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SUMMARY

On December 14, 17, and 18, 2001, a field survey was conducted at a construction sitc where a

bualt up asphalt rcof was being installed on a new wing being added 1o Carroll Beil Elementary

School in San Antomo, Texas The survey was conducted to evaluate the effectiveness of using
an afterburner system with a safety loading door on an asphalt kettle to reduce worker cxposure
to asphalt fumes

Personal breatlhung zone and area air samples were collected and analyzed for total particulate
(TP), benzene soluble frachion (BSF) of the TP, and total polyeyelic aromatic compounds (PAC)
These three analyses were chosen to represent indices of exposure to asphalt fumes Aur samples
were collected with the afterburmer on and the kettle lid closed  The afierbumer sysiem could not
be tumed off al this sile due o the close proximity of the construction site to the rest of the
school, therefore no samples were collected with the afterburner system off  Air samples were
collected on the kettle operator and two roof level workers, area air samples were collected
around the four comers of the kettle

Because only one control condilion, aflerburner on and kettle hid closed, was used, 1t was nat
possible to make comparisons to show the effectiveness of using an afterburner system with a
safety laading door to reduce waorker exposure to asphalt fumes duning the installation of a built
up asphalt roof The results are simply reported as collected and will be added to results from
other survey sites



INTRODUCTION

The National Institute for Occupational Safctly and Health (NTQOSH), a federal agency lecated m
the Centers for Dhscase Control 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 conduet rescarch and educanion programs scparate from the
standard setting and enforcement functions conducted by the Qccupational Safely and Health
Admumstration (OSHA) in the Depariment of Labor  An important area of NIOSH research
deals with methods for controlling occupational cxposure to potennial lalogical, chenucal, and
physical hazards

The Enginesting and Physical Hazards Branch (EPHB) of the Division of Applied Research and
Technology has heen given the lead within NIOSH to study the engineenng aspects relevant (o
the control of hazards in the workplace Since 1976, EPHB has assessed control technology
found within selected industnes or used for common ndustrial processes  EPHB has also
designed new control systems where current industry control technology was insufficient The
objechve of these studies was lo document and cvaluate effective conirol tlechnmques {c g,
1s0lation or the use of local ventilation) that mumimized (he nsk of potential health hazards and
created an awareness of the usefulness and availlamlity of effective hazard control measures

One industry identified for EPHB control studies 15 asphalt roofing Epidemiologic studies of
roofers have demonstrated an cxcess of lung, bladder, renal, brain, liver, und digestive system
cancers among reofcrs or other occupations with the potential for exposure to asphall '™ Tt 1s
unclear to what extent these findings may be attnibutable to asphalt fume cxposure Roofers in
the past have also been exposed to coal tar and asbestos which are known carcinogens

Based on the eprdemiological data, researchers from EPHB developed a project to evaluate
engincenug controls i the asphalt roofing industry  Due to the high asphalt temperatures used 1n
the roofing proccss, roofing kettle opcrators may be at lngher nsk of asphalt fumec cxposure than
workers i any olher industry or irade using asphalt This project evaluates existing engineering
controls for asphalt fume exposures to roofing kettle operators and, 1f necessary, redesigns those
controls to reduce operator exposure In 1990, an estimated 46,000 roofing workers were
exposcd to asphalt fumes in the Umited States  Only 10% of those workers were covered under a
collective bargaiming agreement These workers were employed primanly by small contractors
who generally lack detailed occupational safety and health programs or a designated occupahional
safety and health expert - aboul 90% of roofing contractors have fewcer than 20 employees
Studying ways to reduce exposure to these construction workers addresses tteni 10 2 of the
Healthy People 2000 Obyjectives, the NIOSH National Qccupational Research Agenda (NORA),
and OSHA priorimes '*"°

Whale this projcet concerns itself pnmarily with the reduction of asphalt fume exposure to kettle
operators, parallel studies 1 cooperation with the EPHB study provide an m-depth cxamination
of asphalt fume exposures to workers on the roof duning hot asphalt application  There are threc



NIOSH studies examining engineering controls, blood and urme biomarkers, and medical effects
due to asphalt fume exposurc and a Harvard University study examuung unne bicmarkers and
PAC/Pyrenc cxposurc

