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SUMMARY

On Febrary 4, 5, 11, 12, 18, and 19, 2003, a field survey was conducted at a construction site
where a built up asphali roof was being install on Jo and George Marti Elementary School m
Clebume, Texas The school was a new school under consiruction The survey was conducted
to cvaluatle the cffecliveness of using an a{lerburner system with a safcty loading door firted ta an
asphalt kettle to reduce worker exposure 1o asphalt fumes

Personal breathing zonc and area air samples were collected and analyzed for total particulate
{TP), benvens soluble fraction (BSE) of the TP, and tatal polyeyche aromatic compounds (PAC)
These three analyses were chosen to represent mdices of exposure to asphall fumes Awr samples
were collected with the afterbumers on and kettle lid closed and the afterburner off and kettle hd
closed Air samples were collecied on the kettle operator, two roof level workers, and area air
sgmples collected around the four cormers of the ketule

Only the kettle operator’s exposure to TP was reduced (74%) when the afterburner was on and
the kettle d was closed when compared to when the afterbumer was off and the kettle lid was
opened Exposurcs to BSF and total PAC for the kettle operator mncreascd 17% and 21% for BSF
and total PAC when the afierburner was on and the kettle [id was closcd when comparcd 1o when
the afterburner was off and the kegtle hid was opened Reductions of 74%, 84%, and 81% in TP,
BSF, and total PAC were measured for the area air samples collected around the kettle when the
aftethurner was on and the ketile hd was closed when compared to when the afterbarner was off
and the kettle Lid was closed For the roof level workers, exposures to TP, BSF, and total PAC
mcereased 275%, 287%, and 142%, respecuively, when the afterburner was on and the kettle hd
was ¢losed when compared 1o when the afierbumncer was off and the kettle id was closed None
of the reductions measured were statistically significant (p< 0 05)

Although the rcsults generally did not show a statistically significant reduction m exposure to
asphalt fuomes, a 74% reduction in TP was mcasurcd for the kettle operator  This indicates that
the afterburner did have some impact en operator exposure  The kettle opcrator’s measured
exposures to BSF and total PAC were higher when the afterburners were on - Thus may mndicate
that the exhaust for the afterburner needs to be redirectzd so that it does not enter the operator’s
breathing zone The fact that reductions were seen 1n the area air sample results when the
afterburners were on also indicates thal a reduction m the kettle operator’s cxposures may
decrease with the afterburners on if the exhaust was redirected The mcrease i exposure for the
roof level workers when the afterburners were on would seem to mdicate that the afterburner has
Iiitle effect in reducing thewr exposurcs fo asphalt fumes

v



INTRODUCTION

The National Institute for Qccupational Safety and Health (INIOSH), a federal agency located in
the Centers for Disease Control and Prevention {CDC) under the Dopariment of Health and
Human Services, was ¢stablished by ihe Occupational Safety and Heallth Act of 1974 Thus
legislation mandated NIOSH o conduct research and education programs separate from the
standard sel{ing and enforcement functions conducted by the Occupational Safety and Health
Administration (OSHA) m the Department of Labor  An mmportant arca of NIOSH research
deals with methods for controlling occupational exposure (o potential hiologmeal, chermical, and
physical hazards

The Engineenng and Physical Hazards Branch (EPHBY} of the [1vision of Apphed Rescarch and
Technology has been given the lead willun NIOSH to siudy the enginecrning aspects televant to
the control of harards w the workplace Since 1976, EPHB has assessed control technology
found within selected industries or used for common industrial processes EPHB has also
designed new conirol systems where current industry control technology was msufficient The
ohjcctive of these studics was to docwment and cvaluate effective control techmques (c g,
1so0lation or the use of local ventilation) that mummized the nsk of potential health hazards and
created an awareness of the usefulness and avaitabality aleffective hazard control measures

One industry 1dent1ficd for EPHB control studics 15 asphalt roofing  Epademiologic studies of
roofers have demonstrated an excess of lung, bladder, renal, bram, liver, and digestive system

cancers among roofers or olher occupations with the potential for exposure to asphalt ™% It 1s
unclear to whal cxtent thesc findings may be attnibutablc to usphalt fume exposurc  Roofers in
the past have also been exposed 1o coal tar and asbestos which are known carcinogens

As aresult of the epidemiclogieal data, researchers from EPHB developed a project to evaluate
engmeerng controls in the asphall roofing mdusiry  Due to the hugh asphalt temperatares used 1n
the roofing process, roofing kettle operators may be at higher nsk of asphalt fume exposure than
workers 1n any other industry or trade  Thus project evalnates exasting engineering contrels for
asphall fumc exposurcs 1o roofing kettle operators and, 1f necessary, redesigms those controls to
reduce operator exposure  In 1999, an estimated 50,000 roofing workers werc exposcd to asphalt
furnes m the Umted States  Only 10% of those workers were covered under a collective
bargainmg agreement These workers were employed primarily by small contractors who
gencrally lack detailed occupational safety and health programs or a designated oceupational
safety and health cxpert - about 90% of roofing contractors have fower than 20 employees '
Studying ways to reduce exposurc to lhese consiruction workers addresscs the Healthy People
2000 Oy c?;:glﬁvcs, the NIOSH Wationat Occupational Research Agenda (NORA), and OSHA
prioritics

