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INTRODUCTION

The Nanonal Institute for Occupational Safety and Health (NIOSH), a federal ugency localed 1n
the Centers for Disease Control and Prevention under the Depariment of Health and Human
Services, was established by the Occupational Safety and Health Act of 1970 Thus legislation
mandated NIOSH to conduct research and education programs separate from the standard setung
and enforcement functions conducted by the Occupational Safety and Health Administration
(OSHA) 1n the Department of Labor An important area of NfOSH research deals with methods

for controlling aecupational exposure to potential buological, ¢chemical, and physical hazards

The Engineering Control Technology Branch (ECTB) of the Division of Physical Seiences and
Engineering has been given the lead within NIOSH to study the engineenng aspects relevant to
the control of hazards i the warkplace Since 1976, the ECTD has assessed control technology
found wathin selecled mdustries or used for common industnial processes The ECTB has also
designed new control systems where current industry control technology was msufficient The
objective of these stuches has been to document and evaluate effective conirol rechniques (e g,
1solation or the use of local ventilation) that mumimize nsk of potential health hazards and 1o

create an awareness of the usefulness and availabality of efiective hazard conirol measures

One arca wdentified for ECTB control studies 1s the asphalt roofing industry  Epideniclogic
studies of roofers have generally demonstrated an excess of lung, bladder, renal, bram, liver, and

digestive system cancers among roofers or other occupations with potential for exposure to



asphalt *'® It 15 unclear to what extent these findings may be atinbutable to asphalt exposurcs

Roofers m the past have been exposed to coal tar and asbestos which are known carcinogens

As a result of the epidemuological data, researchers from ECTB developed a project to evaluare
engineermg controls m the asphalt roofing industry Due to hugh asphalt temperatures used in the
rooling process, roofling kettle operators may be af a hugher nsk of asphalt fume exposure than
any other industry or trade worker This project evaluates existing engineering controls of
asphalt fume exposures to roofing kettle operators and, «f necessary, redesigns those controls to
reduce operatar exposure In 1990, an estimated 46,000 roofing workers were exposed to asphalt
lumes 1n the Unried States  Only 10 percent of those workers were covered under a collecuive
bargaining agreement These workers worked primarily for small contractors who generally lack
deiailed occupational safety and health programs or a designated occupational safety and health
expert -- abaut 90 percent of roofing contractors have fewer than 20 employees Studymg ways
to reduce exposure 1o these construction workers addresses 10 2 of Healthy People 2000
Objecuves, NIOSH National Occupational Research Agenda (INORA), and Occupational Safety

and Health Administration (OSHA) Prionites. ™

While this project concerned wself primarity with the reduction of asphalt fume exposure to
kettle operators, parallel studies in cooperation with the ECTB study provide an in-depth
examination of asphalt fume exposures to roofing workers on the roof during hot asphalt

application  These studies include three NIOSH studies examining engineering controis, blood



and urine biomarkers and medical effects due to asphalt fume exposure, and a Harvard

University study examining urine biomarkers and PAC/Pyrene exposure

Kertle operators are responsible for maintaining the appropriate supply of hot roofing asphalt at
the correct temperature for application on the roof during construction of butlt-up rools (BUR)
BURs are layers or plys of felt sealed together with hot asphait  The layers provide protection
agamst mosture penetration and, combined with the asphalt’s ability to seal itself, makes BUR
an excellent waterproofing system * Roofing kettles are steel containers used to heat and store
hot asphalt until needed for application on the roof They vary 1n size from 150 to 1500 gallens
They are also enupped with a pesitive displacement pump, powered by a pasohne engine, which
recirculates the hot asphalt in the kettle and transfers the hot asphalt, via a “hot pipe,” to the
roof Reofing kettles are normally equipped with one or two propane fired burners for heating
the asphali  The propane burners exhaust into fire-tubes which are submerged 1n ihe asphalt
wrthun the kettle These tubes direct the hat combustion gases through ane or two passes runmng
the length of the ketlle, transfernng heat energy to the asphalt before being released to the
almosphere  Asphalt temperature is controlled by throttling the propane supply to the burer(s)
The throttle valves are manually operated by the kettle operator or hydraulically actuated via a
thermostat  The kettle 15 usually Jocated 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 pipe 1o the roof level for application  Activation of the pump may be done

manually by the kettle operator or remotely from the roof by a pull rope attached to the kettle