Kettle operators are responsible for maintaining the appropnate supply of hot asphalt at the
correct temperature for application on the roof during construction of built-up roofs (BUR}
BURs are layers or plics of fiberglass felt sealed together with hot asphalt  The layers provide
protection agamst moisture penetralion and, combincd with the asphalt's ability to seal itself,
makes BUR an excellent waterproofing system * Roofing kettles are steel contamers used to
hcat and store hot asphalt until needed for application on the reof They vary in size from 150 o
1500 gallons They are equipped with a positive displacement pump, powered by a gasoline
engine, which recirculales the hot asphalt m the kettle and transfers the hot asphalt, via a "hot
pipe,” 1o the roof  Roofing kettles are normally equipped with one or two propane fired burmers
for heating the asphalt The propane burners exhaust mte firc-tubes which are submerged in the
asphalt within the kettle Thesc tubes dircet the hot combustion gases through onc or two passes
runmmg the length of the kettle, transleming heal energy 1o the asphalt before being released to
the atmosphere The asphalt temperature 18 controlled by throttling the propane supply to the
burner(s) The throttle valve 15 marmally opcrated by the kettle operator or hydraubeally actuated
via a thermostat The kettle 15 usually located at ground level durmg the roofing operatwon

When addiienal asphalt 18 needed by the workers on (he roof, hot asphali 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 kettle opcrator or remotely from the roof by a pull rope attached to the ketlle
The recirculating/transler purnp 15 nommally operated only durning the transfer of hot asphalt to the
roof

Roofing asphalt may be delivered to the work site mn solid kegs or in tanker trucks  When tanker
trucks arc uscd, a roofing keitle may not be neccssary unless additional heating 1s required  The
more traditional method 18 to deliver the asphait 1n sohid, paper-wrapped kegs which weigh
approximately 100 pounds During loading, the kettle operator must remove the paper wrapping,
and chop the solid asphalt keg nto smaller, more manageable pieces These picees are manually
loaded into the kettle through a rmsed kettle hd or, when available, through a “post office” type
safety loadimg door designed 1o reduce worker exposure to asphali fumes and prevent the
operator from being splashed with hot asphalt In addition te loading asphalt, the kelile operator
penodically opens the hd to remove impunties which tend to accumulate on the surface of the
hot asphall, this 1s called skimming

The cquiviscous temperature (EVT) 15 the application temperature (EVT varies each production
batch) at which optimum wetling and adhesive qualities of the roofing asphalt arc obtammed The
asphalt temperalure m the kettle 1s mamtained somewhat hagher than the TVT of the asphalt

The actual maintenance tempcerature of the kettle will vary according to outdoor temperature,
[ength of hot pipe, asphalt usage rale, pump flow rate, and type of recciving vessels on the roof
Table 1 shows the EVT and other thermal properhes for four types of asphalt  The flashpoimnt
(FP) 15 the temperature at which the asphalt may hurst into flame  The maximum heating



temperalure 15 25°F less than the FP and should never be exceeded The type of asphalt used in
an application 1s determined by, among other things, the slope of the roof being bult

Table I Thermal Properties of ¥Yarious Types of Asphalt
Mavumm
Kind Heating Flash-powt

Typc of Temperamre | Temperature | EVT
Number | gphall °F) P |[*PF

Typel | Dread Leve! 475 525 373

Type T1 Flat 300 550 400

Type I Steep 525 575 425

Type IV Specal 325 575 425

HEALTH EFFECTS/OCCUPATIONAL EXPOSURE CRITERIA

There are three primary sources used 1n the Umited States for environmental evaluation cntena
NIOSH Recommended Exposure Limits (RELs), the Amencan Conference of Governmental
Industrial Hygiemsts {ACGIH) Threshold Limit Values (TLVs), and the U S Department of
Labor OSHA Permissible Exposurc Limits {PELs) OSHA has specific PELs regulating the
construction industry ! The OSHA PELs are the only legally enfarceable exposure chntena
among those hsted, and dunng their development, OSHA must consider the feasthihity of
controlling exposures in addiion to the related healih effects  Tn contrast, NIOSH RELs are
based primarily on concerns relating to health effects The ACGIH TLVs refer to airborne
concentrations of substances and represent conditions under whiach 1t 15 believed that nearly all
workers may be exposed, day after day, withoul adverse health effects The ACGIH 13 a pnivatc
professional society and states that the TLVs are only guidelines