While this project concerns 1tself primarily with ike reduction of asphalt fume exposure to kettle
operalors, parallel studies 1n cooperation with the EPHEB study provide an in-depth examination
of asphalt fume exposures to workers on the roof dunng hot asphalt apphcation There are three



NIOSH stuches examiming engimeenng controls, blood and urne moemarkers, and medical effects
due to asphall fume exposure and a Harvard University study examining unne biomarkers and
PAC/Pyrene exposure

Ketile operators are responsible for mamtaming the appropnate supply of hot asphalt at the
corrgct temperature for apphication on the roof durning construction of built-up roofs (BUR)

BUR are layers or phies of fiberglass felt sealed together with hot asphalt  The laycrs provide
protection against moisture penciration and, combined with the asphalt’s ability to seal itsclf,
make BUR an exccllenl waterproofing system ©' Roofing kettles are steel containers used to heat
and store hot asphalt unil needed for apphication on the roof  They vary 1n size from 1350 to 1500
gallons They are equipped with a positive displacement pump, powered by a gasoline engine,
which recirenlates the hot asphalt 1n the kettle and transfers (he hot asphal(, via a “hot pipe,” to
the roef Roofing ketiles are normally equipped with one or two propane fired burners for
heaung the asphalt The propane burners exhaust into fire-tubes which are submerged 1n the
asphalt wilhin the kettle  Thesc tubes direet the hol combustion gases through one or two passes
runmng the length of the ketle, transferring heal energy to the asphalt before being released to
the atmosphere  The asphalt temperature 18 controlled by throttling the propane supply to the
burner(s) The throitle valve is manualiy operated by the kettle operator or hydrauheally actuated
v1a a thermostat The kettle 15 usually located at ground level dunng the roofing operation

When additional asphalt 1s needed by the workers on the roof, hot asphalt 1s pumpcd from the
kettle through the hol pipe 1o the roof lcvel for application  Activation of the pump may be done
manually by the kettle operator or remately from the roof by a pull rope attached to the kettle

The rceirculating/transfer pump 1s normally operated only during the transfer of hot asphalt ta the
roof

Roofing asphall may be delivercd to the work site in sohd kegs or in tanker trucks When tankcr
trucks arc vsed, a roofing keltle may not be necessary unless additonal heating 18 required  The
more traditional method 18 to deliver the asphalt in solid, paper-wrapped kegs which weigh
approximately 100 pounds Durning loading, the kcttle operator must remove the paper wrapping
and chop the solid asphalt keg into smaller, more manageable pieces  These pieces arc manually
loaded into the kettle through a raised kettle hd or, when available, through a “post office” type
safety loading door designed to redoce worker exposure to asphalt fumes and prevent the
operator from being splashed with hot asphalt  In addition to loading asphalt, the kettle operalor
penodically opens the lid to remove mpunties which tend to accumulate on the surface of the
hot asphalt, this1s called skinuning

The eqmviscous temperature (EVT) 15 the applicatvon temperature (EVT varies each production
batch) at which optimum wetting and adhesive qualrties of the roofing asphalt 15 obtained The
asphalt temperature 1n the kettle 1s maintamed somewhat higher than the EVT of the asphalt
The actual maintenance temperature of the kettle will vary according to curdoor temperature,
length of hot pipe, asphalt usage rate, pump flow rate, and type of recerving vessels on the roof
Table | shows the EVT and other thermal properties for four types of asphalt  The flashpoint
(FP) 15 the tcmperature at which the asphalt may buarst inte flame The maximum heating



temperature 1s 23 °F less than the FP and should never be exceeded The type of asphalt used 1n
an apphcatton 15 defermined by, among other things, the slopc of the roof bemng burlt

Table 1. Thermal Propertics of Varous Types of Asphalt
Max it
Heating Flash-point
Temperature | emperature EVT
Type Number ] King of Asphalt {*F) { “B) +25 °F

Type ! Tread Tevel 475 525 7S
Type Fla1 00 350 400
Type T Sicep 523 375 425
Type TV Special 525 575 425