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

the roof

Roofing asphalt may be delivered to the work site 1o solid kegs or in tanker trucks  When lunker
trucks are used, a roofing kettle may not be necessary unless additional heating 1s required The
maore traditional method 15 to deliver the asphailt mn solid, paper-wrapped kegs whnch weigh
approximaiely 100 pounds Dunng loading, the keitle operator must remove the paper wrapping
and chop the solid asphait into smaller, more manageable preces These pieces are manually
loaded nio the kettle through a raised ketile hd or, when available, through a “post office” type
loading door demigned 1o reduce worker exposure to asphalt fume  In addition to loading asphalt,
the ketile operator penodically opens the lid to remove impuntics which tend to accumulate on

the surface of the hot asphalt, this s called skimming

The asphalt temperature n the kettle 1s mamtamed sotmewhat hugher than the equiviscous
temperature {EVT) of the respective asphalt type shawn in Table 1 The EVT s the application
temperature {(EVT varies with cach production batch) at which optimurn wetting and adhesive
qualities of the roofing asphalt 1s obtamed The actual maintenance temperature of the kettle will
vary acearding to outdoor temperature, length of hot pipe, asphalt usage rate, pump flow rate, and
type of recerving vessels on the roof The flashpownt {FP) 15 the temperature at whuch the asphalt
may burst into flame  The maximum heating temperature 1s 25°F less than the FP and should
never be excecded The type of asphalt used m an application 13, among other things, determined

according to the slope of the roof being built



Table 1

Maximum Heatig Temperature, Flashpoint, and EVT of Various Types of Asphalt

Type No Kind of Asphalt Maxamum Flash-point °F EVT
Heating + 25 °F
Temperature °F
Type 1 Decad Level 475 525 375
Type I Flat 500 550 400
Type [T & 1V Steep and Special 525 575 425
STUDY BACKGROUND

A survey was conducted on March 23-27, 1998, at the Dana Company 1n Cotumbus, Ohio, where
a farge section of coal tar piteh roof was removed and replaced with a 3-ply bwlt-up asphalt roof
The engineering controls used during this evaluation consisied of containment, ventilation, and
filtration of asphalt fume from the kettle using the FRS-6000 filtration unit  In addition to this
survey, other existing engineenng controls for this industry wall be evaluated A final report wail

summarize the engineenng controls evaluated from all of the surveys

The FRS-6000™ shown 1n Figure 1 1s 2 portable filtration umt with an exhaust fan and duct
gystem that connects the umt to the top of a modified roofing kettle The modification ta the
kettle includes a lpading box/door and a 6-inch diameter flange adapter The loading box 15 a
32 1inch x 22 inch x 22 inch steel box welded atop the kettle ild  Dne side of the loading box has

a hinged door  The door opens and closes to load asphalt kegs The llange adapter 15 for the



6—nch diameter metal ventilation duct connecting the head space of the ketile to the {filtration
unuf inlet  The FRS-6000™ exhaust fan pulls asphalt fume from the head space ol the kettle,
through the metal duct, mixes the fume with ambient air to provide a dilution and cooling effect,
and then directs the resulting muxiure through a senies of filters (bag, HEPA, and carbon) which
trap the particulate and orgame vapor The filtered exhaust 1s then released wato the general
environinent The FRS-6000 has a rated flow rate of 6000 cubic feet per munute Exposure

congerns related to cleaning and maintenance of the FRS-6000™ gystem were not evaluated in

this study
Figure 1
FRS-6000 Fume Recovery System Filtration Unit
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HEALTH EFFECTS/OCCUPATIONAL EXPOSURE CRITERIA

The primary sources of environmental evaluation criteria in the United States that can be used for
the construction work environment are as follows (1) NIOSH Recommended Exposure Limits
(RELs), (2) the American Conference of Governmental Industrial Hygrenists' (ACGIH)
Threshold Lirmt Values (TLVs), and (3} the U 8 Department of Labor (OSHA) Pernussible
Exposure Limuts (PELs) OSHA has specific PELs for regulating the construction industry

