benzene soluble fraction of TP
PAC = polycychr aromatic compounds

370 PAC = PAC measured at 370 nm emmssion wavelength
400 PAC = PAC mecasured at 40¢ nm ermssion wavelength
Total PAC = sum of 370 and 400 nm PAC concentrations

mg/m’ = imlligrams per cubic meter of air
pg/m’ = micrograms per cubic meter of air
nm = nanometers




Roof Level Worker Personal Breathing Zone Sample Results

Personal breathing zone atr samples were collected on the roof leve! workers who were nstalling the
new roof Three workers were sampled one of the workers was mopping, one was etther laying

down underiay board or rolling out fiber glass felt, and one worker was lugging the asphalt from the hot
pipe to the asphalt mop bucket These workers were sampled for TP, BSF, and total PAC for four

days of samphng These sample resuits are shown 1n Table 6

Table 6
Roof-Level Workers TP, BSF, and PAC Exposure Concentrations
Worker  Sample TP BSF 3J70PAC  4D0PAC Tolal PAC
Sample ID Tune Conc Congc Conc Cone Conc
Date  Number (hr)  (mgm)) (mgm’) (ugm') (pgm’)  (ugm’)
9/18/00 P-02 215 308 255 290 66 357
9/19/00 P-02 238 032 015 31 Ga 38
9/21/00 IP-02 274 126 091 179 46 225
9/18/00 IP-03 219 108 0 94 113 27 140
G/19/00 IP-Q3 2319 1.12 .82 148 35 1R3
G/20/00 IP-03 252 009 002 91 20 1i
9/21/00 IP-03 266 033 021 33 54 42
9/18/00 P-04 127 085 073 91 21 112
9/19/00 IP-04 233 039 017 32 71 39
9/20/00 IP-04 348 006 oo 70 08 77
9/21/00 P-04 267 405 004 05 03 08
Q/20/00 [P-03 252 Q22 012 3] 16 3835

TP = {otal particulate

BSF = benzene solubie fraction of TP

PAC = polycyche aromatic compounds

370 PAC = PAC measured at 370 nm etrussion wavelength
400 PAC = PAC measured at 400 nm emission wavelength
Total PAC = sum of 370 and 400 nm PAC concentrations
mg/m’ = mlligrams per cubic meter of air

pg/m’ = micrograms per cubic meter of air

nM = nanomelers




Warker IP-02 performed the lugging activities for three of the four days sampling was conducted on
the roof, filling the lugger with asphalt and using the lugger to fill the mop buckets Worker IP-05
performed the luggmng activities for one of the four days of samphng The TP, BSF, and total PAC
concentrations for Worker IP-05 were ¢ 22 mg/m®, 0 12 mg/m’, and 39 pug/m®, respectively Worker
IP-02 mean exposure concentrations to TP, BST, and total PAC was 1 56 mg/m®, 1 20 mg/m?, and
207 pg/m’; respectively Worker IP-03 erther mopped or uscd a spreader to apply asphali to the roof
Worker IP-03's mean exposure concentrations to TP, BSF, and total PAC for the four days of
sampling were ¢ 65 mg/m?, 0 50 mg/m’®, and 78 pg/m®, respectively Worker IP-04 was erther laymg
down underlay board or rotling out fiber gtass felt on the roof The mean TP, BSF, and tolal PAC
concentrations for Worker IP-04 was 0 43 mg/m’, 0 24 mg/m?, and 40 pg/m?, respectrvely

The mean TP cancentration for all roof-level workers was 0 74 mg/m® (8D = 0 86 mg/m®) The mean
BSF concentration for all roof-level workers was 0 56 mg/m?(SD = 0 73 mg/m’} The mean total
PAC cencentrahon for all roof-tevel workers was 100 pg/m? (109 pgfm?)