In a 1988 rulc on arr contarminants, OSHA proposcd a PEL of 5 mg/m3 as an B-hr iime-weighted
average (TWA) for asphalt fumes exposure in general industry  This proposal was bascd on a
prelimunary finding that asphalt fumes should be considered a potential carcinogen ** In 1989,
QOSHA announced that it would delay a final decision on the 1988 proposal because of complex
and conflicting 18sues subnutted to the record > In 1992, OSHA published another proposed rule
for asphalt fumes that indicated a PEL of 5 mgfmJ {total particulate) for general mdustry,
consiruction, mantime, and agnculture 2 Although OSHA mvited comments on all of the
alternatives, its propascd standard for asphalt fumes would establish a PEL of 5 mg/m’ (iotal
particulate) based on avoidance of adverse respiratory elfects The OSHA docket 13 closed, and
{SHA has not scheduled any further action



In 1977, NTOSH established an REL of 5 0 mg/m’ {total pariiculate) measured as & 1 5-mimute
cetlmg limut for asphalt fumes to protect agamnsl wnitation of the serous membrane of the
compunctiva and the mucous membrane of the respiratory tract  In 1988, NIOSH (in testimony ta
the Department of Labor) recommended that, based on the OSHA cancer policy,” asphalt fumes
should be considered a potential occupationai carcinogen *¢ This recommendation was based on
mformation prescnied in the Nicmeter et al study ¥ This NIOSH conclusion 1s based on the
collective evidence found 1n available health effects and ¢xposure data #

The current ACGIH TLV for asphalt fumes 1s an 8-hr TWA-TLV of 0 5 mg/m® as benzene-
extractable inhalahle particulate (or cqurvalent method) with an A4 designation, indicating that it
18 not classifiable as a human carcinogen 2

Asphalt fumes have been reported to cause umtation of the mucous membranes of the cyes, nose,
and respiratory tract ** Winlc other symploms such as coughing and headachos were reported
recently, {here was ne statistical association with asphalt fume exposure 132 Results from
experimental studies wath anmmals™” ¥ ** indicate that roofing asphalt fume condensates
generated 1n the laboratory and applied dermally cause berign and malignant skin tumors 1in
scveral strams of mice  Differences in chemical composition and physical charactenistics have
been noted belween roofing asphalt fumes collected in the field and those generated 1n the
laboratory *> However, the sigmficance of these differences 1 ascribing health effects to humans
18 unknown Furthermore, no published data exist that examine the earcmogenic potential of
field-generated roofing asphalt fumes in ammals Since the health nsks from asphalt exposure
are not yet fully defined, NIQOSH, labor, and industry are working together to better charactenze

thesc nisks while continung their cffort to reduce worker exposures to asphalt fumes

In the roofing industry, exposure to asphalt fumes and other related exposures 15 well
documented and studies still continue Several studies have identified increased polycycelic
aromatic compounds (PACs) exposure in kettle operators versus other categories of roofers ©/
Duc to the nature of the kettle opcrator’s job, this appears to be an obvious conclusion, however,
few controls have been utihized to mimmize these cxposures

ENGINEERING CONTROLS

The cngineenng control evaluated during this field survey was the Reeves alterburner system
equipped with the safety loader In the Rocves afterburner system, the regular kettle id 1s
replaced with a lid fitled with a hood contaiung propane burners 1n the fume stacks and a loading
chamber for adding asphalt to the kettle As asphalt fumes are emitted from the surface of the
asphalt 1n the kettle and nse up nto the stacks, they are combusted in the burners The safety
loader provides a way to add asphalt to the kettle without nisk of being splashed wath hot agphall
The safely loader consists of a chamber with a door where chunks of asphalt are placed The
bottom of the chamber has a hinged dooer attached to a lever which when pulled opens and allows
the asphalt to fall into the kettle