HEALTH EFFECTSIOCCUPATIONAL EXPOSURE CRITERIA

There are three primary sources used 1n the Umted States for environimental evaluation cntena
NIOSH Recommended Exposure Limuls {RELs), the Amencan Conference of Governmental
Industral Hygienists { ACGIH) Threshold Limut Values (TLVs), and the U S Department of
Labor OSHA Pernussible Exposure Limits (PELs) (OSHA has specilic PELs for regulating the
comstruction industry ** The OSHA PELs are the only legally enforceable exposure criteria
amoeng those histed, and dunng their development, OSHA must consider the feasibility of
controlhing exposures in addinon to the related health effeets  In contrast, NIOSH RELs arc
hased primanly on concettis relating to health effects The ACGIH TLVs refer 1o airborne
concentrations of substances and represent conditions under winch it 1s believed that nearly all
workers may be cxposed, day after day, without adverse health effects The ACGIH 18 a prvate
prolessional society and states that the TLVs are only gmdchines

In a 1988 rule on air contanmnants, QOSHA propesed a PEL of 5 mg/m® as an 8-hr ime-weighted
average (TWA) for asphalt fumes exposure 1n gencral industry  This proposal was based on a
prehmmary finding that asphali fumes shou’d be conmdered a potenbal carcinogen ™ 1n 1989,
OSHA announced that it would delay a final deciston on the 1988 proposal because of complex
and conflicting 1ssues subnutted to 1he record ** In 1992, OSHA published another proposed rule
for asphalt fumes that indicated a PEL of 3 mgfm’® (total particulate) for general indusiry,
construction, mantime, and agriculture 2 Although OSHA ivited comments on all of the
altematives, 1ts propaosed standard for asphalt firmes would establish a PEL, of 5 mg/m’ (total



particulate) hased on avoadance of adverse respiratory cffects The OSHA docket 18 closed, and
OSHA has not scheduled any further action

In 1977, NIOSH established an REL of § 0 mg/m” (total particuiate) measured as a 15-munute
cerlig limt for asphalt fumes to protect against imtation of the serous membrane of the
comunchva and the mucous membranc of the respiralory wact  In 1988, NIOSH (1 testimoeny to
the Department of Lahor) recommended that, based on the OSHA cancer policy,®® asphalt fumes
should be considered a potential occupational caremogen ¥ This recommendation was based on
information presented 1in the Niemeier et al study *® This NIOSH conclusion 1s based on the
collective evidence found m available health effects and exposure data I

The current ACGTIH TLV for asphalt fumes 1s an 8-hr TWA-TLY of 0 5 mg/m’ as benzene-
¢xtraciable inhalable particulate {or equivalent method) with an A4 designation, indicanng that it
15 not classifiable as a human carcinogen

Asphalt fumes have been reported o cause wrmitation of the mucous membranes of the eyes, nosc,
and respiratory tract *° While other symptoms such as conghing and headaches were reported
recently, there was no statistical association with asphalt fume expasure > * Results from
experimental studies with ammals® * ** indicale that roofing asphalt fume condensates
generated 1n the laboratory and applied dermally cause benign and mahgnant skin lumors 1n
several sirains of muce  Diffcrences in chenucal composition and physical characteristics have
been noted between roofing asphalt furnes collecied m the field and thosc gencrated in the
laboratory ¥l owever, the significance of these differences m ascribing health cffects to humans
15 unknown Furthermore, no published data exist that examine the carcinogenic potential of
field-gencraled roofing asphalt fumes in ammals  Since the health nisks from asphalt exposure
are not yet fully defined, NIOSH, labor, and industry are working together to better characterize
these nsks while conimung their effort to reduce worker exposures 1o asphall fumes

In the roofing mdusiry, exposure to asphalt fumes and other related exposures 1s well
documented and studies still contiue Several sludies have 1dentified increased polyeychic
aromatic compounds (PACs) exposure to the ketile operutors versus other categones of roofers 2’
Due to the nature of the kettle operator’s job, this appears to be an obvious conclusion, however,
few comtrols have heen utihzed to minmimize these exposures

ENGINEERING CONTROLS

The engineering control evaluated during this field siudy was the Regves afterburner system
equipped with the safety loading door In the Reeves alterburner system, the regular kettle lid 1s
replace with a id fitted with a safety loading door and hood fitted with fume stack contaming a
propane burmer As the asphall fumgs ert from the surface of the asphalt m the kettle and nsc
up nto the stack they are combusted in the burners The safety door loading system provides a
way o add asphalt to the kettle without the risk of being splashed with hot asphalt as well as
reducing the amount of fumes emitted from the kettle when asphalt ss added to 1t The safety



loading door system 1s a chamber fitted to the kellle hid The chamber has a door wear asphalt 15
added The bottorn of the chamber 13 a hinged door attached to a level whuch when pulled opens
allowing the asphalt 1o falf into the kettle