Kettle Operator Standardized Sample Results

The amount of asphalt used each day vanied as shown in Table 2 Because the levels of TP, BSF, and
total PAC measured may be affected by the amount of asphalt used, TP, BSF, and total PAC
concentrations for the workers and area air samples collected around the kettle were standardized by
dividing these concentrations by the number of pounds of asphalt used that day The concenirations
Listed 1n Table 4 for the kettle operator were divided by the amount of asphalt used that day, and the
results are shown in Tahle 7

Table 7
Kettle Operator (IP-01) TP, BSF, and PAC Exposure Concentrations
Standardized by the Ameunt of Asphalt Used that Day

Sample TP BSF 370PAC 400 PAC  Total PAC
Sample Time Cone Conc Conc Cone Conc
Date  {mm) {mgm’l)  (mgm’d)  (ugmib) (ugmiy)  Hgmib)
9/18/00 533 & Q0e-05 4 00e-05 5 67e-03 1 33e-03 7 00e-03
9/19/00 544 1 80e-04 1 30e-04 2 14e-02 5 09e-03 2 67e-02
9/20/00 346 1 S0e.04 1 G0e-04 1 8202 3 §0e-03 2 32e-02
9/21/00 627 5 00e-05 3 00e-05 393e-03 B 90e-04 4 81e-D3
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TP = total particulate

BSF = benzene soluble fraction of TP

PAC = polycyche aromatic compounds

370 PAC = PAC measured at 370 nm emssion wavelength

400 PAC = PAC measured at 400 nm emission wavelength

Total PAC = sum of 370} and 400 nm PAC concentrations

mg/mr’lb = mlhgrams per cubic meter of air per pound of asphalt uscd
pg/mr'lh = micrograms per cubie meter of aw per pound of asphalt used
nrm = nanometers

na = not availabie

Standardhzed Area Air Sample Results - Kettie

Area air samples results collected around the ketile and shown in Table 5 were divided by the amount
of asphalt used each day Table B lists the standardizcd exposure concentrations for the area air
samples collected around the keitle The mean standardized TP, BSF, and 1otal PAC concentrations
for the area air samples collected around the kettle for four days were 0 00008 mg/m°1b, 0 00006
mg/m’lb, and 0 00881 pg/n'lb, respecuively

Table 8
Area Air Sample Concentration Results For TP, BSF, and PAC Collected
Around the Kettle Standardized by the Amount of Asphalt Used that Day

Sample TP
Location Sample Conc BSF 370 PAC 400PAC  Total PAC
Sample Around Time {mg/m’ Cone Conc Cone Conc
Date Kettle (mm ) Ib) (mg/m’lb) (upgm'lb) (ugm’lb)  (pg/m’lb)

9/18/00 NE comer 511 2 98¢-05 2 28e-05 228e-03 49]le04  28ie-03
9/19/00 NE corner 544 6 17e-05 4 67e-05 4 00e-03 9 50e-04 5 00e-03
9;*26.’{_}0 NE corner 348 1.68e-04 1.36e-04 186e-02 5 00e-03 2 36e-02
9/21/00  NE cormer 613 161e-05 1 25e.05 250e-03  589%-04  304e-03
9/18/00 NW comer 511 1 58e-05 5 26e-06 59604 12304 7 19e-4
9/19/00  NW corner 544 200c-05  667e-00 9 33e-04  1350e-04 1 08e-03
9/20/00 NW comer 348 3 18e-05 1 36e-05 118e-03  182e-04 141e-03
9/21/00 NW comer 613 1 25e-05 5 36e-06 13903 33904 1 79¢-03
9/18/00  SE corner 311 8 95e-05 7 72e-05 8§ 77e-05  105e-04 193¢-04

11



9/19/00  SE corner 544 6 33e-05 5 00c-05 783e-03  1B3e-03 9 67e-03
9/20/00  SE corner 348 4 09e-04 3 55e-04 336e-02 71703 4 09e-02
9/21/00  SE comer 613 1 25e-04 § 93e-05 177e-02 4 46e-03 2 21e-02
9/18/00 SW comer 511 3 16e-03 2 11e-05 263e-03  G49e-04 3 33e-03
9/19/00 SW corner 544 6 17e-05 4 67e-05 800e-03  183¢-03 1 00e-02
9/20/00 SW corner 348 1 45¢-04 9 09e-05 100e-02 2 82e-03 127e-02
9/21/00 -SW corner 613 I 96e-05 8 93e-06 16le-03 42904 1 96¢-03

TP = 1otat particulate

BSF = benzene soluble fraction of TP

PAC = polycyclic aromatic compounds

370 PAC = PAC measured at 370 nm enussion wavelength

400 PAC = PAC measured at 400 nm emission wavelength

Total PAC = sum of 370 and 400 nmm PAC concentrations

mg/m’lb = milhgrams per cubic meter of air per pound of asphalt used
pg/m’lb = micrograms per cutne meter of arr per pound of asphalt used
nm = nanomerers