STUDY BACKGROUND

A survey was conducted December 14, 17, and 18, 2001, ai Carroll Bell Elementary School 1n
San Antomo, Texas with the Mahone Roofing and Sheet Metal Company A bult-up roof
(BUR) was being applied to a new wing being added to an cxisting school blding  The
enginecring control uscd ar the high school was a Reeves afterbumer system  Other existing
engineenng controls for this industry are bemg evaluaied mn other surveys A final report will
summarize each of the engineering conirols evaluated tn the surveys

SITE DESCRIPTION AND WORK ACTIVITY

Carroll Bell Elementary School 1s a large multiple wing schaol that had a wing addition under
construction when the survey was conducted The roof being applied consisted of one layer of
polyisocyanurate installation board, a layer of Perlite board, 2-phes of black fiber glass felt paper,
and a muncral surfacc fiber glass cap sheet Shown m Table 2 15 the amount of asphalt used cach
day of the survey

Table 2 Amount of Asphalt Used Each Day
Carroil Bell Elementary Scheol
Amount of
Asphalt Used
Daic (pounds)

12/14/2(101 3000
12/17/2001 3700
12/18/2001 3000

The roofers began work al 8 00 am each day At that time, ihe kettle operator loaded asphalt
mto a 650 pallon kettle manufaciured hy Reeves and equipped with two afterburners and it the
propanc burners to bring the asphalt up to the correct tcmperature The kettle was located at
ground level in the muddle of the construction area where the new wing was beng added Duning
the three days that the survey was conducted, the roofers only worked on this wing imstalling
BUR



EVALUATION METHODS

In order 1o develop useful and practical recoramendations, the abihty of the engineernng control
measure to reduce worker exposure to air contarmnants must be documented and evaluated
Where practical, this was accomplished by cvaluating workers’ ¢xposure to asphalt fume
particulate and PACs both with and without the afterburmer operatng and the safety loading
keitle id opened and closed However, 1n this particular study, all samples were taken with the
afterburner on and the kettle lid ¢losed Personal breathing zone and area atr samples were
collected and analyzed for total particulate (TP} and benzene soluble fraction (BSF) of the total
particulatc using NIOSH Manual of Analytical Mcthods (NMAM) Method 5042, and NMAM
Method 5800 was used to analyze the samples [or PACs ** The temperature of the hot asphait
was recorded periadically with an electronte thermocouple and compared to the temperature
gauge permanently mounted on the kettle

Air Sampling

The personal breathing zone and area air sampling consisled 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' pumps were cahbrated to an air flow rate of 2 liters per minute
(Lpm) Personal breathing zone air samples were collected on the kettle operator and three roof
fevel workers  Area air samples werc collected at cach of the four comers around the kettle The
area air samplers werc placed 1n tripods, and the sampling media werc posilioned to breathing
zone herght (approximately 60 inches above the ground)

Kettle Temperature

The kettle was equipped with a permanently mounted remperagure gauge This gauge readmg 1s
used by the keitle operator to momtor and maintan hot asphelt above the EVT The mounted
gauge calibration was checked against a Tegam Model 821 microprocessor thermomeler using a
K-type thermocouple

Summarized m Tablc 3 for the three days of sampling at Carroll Bell Elcmentary School arc the
mean kettle temperature measurements along with the mean kettle gauge temperature
measurements



Table 3 Summary of Kettle Temperature Data
Carroll Bell Elementary School
Mean Minimum Maximmm Mean Gauge
Number Ketile Ketile Ketlle Kettle
of Temperalure | Temperature | Termperature Teroperatare
Date Measurements {°F) ("B ("I} "I
12/14/2001 3 498 4490 503 434
12172000 5 513 498 534 431
12/18/2001 G 518 471 539 441
RESULTS

Kettle Operator Personal Breathing Zone Sample Resnlts

Personal breathing zone air sumyples collected on the kettle operator at the elementary school sue
were analyzed [or TP, BSF, and total PAC  Samples were collected for three days Durnng the
three days of sampling, the afterbumer was on, and the kettle hd was kept closed except when

asphalt was added
Table 4 Kettle Operators’ Exposure Concentrations
Carroll Bell Elemeatary School
370 400 Total
Worker | Sample TP HSF PAC BaC FAC
Sample m Time Conc_ Cone Conc Conc Conc Kettle
Date Number | {mmn) | {mg/m’) | (mp/m™y | (ug/m®y | (ugm® | Cugm™ Condrtions
12/14/2001 NE-11 380 L 19 { 58 64 9 L5a 805 afterburner on, hd closed
12/17/2001 | NP-14 424 045 019 169 358 526 afterbumcr on, Tid clased
12/18/2001 | NP-14 409 0 60 D26 172 %44 112 afterbumer on, hid clased