(29 CFR Part 1926 55) The OSHA PELs are the only legally enforceable exposure criterta and,
during their development, OSHA must consider the feastbility of controlling exposures 1n
addition to the related health effects In contrast, NIOSH RELs are based primarily on the
concerns relating (o health effects  The ACGIH TLVs refer {o airborne concentrations of
substances and represent condiftions under which 1t 15 believed that nearly all workers may be
repeatedly exposed, day afier day, without adverse health effects The ACGIH 1s a private,
professional society and states that the TLVs are only guidelines  Currently, there is no specific
OSHA PEL for asphalt fume As shown in Table 2, (OSHA regulates asphalt fume as "Paruculate
Not Otherwise Classifiable” (PNOC) This was based on research whuch showed lower levels of
carctnogenicity 1n petroleum based asphalt fume than 1n coal-tar prteh (CTP) fume The PNOC
category has a lugher PEL of 15 mg/m”® total dust and 5 mg/m”’ respirable dust averaged over an
8-hour workday The ACGIH currently recomumends a TLV of 5 mg/m’ total particulate of
asphalt fume and 15 proposing to adopt a 0 5 mg/m? (8-hr tme weighted average [TWA]) as the
cyclohexane-extractable inhalable particulate for asphalt fume NIOSH has an REL for asphalt

fume of 5 mg/m’ (15 minute TWA cesling)



In the roofing industry, exposures to asphalt fume and other related exposures 1s well
documented and studses stll continue  Several studies have idenufied wnereased polycyclie
aromatic compounds (PAC) exposures 1o the kettle aperators versus other categones of
raofers '™ Due to the nature of the ketfle operator’s job, this appears to be an obvious

conclusion, however, fow controls have been utilized to mimnuze these exposures

SITE DESCRIPTION

Dana Company 15 a major manufacturer of bus and semm-truck axles During the one-week
NIOSH survey, a 6,274 square foot section of roof at the Dana Company building was replaced
by the Harald I Becker Company As shown in Table 2, a portion of this large section of
bwlt-up coal tar pitich roof was removed and replaced with a 3-ply bwlt-up asphalt roof each day
To prevent weather damage to the building interior, the roofing crew only removed as much of
the old roof each day as they could replace by the end of that same work day Although the
roofing crew worked each day, lugh winds and sleet prevented the crew from working full shafts

on three of the five days of the NIOSH survey



Table 2

Area of Roef Replaced Each Day of the Survey

Day of Area of Roof Replaced Each

Survey Day (fi%)
1 2116
2 1050
3 075
4 1125
2 1008

Typically, the roofers began work at 6 30 am each day At that time, the kettle operator !oaded
kegs of asphalt into a 660-gallon Garlock® kettle and lit the propane burners to begin bringing
the asphalt up to temperature The ketlle was located at ground level near the inside corner of the
L-shaped 30 foot high budding Concurrently, the old roaf tear-off began  The eight man
roofing crew on the roof cut out and pried up small squares of the old coal tar pitch reof The
squares were loaded mte wheel barrels and transported to the edge of the building wherc they
were dumped, through a trash chute, 1nto a large refuse receptacle at ground level The ald roof
was removed down to the existing deck, a corrugated aluminum sheet  During tear-off, the kett|e
aperator at ground level assists the crew on the roof by adjusting the trash chute, changing out
refuse receptacles, picking up loose debris, and ensuring the ground level area around the refuse
receptacle remains clean and swept At about 10 00 a m , the mstallation of the new roof began
As in roof tear-off, during roof mstallation the crew has no clearly defined job description  They
accomplish a vanety of activities as the work situation dictates  These melude (1) carrying,
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cutting, and attaching insulation and fiber board to the exasting deck; (2) carrying, roliing, and
cutting felf, (3) mopping down hot asphalt, {3) ensvring the mop cart has a ready supply ¢l hot

asphalt, {4) completing fimsh work around air conditioning units, parapet walls, and drans