Standardized Roof Leval Worker Sample Results

Personal breathing zone air samples collected on the workers on the roof dunng the four days of
sampling and shown mn Table 6 were divided by the amount of asphalt used each day Listed in Table 9
arc the standardized exposure concentrations for the personal breathing zone air samples for the roof
level workers The mean standardized TP, BSF, and total PAC concentrations for the toof level
workers personal breathing zone air samples collected for four days were 0 00013 mg/m°lb, 0 00010
mg/m’tb, and 0 01841 pg/milb, respectively
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Table 9
Roof-Level Worker TP, BSF, and PAC Exposure Concentrations
Standardized by the Amount of Asphalt Used that Day

Worker  Sample TP BSF 370PAC  ADOPAC  Total PAC
Sample IR Time Cone Conc Conc Conc Conc
Date Number (mm) (mgm’lk) (mg/m'lh) (pg/m’lb) (eg/m'h)  {ug/m’lb)

9/18/00 IP-02 215 5 40e-04 400e-04 50902 1 16e-02 6 26¢-02
21900 P02 238 500e-05 30003 51703 1 10e-03 6 33e-03
9/21/00 02 274 2 30e-04 160e-04  320e-02 82le-03 4 (2e-02
S/18/00 IP-03 219 1 90c-04 1 6Q0e-04 1 98e-02 4 74e-03 2 46e-02
2/19/00 I-03 239 1 he-04 P40e-04 24702  583e-03 30502
9/20/00 Ir-03 252 4 00e-05 100e-05 4 14e-03 9 10=-04 505e-03
9/21100 [P-03 266 660e-02  420e-02 58903 15003 7 50e-02
/1 8/00 [P-04 127 14%c-04 1 28e-04 1 60e-02 3 6803 1 96¢-02
9/19%/60 IP-04 233 6 50e-05 2 83e-05  533e-03 118e03 & 50e-03
9/20/00 IP-04 348 273e-05 4 55e-06 3 18e-03 3 64e-04 3 50e-03
9/21/00 IP-04 267 & 93e-06 7 14e-06  893e-04 5 36e-05 1 43e-04
9/20/00 IP-05 252 1 00:-04 5 d3e-05 14le-2 3 45-03 1 75e-02

TP = 1otal particulate

BSF = benzene soluble fraction of TP

PAC = polycyelic aromatic compounds

370 PAC = PAC measured at 370 nm enussion wavelength

43 PAC = PAC measured 21 400 nm emission wavelength

Total PAC = sum of 370 and 400 nmn PAC concentrations

mg/m’Ib = midlhigrams per cubic meter of air per pound of asphalt used
pg/m'lb = micrograms per cubic meter of air per pound of asphalt used
nm = nanometers

Atmospheric and Kettle Temperature Measurements

During the four days of sampling, atmesphenc air temperature and barometric pressurc measurements
were made Shown n Table 10 1s a summary of these measurements
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Table 10
Summary of Ambient Air Temperature and Pressure Measnrements

Number of MeanTemperature{°F) Mean Barometnc Pressure (mm
Date Measurements Hg)
9/18/2000 12 82 742
9/19/2000 9 78 736
9/20/2000 g 76 733
91’21!2600 9 64 741

Normahzed Kettle Operator Sample Results

Normal temperature and pressure (NTP) arc 77°F (25°CY and 760 mmbg  Using the mean
ternperature and pressure for each day of samphng, personal breathing zone air samples for the kettle
operalor were adjusied to NTP and arz shown m Table 11 The NTP mean concentration of TP far
the kettie operator was 0 54mg/m*(SD = 0 29 mg/m*) The NTP mean BSF concentration for the
kettle operator was 0 34 mg/m* {(SD = 0 24 mg/m®) The NTP mean total PAC concentration for the
kettle aperator was 66 pg/m? (SD = 53 mg/m’)

Table 11
Kettle Operator (IP-01) TP, BSF, and PAC Exposure Concentrations
Adjusted to Norma) Temperature and Pressure