For all tubles-

[P = total particulate
BSF = benzene soluble fraction of TP
PAC = polycychic aromaty compounds

374 PAC = PAC measured at 370 um emussion wavelength

mg/on® = mulligrams per cubte meter of awr
1

wg/nr = mcrograms per cubic meter of air

I = napomelers

400 PAC = PAC measured at 400 nm emmssien wavelength
Tolal PAC = sum of 270 and 400 nm PAC concentrations

na = not availlable




Area Air Sample Results for Samples Collected Around The Kettle

Area air samiples were collected at the four comers of the asphalt roofing keltle at breathing zone
height Samples were analyzed for TP, BSF, and PAC  These results are shown i Table 5

Table 5 Area Awr Sample Cencentration Results For Samples Collected Arownd the Kettle
Curroll Bell Elementary Schoaol

Sample 370 400 Total
Location Sample TP BSF PAC PALC PAC
Sample Around Timie Canc Cong Cone Cone Conic Kettle
Date Kettle (min) | (ma/m®) | (mgm®) | (up/m®y | ¢ p:g.’msj (,ug-‘m:’) Conditions

12142001 | NE comer 406 020 005 200 176 238 afterbumer on, hd ¢losed
1221420010 | NW corner 406 030 008 734 124 8§58 afterburner oa, hid clased
12/14/2001 | SE corner 406 022 010 142 501 393 | afterburmer on, d closed
12/14/2001 SW comer 406 Q70 048 121 240 145 atterbumer on, hid closed
13/17/2001 | NE comer 441 028 018 132 156 289 afterbumer on, 1id closed
12072000 | NW corner 441 016 003 164 016 I 80 afterburner on, hid closed
121742001 | SE cerner 441 043 030 159 583 741 allerburner on, hd closed
12/172001 | SW comer 441 113 216 E6 6 226 109 aBierburner on, Iid closed
12/18/2001 | NE cormer 420 110 063 108 245 132 afterbumer on, Iid closed
12/18/2001 | NW comer 420 43 017 175 B 17 002 afterbumer oa, Iid closed
12/1872001 | SE corner 420 031 008 in3 501 153 afterburner on, 1d closed
12/18/2001 | SW comer 420 057 010 172 5359 731 afterburner an, Iid closed

Roof Level Waorker Personal Breathing Zone Sample Results

Personal breathing zone air samplcs were collected on the roof level workers Two roof level
workers were sampled for TP, BSF, and total PAC for four days One of the workers was
mopmng and the other was lugging asphalt  These sample results are shown 1n Table 6




Table ¢ Reoof-Level Workers' Exposure Concentrations
Carroll Bell Elementary Schaol

Worker Sample TP BSK 3T0PAC | 400 PAC .ll;fkt:‘;l
Sample 1B Time Cong Conc Cone Conc Cone Kettle
Date Numtber (oo } (mg/m“) {mgf'm"‘} (,u.g_.‘m]) {;zg,"ml) (y.g."ms) Condihions
1241452001 NP-11 287 127 {49 103 17 ¢ 120 afterburner on, hd closcd
12/1772001 NP-11 302 081 086 2 41 D24 2as afterburner on, lid closed
12/18/2001 NP-11 310 021 034 143 2412 168 alterburner on, Iid closed
12/1412001 Np-12 287 122 087 151 249 176 afierburner on, lid closed
12/17:2001 NP-13 302 063 027 354 523 416 aflerburner on, Ld closed
12/17/42001 ™P-13 309 125 117 200 400 240 afterburner on, hid closed

Comparison of Results after Adjusting Exposure Concentrations to Normal Temperature and
Pressure

Normal temperaturc and pressure (NTP) arc 77°F (25°C) and 29 92 1n Hg (760 mmHg) The
ambient air tempcrature and pressure measurement for the two days of sampling are shown

Table 7

Table 7. Mean Ambient Air Temperature and Pressure Measurements
Carroll Bell Elementary School