STUDY BACKGROUNC

A survey was conducted February 4, 5, 11, 12, 18, and 19, 2003 at a construction siie of a new
elementary schoo! The roof being installed at the now clementary construetion site consisted
corrugate metal, GP Toughrock 5/8" Fireguard® Type X board, 2" of insulation, 1 5" Perlite
board, Elastophene® 1808 cap system (sanded under face and fusible plastic film top) The
engineenng conlrel used at the elementary school was a Reeves afterburner systcm  Other
ex1stng engineering controls for this industry will be evaluated during subsequent surveys A
final report will summarnze the enginesnng controls evaluated from all of the surveys

SITE DESCRIPTION AND WORK ACTIVITY

The survey at the Jo and {George Murti Elementary school was conducted for six days over a
three week penod  The ketile used at this site had a 650 gallon Reeves aflerburner/safery loadmng
door system The allerbumers were operated for three days on and three days off Shown in
Table 2 15 the amount of asphali used each day

Table 2 Amount of Asphalt Used
Amount of Asphalt Uscd
Prate {pounds)

2/4;2003 3373

2/5/2003 4275
2/1172003 2250
2272001 3000
2/17/2003 4500
2/18/2003 975

'The roofing crew at the elementary schoe!l site began work at 8 00 am each day At that time,
the kettle operator fired up a 650 gallon kettle cquipped with two afterbumners and began loading
the ketlle with asphalt  All asphalt added to the kettle was addced by apemng the kettle lid, the
safcly loading door was seldom used The elementary school bad multiple wings The kettle was
located at ground level in front of the wing where they were installing the roof



EVALUATION METHODS

To develop useful and practical recommendations, the atility of the engineening control mcasure
to reduce worker cxposure to air contanunants must bc documented and evaluated Where
practical, this was accomplished by cvaluatimg workers’ exposurc 10 asphalt fumc particulate and
PACs both with and without the afterburnes operating and the safety loading kettle lid open and
closed Personal breathing zone and area arr samples were collected and analyzed for total
particulate {T®), benzene soluble fracrion (BSF) of the total paruculate, and PACs The NIOSH
Manual of Analytical Methods (NMAM) Method 5042 was used in the BSF anatysis, winle
NMAM Method 5800 was used tat PACs ™ The temnperature of the hot asphall was recorded
penadically with an electronzc thermocouple and compared to the temperature gauge
permanently mounted on the keltle

Ax Samphng

The personal breathing zone and area air sampling consisted of two sampling trmns per worker or
arega  One samphng tramm was nsed to ¢olleet TP and BSF and the other tram was used o collest
total PACs Both sampling trains' pumps were caltbrated to an air flow ratc of 2 liters per minute
(LPM) Personal breathing vone air samples were collected on the kettle operator and three roof
level workers Area ar samples were collecled al ground level at each of the four comers around
the kettle 'The area wr samplers were placed in inpods and the sampling media were posivioned
to breathing zone herght {(approximately 60 inches above the ground}

Kettle Temperature

The kettle was equipped with a pepmanently mounted temperature gauge This gauge reading 1s
used by the kettle operator to monitor and maintain the hot asphalt above the EVT The mounted
gauge calibration was checked agamnst a Tegaim Model 821 microprocessor thermometer using a
K-1ype thermocouple

‘The temperalure data collccied duning the six days of sampling at the Jo and George Mart
Elementary School are summanzed in Table 3 Shown here are the mean kettle temperature
measurements along with the mean kettle gauge temperature measurements



Fable 3 Summary of Kettle Temperature Dhata
Jo and George Mart Elcmentury Sehool

Mean Minunum Maximum | Mean Gauge
Nuruber Ketile Kettle Kelttle Kettle

of Temperalure | Temperatre | Temperamre | Temperatre
Date Measurements {°F} {"F) (°F} R
20472003 5 496 434 512 490
2i5/2003 3 510 480 525 496
21172003 3 308 479 527 506
2/12/2003 3 542 335 361 523
21772003 3 536 522 250 512
2/18/2003 3 541 520 565 524

Statistical Evaluation

Personal hreathung zone and area air sample data for TP, BSF, and total PAC were statistically

compared with afterburners on to the afterburners off  Student’s t-test was used for this

comparison Statistical compartsons were alse done for the personal breathing zone and area air

sampling dala after they had been adjusted to normal temperature and pressure (NTP)

RESULTS

Kettla Operator Personal Breathing Zone Sample Results

Personal breathmg zone air samples were collecled on the ketlle operalor at the elementary
school site and analyzed for TP, BSF, and tota] PAC  Samples were collected for six days The

results keftle operator are histed in Table 4 and summarized Table $




Tabled Keltle Opcerator Expesure Concentrations
Ju and George Marty Elementary Scheol

370 400 Tatal
Sampie TP BSF PAC PAC PAC
Sample Time Cone Cone Cone Conc Conc Afterburner
Date (mm) | (mg/m’) | (mg/m’) | (ugnv) | (wgm’) | (ugm’) Status

