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SUMMARY

On Seplember 11 through 13, 2001, two ficld surveys were conducted at sites where built up
asphalt roofs were bemnyg installed  One survey was conducted at Tampa Bay Technical Figh
School in Tanipa, Florida where cap sheet was bemg installed on top of a recently installed bmlt
up asphalt roof The other survey was conducted at West Park Village at West Chast in Tampa,
Flonda, a construction sitc where a built up asphalt roof was being mstalled on a new
apartment/busincss bulding The surveys were conducied Lo evaluate the elfectiveness of an
afterburner system with a safety loading door on an asphalt kettle to reduce worker exposure to
agphalt fumes The kettle used at the Tampa Bay Technical High School was cquipped with an
afterbumer svstem and safety loading door, and all of the asphall was added through the safety
loading door The kettle used at the West Park Village was not equipped with any engineering
conlrols to reduce asphalt fame emission, and the kettle lid remamed open the entire work day

Personal breathing zone and arca aw samples werc collected and analyzed for total partculaic
{TP), benzene solublc fraction (BSE) of the TP, and total polycyclic aromalic compounds (PAC)
These three analyses were chosen to represent mdices of exposure to asphalt tumes  Air samples
were collected on the kettie operator and two roof level workers, area air samples were collected
around the four comers of the keitle

The kettle aperator’s exposures at the Tampa Bay Technical High School to TP, BSF, and total
PAC were all less than the exposures measured for the kettle operator at West Park Village The
percent differences between the two kettle operators’ exposures to TP, BSF, and toial PAC were
94%, 97%, and 91%, respectively Percent differences of 97%, 98%, and 98% in TP, BSF, and
total PAC were measured for the area air samples collected around the two kettles  For the roofl
level workers, exposures 1o TP, BSF, and totul PAC were 28%, 10%, and 48% higher for the
workers at the Tampa Bay Techmcal High School when compared to the workers at the West
Park Village The percent differences in exposures for the kettle operators and the area aur
samples collected around the kettle were all statistically significant (p <0 03)

The asphali [ume concentrations measurcd for the kettle operator and the arca samples collected
around the kettle were all significantly lower at the site where the control was 1n use than at the
site wath no control  The major hmitation on these findings 1s that the comparison was made
between different sites using two different types of kettles  The differences i exposures seen
hetween the two sites for the kettle operators and the area air samples collected around the kettle
were not seen when comparing the roof level workers TExposures were higher for the roof level
workers at the Tampa Bay Technical High Schoeol
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INTRODUCTION

The National Institute for Occupational Safety and Health (NIQSH), a federal agency located 1n
the Centers for Discasc Control and Prevention (CDC) undcr the Depariment of Health and
Human Services, was established by the Occupational Safely and Health Act of 1970 Tius
legislation mandated NIOSH to conduct rescarch and education pragrams separate from the
standard setting and enforecment functions conducted by the Occupational Safety and Health
Admnistration (OSHA) 1n the Depariment of Labor  An importlant area of NIOSH research
deals with methods for contrelling occupational exposure to potential biological, chermical, and
physical hazards

Thc Engimeenng and Physical Hazards Branch (EPHB) of the Division of Applicd Research and
Technolopy has been given the lead withun NIOSH to study the engineering aspects relevant to
the control of hazards in the workplace Swnce 1976, EPHB has assessed conteal technology
found within selected 1industries or used for common mmdustral processes EPHB has alsa
designed new control sysiems where current indusiry 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 ventilanon) that mimmzed the nisk of potential health hazards and
crcated an awarencess of the usefulness and availability of cifective hazard control measures

One industry 1dentified for EPHB controt studses 1s asphalt roofing  Epidermiologic studics of
reofers have demonstrated an excess of lung, bladder, renal, brain, hiver, and digestive systetn
cancers among roofers or other occupations with the potential for exposure to asphalt ¢ It1s
unclear to what extent these findings may be attrtbutable to asphalt fume exposure Roofcrs in
the past have also boen cxposed to coal tar and asbestos which are known carcinogens

Based on the epidermuoclogical data, researchers from EPHB developed a project 1o gvaluate
engineering controls in the asphalt roofing tndustry Due to the high asphalt temperatures used m
the roofing process, roofing kettle operators may be at higher risk of asphalt fume exposure than
workers m any other industry or trade where asphalt 1s used This project evaluates existing
cngmeenng controls {or asphall fume exposures 10 roofing kettle operators and, 1f necessary,
redesigns thase controls to reduce operator exposure In 1999, an estimated 50,000 roofing
wotkers were exposed 1o asphalt fumes 1n the Umted States  Only 10% of those workers were
covered under a collective bargaiming agreement These workers were employed primarily by
small contractors who generally lack detaited occupational safety and health programs ar a
designated occupational safety and health expert - about 90% of roofing contractors have fewer
than 20 employees '’ Studying ways to reduce exposure to thesc construction workers addresses
the Healthy People 2000 Objectives, the NIOSH Natienal Occupational Research Agenda
(NORAY), and OSHA priorities '8