Two different kettle operators were used during the survey The first kettle operator worked the
first day of the survey waih the second operator replacing hun the last four days of the survey
The FRS-6000 filtration unit was not used the first day but was used on the preceding days of the

survey

EVALUATION METHODS

In arder to develap useful and practieal recommendations, the ability of the engineering control
measure to reduce worker exposure to air contaminants must be documented and evaluated
Where practicable, this was accamplished by evalnating the worker's exposure 10 asphalt fume
particulate and PACs both with and without control implementation Personal air sampling,
general area air sampling, and video exposure moritonng techniques were utilized Temperature
of (he hot asphalt was recorded periedically with an electroruc thermocouple and compared to the
temperalure gauge permanenily mounted on the kettle Control on and contrel off evaluations

were conducted as the Job site conditions permutted
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Air Sampling

The personal and general area sampling consisted of two sampling trains per person or area  One
sampling train was designated for the analyses of total particulate (TP) and benzene soluble
fractnon (BSF}of TP The seconrd sampling tramn was designated for the analyses of total PACs
and pyrene Both sampling trains were calibrated 1o a flow rate of 2 liiers per munute (Ipm)
Personal sampling (total six workers) was accomplished on (he kettle operator, and five roof-
level workers while arca sampling (lotal four locations} was done near the building wall closest
to the kettle, a shart distance away from the kettle and building, mside the buiding, and on the
roof The TP and BSF samples were collected and analyzed according to NIOSH Method 5042
(draft) ¥ The total PAC samples werc collected and analyzed using the NIQSH analytical
method {draft) for total PACs, this sample was subsequently analyzed for pyrene usmg a method
stll m develepment Note the NIOSH analytical method (deaft) for total PACs 1s a modification

of NIOSH Methiod 5506

The roof bemg removed was a coal tar pitch budt-up roof During the tear-off of this roof, coal
tar paleh dust was generated  To prevent coal tar pitch particulate from confounding TP and BSF
samples, efforts were made to change out the sampling trams after the completion of the old roof

tear-ofl and beforg the nstallation of the new asphalt built-up roof

On days one and two of the five-day survey, the weather permatted full work davs wath a

definitive break between the old coal tar pitch roof tear-off and the mstallatzon of the new asphult

11



built-up roof During this break, the sampling tramns were changed out to differentiate the T1* and
BSF arrborne exposures to coal tar prich dust and the TP and BSF airborne exposures to asphalt
fume Due w high winds or precipitation there was no clear break between tear-off and
msiallatzon on days 3, 4, and 5, and therefore, the samples are all-day samplcs for those
respective days  On all five survey days, the kettle operator remained at ground level and did not

become directly involved in roof level activities such as the coal tar prtch tear-off

Video Exposure Monitoring

Real-time data overlaid onto corresponding videe allows the researcher to visually associate
elements of the kettle operator’s work process with comresponding exposure levels This
evaluation process 15 called video exposure monitoring  Video exposure monitoring was used to

determine kettle operator tasks which ¢levate the worker's air contarminant exposures

Real time exposure data of the ketile operator was gathered using the TVA-1000 (Foxboro Inc ,
Foxbaro, MA) The TVA-1000 provides dual photo-ianization (P1D) and flame 1onization (F1ID}
detection The TVA-1000 sampling point was positioned within the worker’s breathing zone
using 2 length of Tygon® wbing The PID and FID measures total VOCs (calibrated against a

reference VOC)
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Flow Rate Through the FRS-6000 Unit

A ten-point pitot traverse of the & inch diameter duct connecting the kettle to the FRS-6000
filtration umt measured anrflow rate from the kettle * A Neotromes (Gamsville, GA) Model
MP20 clectromc digital micro manometer provided a digital readout of velocity pressure for the
pitot iraverse A TS], Inc (St Paul, MN} Mode] 8370 balomeier flow hood measured the ar[iow
rate of ambient awr being mixed wath the kettle exhaust upstream of the filtration unit The

balometer also measured total airflow rate from the filtration vt exhaust

Kettle Temperature

The kettle 1s equipped with a permanently mounted temperature gage This gage reading 15 used
by the kettle operator to monitor and maintain hot asphalt above the EVT The mounted gage
calibration was checked against 2 Tegam Model 821 microprocessor thermometer using a K-lype

thermecouple
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RESULTS AND DISCUSSION