242003 477 0 34 <0 04 4 64 (13 377 on
2/5/2003 400 025 <003 483 119 604 oll
2/1172003 501 032 010 284 §33 370 on
2/12/2003 482 041 012 g2 578 247 off
271772003 262 0 40 028 291 Lk 350 on
2/ 1872003 354 078 020 280 840 364 off

Far all tables

TP = total particulare

BSF = benzene solubie frachion of TP
PAC = polycyclic aromatic compounds

370 PAC = PAC measured at 370 nm enussion wavelength
400 PAC = PAC measured at 400 nm emnssion wavelength
Total PAC = sum of 370 and 400 nm PAC concentrations

mg/m® = milligrams per cubic meter of air
ipfm’ = micrograms per cubic meter of air
NN = nanometers
11a = not available




Table 5§ Summary of the Kettle Opcrator Exposure Results

Ju and George Mart Elementary School
Afterhurner Status % Inftercnce
Aftecburner an
Afterburmer on Aflterburner off vg

Exposuie Analyte | Meaa Concentanon | Mean Concentration | Afterbumer off
TP (mg/m’) 0125 0458 267
BSF (mg/im”) 014 12 -161
Tolal PAC {pe/m’) 269 224 203

Area Air Sample Results For Samples Caollected Around The Kettle

Area air samples were collected at the four corners of the asphalt roefing kettle on tripods at
breathing zone height Samples were collected and analyzed for TP, BSF, and PAC  The results of
the arca air samples coliccled arc shown in Table 6 Thesc results are summangzed i Table 7

Table 6 Area Aar Sample Concentrations Coilected Arennd the Kettle
Jo and George Marti Elementary School
Sample 370 400 Total
Location | Sample " BSF PAC PAC PAC
Sample Around Time Conc Conc Cong Conc Conc | Allerburner
Date Kettle frun) | (mgmn) | imgim®) | (egm®) | (uem® | (pen) Status
2:4/2003 | NE canier 481 029 al1s 119 174 1664 an
2/472003 | NW cormner 478 310 <0 (4 217 043 261 o
22003 SE corner 487 ¢ 10 04 106 1 86 24 on
2042003 ) SW corner 481 026 012 151 423 92 on
/572003 !} NE comer 526 D45 039 5173 150 663 off
2/5/2003 | NW corner 528 075 032 611 177 78 8 off
2/5/2003 | SE corner 346 {48 027 197 572 254 off
2/572003 | SW comer 526 009 < OL' 203 (50 233 off
2/1172003 | NE corner 514 <0 02 004 N 340 097 4 37 on
2412003 | NW corner 461 037 D26 375 n9 454 on
2/11/2003 | SE corner 512 (84 D79 725 207 932 o




Table b. Area Aar Sample Concentrahons Collected Around the Ketile
Jo and Gearpe Marn Elementary School

Sample 370 400 Total
Location | Sample TP BSF PAC PAC PAC
Sample Around Time Cong Cone Cong Cong Conc Aflerbuener
Date Kettle (mm) | (mg/m') | (mg/or) | (ugm®) gfm’) | (ugm’) Stalus
2112003 ) SW comer 513 019 011 039 216 2506 on
2122003 | ME corner 450 021 016 19 ¢ 549 245 off
212/2003 | NW corner 4G5 225 225 209 64 8 274 off
271272003 | SE comer 494 2065 263 328 99 5 428 off
1272003 | 8W corner 496 021 <003 346 976 44 4 off
21772003 | NE comer 554 o 04 <) 04 <079 | <0079 | <158 on
2172003 | NW corner 554 na na 383 1835 Ton on
217/2003 | SE corner 554 0 04 <0 04 027 027 034 on
21772003 1 5W comer 557 127 127 202 674 269 on
2/18/2003 | NE corer 555 <002 =0 04 154 051 205 oft
M1E2003 | WW corner 534 252 252 244 157 ¢ off
2/18/2003 | BE comer 559 040 027 (1) 232 QI0 off
2182003 | §W comer 559 921 101 1123 365 1488 off
Table 7 Summary of the Area Aar Samples Collected Around the Ketfle
J¢ and George Marn Elementary School
Mean Concentraton %o Difference
Afterburier on
v
Exposurc Analyte Afterburner an Afterbumer off Afterbumner off

TP (mg/n) 042 160 738

BSE {mgfm’) 026 160 838

Total PAC {ug/m’) 45 6 237 80 8
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Roof Level Worker Personal Breathing Zone Sample Results

Personal breathing vone air samples were collected on the three roof level workers for each of the six
days of sampling Thesc samplc results are shown in Table § and summarized 1n Table 9