Kecttle operalors are responsible for mamntaimng the appropnate supply of hot asphalt at the
corvect lemperature for applicaiion on the rool during construction of buili-up roofs (BUR)
BURs are layers or plics of fiberglass felt scaled together with hot asphalt The layers provide



protection aganst moisture penetration and, combined with the asphalt's ability to scal itself,
makes BUR an excellent watcrproefing system *' Roofing kettles are steel contamners used 1o
heat and store hot asphalt until needed for apphication on the raef  They vary i size from 150 to
1500 gallons They are equipped with 2 positive displacement pump, powered by a gasoline
engine, which recirculates the hot asphalt 1 the kettle and transfers the hot asphalt, via a “hot
pipe,” to the rool Roofing keitles arc normally cquipped with one or two propine fired burners
for healing the asphalt The propane burners exhaust inlo fire-lubes which are submerged 1n the
asphaht within the kettle These tubes direct the hot combustion gases through one or two passes
running the length of the kettle, transfernng heat energy to the asphalt before being released to
the atmosphere The asphalt temperature 1s controlled by throtthng the propane supply to the
bumer(s) The throttle valve 15 manually operated by the kettle operator or hydrauhcally actuated
via a thermostat  The ketile 1s usually located at ground level dunng the roofing operation

When additional asphalt 1s needed by the workers on the roof, hot asphalt 15 pumped from the
ketile through the hot pipc to the roof level for application  Activation of the pump may be donc
manually by the kettle operator or remotely from the roof by a pull rope attached to the ketile
The recircutatingiransfer pump 1s normally operated only during the transfer of hot asphalt to the
roof

Roofing asphalt may be delivered o the work site 1 sohd kegs or in tanker trucks  When tanker
trucks arg used, a roofing kettle may not be necessary unless additional heating s required The
more traditional method 1s to deliver the asphait in solid, paper-wrapped kegs which wergh
approxymately 100 pounds Durning loading, the kettle operator must remove the paper wrapping
and chop the sohd asphalt keg into smaller, more manageable preces These pieces are manually
loaded 1nto the kettle through a raised kettle Iid or, when available, through a "post office” type
safety loading deor designed (o reduce workcer exposure to asphall fumes and prevent the
operalor from being splashed with hot asphalt In addiuen te loading asphalt, the kettle operator
periodicalty opens the hd to remove impurities which tend to accumulate on the surface of the
hot asphalt, this 18 called skimming

The equiviscous lemperature (EVT) 15 the application temperature (EVT vanes each production
batch) at which optimum wetting and adhesive qualities of the roofing asphalt 1s oblained The
asphalt temperature m the kettle 1s maintained somewhat higher than the EVT of the asphalt
The actual mainienance temperature of the kettle will vary according to outdoor temperature,
length of hot pipe, asphalt usage rate, pump [ow rate, and typc of recerving vessels on the roof
Table 1 shows the EVT and other thermal properties for four types of asphalt  The flashpont
(FP) 1s the temperature at which the asphalt may burst into flame The maximum heating
temperature 15 25°F less than the FP and should never be exceaded The type of asphalt used in
an application 1s deternuned by, among other things, the slope of the roof being built



Table 1 Thermal Propertes of Varions Types of Asphalt
Maxmu
Heating Flash-pomt EVT
Type Number | Kind of Asphalt | Temperature (°F) | Temperulure (°F) | £25 (°F)

Typel Dread Level 473 525 375
Type 11 Flat 500 350 400
Type HI Steep 525 575 425
Type IV Special 325 575 425

HEALTH EFFECTS/CCCUPATIONAL EXPOSURE CRITERIA

There are three primary scurces used 1n the Umted States for environmental evaluation criteria
NIOSH Recommended Exposure Limists (RELs), the Amcencan Confercnce of Governmental
Indusinal Hygemsis {ACGII) Threshold Limat Values {TLVs), and the U S Department of
Labor OSHA Permissible Exposure Limits (PELs) OQSHA has specific PELs for regulating the
construction industry © The OSHA PELs arc the only legally enforceable exposure enterta
among those hsted, and durng their development, OSHA must consider the feasibility of
controlling exposures 1 addition to the related health effects  In contrast, NIOSH RELSs are
based primanly on goncerns relaliny to health effects The ACGIH TL.Vs refer 10 wirborne
conceniralions of substances and represent conditions under which it 15 belicved that nearly all
workers may be exposed, day aller day, without adverse health effects The ACGIH 15 a private
professional society and states that the TLVs are only gwdehines

In a 1988 rule on arr contamnants, OSHA proposed a PEL of 3 mg/m’ as an 8-hr imo-weighted
average { TWA) for asphalt fumes exposure 1n general industry This proposat was based on a
prelunmary finding that asphalt fumes should be considered a potential carcinogen = In 1989,
OSHA announcced that 1t would delay a final decision on the 1988 proposal because of complex
and conflicting 1ssucs submutted to the record ¥ Tn 1992, OSHA published another proposed rule
for asphalt fumes that mdicated a PEL of 5 mg/m’ (tolal particulate) for general industry,
construction, maritime, and agriculture > Although OSHA mvited comments on all of the
alternatives, 1ts proposcd standard for asphalt fumes would establish a PEL of 5 mg/m’ (total
particulate) bascd on avordunce of adversc respiratory effects  The OSHA docket 1s closed, and
OSHA bas not scheduled any further action

in 1977, NIOSH estabhished an REL of 3 0 mg/m” {total paruculare) measured as a 15-minute
ceiling lumit for asphalt fumes o protect agamst imtation of the serous membranc of the
comjunctiva and the mucous membrane of the resprratory tract  In 1988, NIOSH (1n testimony to
the Department of Labor) recamumended that, based on the OSHA cancer policy,™ asphalt fumes
should be considered a potential occupational carcinogen © This recommendation was based on



mformation presented in the Niemerer ot al study ® This NIOSH conclusion 1s based on the
collective evidence found 1n avadable health effects and exposure data '