NTP NTP NTP NTP NTP
Sample TP BSF 370PAC  400PAC  Total PAC
Sample Time Conc Cone Cone Cenc Cone
Date (mwn ) (mg/m®} (mg/m’) (ng/m’) {ng/m*) (pgm®)

9/18/00 533 046 024 31 8 in
9/19/H} 544 o097 070 117 28 145
9720/0:0 346 040 023 40 11 59
9/21/00 627 033 a1 26 6 32
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NTP =normal temperature and pressurc

TP = total particulate

BSF = benzene soluble fraction of TP

PAC = polycychc aromatic compounds

370 PAC = PAC measured at 370 nm emission wavelength
400 PAC = PAC measured at 400 nm emission wavelength
Toial PAC = sum of 370 and 400 nm PAC concentrations
mg/m* = milligrams per ¢ubic metet of arr

pgim* = micrograms per ¢ubie meter of air

nm = nanameters

na = not available

Area Samples Collected Around The Kettle Adjusted to Normal Temperature and
Pressure

Area arr samples collected at the four corners of the asphalt roofing kettle at breathing zone height were
also adjusted to NTP using the mean temperature and pressure for each day of samphng These
adjusted results are shown 1n Table 12

The NTP mean TP concentration for the 16 area air samples collected arcund the kettle for the four
days of sampling was 0 30 mg/m* (SD =0 25 mg/m°) The NTP mean BSF concentration for the area
air samples collected around the kettle was 0 22 mg/m?® (SD = 0 21 mg/m') The mean total PAC
concentration for the area air samples collected around the kettle was 34 pg/m® (SD = 39 pg/m’)

Table 12
Area Aiwr Sample Concentration Results For TP, BSF, and PAC Collected
Around the Kettle Adjusted to Normal Temperatnre and Pressure

NIP

Sample NTP NTP 360 NTP NTP

Location Sample TP BSF PAC 400 PAC Total PAC
Sample Around Time Conce Conc Conc Cone Conc

Date Ketle  (mm) (mgm)) (mgm’) (ugm’)  (ugm’)  (ug/m))

9/18/00 NE corner 511 16 012 12 26 14
9/16/00 NE comer 344 035 027 23 54 29
9/20/00 'NE corner 348 036 029 40 11 51
9/21/00  NE corner 613 011 008 16 38 20
S9/18/00 NW corner 511 008 003 31 06 38
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9/19/00 NW comer 544 012 004 53 09 62

9/20/00 NW comer 348 007 003 26 4 30
921/00  NW comer 613 009 004 92 22 11
9/18/00  SE corner 511 047 040 03 06 11
9/15/00  SE corner 544 036 029 45 13 56
9/20/00  SE corner 348 088 076 72 16 88
9/21/00  SE corner 613 082 D 59 116 29 146
9/18/00 SW comer 511 016 G11 14 34 17
9/19/00 SW comer 544 035 027 46 11 57
9/20/00 SW comer 348 032 0O 20 21 61 27
9/21/00 SW corner 613 D13 006 106 28 13

NTP = normal temperature and pressure

TF = total particulatc

BSF = benzene soluble fraction of TP

PAC = polycychic aromatic compounds

370 PAC = PAC measured at 370 nm ermission wavelength
400 PAC = PAC measured at 400 nm emission wavelength
Total PAC = sum of 370 and 400 nm PAC concentrations
mg/m*® = mulligrams per cubic meter of air

pg/m* = microgranis per cubic meter of air

I = Nanometers

Normahzed Roof Level Worker Sample Results

Personal breatiung zone awr samples cellected on the roof level workers were adjusted to NTP  These
_sample results are shown n Table 13

The NTP mean TP concentration for all roof-level workers was 8 72 mg/m® (S0 =0 81 mg/m?®) The

NTP mean BSF concentration for all roof-level workers was 0 54 mg/m* (SD = 0 68 mg/m®) The
NTP mean total PAC concentration for all roof-level workers was 98 pg/m? (107 pg/m?)
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Table 13
Roof-Level Worker TP, BSF, and PAC Exposure Conceptrations
Adyusted to Normal Temperatore and Pressure

NTP NTP NTP NTP NTP
Warker Sample TP BSF  370PAC 400PAC Total PAC
Sample ID Time Conc Conc Cong Cang Conge
Date Number (mmn) (mgm’) (mgm®) (pgm®) (pgmd) (pg/mr)