Kettle Operator Sample Results

The five-day average of TP, BSF, and PAC exposurces o the kettle operators were 1 58 mg/m’,

1 08 mg/m’, and 186 pp/m’ respectively  The data shown wn Table 3, days 1 and 2, indicate the
lowest level of arrborne TP, BSF, and PAC arrborne exposure to the keltle operator occurs n the
am Dunng this pened, the kettle operator is heating the asphalt for pm use and monttoring the
kettle temperature  He 15 not opening a hot kettle to load asphalt or to skim  Taking mrte
consuderation the hinited amount of data, the pm and day exposure data demonstrate a three-
fold merease 1n TP and BSF exposure and a two-fold increase m PAC exposures over the a m
exposure data During this period, hot asphalt 15 being applied on the roof and the kettle operator
1s pertadically opening the kettle Lid to load solid asphalt kegs 1o maintan a supply of haot asphalt
ke kettle e is also skimming the hot asphalt surface, inereasing his residence time 1 the
asphalt fume commng from the kettle  The kettle temperature was operated at 550-575°F
throughout the week There was good correlution between the microprocessor/thermocouple and
the permanently mounted temperature gage There was Iittle noticeable difference in exposures

to the keftle operator between the control off day and the control on days

In Table 3, while only am and pm samples were taken for the firsi two days of the survey, the
resulis are combined to grve full day results (rows 5 and 6 of the data) for companson to the fuil
day only samples from days 3-5 (rows 7-9)
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‘The low PAC exposure for the kettle operator on the third day of the survey 15 Iow m comparison

to the other survey days The reason for this 1s undetermined For kettle operator, area, and rool

level worker exposure data, there 15 sigmificant positive correlation between TP, BSF, and PAC

exposures (26% far TP-BSF, 77% faor BSF-PAC, and 70% for TP-PAC)

Table 3

Kettle Operator TP, BSY, and PAC Exposure Levels

Kettle Day AMMPM Sample Sample TP BSF PACs  FRS-6000
Operalor /Day  Tunme Volume mg/m’® mgm® gg/m’ Control

(hry  {liters) ON/QIF

1 | arm 478 574 070 041 99 off

1 1 M 185 222 198 157 361 off

\ t day 663 796 111 073 185 off

2 2 am 363 442 055 Q47 102 on

2 2 pm 378 454 101 0 64 125 on

2 2 day 7 46 896 079 d 56 114 on

2 3 day 623 748 183 126 27 an

2 4 day 355 426 222 119 210 on

2 5 dav 190 39% 272 203 381 on

Kettle Area and Building Interior Sample Resuits

The five-day average of TP, BSY, and PAC levels m the area and bullding samples 0 34 mp/m?,

0 12 mg/m?, and 22 xg/m’ respectively The area sample data shown m Table 4 indicates there

may be a slight reduction in TP, BSF, and PAC level i the general environment (“area wall” by

a wall 10 feet from the kettle) and by the FR8-6000 filtration wnst (“area frs™) The area samples
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taken m the building show very little, 1f any, mugration of asphalt fume nto the building interior
at any time during the survey The bulding PAC levels averaged over the five-day penod were
17 times lower than the area samples taken outside near the kettle and filtration umt (2 [insidc] to

34 [autside] up/m*)

Table 4

Arca Sample Results Showing TP, BSF, and PAC Levels at Various Locations

Locatian Day AM/MPM Sample Sample TP  BSF PACs FRS-6000
MDay Tme (hr} Volume mg/m® meg/m’ pg/m* Control ON/OFF