The current ACGIH TLV for asphalt fumes 1s an 8-hr TWA-TLV of 0 5 mg/m® as benzene-
cxiractable mmhalable particulate (or equivalent method) with en A4 designation, mdicating that it
15 not classifiable as a human carcinogen =

Asphalt fumes have been reported to cause irritation of the mucous membranes of the eyes, nose,
and respiratory tract * While other svmptoms such as coughing and headaches were reported
recently, there was no stahistical associatzon with asphalt fume exposure 32 pesulis from
experimental studies with amimals®™ **** indicate that roofing asphalt fume condensates
generated in the laboratory and applied dermally cause benign and malignant skin tumoers mn
several strains of mice  Duflerences in chenmceal composition and physical charactenstics have
been noted between roofing asphalt fumes collected in the field and those generated m the
laboratary ** However, the significance of these differences m ascribing health effects to humans
15 unknown Furthermore, no published data exist that examine the carcinogenic potential of
fickd-generated roofing asphalt fumes m ammals Since the health nsks from asphalt exposure
are nol yel fully defined, NIOSH, labor, and industry are working ogether to better charactenze
these risks while continuing their effort to reduce worker exposures to asphalt fumes

In the roofing industry, exposure to asphalt fames and other related exposures 1s well
documented and studies still continue  Several studies have 1deniified increased polycyclic
aromatic compounds (PACs) exposure to the kettle operators versus other categones of roofers
Dug to the naturc eof the kettle operator's job, this appears to be an obvious conclusion, however,
few controls have been utilized to numimize these exposures
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STUDY BACKGROUND

Two surveys were conducted September 11 through 13, 2001 One was at Tampa Bay Techmcal
High School where a two ply BUR was being applied on an existmg roof  The second was at
West Park Village at West Chast where a three ply BUR was being apphed to a new apartment
and business building that was under construction The engineering contrel used at the high
school was a Reeves afterbumer system, no engineering controls were nsed at the new apartment
and business buildmg construction site  Other existing engimeenng controls for this industry will
be evaluated dunng subsequent surveys A final report will summanze the engineering controls
evaluated from all of the surveys

SITE DESCRIPTION AND WORK ACTIVITY

Twao sites were surveyed at the same fune for threc days  One site was at a igh school, Tampa
Bay Techmical High School, where a muneral fiberglass cap sheel was being added to a newly
repiaced BUR  The kettle used at this site was a 650 gallon Reeves kettle with an
afterbumer/safcty loading door system The afterburner was tn operation the enfirc time and all



the asphall added to the keitie was added using the safety loading door for the three days
sampled The other site surveyed was at a new construction site A three ply BUR was bemg
installed on a new apartment/business building, West Park Village at West Chase The kettle
used at thus sitc was a 400 gallon Blackwcll kettle which had no cngincenng controls and was
operated each day with the lid open  The amount of asphalt used each day at each site 18 shown
m Table 2

Table 2 Amoutif of Asphalt Used Each Tray
Tarrpa Bay West Park
l'ech ELS Village
Date {pounds) (pounds})
09711401 SO0 600
a9/12/G1 1420 400
0%9/13/01 40} 500

The rocfers al the Tampa Bay Technical tugh school site began work at 8 00 am each day At
that time, the kettle operator loaded asphalt into 2 650 gallon keltle manafacturcd by Reeves and
equipped with two afterbumers, and hit the propanc burners ta bring the asphalt up ta the correct
lemperature  All asphalt added to the kettle was added through the safety loading door  The high
school was made up of multiple wings  The kettle was located at ground level in front of the
wing where the cap sheet was being installed During the three days that the survey was
conducted, the roofers worked on wings installing the cap sheet where 2-ply of asphalt and felt
had been apphied to msulation board

The roofer at the West Park Village site aiso bepgan worker at 8 00 am each day At that ime, the
kettle opcrator loaded asphalt 1nto a 400 gallon kettle manufactured by Blackwell and lit the
propane burners to bring the asphalt up o the comrect iemperature  The Blackwell kettle had no
engineering controls on 1t, and the kettle Iid remained apen during cperatton  The West Park
Village apartment/business building was four stories  The kettle was located at ground level in
the back of the buiiding 1n a parking Iot  During the three davs that the survey was conducted,
the roofers applied two plies of asphalt and felt on top of insulation beard followed by a mineral
fiberglass cap sheet



EVALUATICN METHODS

In order to develop uscful and prachical recommendations, the abihity of the engineerng control
measure 1o reduce worker exposure to air contaminants must be documented and evaluated
Where practical, this was accomplished by evaluating workers' exposure to asphalt fume
particulate and PACs both with and without the aftcrbumer operating and the safcty loading
kettle hd open und closcd Personal breathing zone and area air samiples were collected and
analyzed for total particulate {TP}, benzene soluble fraction {BSF) of the total particulate using
NIOSH Manual of Analythical Methods (NMAM) Method 5042, and NMAM Method 5800 for
PACs *® The temperature of the hot asphait was recorded penodically with an electronic
thermocouple and eompared to the temperature gauge permanently mounted on the kettle

Air Sampling

The personul breathing zone and area air sampling consisted of two sampling trains per worker or
area One sampling tram was used to collect TP and BSF and the other train was used to collect
total PACs Both sampling trains' air sampling pumps were calibrated to a flow ratc of 2 hiters
por mmute (Lpm)  Personal breathing zonc awr samples were collected on the kettle operator 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 in tripods and the sampling media
was positioned to breathing zone height (approximately 60 inches above the ground)

Kettle Temperature

The kettle was equipped with a permanently mounted temperature gauge This gauge reading 1s
used by the kettle operator to momitor and mamtamn hot asphalt above the EVT The mounted
gauge cahbration was checked agamst a Tegam Model 821 microprocessor thenmometer using a
K-type thermocouple