0/18/20 P-02 215 282 234 266 61 327
919720 [P-02 238 031 014 30 63 36
9/21/20 IP-02 274 148 107 210 54 204
5/13/20 IP-03 219 099 0 86 104 25 125
9/19/20 IP-03 239 1067 078 141 33 175
0/20/20 [P-03 252 Q09 002 8o 19 11
9/21/20 IP-03 266 038 025 39 99 49
9/18/20 IP-04 127 078 067 84 19 103
9/15/20 IP-04 233 037 017 31 67 38
Q/20/20 IP-04 348 005 001 68 0a 76
9/21/20 P-04 267 005 005 05 03 08
9/20/20 IP-05 252 022 012 31 76 3RS

NTP = normal temperature and pressure

TP = total particulate

BSF = benzene soluble fraction of TP

PAC =polycyche aromatic compounds

370 PAC = PAC measured at 370 nm emmssion wavelength
400 PAC = PAC measured at 400 nm emission wavelength
Total PAC = sum of 370 and 400 nm PAC concentrations
mg/m’ = milligrams per cubic meter of air

pg/m’ = micrograms per cubic meter of air

nm = Nanameters

Kettie Operator Sample Results, Normahzed and Standardized
Taking the NTP data for the kettle operator lisied 1n Table 11 and dividing these data by the amount of

asphalt used each day of sampling, NTP standardized personat breathung zone air sampling results for
the kettle operator were caleuitlated and are shown in Table 14 The NTP standardized mean
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concentration of TP for the kettle operator was 0 00012 mg/m’lb (SD = ¢ 00006 mg/m’°lb) The NTP
standardized mean BSF concentration for the kettle operatar was 0 00007 mg/m’lb (SD = 0 00005
mg/m’lb) The NTP standardized mean total PAC concentration for the kettle operatay was 0 01508
ug/m’lb (SD =0 01047 ng/m’lb)

Table 14
Kettle Operator (IP-01) TP, BSF, and PAC Exposure Concentrations
Adjusted to Normal Temperature and Pressure and Siandardized
by the Amount of Asphalt Used that Day

) NTP NTP NTP NTP NTP
Standardized Swndardized Standardized Standardized Standardized
Sample TP BSFE 370 PAC 400 PAC Total PAC
Samplc Time Conc Cone Cone Conc Conc
Date (min ) (mg/m’ib) {mg/m’ib) (ng/m’lb} {pg/m’1h) {pg/m’lh)
Q/18/00 533 8 00=-05 4 00e-05 5 18e-03 1 289e-03 o 47e-03
9/19/00 544 1 70e-04 [ 20e-04 2 05e-02 4 9ie-03 2 5de-02
9/20/00 348 1 BOe-04 1 {de-04 1 80e-02 4 75e-03 2 27e-02
G/21/00 627 6 00e-05 3 (e-05 4 56e-03 1 10e-03 5 66e-03

NTP = normal temperature and pressure

TP = total particuiate

BSF = benzene soluble fracton of TP

PAC = polyeyehe aromatic compounds

370 PAC = PAC measured at 370 nm emission wavelength

400 PAC = PAC measured at 400 nm crmssion wavelength

Total PAC = sum of 370 and 400 nm PAC concentrations

mg/m’Ih = milhigrams per cubic meter of air per pound of asphalt used
pg/m’lb = mcrograms per cubic meter of air per pound of asphalt ysed
nm = nanpmeers

na = not available

Normalized and Standardized Area Sample Results For Samples Collected
Araund The Kettle

Arca air samples collected at the four comers of the asphalt roofing kettle at breathing zone herght were
adjusted to NTP using the mean temperature and pressure for each day of sampling These adyusted
results are shown i Table 12 Taking these data and disading them by the amount of asphalt used each
day, NTP standardized area results were calculated and are shown in Table 15 The NTP

standardized mean TP concentration for area air samples collected around the kettle was 0 00008
mg/m’lb (SD = 0 00010 mg/m’b) The NTP standardized mean BSF concentralton for the samples
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collected around the kettle was 0 00006 mg/m®lb (SD = ( 00009 mg/m’th) The NTP standardized
mean {otal PAC concentration for the samples collected around the kettle was 0 00890 pg/m’lb (SD =
0 0139 ug/m’lb)