Mean Ambient Mean Darometric
Kumber of Aar Temperature Pressure
Date Measurements ("F) (m Hg)
12142001 11 501 204
12:17/2001 11 66 7 29 49
12/18¢2001 12 62 2 29 37

Usmg the tcmperature and pressurc measurements for the time of day the sample was collected,
the TP, BSF, and PAC exposure results were adjusted to NTP These data are shown in Table 8
for the kettle operators, Table @ for the area air samples collected around the kettle, and Table 10
for the roof level workers By adjusting to NTP, data from different sites can be morg readily
compared




Table 3 Kcttle Operators’ NTF Exposure Concentrations
Carrall Bell Elementary School

NTP

NTP NTP Total

Worker TP BSF PAC

Samplc m Cong Conc Cang Ketile
Daie Number | (mg/m’) | (mgm) | (pg/m’) Condrtiens

127142001 NP-1] 118 057 84 4 atterbumer on, hid closed
12/17/2001 NP-14 045 019 4 a5 alterburner on, hd closed
12/18/2001 NP-14 LT 026 @19 afterburner on, lid closed

Table @ NTP Area A Sample Concentrabon Resulis For Samples Callected Around the Kettle
Carroll Bell Elementary School

Sample NTP
Locanon NTP NTP Total
Sample Araund b“?llnrfic C:—‘TI:C (;?:: (]‘::15 Kettle
Date Kettle (mun) ] (mgim’) | (mg/m™ | (ug/mdy Conditns

12/14/200% | ME corner 406 420 005 159 afterburner on, lid closed
12/14/2001 | NW corner 406 330 0 08 630 afterburner on, Iid ¢losed
12/14/2001 | SE corner 46 022 010 3l afterburner on, hid closed
12/14/2001 | SW corner 406 0 6d 047 115 afterburner on, hd closed
12/17/2001 | NE corner 441 028 G 1% 255 afterburner on, lid closcd
127172001 | ™NW comer 441 01a 003 159 afterburner on, lid closed
12/17/2001 | SE corner 441 043 030 655 afterburmer on, hd closed
1211702001 | SW corner 441 113 014 a6 4 afterburner on, id closed
12/18/2001 | NE cotner 420 109 065 109 aftetburner on, hd closed
12/18/2001 | NW corner 4240 042 ¢ 16 314 afterburmer on, Iid closed
12/18/2001 | SE corner 420 031 008 125 afterburner on, hid ¢losed
12/18%2001 | SW corner 4210 056 010 600 afterburner on, lid closed
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Table 10 Roof-Level Workers' NTP Exposure Concentrations
Carroll Bell Elementary School

NTP

NTP NTP Total

Worker | Sample TE BSF PAC

Sample iD Tune Conc Conc_ Cong Kettle
Date Nurnber | (mun} | (mgrmb) (mg/m™) (yga‘mj) Conditions

12/14/2001 KNP-11 2R7 125 048 954 afterbomer on, Iid closed
121772001 NP-11 302 081 0 66 234 allerburner on, hd closed
1218720 NE-11 310 090 013 138 afterburner on, hd closed
12/14/2001 NP-12 287 120 085 140 afterburner on, hd ¢losed
12/17/2001 NP-13 a2 D62 027 368 afterbuencr on, Lid closed
12/18/2001 NP-13 309 124 115 197 afterburner on. hd ¢losed

DISCUSSION AND CONCLUSIONS

In this survey, measurements were taken of TP, BSF, and total PAC on the kettle operator, roof
level worker, and 1n the arca around the asphalt kettle All mcasurements were taken with the
afterburner on and the kettle lid e¢losed Because only one control condition was used, 1t was nol
possible to make a comparison to determine 1f the afterburner control was effective m reducing
worker exposure to asphalt fumes However, the results from this survey will be used in
conjunction with the results of other surveys of work sites that had an afterburner system on the
asphalt kettle

To be consistent with other surveys, the results collected at this site were analyzed 1n two ways
The results were first reported as they were colleeled  Then, the results were adjusted to normal
temperature and pressure (77° F and 29 29 1n Hg) to account for any differences that may be duc
to the weather conditions at the tume the measurements were taken  Thas allows resulis from
different sites to be compared