Summarized 1n Table 3A for the three days of sampling at the Tampa Bay Technical High School
are the mean keitle temperature measurcments along with the mean kettle gange temperature
measurements  Table 3B summanzes the same information for the West Park Village aite



Table 3A Summary of Kettle Temperature Data
Tampa Bay Techmeal Hugh Scheol

Mean Mimmum Maximum Mean Gauge
MNumber Kettle Kettle Kettle Keitle
of Temperatire Tempcrature Temperature Temperalure
Daie Measurements ("I {°F) {°F) {°F)
09/11/2001 2 553 332 374 33
049:12/2001 2 495 443 346 560
1372001 0 —- — -—- 548
Table 3B Summmary of Kettle Temperature Data
West Park Village at West Chase
Mlean AMmimum Maxmum Mean Gange
Number Keitle Kettle Kellle Keiile
uf Temperature Temperature Temperature | Temperature
Date Measuremeants {"F) ("F) {"F) {("F)
09/11/2001 1 400 40 400 426
0%/12/2001 10 33 403 563 404
0/13/2001 12 365 507 612 437
Statistical Evaluation

Personal breathing zone and arca air sample data for TP, BSF, and lotal PAC wcre statistically
cotupared under two conditions afterburners on, the kettle hid closed {Tampa Bay Techmcal
High School} and no afterburners, kettle lid open (West Park Village at West Chase} Student's
t-lest was used  Staustical compansoens werc aiso complceted for the personal breathing zone and
area air samphng data adjusted to normal temperature and pressure (NTP)
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RESULTS
Kettie Operater Personal Breathing Zone Sample Results

Personal breathing zone air samples were collected on the kettle operator at the high school site
and at the West Park Village site and analyzed for TP, BSF, and total PAC  Samiples were
collected for three days, and the results arc iisted in Table 4A for the Tampa Bay Technical high
school site and 1 Table 4B for the West Park Village site and summarized in Table § Thuring
the three days of sampling al the high school, the kettle lid equipped with two alterburners and
safety loading doors was operated with the afterburner on and kettle hd closed nsing the safcty
loading doors to add asphalt to the kettle  During the three days of sampling al the West Park
Village building, the kettle lid was open the entire day of work

Table 4A Kettle Operator Exposure Cencenirations
Tampa Bay Technmical High School
370 400 Total
Sample e BSE PAC PAC PAC
Sample Tumne Conc Conc Cone Cong Cone Kettle
Dale {rmn ) (mgv'rnj) (mg/m™) | (Lo | (m pm™ | (pg/m’) Conditions

19/11/2001 02 26 G22 na ha i allerburner on, Ind elosed
9122001 508 24 G035 160 195 120 allerburmer on, Ld (losed
09/13/2001 356 018 003 393 169 562 afterburner on, Iid closed

Far all tables

TP = total particulate

BSF = benzene soluble feaction of TP

PAC = polyecyche aromutic 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 am PAC concentrations
mg:’ms = mulhigrams per cubic meter of aw

;.;g.’m3 = nuerograms per cobic meter of arr

1L = nanemeters

nz = ngt avallable




Table 4B Keitle Opcrator Exposure Concentralions
West Park Village at West Chase
370 400 Tatal
Sample TP BSF PAC PAC PAC
Sample Tiume Conc Cong Conc Cone Cong Ketile
Date {rmn ) (mgfm.x) (mz/m”) | (xg/m’) {(ug/m?) {apm) Condilions
0971172041 4438 410 430 209 374 146 no afterbuencr, hd open
09/12/2001 305 208 189 209 353 244 no afterburner, Iid open
00/13/2001 L7 531 560 615 122 737 ne atterburner, Iid open
Table 5 Summary of the Kettle Operators’ Exposore Results
Tampa Bay Techmcal High School
and
Woest Park Village at West Chase
Mean Concentration % Dufference
afterburner on/lid closed
afterburner on/hd closed | no afterburner’ bd open va
Exposure Analyte no alletbumer/ Iwd open

TP (mg/m’) 023 383 241

BSF (mim®) 010 393 97 5

Total PAC (gg/m’) M1 409 j 917

Area Air Sample Resuits far Samples Collected Around the Kettle

Area air samples were collected at the four corners ol the asphalt roofing kettle at breathing zone
height at both the hugh school and at the office building sitcs Samples were collecled and
analyzed for TP, BSF, and PAC Durnng the three days of sampling, the arga air samples were
collected at the high school with the afterburner on and the kettle lid closed At the West Park
Village site there was no engineering control, and the kettle Iid was left open throughout the

work day The results for the samples collected at the high school are shown in Table 6A and [or

the West Park Village sile in Table 6B These results arc summanzed m Table 7



Table 6A Arca Aar Sample Concentration Results Colleeted Around the Ketde
Tampa Bay Technical High School