Table 15
Area Air Sample Concentration Results For TP, BSF, and PAC Collected Around the Kettle
Adjusted to Normal Temperature and Pressure and Standardized
by the Amount of Asphalt used that Day

NTP NTP NTP NTP NTP
Sample Standardized Standardized Standardized Standardized Standardized
Location  Sample TP BSF 360 PAC 400 PAC Total PAC
Sample Around Time Conc Congc Cenc Conc Conc
Date Kettle (mmm)  (mg/m’lb) (mg/m’lb) (ng/m’lh) (ng/m?lh) (ng/m?1b)
¥18/00 NE comer 51] 3 00e-05 2 00e-05 1 93e-03 4 30¢-04 2 38¢-03
91900 NE comer 544 5 00e-05 5 00e-05 4 04e-03 9 50e-04 4 089e-03

9/20/00 NE comer » 348 1 60e-04 1 30e-04 1 81e-02 4 90e-03 2 30e-02

9/21/00 NE comer 613 2 00e-05 1 00e-05 2 90e-03 6 80e-04 3 58e-03
9/18/00 NW corner 511 1 (0e-05 0 00e+0Q 5 20e-04 I 10e-04 6 30e-04
9/19/00 NW comer 544 2 00e-03 1 00e-05 9 30e-04 1 60e-04 1 0%e-03

920/00 NW cormer 348 3 00e-05 1 Oe-05 1 17e-03 1 90e-04 1 36e-03

9/21/00  NW comer 613 2 00e-03 1 Q0e-05 1 63e-03 3 90e-04 2 03e-03
9/18/00 SE comer 511 8 00205 7 00e-05 3 J0e-05 9 00e-05 1 70e-04
9/19/00 SE comer 544 6 Obe-05 5 00e-05 T 34e-03 1 80e-03 G T4e-03

9/20/00 SE comer 348 4 (}0e-04 3 50e-04 3 27e-02 7 26e-03 4 00¢-02
9/21/00 SE comer 613 1 50e-04 1 i0e-04 2 08e-02 521e-03 2 60e-02
9/18/400  SW corner =3 | 3 00e-05 2 00c-05 2 26e-03 5 70e-04 2 83e-03
9/1%/00 SW comner 544 6 0Ge-05 5 00e-03 8 08e-03 192e-03 9 99e-03
9/20/00  SW corner 348 1 40¢-04 9 00e-03 9 56e-03 2 75e-03 1 23e-G2
9/21/00 SW comer 613 2 0e-05 1 00¢-05 1 88¢-03 3 00c-04 2 3Be-(3
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NTP = normal iemperature and pressure

TP = total particulate

BSF = benzene soluble fraction of TP

PAC = polycyclic aromatic compounds

370 PAC = PAC measured at 370 nm emission wavelength

400 PAC = PAC measured at 400 nm emission wavelength

Tatal PAC = sum of 370 and 400 nm PAC concentrations

my/m’lb = milligrams per cubic meter of air per pound of asphalt used
ig/m’ib = micrograms per cubic meter of air per pound of asphalt used
1M = nanometers

Normahzed angd Standardized Roof Leve! Worker Sample Rasults

Personal breathing zonc air samples collected on the roof level workers were adjusted to NTP  These
sample results are shown in Table 13 Taking these results and dividing them by the amount of asphalt used
each day, NTP standardized results were calculated for the roof level workers and are shewn in Table 16

The NTP standardized mean TP concentranon for all roof-level workers was 0 00013 mg/m’ib

(SD = 000013 mg/m’lb) The NTP mean BSF concentration for all roof-level workers was

0 00016 mg/m’lb {SD =0 00011 mg/m’lb) The NTP mean total PAC concentration for al] roof-level
workers was 0 01821 pg/m*lb (SD = 0 01760 pg/m’Ib)

Tahle 16
Roof-Level Worker TP, BSF, and PAC Exposure Concentrations Adjusted to Normal Temperature and
Pressure and Standardized by the Amount of Asphalt Used that Day

NTP NTP NTP NTP NTP
Standardized Standardized Standardized Standardized Standardized
Worker Sample TP BSF 370 PAC 400 PAC Total PAC
" Sample D Time Conc Conc Conc Cone Conc

