This Survey Report and any recommendations made herein are for the specific facility evaluated and may not be universally applicable. Any
recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved. Additional NIOSH

< ikjrvey Reports are available at http://www.cdc.gov/niosh/surveyreports.

SURVEY REPORT

CONTROL TECHNOLOGY EVALUATION FOR CONTROLLING WORKER
EXPOSURE TO ASPHALT FUMES FROM ROOFING KETTLES
KETTLE OPERATED USING AN AFTERBURNER SYSTEM

at

5900 Broadway
San Antomo, Texas

REPORT WRITTEN BY
Dawvid A Marlow
Jermufer L Topnulier

REPORT DATE
March 2004

REPORT NO
EPHB 231-16a

U S Decpartment of Health and Human Services
Public Health Service
Centers for Dhsease Control and Prevention
National Institute for Occupanhonal Safety and Health
Division ef Apphed Research and Technology
4676 Columbia Parkeway, Mail stop RS
Cincirmati, Ohio 45226


http://www.cdc.gov/niosh/surveyreports

Al

FACILITY SURVEYED

SIC CODE

SURVEY DATES

SURVEY CONDUCTED BY

FACILITY REPRESENTATIVE

CONTRACTOR

EMPLOYEE REPRESENTATIVE

ANALYTICAL WORK PERFORMED BY

u

Addition to a stnp mall
5900 Broadway
San Antoruo. Texas

1761
Aungust 30 and 31, 2000

David A Marlow
Joe Lasher

Building was under construction, no facilily
representatve avalable

Beldon Roofing Company
5039 West Avenue

PO Box 13380

San Antomo, Texas 78213
210-341-3100

No represeniatives
DataChem Laboratones

96(} West LeVoy Dnive
Salt Lake City, Utah 84123-2547



“

DISCLAIMER

Mention of company names or products does not constitute endorsement by the Centers for
Dhsease Controt and Prevention

L



L1

SUMMARY

On August 30 and 31, 2000, a field survey was conducled at a construction site where a built up
asphalt roof was bemng installed on an addition to a strip mall building at 5900 Broadway Ave 1n
San Antonio, Texas The survey was conducted to evaluate the effcctiveness of using an
afterburner systemm with a safety loading door fitted to an asphalt kettle to reduce worker
exposure to asphalt fumes

Personal breathing zone and area air samples werc collecied and analyzed for fotal particulate
(TP), benzene seluble fraction {BSF) of the TP, and tolal pelyeyclic aromatic caompounds (PAC)
These three analyses were chosen to represent mdices of exposure to agphalt fumes  Awr samples
were collected under three dillerent scenarios afterburner on and kettle hid closed, afterburner
off and kettle Iid closed, and afterburner off and kettle hid opened Aar samples were collected on
the kettle operator, two roof level workers, and arca air samples were cellected around the four
comners of the kcettle

The kettle operator's exposures to TP, BSF, and total PAC were all reduced when the afterburncr
was on and the kettle bid was closed when compared to when the afterburner was off and the
kettle hd was opened Reductions in exposures for the kettle operator of 40%, 60%, and 66% [or
TP, BSF, and totat PAC, respectively, were measured Reductions of 76%, 84%, and 85% m TP,
BSF, and total PAC, respectively, were measured for the arca air samples collected around the
kettle For the roof level workcers, exposures 1o TP, BSF, and total PAC were reduced 10%,
23%, and 14%, respeclively None of the reductions measured were statistically significant
(p=005)

The greaiest reductions 1 asphall fume expesure occurred when the afierburners were on and the

kettle id was closed Using the afterburnier system with the kettle id closed provided the most
protection from asphalt fume expesure, particularly for the kettle operatar
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INTRODUCTION

The National nstitute for Occupational Safely and Health (NIOSH), a federal agency located 1n
the Centers for Discase Control and Prevenuon (CDC) under the Department of Health and
Human Services, was estabhished by the Occupational Safery and Health Act of 1970 This
legislatton mandated NIOSH to conduct rescarch and cducation programs scparate from the
standard setting and enforcement functions conducted by the Occupational Safety and Health
Administranon (OSHA) in the Depariment of Labor  An important area of NIOSH research
deals with methods for controllimg occupational exposure to poiential mological, chemieal, and
physical hazards

The Engineenng and Physical Hazards Branch (EPTIB) of the Division of Applied Research and
Technology has been given the lead within NIOSH te study the cngimeenng aspects ef the control
of hazards 1n the workplace Since 1976, EPHB has assessed control {echnology found withm
seleeted mdustnes or used for commmon mdustrial processes  EPHB has also designed new
contral systems where current industry control technology was insufficient  The objective of
these studies was to document and evaluate effective control techniques (e g, 1solation or the usc
of local ventilation) that mimimmized the nsk of potential health hazards and created an awareness
of the usefulness and availlability of effcchive hazard control measures

One industry 1dentified for EPHB control studies 1s asphalt roofing  Eptdennologic studies of
roofers have demonstrated an excess of lung, bladder, renal, brawn, liver. and digestive sysicm
cancers among roofers ar other occupalions with the potenhia) for exposure 1o asphalt '8 It1s
unclear to what extent thesc findings may he attributable to asphalt fume cxposurc  In the past,
roofers have alse been cxposed to coal tar and asbestos whach are known carcinogens