(hiters}
areg wall | day 722 866 073 032 47 off
area wall 3 day 533 664 028 008 24 on
area wall 4 day 572 686 ge1 015 36 on
area wall 5 day 602 722 061 022 77 on
area {rs 1 day 722 866 625 015 36 off
arca frs 3 day 537 644 003 004 4 on
area frs 4 day 553 664 436 014 15 ol
area frs 5 day 543 652 030 014 33 Ot
building 1 day 775 930 021 005 3 off
building 2 day 797 936 025 DLO0b 4 on
bulding 3 day 612 734 032 G114 1 on
bulding 4 day 567 680 028 006 0 on
building 5 day 617 740 019 004 1 on

Roof Level Crew Sample Results

The five-day overall average of TP, BSF, and PAC exposures to the roof level crew were

¢ 77 mg/m’, 0 37 mg/m’, and 75 pg/m’ respectively As shown in Table 5, and prescnted here
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{or companson to the keitle operator and area exposures, the five-day average of TP, BSF, and
PAC levels in the a m samples are ¢ 86 mg/m?®, 0 32 mg/m’, and 43 pg/m® respectively  The
five- day average of TP, BSF, and PAC levels 1n the p m samples are 1 0 mg/m®, 0 61 mg/m®,
and 123 pg/m’® respectively  The five-day average of TP, BSF, and PAC levels for the all day
samples are 0 5 mg/m®, 0 22 mg/m’, and 65 wg/m’ respectively While TP exposures during the
am arc approximatcly equal to TP exposures in the p m , the BSF exposures increase two-fold

1n the p m , and the PAC exposures to the roof level crew increase three-fold i the pm

Tahle 5

Roof-level Worker TP, BSF, and PAC Exposure Levels

Day Worker # AM/PM Sample Sample TP BSF PACs ug/m’
fDay Time (k) Volume mgin®  mg/m’
(liters)

1 1 am 500 600 G353 014 54
1 [ pm 220 264 ¢75 042 130
1 3 ant 522 626 [ 06 15 67
1 3 pm 210 252 096 0 50 133
i 4 am 12 614 0S% D16 &7
1 4 pm 218 262 161 131 278
1 5 am 518 622 016 0a7 44
[ 3 pm 097 116 061 038 72
1 § am 388 466 334 187 60
2 1 am 330 396 057 017 26
2 | pm 4 05 486 056 028 34
2 3 am 332 398 02¢ 067 31

2 3 pin 412 494 095 040 137
2 4 am 328 394 0 30 023 28
2 4 pm 408 490 113 0 &9 S

2 5 am 353 424 039 011 29
2 5 pm 397 476 174 108 234
2 6 am 097 116 097 022 23

2 6 pm 320 384 069 026 58
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3 1 day 603 724 041 014 58
3 3 day 598 TI8 062 024 124
3 4 day 610 732 046 015 35
3 5 day 603 724 044 017 49
4 3 day 528 634 057 016 9

4 4 day 510 612 047 012 5

4 3 day 18 218 020 00l 52
5 1 am 443 532 037 009 15
5 1 pm 128 154 116 099 290
5 2 am 120 144 033 026 54
5 2 pm 445 534 044 006 21

FRS-6000 Flow Rates

Aur flow rates of air being pulled from the head space of the ketile with the himged loading door
closed was 170 cfm (2 460 ft/min face velocity through cracks around the 1id and door) With the
hinged door on the kettle lid apen, the measured arr flow rate was 700 cfm (a 140 {t/mun face

velocity through the door openimg)

Video Exposure Monitoring

The video exposure monitoring of the kettle operator was unsuccessfully analyzed There was a
high level of difficulty m synchronizmg the data to be overlaid onte the video  The difficulty 1n
synchromization ts due to the vartable wand speeds found in the outdoor environment of the

kettle While preliminary examunation of the data and video indicate increased levels of asphalt

fume exposure during loading and skimming when the FRS-6000 1s on or off, the varable wind