11



10

11

12

REFERENCES

CPWR [1993] Final report An mvestigahon of health hazards on a new construction
projeet  Washington, DC  The Center To Protect Workers' Rights

Partanen T, Boffetta P [1994] Cancer risk 1n asphalt workers and roofcrs  review and
meta-analysis of eprdemiological studics Am J Ind Med 26 721-747

Mommsen S, Aagard J, Sell A [1983] An epidemiological study of bladder cancer 1n
predominantly rural distriets  Scand J Urol Nephrol 17(3) 307-312

Risch HA, Burch ID, Miller AB, Hill GB, Steele R, Howe GR [1988] Occupational
factors and the incidence of cancer of the bladder in Canada Br J Tnd Med 45(6) 361-
367

Bonassi, S, Merlo F, Pearce N, Puntom R [1989] Bladder cancer and occupational
exposure to polycyche aromatic hydrocarbans  Int J Cancer 44 648-651

Jensen OM, Knudsen JB, McLaughlin JK, Sorenscn BL [1988] The Copenhagen casc-
control study of renal, pelvis, and utcrine cancer  role of smoking and occupational
cxposure Int J Cancer 41(4) 557-561

Hansen ES [1989] Cancer mortality in the asphalt industry a 10-year follow-up of an
accupaitonal cohort BrJ Ind Med 48(8) 582.583

Austin H, Delzell E, Gmifferman 8, Levine R, Morrison A8, Stoliey PD, Cole P [1987]
Case control study of hepatocellular carcinoma, occupational and chermical exposures
J Oceup Med 29(8) 665-669

Siemmatyck: ! (editor) [1991) Rask factor for cancer in the workplace Boca Rotan, FL
CRC Press

Menck HR, Hendersan BE [1976] Occupational differences in rates of lung cancer
J Occup Med 18 797-801

Engholm G, Englund A, Linder B [1991] Mortality and cancer ineidence in Swedish
road paving asphalt workers and roofers Health Environ 1 62-68

Hrubec Z, Blair AE, Roget E, Vaught T [1992] Mortality risks by occupation among
U S veterans ol known smoking status (1954-1980) U S Department of Health and
Human Services Public Health Service, National Institute of Health (NIH), NIH
Publication No 92-3407

12



13

14

13

16

17

18

19

20

21

22

23

Pukkala E [1995] Cancer risk by social class and occupation A survey of 109,000
cancer cases among Fims of working age  New York Karger, p 33

Milham 8§ [1997] Occupational mortality m Washinglon Stale 1950-1989 Order No
00913725 U S Department of Healih and Human Services (DHHS), Public Health
Service, Centers Jor Disease Control and Prevention, Natienal Institute for Occupational
Safety and Health (NIOSH), Division of Surveillance, Hazard Evalualions, and Field
Stuches, Cincinnati, OH DHHS (NIOSH) Publication No 96-133

Zahm SH, Brownson RC, Chang JC, Davis IR [1989] Study of lung cancer histologic
types, occupational, and smoking in Missounn Am J Ind Mcd 15 565-578

Schoenberg B, Sternhagen A, Mason TJ, Patterson J, Bill ], Altman R {1987]
Occupational and tung cancer risk among New Jersey white males  J Nat Can In

Butler MA, Burr G, Dankovic D, Lunsford RA, Miller A, Nguyen M, Olsen L, Sharpneck
D, Snawder ], Stayner L, Sweeney MH, Teass A, Wess J, Zumwalde R [2000] Hazard
Review Heallh Effecls of Ovcupational Exposure 1o Asphalt U S Department of Health
and Human Services, Public Health Service, Centers for Disease Contral and Prevention,
National Institute for Occupational Safety and Health, DHHS (NIQSH) Publication No
2001-110

CDC[1990] Healthy People 2000 Objectives, 10 2 Reduce work related myuries
Atlanta, GA U S Department of Health and Human Services (DHHS), Public Health
Service, Centers [or Dhigease Conirol and Prevention

NIOSH {1996] Control Technology and Personal Protective Equipment NIOSH
National Occupational Rescarch Agenda (NORA)
Http //www cdc gov/mosh/nrppe himl

OSHA [1995] OSHA Prionty Planning Process  Washington, D C

Herbert III RD, [1989] Roofing Design Cntena, Options, Selection  Kingston, MA
R S Means Company, Inc , pp 59-65