Table &, Roof-Level Workers Exposure Concentrahions
Jo and George Marn Elementary School
370 400} Total
Worker | Sample P BSE PAC PAC PAC
Sample D Time Conc Cone Cunc Cone Conc | Allerbumer
Draie Number | (mmn) | (mg/m’) | (mw/m) | (e’ | (uzm®) | (e g/n) Status
2042003 | QP-02 337 i 38 087 907 07 130 on
2/4/2003 | QP-03 333 289 213 175 53 8 234 on
20472003 | QP-04 330 1 54 071 o1 8 2604 121 on
2/5/2063 | QP02 234 018 < 09 13 283 142 off
21572003 | QP03 3 0 38 {20 427 107 534 off
24572003 | QP06 321 014 <06 <379 =032 <1 19 off
2117200 | QPO7 337 1 64 070 112 334 146 on
2011200 | QP-OB 335 249 022 ns 216 407 on
|_2."l 1200 | QP-09 341 130 028 1413 100 44 4 on
2712260 | QP07 30 110 063 974 299 128 ofl
2112200 | QP09 305 030 02¢ 274 805 AsS off
2/12/200 | Qr-10 305 030 032 618 128 805 off
217200 | QP07 311 123 072 280 833 368 an
|_2.f17r'2l30 QP-0D 309 D36 030 63 1 187 81 8 on
207200 | QP-10 311 LQ7 0 a0 a7 3 209 BE 4 on —l
2113200 | QP-10 332 025 <0 {6 795 208 100 off
218200 Qe-11 200 01l6 <0 10 145 4 08 18 6 nft
2118/200 | Qr-12 391 028 013 na na na off N

11



Table 9 Summary of the Roof-Level Workers Exposure Resuits
Jo and Georpe Mart Elementary School

Meun Concentration % Difference
Afterbumer on
Vs
Exposure Analyte Adlerburner on AfNerburner off Afterburer ol
TP (mg/m’) 158 042 =275
BSF (mg/m”) 072 019 -283
Total PAC (pgm’} 103 42 6 -141

Statistical Analysis of the Effectiveness of Using an Afterburner System with a Safety Loading Doorto
Reduce Asphait Fume Exposures

Statistical analyses were conducted on the air sampling data to determunc the effectiveness of
reducing worker exposure to asphait fumes by usmg an afterburner system with a safety loading
door A summary of thesc analyscs 15 shown in Table 10 Comparisens werc made between arr
sample results wilh the aflerhumers operaiing 1o when the afterburner werc not operating
Comparisons were made for the followmng groups the ketile operaier, the four area air samples
collected around the asphalt kettle, and the roof-level workers Included 1n Table 10} are percent
differences i exposure for the mean TP, BSF, and tola] PAC concentrations, p-valucs, t-valucs, and
critical t-vahues at 95% confidence
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Table 10 Summary of Statishcal Analyses
Jo and Ceorge Martt Elementary School
Percent
Difference Critical 1
Afterburner m Ar 95%
Companson Group/Anaiyte Stams Exposure | p-value | t-value | confidence

Ketile Opetator/ TP poovs off 267 D23 {} 80 213
Keule Opetator/BSF onvs off -la1 042 022 213
Kettle Operator/Total PAC onvs off 203 038 -033 213
Area Samples Around Kettle/ TP on vs off 718 007 L 55 i72
Area Sarmples Around Kettle/BSF on vs ofi 833 007 1353 172
Area Samples Around Keftle/Tota! PAC | on vs oit 58 07 156 172
Roof-Level Workers/IP on vs off -275 o002 | 442 175
Roul-Level Worlcers/BSY onvs off =285 QoS -2 606 175
Roof-Level Workers/Total PAC on vs off -141 002 -224 175

Comparisen of Results after Adusting Exposure Concentrations to Nermal Temperature and Pressure

MNormal temperature and pressare (NTP) are 77°F (25°C) and 2992w Hg (760 mmHg) The
ambient air temperature and pressure measurement for the srx days of sampling are shown 1n Tablec
11

Table 11 Mean Ambient Temperature and Pressure
Jo and George Marn Elementary Schaol
Mumber of Mean Ambent Ay | Mcan Baromeire
Dage Measurements | Temperature (°T) | Pressure (m Hg)
2/4/2003 4 539 2% 29 J
2/5/2003 1 3009 2213
271172003 G ns 5 2017
21242003 9 612 292%
2/17/2003 11 331 2917
27182003 12 392 2905

L3



Using the mean temperature and pressure measurements for that day the sample was collected, the
TP, BSF, and PAC exposure results were adpsted to NTP  These data are shewn i Table 12 and
sunmanzed 1n Table 13 for the kettle operator, Table 14 and summanzed m Table 15 for the arca air
samples collecied around the kettles, and Table 16 and summarized tn Table 17 for the roof level
workers By adjusting to NTP, data from different sites can be more readily compared