18



speeds cause mconsistent exposure measurements to be seen  Therefore, no results arc availabie

from the video exposure monitoring

DISCUSSION

The kettle operator’s asphali fume exposure 15 sigmficantly lugher than both the area and roof
leve! crew sampling resulls Work practices of the roof level crew such as trading off mopping
the asphalt, laying felt, and doing fintshing work could contribute to the overall lower tevels of
asphalt fume expasure experienced among them compared to the ketile operator  The asphalt1s
hotter and the asphalt fume concentration 1s greater at the kettle than at roof level where the
asphalt fume comung from the lugger, mop, or mop cart 1s lower due to having a cooler
temperature ‘The roof level crew can also take advantage of cross winds which were
sigrficantly greater than those found at ground level ncar the kettle The kettle operator’s
asphalt fume exposure appears to be intermuttent  Primarily due to loading and skimming ol the

kettle

Erght-hour samples were not possible durmg this survey However, assuming zeto exposure 1o
the tume greater than actual sampiing tume up to eight hours, the 8-hr TWA TP exposure for the

kettle operator and roof level workers was below the ACGIH TLV of 5 mg/m® The 8-hr TWA

for TP was 15 to 100 times less than the OSHA PEL for particulate (PNOC) for all personnel

sampled
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Although asphalt fume exposure levels dunng mamtenance of the FRS-6000 were not measured,
the kettle operator’s at this site agree that changmg out the filters and wiping eils from the mside
of the filtration unrt far exceed any acute effects felt during normal operation of the kettle These
acute effects included burning eyes, lungs, and mucous membranes The roofing crew foreman
stated the FRS-6000 seems to remove the oils from the asphalt and the asphalt applies differently
than when the FRS-6000 1s not used The effect on the BUR quality or roof hife due to the
removal af o1ls from the hot asphait was naot within the scope of this study However, this affect

miy be smportant 1o the mdustry

Note the iual cost of the FRS-600Q filiration umt 18 between $50,000 and $70,000 depending
on optional equipment The cost of replacing filters 1s about $3,300 per month  Marketing data
from National Taool Rental (Cleveland, OH) dated May 22, 1996, estimates 1imbal and aperating

costs combine to give a hourly operations rate of between $45 00 and $51 00 for the FRS-6000

CONCLUSIONS

The five-day average of TP, BSF, and PAC exposures were 1 58 mg/m’, 1 08 mg/m’, and

186 ug/m’ respectrvely to the kettle operators, 0 34 mg/m®, 0 12 mg/m’, and 22 pg/m?
respectively 1 the arca and buidding samples, and 0 77 mg/m®, 0 37 mg/m?®, and 75 ug/m’
respectively ta the reof-level crew  Whether the FRS-6000 filtration umt 15 used or not, these
data show the ketile opcrator 15 being cxposed to levels of asphalt fume higher than any other

rocfing worker This puts the kettle operator at the highest risk of adverse health effects
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There was no significant correlation between the square foot of roof replaced (1 e, asphalt used)
in a day and the TP, BSF, and PAC exposures to the kettle operator for that day Thus 1s most
hkely due 1o the kettle operator loading fewer asphait kegs (1 or 2) each time the kettle hid 15
apened during days where usage 1s low. Durmp hugh asphalt use days, the kettle operator tends
to load more kegs (3 or 4} each tume the ketile 15 opened but does not necessanly open the door
morg often than on low usage days This ¢bservation 1s site specific and largely a funchion of the

kettle size used and the kettle operator’s work habits

Visible emissions were observed from the kettle during skimming and loading operations
whether the filtration wmt was on or off, while arga samples {Table 4) taken a short dustance away
from the kettle indicated very low TP, BSF, and PAC concentrations over the sampling penods
The FRS-6000 exhaust ventilation rate provided sufficient contanment while the kettle hd was
closed, but was msufficient to control asphalt fume during kettle toading or skimming Based on
some myhal real-time data, most of the kettle operator exposure comes when the kettle lid 13
opened Due to the small sample size, variability caused by the wind, and net affect of the
control, the benefit of using the FRS-6000 filtratton unit could not be statistically measured For
example, ihe PAC concenirafion for the kettle operatar was 185 xg/m’ when the contre! was not

used and ranged between 27-381 up/m’® when the contro] was used

Whule a reduction 1n exposure levels was not evident based on thus studzes data, the asphalt fume
odor was noticeably dinuimished when the FRE-6000 was used This observation was made by 2

number of onsite researchers and the kettle opcrators
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