OSHA [1993] Ocenpational Safety and Health Admimistration Part 1926 Safety and
Health Regulations for Construetion, Subpart I} Occupational Health and Environmental
Controls 1926 35 Gases, Vapors, Fumes, Dusts, and Mists

23 Federal Regaster 21193 [1988]  Occupational Safety and Health Admimstration Aar

contaminants, proposed rules Washington, DC U8 Government Printing Office, Qffice
of the Federal Register

13



L}

24

25

25

27

28

29

30

31

54 Federal Register 2679 [1989] Occupational Safety and Health Admimstration Aar
contaminants, {inal rule  Washington, DC U § Government Printing Office, Office of
the Federal Register

57 Federal Register 26182 [1990] Occupational Safety and Health Admimistration A
contaminants, final rule  Washington, DC U S Government Printing Office, Office of
the Federal Register

OSHA [1996] Occupational Safely and Health Admmstration 29 Code of Federal
Regulations Part 1990 Identification, Classification, and Regulation of Carcinogens

NIOSH [1598] NIOSH Testimony on the Occupational Safety and Health
Admmstration's proposed mule on air contaminants, August 1, 1988 NITS No PB-91-
113-337

Nicmeier RW, Thayer PS, Menzies KT, Von Thuna P, Moss CE, Burg J [1988] A
companson of the skin carcmogenicity of condensed roofing asphalt and coal tar piich
fumes In Cook m, Denmis AJ, eds  Polynuclear aromatic hydrocarbons A decade of
progress  Tenth International Symposimim on Polynuclear Aromatic Hydrocarbans
Columbus, OH Battelle Press, pp 609-647

Amencan Conference of Governmental Industnial Hygensts (ACGIH) 2001 2001
TLVs® and BEs® Threshold limit valucs {or chemical subslances and physical agents,
biologcal exposure indices  Cincinnati, Ohio ACGIH

NIOSH [1977] Critena for a recommended standard Occupational exposure to asphalt
fumes Cincmnat, OH U'S Department of Health, Education, and Welfare, Public
Hecalth Service, Centers for Ihscase Conirpl, National Institute for Occupational Safery
and Health, DHEW {NIOSH) Publication No 78-106, NITS Publication No PB-277-
333

Exxon [1997] Shift study of pulmonary funciion and symptoms in workers exposed o
asphalt fumes Final report subrnitied to Asphalt Industry Oversight Commuttee East
Mulistone, NJ Exxon Biomcdical Sciences, Inc , Report No 97TP31

Gamble JF, Nicolich M, Barone NJ, Vincent W) [1999] Exposure-response of asphalt

fumes with change in pulmonary function and symptoms Scand ] Work Environ Health
25(3) 186-206

14



33

34

35

36

37

Sivak A, Menzies K, Beltis K, Worthington J, Ross A, Latta R [1989] Assessment of the
¢o carcinogenic promoting activity of asphalt [umes Cinemnat;, OH U 8 Department of
Health and Hurnan Services, Public Health Service, Centers for Disease Control and
Prevention, Natronal Instifute for Occupatronal Safcty and Health, DHHS (NIOSH)
Publication No 200-83-2612, NITS Publication No PB-21-110-213

Sivak A, Niemeler R, Lynch I3, Belus K, Sirnon 8, Salomon R, Latta R, Belinky B,
Menzics K, Lunsford A, Cooper C, Ross A, Bruner R {1997] Skin carcinogemeity of
condense asphalt roofing fumes and their fractions following dermal apphication to mice
Cancer Lett 117 11£3-123

Kriech Al, Kurek JT [1993] A companson of field versus laboratory generated asphalt
fumes A report submutted to the NIOSH Docket by the Heritage Research Group
Indianapclhis, IN, Unpublished

NIOSH [1984] Eller PM, ed NIOSH manual of analytical methods 3 rev ed
Cincinnail, OH U S Depariment of Health and Hurnan Services, Pubhe Health Services,
Centers For Dhisease Control, National Institute [or Occupanonal Salety and Health, DHHS
(NIOSH) Publication No 84-100

Dean BB, Dixon WI[1951] Analviical Chermstry 23 636

15