Table 12 Kettic Operator NTF Exposure Concenirations
Jo and George Mara Elementary School
Sample NTP NTP BSF NTP Total
Sample Time T Cone Cone PAC Conc Aflerburner
Date (nmm [mg;’mj) (mg:’m3} (ug;’ma) Status
2/4/2003 477 033 <(} 0d 541 on
2/512003 400 023 <0t 03 & 18 off
2/11/1003 501 042 012 249 on
212/2003 482 nil 010 368 off
2/17/2003 262 041 028 348 oa
2/1%/2003 554 079 020 366 off

Table 13. Summary of the Kettle Operators’ NTI* Exposure Results
Jo and {zeorge Marh Elemnentary School
Mean Consentration % Difference
Afterburner on
Afterbumer on | Afterburnee off Vi

Exposure Analyte Afterburner ofl’
NTP TP (mg/m’) 0216 043 264
NTP BS) {mg/m®) 014 012 169
NTP Tutal PAC (gg/m®) 272 25 206
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Table 14  Area Auwr Sample Concentratwn Results Collected Argund the Kettle
Jo and George Marit Elementary Schonl
NTP
Sample NTFE NTP Total
Locanon Sample TP BSF PAC
Sample Arcund Tumne Cong Cone Cone Aberbumer
Date Kettle {mun) | (mg/m’) (mg/m’) {regfm’) Status
2/472003 | NE corner 481 030 016 1740 on
2/4;2003 | N'W corner 478 a1l <004 591 orL
2/4/2003 | SE corner 432 01l ond 127 on
/472003 | W comer 481 026 013 198 on ]
252003 | NE comer 526 047 0 40 67 8 oll
2/5/2003 | NW corner 528 Q77 033 806 off
2/5/2003 | 3E comer 540 049 027 260 off
2/5/2003 | S8W comer 526 g9 <0 04 230 off
2/11/200% | NE comer 514 <001 004 435 on
J11/2003 | NW corner 441 037 026 48 3 on
271172003 | 8L corner 512 089 749 W28 on
2112003 | W corner 513 019 011 1355 on
2/12/2003 | NE comer 490 022 o016 247 all
2122003 | NW corner 495 227 227 276 off
27122003 | 5E corner 494 267 267 432 off
2/12/2003 | SW comer 496 021 <003 44 8 olf
2/17:2003 | NE coruer 554 004 <0 04 <l ol on
2/17/2003% | NW corner 554 2 ng 783 on
2072003 | SE corner 554 129 12% 275 on
2/17/200% | SW commer 557 004 <004 035 on
2/18/2003 | KE comer 555 <0 01 <0 04 206 off
24182003 | NW corner 534 233 233 321 off
2/18/2003 | SE corner 559 049 027 93 0 off
2/18/2003 | 5W comer 559 9125 102 1495 off
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’_Tahle 15 Summary of NTP Area Air Sample Results Collected Around the Kettle
Jo and George Marn Elementary School

“ean Concentration

% Dnfference
Afterbumer on

Afterbumer on Alerbomner ofl V8
Exposure Analyte Afterbumer off
N1P TP {mg/m’) 043 162 736
NTP BSF (mg/m") 026 161 838
NTP Total PAC (ug/m®) 463 239 30 6

Table 16 Roof-Level Workers® NTF Exposure Concentrations

Ju and Georpe Marts Elementary School

NTP

NP NTP Total

Worker | Sample ™ BSE PAC

Sample m Time Conc Conc Conc Afterbumer
Late MNumber (e {mg,—*’m]} {mg;‘m’) (;xg,r'm]] Status

2472003 QP02 137 141 (89 133 on
2/4;2003 Qr-03 i3 296 218 238 on
2/4/2003 QP-04 330 158 073 124 on
2/5/2003 Qp2 234 018 =<0 (9 14 5 olf
2/5/2003 QP-03 322 039 020 54 6 off
2532003 Qr-06 321 013 <0 06 <113 off
21172003 QB-07 337 I 53 a0 143 on
2112003 QP-08 339 249 G622 406 o
27112003 QP-09 141 139 G128 442 an
271272043 QP-07 210 11 063 129 off
21272003 QP-09 s 0 50 020 338 oft
2/12/2003 QF-10 305 0 &l EY 812 off
21742003 Qpr-07 311 125 074 76 an
2772003 Qr-09 309 057 030 B3 4 on
2/17/2003 QP-10 311 109 061 S02 on
2718420603 P10 132 025 <0 Ch 101 off
2/18/2003 QP-11 00 016 <} 10 187 off
2/18/200% | QP-12 n 028§ G13 na off
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Table 17 Summary of Roof level Warkers' NTP Exposure Resulis
Jo and George Mart Eiementary School
Mean Concentration %5 Diflerence
Afterburner on
Afterbunicr on Afterbumer off va

Exposure Analyle Afterburper off
NTP TP (mgim’) 160 043 275
NTP BSF (mg/m’) 074 019 288
NTP Toial PAC {ugim’} 104 43 1 142

Statistical Analysis of the Effectiveness of an Afterburner System for Reducing Worker and Area Air
Exposures to Asphalt Fumes Adjusted to NTP