Date Number (min)  (mg/m’lb) (mg/m’lb) (ug/m’lb) (ug/m’lb} (ug/m'lb)

9/18/0000  IP-02 215 4 70e-04 3 90e-04 4 44¢-02 1 01e-02 5 45e-02
9/16/00 IP-02 238 5 00e-05 3 00e-05 522e-03 111e-03 6 33e-03
9/21/00 IP-02 274 2 60e-04 1 9Qe-04 3 75e-02 9 60e-03 4 71e-02
9/18/00 IP-03 219 1 60e-04 1 40e-04 1 73e-02 4 (09e-03 2 14e-02
9/19/00 1P-03 229 1 50e-04 1 40e-04 2 48e-02 5 86¢-03 3 00e-02
9/20/00 P03 252 4 00e-05 1 00e-05 4 05e-03 8 80e-04 4 932-03
9/21/00 IP-03 266 7 G0e-05 4 G0e-05 6 96e-03 1 ?62-03 R 73e-03
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9/18/00 1P-04 127 130e-04 1 10e-04 1 40e-02 3 21e-03 1 72¢-02
9/1%/00 IP-04 233 7 00e-05 3 00e-05 5 40e-03 1 18¢-03 0 58e-03
9/20/00 IP-04 348 2 DOe-05 1 00e-05 3 09e-03 3 50e-04 3 44e-03
921/00 P-04 267 1 00e-05 1 00e-03 9 00e-05 6 00e-05 I 502-04
9/20/00 IP-D3 252 1 00e-04 5 D0e-05 b 41e-02 3 43e-03 1 75e-02

NTP = normal temperature and pressure

TP = total particulate

BSF = benzene soluble fraction of TP

PAC = polycyclic aromatic compounds

370 PAC = PAC measured at 370 nm ermssion wavelength

400 PAC = PAC measured at 400 nm epission wavelength

Total PAC = sum of 370 and 400 nm PAC concentrations

mg/m’lb = milligrams per cubic meter of air per pound of asphalt used
pg/m’lb = micrograms per cubic meter of air per pound of asphalt used
m = nanometers

DISCUSSION

Only TruLo™ low fuming reofing asphalt was used during this survey, therefore, compansons between
conventtonal and low fuming asphalt exposure results were not passible Comparmg these results to data
collected at a previously surveyed roofing site, the Toledo Correctional Institute, where low furming asphalt
was also uscd, the results were very similar  The kettle operator (GP-01} at the Toledo roofing site had
mean NTP TP, BSF, and total PAC concentrations of 1 30 mg/m?, 0 21 mg/m’, and 61 pg/m’, respectively
The kettle operator (IP-01} for this site had mean NTP TP, BSF, and total PAC concentrztions of 0 54
mg/m’, 0 34 mg/m’, 66 pg/m’, respectively Aside from the mean NTP TP results, the results for the two
kettle operators were very simmlar  The area air sample resulis for the samples collected around the kettle at
the Toledo site when low fuming asphalt was used for mean NTP TP, BSF, and total PAC were 0 43 mg/m’,
0 37 mg/m?, and 42 pg/m®, respectively The arca sample results for the samples collected around the ketile
at thus site for mean NTP TP, BSF, and total PAC were 0 30 mg/m’, 0 22 mg/m®, and 34 pg/m?,
respectively Companng samples collected around the kettle from the two sites showed very similar results
for mean NTP TP, BSF, and total PAC The mean NTP TP, BSF, and total PAC concentration results for
the roof level workers al the Toledo site when low furming asphalt was used were 0 38 mg/m’, § 23 mgm?,
and 51 pg/m’, respectively The mean NTP TP, BSF, and total PAC concentration results for the roof level
workers at this site were 0 72 mg/m®, 0 54 mg/m’, and 98 pg/m?, respectively The resuits for the roof level
workers at this site were all higher 1n concentration than those from the Toledo site
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CONCLUSIONS

During this survey, samples were collected for four days durmg which low fuming asphalt was used Although
1t was not possible to compare these results with those for conventional asphalt at this stte, the sample results
indicate that the exposures when low fuming asphalt was used are very sumilar to those measured at 2
previously surveyed roofing site where low fumimng asphalt was used ¥
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