Sample i 4G0 Taral
Location Sanmple TP BST PAC PAC PAC
Sample Around Tune Cone Cone Cone Cone_ Conc Kettle
Date Ketile (mm) | (mgm" | (mgm?) | (ugm® | (u 5 (gl m’) Conditions
09/11;200) | WE comer 492 <0 04 00l 105 07 1735 afterburner on, hd closed
091172001 | NW corner 4494 00} ol e o071 378 afterburner on, lid closed
00/11/2001 | SE comer 278 n22 028 147 114 129 afterburner on, hid closed
09112001 | 8W corner s02 039 063 na il na afterburner on, hd closed
00/12/2001 | NE comer 474 011 <1 {6 335 077 432 afterburmer on, hid closed
0X12/2001 | NW corner 483 014 005 251 166 10 2 aflterburner on, hd closed
0 12/2001 | SE corner 481 001 = 06 015 052 0 a7 alterburner on. hd closed
004122001 | 8W comer 47% 0407 <3 06 na na na afterburner on, hd clesed
02132001 | WE comer 354 0l4 na 197 4 37 241 afterburner on, hd closed
09132001 | XW corner 3s3 004 <0 07 114 268 141 afterburner on, Iid closed
06/13/2001 ¢ SE comer 354 <0 06 <0 07 663 212 877 afterburner on, Lid closed
097132000 | SW comer 166 014 <0 7 251 627 314 afterburner on, Iid cloged
Table 6B Aren Air Sample Concentration Results Collected Around the Kettle
West Park Village at West Chase
Sample 370 400 Total
Locaton | Samplc ™ BSF PAC PAC PAC
Sample Around Time Conc Conc Cone Conc. Cone Kettle
Date Kettle (mm) | (mg/m”) | (mgm®) | (ug/m®) | (wemnd) (ig/m’) Conditinns

09/11/2001 | NE comer 491 751 8§30 1177 212 1389 no allerbumner, Iid open
0911172001 | NW corner | 492 423 482 223 417 263 no afterbucacr, hd apen
09/1172001 | SE comer 494 506 5125 525 875 12 no afterbumer, id open
09/11/2001 | SW corner 493 412 4 50 417 725 490 noe afterburner, id open
09,12/200!1 | NE corney 351 33 36l 342 613 404 o afterhbumner, hd open
09/12/2001 | NW comer 348 369 395 137 231 160 no afterbummer, lid open
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Tahle 8B Area Aw Sample Concentration Results Collected Around the Kettlc
West Park Village at West Chase

Sample 370 400 Total
Location | Sample TP BSF PAC PAC PAC
Sample Around Tme Conc Conc Conc Cone Conc Kettle
Date Kettle (mn) | (mgfm) | (mgm) | (ugim’) | (ugm® | (egmt) Conditions
09/12/2001 | SE commer 240 202 240 227 569 384 ni afterburner, hid epen
012/2001 | SW comner 248 340 391 303 47 7 351 no afterburner, Iid npen
09/13/2001 | NE corner 3§35 I 68 163 194 383 231 no afterburner, hid open
09/13/2001 | N'W cormer 382 375 1699 na na na no afterburner, id open
091372001 | SE corner 148 135 13 8 na na fia n¢ afterbmmer, hid open
09/ 13/2001 | SW cormner i 290 313 399 715 461 no afterburner, lrd npen
Table 7 Summary of the Area Air Samples Coltected Around ihe Ketile
Tampa Bay Techmeal High School
and
West Park Village at West Chase
Mewn Conceniration "o hflerence
atterburner on/hid closed
afterburner on/lid closed | no afterburnet/ iid open vg
Exposure Analyte no afterburner/ 1id open

TP (mg/m’) {12 469 97 3

BSF {mp/m’) oy 491 979

Total PAC {jig/m) 113 475 976
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Roof Level Worker Personal Breathing Zone Sample Results

Personal breathing zone air samples were collected on the roof level workers at both the Tampa
Bay Techmeal High School and West Park Village Two workers at both sites, one who was
mopping and one lugging asphal, were sampled for TP, BSF, and total PAC for three days
During the three days of sampling at the high achool, the kettle equipped with two aftcrburners
and safety loading doors was used with the afterbumers on and kettle hd ¢losed These sample
resulis are shown in Table 8A and summanzed in Table 9 Dunng the three days of sampling al
West ark Village site, no engineering controls were nsed, and the kettle hd was kept open
during the entirec work shift  Thesc sample resulls are shown in Table 8B and summanzed in
Table 9

Table 8A Roof-Level Workers' Exposure Concentrabions
Tampa Bav Techmcal High S¢hool

370 400 Total
Worker | Sample TP BSI PAC PAC PAC
Sample D Tie Cong Cene Cone Conc Conc Kettle
Date Number | (mun) | (mgm™ | (mg/m®) | (ugm’ | (eg/m) {up/m™) Cendiuons

091142001 | MP-G2 434 J 6o 057 na fa oit afterburner on, Gd closed
091242001 | MP-02 7 0738 030 567 B g2 65 G afterbuener on, hid closed
051372001 | MP-02 208 <010 <011 677 126 B0 3 afterburner on, Iid closed
0%/ 11:2000 | MP-Q3 440 037 {136 62 8 121 T4 9 afterbumer on, Ld closed
09/12/2001 | MP-03 3le 0388 03g2 i14 211 133 afterbomer on, hd closed
09132001 | MI-03 200 035 017 481 914 372 afterbumer on, hd closed
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Table BB. Roof-Leve} Workers® PAC Exposure Concentrations
West Fark Villape at West Chase

170 400 Total
Worker | Sample TP BSF PAC PAC PAC Eettle
Sample m Tine Conc Conc Conc Cone Cooc Conditions
Date Number | {mmn'} (mg-‘m]) (mgfm}) (ug;’mj) ( ,ug."ma) [p,gfma}
091172001 | MP-05 414 077 085 B& 7 148 104 no uflerburner, hd open
09122001 | MP-05 288 =<} 07 <} OR 230 384 269 no afterburnet, lid open
N9/13/2001 | MP-05 169 043 038 421 215 303 no afterbumer, id open
09/11/2005 | MP-08 407 =004 <) 06 na na na 10 afterbumer, hd open
08/12/2001 | MP-06 317 024 040 258 435 iz no afterburmer, Iid open
0013/2001 | MPp-0s 377 055 051 356 au3 653 no afterburmer, id open