Statistical analyses were conducted on the NTP-adjusied mr samphng data 1o deiermine the
elfectiveness af reducing worker exposure to asphalt fumes by using an afterburner system A
summary of these analyses 1s shown 1n Table 18 Comparisons were made between air sample
results for NTP TP, NTP BSF, and NTP total PAC whilc the afterbumers werc off and when the
afterburner was on  Comparisons were made [or the following groups the kettle operator, the four
area air sampics collected aronnd the kettle, and the roof-level workers Included in Table 18 are
pereent differences i exposure to the mean NTP TP, NTP BSF, and NTP total PAC, p-values, t-
values, and cnitical t-values at 95% confidence

Usmg t distribution, reductions tn exposure were tested for statistical sigmificance at 95% confidence
Nonc of the reductions measured for the kettle opcrator, area air sampies collected around the kettle or
roof-level workers were found o be statistically sigmficant at this level  Adjusting the cxposure
results to NTP did not alter the significance
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Table 18 Sunupnary of NTP Statistical Analyses
Ju and George Marn Elementarsy Schoal
—I Percem Cribgal t
[fference at
Afterburnier m P 1 95'%
Companson Group/Analyte Status Exposure | yalye | valpe | confidence
Ketile Operator/NTF TP on vs off 736 247 1 56 213
Kettle OperalorNTE BSF on vs off -l69 042 023 213
Kettle Operalor/™SNTP Total PAC on vs off -206 038 033 213
Area Sanples Around Kettle/NTP TP on vs off 736 007 1356 172
Area Sampes Around Kettle/N'TP BSE on v off LER a7 154 172
Area Samples Around Kettle/NTP Total PAC | onvs off g0& 007 l 56 172
Ropt-Tevel Workers/NTP TP on vs off -275 anaon2 | 442 175
Roof-Level Warkers/™NTE BSL onvs ofl -287 Doos | 265 175
Roof-Level Workers/NTP Total PAC on vs ofT -142 002 -2 24 175
DISCUSSION

Vanous enginecenng controls arc being mvestigated to determine their effectiveness at reducing
asphalt fume emissions from roofing keitles  This report summarizcs a survey conducted at a site
that used an afterburner system wiih a safety loading door at the engincenng control Both
personal and arca air samples were collected on this survey  Personal samples were taken on the
kettle operator and the roof level workers with the afterhumer on and off All samples were
analyzed for TP, BSF, and total PAC The results were then compared to determine 1fthere was a
reduction 1n these indices of exposure when the afterburner system was in use

For the kettle operator, only the mean concentration of TP was reduced when the afterburners
were on compared to when the aflerbumers werc off  The BSF and total PAC concentratiens for
ihe kettle operator were ligher when the afterburner was on compared to the aflerburner off
Companson of the mean area air samples collected around the kettle with the afterbumers on to
when they were off shows that reductions i exposures of 74%, 84%, and 81% for TP, BSF ,and
total PAC, respectively, were measured when the afterhurner were on  Personal samplcs were
collected on the roof level workers who were mopping and lugging agphalt  The results fos the
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toof level show that the mean TP, BSF, and total PAC exposures mcreased when the afterburners
were on

Sinece the outside air temperature impacts the operating temperdture of the kellle and the kettle
temperature affects the amount of asphalt fume emissions, the results were adjusied to normal
temperature and pressure  This also allows data from different sites that may have sigmficantly
diffcrent weather conditions to be comparcd  After making this adjusiment, therc was no change
in the results  None of the reducuons were statistically sagnificant at 95% confidence

These results indicate that using an afterburner system did not reduce the kettle operator’s
exposure, althoupgh a reduction was noted for TP The kettle operator's measured exposures were
actuaily mgher for BSF and total PAC when the afterburmer was on  This may indicate that the
¢xhaust of the afterbumer nceds to be redirceled so that 1t docs not enter the operator's breathing
zone The fact that reductions were seen 1o the area air samples when the alterburners were on
also indicate that reduction n the kettle operator’s exposurcs when the afterburners were on was
posstble 1f the exhaust was redirected  The increase 1n exposure for roof level workers when the
afterburners were on would seem to imdicate that the afterburmer system has lhittle effect in
reducing their exposures 1o asphali fumes

CONCLUSIONS

Measurcments taken on the keitle operator showed a reduction 1in TP exposure, although this
reduction was not statisnically signtficant  The kettle operator’s BSF and total PAC exposurcs
were elevated when the afterbumer systom was i use  The aren air samples atl showed a
reduction m exposures when the afterburners were on  This indicates the reduction in asphalt
fume exposure for the keitle operator 1s possible  The roof level workers exposures were also
mcreased when the afierburners were on  Further study 1s needcd to determine if afierburner
systems could be effective at reducing asphalt fume emissions
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