Table @ Swnmary of the Roof level Workers” Exposure Results
Tampa Bay Technical High School
and
‘West Park Village at West Chase

% Difference

aftechurner on/lid ¢losed
no afterburner/ hd open Vs

Mean Concentration

afterburner on'lid elosed

Exposure Analyte nn afterburner’ lid apen

TP (my/m’) 045 034 338
BSF (mg/m’") 041 037 923
Total PAC (pg/m") B2 6 553 -494

Statistical Analysis of the Effectiveness of Using an Afterburner System with a Safsty Loading Door
to Reduce Worker and Arsa Air Exposures to Asphalt Fumes

Statistical analyscs were canducted on the air sampling data to determine the effectivencss of
reductng worker exposure to asphalt fumes by usig an afterburner system with a safety loading
door A summarty of these analyses 15 shown i Table 10 Campansons were made between air
samplc results for TP, BSF, and total PAC at a site with a kettle with no afierburner/safety
loading door system and the ketlle hd open 10 a site with an afterburner/safety loading door
system with the afterburner on and the kettle hd closed Compansons were made for the
following groups  the ketile operator, the four area air samples callected around the asphalt

13




kettle, and the roof-lcvel workers Included in Table [0 are percent reductions 1n exposure to the
mean TP, BSF, and total FPAC concenirations, p-values, t-values, and critical t-values al 95%

confidence

Using t distnbution, reductions 1n exposures were lested to determune 11 they were statistically

sigmficant at %5% confidence

‘I'able 10. Summary of Staastieal Analyses

Percent Cntical 1
Afterburner’ Ihiference at
Kettle hd mn 95%
Companson Group/'Analyte Condition Exposure | p-value | t-value | cenfidence

Kettle Operator/TP on/lid closed vs offfopen 941 0 00% 385 213
Ketile Operator/BSF onlid closed vs oft‘open 975 012 153 213
Ketle Operator/Total PAC on/hd closed va off'open 017 0038 177 235
Area Samples Around Kettle/TP on/hd closed va aoffiopen 97 3 000004 | 484 172
Ared Sumples Around Kettle/BST o'l closed vs offfopen 979 Q00008 | 465 172
Arez Samples Around Kettle/Total PAC on/lid closed vs offfopen 9T 6 0 0002 422 173
Roof-Level Workers/TP ot'lid closed vs offfopen -33 8 0266 -0 a5 1 8t
Roof-Level Workers/BSF on/lid closed vs offfopen 023 0419 021 181
Roul-Level Workers/Total PAC on'lid clesed vs offfopen -49 4 Q010 -1 40 186

Bold = statistically significant reduction at 95% confidence level.

Comparison of Results After Adjusting Exposure Cencentrations to Normal

Temperature and Pressure

Nermal temperature and pressure (NTP)Y are 77°F (25°F) and 29 92 in Hg (760 mmHg) The

ambient air {emperature and pressure measurement for the {wo days ol samphing at the hugh

school sile and apartment/business site are shown in Tables 11 A and 11B, respectively
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Table 114 Mean Ambient Air Temperainre and
Pressure Measurcments
Tampa Bay Techmeal High School
Mecan Mean
Number Ambient Air | Barometric

of Temperature Pressue

Date Mcasureinents {"F} {m Hg}
09/11/2001 11 B7 8 30400
059/12/2001 3 887 2095
094132001 ] T75 20 34

Table 11B Mean Ambient Air Temperature and
Pressure Measurements
West Park Village at West Chase
Meun DMean
Number Ambient Air | Barometric

of Temperature | Pressure

Date Measurcments (°F) (xn He)
09/11/2001 16 873 2996
(1/12/2001 11 833 2996
06/13/2001 12 808 29 88

Using the temperalure and pressure measurements for the ime of the day the sample was
collected, the TP, BSF, and PAC exposure resulis were adjusied to NTP These data are shown
in Table 12A and B and summanzed in Table 13 for the kettle operators, Table 14A and B and
summanized in Table 15 for the area air samples collected around the kettles, and Table 16A and
B and summarnzed 1 Table 17 for the roof level workers By adjusting to NTP, data from
different sites can be more readily compared
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Tabic 12A Kettle Operator NTP Exposurce Concentrations

‘T'ampa Bay Technical High School

NTP

NTP NIP Tatal

TP BSF PAC

Sumple Conc Conc Cunc Kettle
Date (mgfm3] (mg/m™) {,'Ag,fnf} Conditions

0971 1/2001 D235 022 na aferburner on/lid closed
09/12/2001 023 005 114 aflerbumner on/lid closed
09/13/2001 018 (03 5640 afterborner pe/hid ¢losed

For all tables WTTP = nermal temperature {77°17) and pressure (29 U2 m Hg)

Table 12B Keitle Operator NTP Expasure Concentrations

Wost Park Village at West Chase

WNTP

NTP NT Total

gNE BSF PAC

Samplc Clone Cone Conc Kenle
Daie fmg/m®) | (mgm’) | (ug'm’) Conditions

0911/2001 36l 379 217 no afterburner/lid open
09/12/2001 192 174 224 no afterburner/hd open
05/13/2001 505 533 701 no afterburner/iid open

Table 13 Summary of the Kettle Operators’ NTP Exposura Results

amd

Tampa Bay Technical High Schaol

West Parh Village at West Chase

Mean Concentrangn

%o Dnfferance

Afterh con' | 6o afterburner/ aﬂerhumcr\:m’hd closed

Exposure Analyte l1d closed lid open no afierhurner/ lid open
NTP TP (mg/ma’ 022 353 937
NTP BSF {mg/m”) 01D 362 97 3
NTP Total PAC (pg/m’) 310 381 91 1
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Tablc 14A Area Arr Sample NTP Concentration Results Collected Around the Kettle

Tampa Bay Techmeal High School

NTP

Sample NTP NTT Total

Lecanon | Sample TP B&F PAC

Sample Around Tune Conc Cone Conc Ketile
Date Kente {mun) | (mgm’} | (mgot’y | (ugimd) Condihons

09:11:2001 | NF comer 402 <04 0ol 175 aflerburner on, Tid clesed
00112001 | NW corner 406 001 001 371 afterburner en. Iid closed
B9 172061 | SE comer 278 022 28 126 afterburmce o, Iid elosed
09/11/200¢1 | 3W cormer 502 058 062 Na afterburner on, Lid closed
09/12/2001 | NE comer 4709 011 <0 04 424 afterburner on, lid closed
09/122001 | N'W corner 483 014 005 GGy afterbumer on, hid closed
09/12/2001 | SE corner 481 Dol <0 04 063 afterburmer on, Iud closed
09202001 | SW corner 478 0a7 <) D4 Ma afterburner on, Id clased
09:13/2001 | NE comer 354 014 na 24 0 afterbumer on, 1id closed
09/12/2001 | N'W corper 353 004 =<0 07 141 aftcrburner on, Iid clased
09/13/2001 | SE corner 354 <0 Q6 <0 07 874 afterburner on, hd closed
094132001 | SW corner 166 na na 33 afterburner on, hid closed

17




Table 14B. Area Awr Sample N1 F Concentration Results Collected Around the Keitle
West Park Villape at West Chase

NTP

Sample WTP NTP Total

Location | Sample TP BSF PAC

Sample Atound Timne Conc Cone Conc Kettle
Date Ketile fmn ) | (mg/n?y | omg/m) | Guep/m®) Condrhons

05/11/2001 | NE comer 4%1 6 a2 732 1224 | no afterburner, hid open
09/11/20061 | NW cotncr 492 373 4 25 234 na aflerburnet, lid open
05/11/2001 | SE comer 494 4 44 463 530 no afterburner, hd open
09/11/2001 | SW corner 493 162 197 4312 no afterburmer, hid open
{8/32:2001 NE comer 351 A1n 33 N no afterbumer, Iidd vpen
09/12/2001 | N'W corner 348 340 3od 147 no afterbumer, l:d open
09/12/2001 | 8L comer 349 277 221 353 no afterbumer, lid apen
09/12/2001 | SW comer 148 312 323 323 no afterbumer, Lid open
09/13/2001 | NE corner 385 1 60 L 57 219 no afterhburncr, Iud open
D9/E372000 | NW corner 382 357 3RD na no afterburner, id open
(9/13/2001 | SE cormer 148 128 121 na no atterbumer, rd open
09/13/2001 | SW comer 391 275 297 439 no afterburner, hd open

Table 15 Summary of the Arca Air Samples Colleeted Arsund the Kettle

Tampa Bay Tcechmeal High School
amd
West Park Village at West Chase

Mean Concentrabhion

afterbummer o/

no afterburmer’

% Dhffcrence
afterbumer on/hd closed
e

Fxposure Analyte lid closed lid epen no afterburner! hd open
NTP TP (mg/m'’) D12 430 972
NTP BSF (mg/ir") 010 4 50 97 8
NTP Total PAC (sghm’) 111 428 97 5




Table 16A Roof-Level Worker NTP Exposure Concentrations
Tampa Bay Technieal Hizh Scheol

NTP
NTP MTP Total
Worker | Sample T BSF PAC
Sample D Tune Cone Conc Cong Ketlle
Date Number | (mun) | (mepim®y | (mgfod) | (egm®) Conditrons
09/11/200 | MP-G2 434 068 036 na afierbumer on/lid closed
0%/12/200 | MP-02 317 038 030 643 afterburner or/hd closed
0% 13/200 | M2 208 <0 07 <008 801 afterburner on'hd closed
09/11/200 | MP-03 440 637 036 736 | afterburncr on/lid closed
09/12/200 | MP-03 316 oE7 U 80 132 afterburner on/hd closed
09/13/200 | MP-03 206 35 037 571 afterburner on/ld clased
Table 168 Roof-1.evel Worker N1TT Exposurs Conceutrations
West Park Yillage at West Chase
NTP
NTF NTP Tolal
Worker | Sample TP BEF PAC
Sarmple D T Cone Cone Cone Kettle
Date Number [ (mm} | (mg/m") | (mg/ny | (ugm® Conditions
09117200 | MP-05 414 {68 075 912 no afterburner/hd open
09/12/200 | MP-05 288 <0 G7 006 247 no altechurner/lid open
09713200 | MP-035 369 041 036 47 & 1o afterburner/lid open
09117200 | MP-06 407 =} 04 <0 0f na ho afterburnerslid open
09/12/200 | MP-06 317 022 a7 277 ho afterburnec/lid open
09/13/200 | MP-06 377 053 g49 623 no afterburnerid open
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Table 17 Summary of the Roof level Workers’ NTP Exposure Results
Tampa Bay Technieal High School
and
Yest Park Village at West Chase
Mean Concentration % Infforence
aftectburner onhd closed
aflerbumer on/ | no afterburner/ ¥s$

Exposure Analyte lid clesed lid open no afterburner/ 1id apen

NTP TP {mg/mr’) 0 44 03] 431

NTP BSF {mgm’) 0 40 034 173

NTP Total PAC (eg/m™) B15 548 48 8

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 condueted on the NTP arr sampling data to determune the effectiveness
of reducing worker exposure to asphalt fumes by using an afterbumer system with a safcty
loading door A summary of these analyses 18 shown 1n Table 18 Comparisons were made
belween air sample results for NTP TP, BSF, and total PAC winle the aflerburners were off and
the kettle id was open and when the afterburner was on and the kettle lid was closed
Comparisons were made for the following groups the keitlc eperator, the four area awr samples
collected around the kettle, and the roof-level workers Included in Table 18 are percent
reductions 1n exposure to the mean NTP TP, BSF, and total PAC, p-values, (-values, and critical
t-values al 95% confidence

Usting t distribution, reductions in exposurcs were icsied Lo dotcrmine 1f they were statistically
sigmficant at 95% confidence The reductions measured for the kettle operator for TP and BSF
and all the area ar samples collected around the ketile were statistically signuficant  The PAC
reductions for the kettle operalor as well as all the reductions measured for the roof level workers
were not statistically significant at 95% confidence Adjusting the exposurc resulis to NTP did
not alter the sigmficance
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Table 18 Summary of Stahstical Analyses of the NTP Exposure Eesults

Percent Critieal
Afterburner! Difference tat
Comparisen Group/Analyle Ketile Lid n P- t- 85%
Condition Exposure value valge | confidence
Kenle Operator/NTE TP nonc/open vs on'closed .12 0 003 343 213
Kettle Operame/NTP BSF none/open vs on'closed 97 50 02 351 713
Kettle Operator/NTP Total PAC noue/open vs on'closed 91 62 0009 176 235
Area Samples Around Ketlle/NTP TP none/open v on/closed §735 | 00000s | 483 172
'l -
Area Sumples Around Kettle/N'TP HSE none/open vs on/closed 8793 000008 | 464 172
i : on'

Arca Samples Around Kertle/NTP Total PAC | T07¢/0pen vs on/closed 9777 00UDIL 1 454 173
Roof-Level Workers/NTE TR nonc/open vs on/closed -33 40 027 Hod 1 &1
Roof-Level Workers/N' TP BSE none/npen vs on'closed -5 95 D42 -0 20 181
Roof-Level Workers/NTP Total PAC noue/apen vs on/closed -3729 013 | -123 83

Bald = statistically sigmificant reduction at 95% confidence level,
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DISCUSSION

The ighest exposures 1o TP, BSF, and tolal PAC were measured on the ketile operator and area
ar samples collected around the kettle at the West Park Village construction site where there
were no afterburners and the kettle 1id was open  The kettle operator’s exposurcs at the Tampa
Bay Techmeal High School to TP, BSF, and total PAC werc all less than thosc measured for the
kettle aperator al the West Park Village sile  Percenl dilferences i exposures of 93 7%, 97 3%,
and 91 1% for TP, BSF, and total PAC, respectively, were measured between the kettle operator
at the Tampa Bay Technical High Schoel and the kettle operator at the West Park Village
canstruchon sile  All of the percent differences measured were statistically sigmficant al 95%
confidence Simularly, the mean exposure concentrations for the four area air samples callected
around the kettle had percent differences of 97 2%, 97 8%, and 99 4% 1n TP, BSF, and total PAC
cxposures when comparnng cxposures measured at the Tampa Bay Technical High School to the
exposures measured at the West Park Village construction stte These percent differences were
all statistically sigmificant at 95% confidence  Unhke the kettle operators and the area air
samples collected arcund the kettles, the TP, BSF, and total PAC exposures were somewhat
higher m the roof level workers at the Tampa Bay Technical High School than they were for the
roof level workers at West Park Village Mean TP, BSF and total PAC cxpesure for the roof
level workers at Tampa Bay Techmical High School were 0 45 mg/m?, 0 41 mg/m’, and 82 6
;Lgfm3, respectively Mean TP, BSF and total PAC exposure for the roof level workers at West
Park Village were 0 34 mg/mz, 037 mgfms, and 55 3 p.gfm‘g, respectively

When the exposure concentrations were adjusied to NTP the percent difference in exposures for
the Tampa Bay Technical High School site when compared to the West Park Village construction
site were all simitar  All percent differences that were stafistically significant in the measured
exposure concentrations remamed slabistically significant when the concentrations were adjusted
to NTP

CONCLUSIONS

Using an afterburner system with a safety loading door to add asphall {0 the kettle clearly reduces
exposure to asphalt fumes to the kettle operator  The kettle operator’s mean TP, BSF, and fotal
PAC exposures at the Tampa Bay Technical High School were all statically sigmificantly lower
than the ketile operator’s mean cxposurcs at the West Park Village construction site
Comparison of the area air samples collected at the lwo sites supporls the results seen for the
kettle operators  The exposure reductions were not seen when comparing the roof level workers
The mean TP, BSF, and total PAC exposure levels at both sites were similar and did not appear
1o be affected by the presence of the aflerburner system used at the Tampa Bay Techmcal High
School There are variables which could have affected the results that were not taken into
account Vanables such as the diffcrences between the two kettles and the amount of asphalt
used at the two sites may have aflected the oulcomes Beoause these factors were not taken into
account, drawing strong conclusions from these surveys 1s nol possible although the percent
differences between the keitle operators’ exposures were statistically significant
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