As a resull of the eprdemiologcal data, researchers from EPHB developed a project to evaluate
engmeering conirols in the asphalt reofing industry  Pue to the high asphalt temperatures used
the roofing process, reofing kettle opcrators may be al ngher nsk of asphalt fume exposure than
workers 1n any other industry or trade  Ths project evaluates exisiing 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 exposed to asphalt
fumes m the United States  Omly 10% of those workers were covered under 2 collegtive
barzaming agreement  These workers were employed primanly by small contractors who
generally lack detailed occupational safety and health programs or a designated occupational
safety and health cxpert — about 90% of roofing contractars have fewer than 20 employees
Studying ways to reducc exposure to these construct:on workers addresses the Healthy Pegple
2000 Ob]?g‘ﬁ?'es, the NIOSH National Occupaiional Research Agenda (MORA), and OSHA
prionbes ~

Kelile operators are responstble [or mawmntamning the appropnate supply of hot asphalt at the
correct temperature for applicatton on the roof during construction of built-up roofs (BUR)
BURs arc layers or plies of fiberglass felt sealcd together with hot asphalt  The [ayers provide



pralection agamnst moisiurc penetration and, combined with the asphalt’s abilily to seal itself,
makes BUR an excellent waterproofing system > Roofing kettles arc steel containers used to
heat and store hot asphalt until nceded for application on the roof and vary in size from 15¢ 10
1500 gallons They are equipped with a positive displacement pump, powered by a gasoline
engine, which recirculates the hot asphalt in the kettle and transfers the hot asphalt, via a “hol
pipe,” to the roof Roofing kettles are normally equipped with one or two propane fircd burners
for healing the asphalt The propanc burners exhaust into fire-tubes which arc submerged i the
asphalt within the kettte These tubes direct the hot combustion gases through one or two passes
runming the length of the kettle The heat energy 1s transferred to (he asphalt before the gases are
released to the uimosphere  The asphall iemperature 15 controlled by throtiling the propane
supply to the burner{s} The throttle valve 15 manually operated by the kettle opcrator or
hydraulically actuated via a thermostat  The kettle 1s usually located at ground level dunng the
roofing aperation  When additional asphalt 1s needed by the workers on the roof, hot asphalt 1s
pumped from the kettle through the hot pipe to the reof level for application  Activation of the
pump may be done manually by the kettle opcrator or remotcly from the roof by a pull rope
attached Lo the kettle The rectrculating/transfer pump 18 normally operated only during the
transfer of hot asphalt to the roof

Roofing asphalt may be delivered to the work sitc 1n sohd kegs or i1 tanker trucks  When tanker
trucks are used, a roofing keitle may not be necessary unless additional heating 1s required The
more traditional method 1s to dehver the asphalt in solid, paper-wrapped kegs which weigh
appraximately 100 pounds During loading, the ketile operator removes the paper wrapping and
chops the solid asphalt keg into smaller, morc manageable preces These pieces are manually
loaded mto the kettle through a rarsed kettle hid or, when available, through a "post office” type
safety loading doar destgned to reduce worker exposure to asphalt fumes and (o prevent the
operator from bemng splashed with hot asphalt In addinon to loading asphalt, the kettle operator
peridically apens the Iid 10 remove mmpurties which tend 1o accurnulatg on the surface of the
hot asphalt, this 15 called skimuming

The equiviscous temperature (EVT) 15 the application temperature (EVT varies each production
batch) al which oplimum wetting and adhesive qualities of the roofing asphalt 1s obtained The
asphalt temperature m the kettle 1s mamtained somewhat higher than the EVT of the asphalt
The actual maintenance temperature of the kettle will vary according to outdoor temperature,
length of hot pipe, asphalt usage ratc, pump flow rate, and type of recciving vesscls on the roof
Table 1 shows the EVT und other thermal properties for four types of asphalt The flashpoint
{FP) 1s the temperature at which the asphalt may 1igmile The maximum heating temperature 15
50°F less than the FP and should not be exceeded The type of asphalt used in an application 15
determined by, ameng other things, the siope of the roof being built



Table 1 Thermal I'roperties of Various Tvpes of Asphalt
Kind Maxumum Flash-point

Type Of Heufmy Temperature EVT
Muinbcer Asphalt Temperaawe (°F) (°F) 25 °F
Typel Dead Level 475 525 375
Type Ll Elat 500 550 400
Type HI Steep 525 575 425
Type IV Special 523 375 423

ENGINEERING CONTROLS

The engincering control evaluated during this field survey was the Reeves afterburner system
equipped with the safety loader In the Recves afterburncr system, the regular kettie Iid 15
replaced with a 1id fitted wath a hood contaiming propane burners in the fume stacks and 2 loading
chamber for adding asphall 1o the kettle As asphali fumes are emiited from the surface of the
asphalt in the kettle and tise up into the stacks, they are combusted tn the burners The safety
loader provides a way to add asphalt {c the kettle without the nsk of bemg splashed wilh Lot
asphalt The safety loader consists of 4 chamber wiih a door wherg chunks of asphalt are placed
The bottom of the chamber has a hinged door attached to a lever which when pulled opens and
allows the asphalt to fall into the keitle

STUDY BACKGROUND

A survey was conducted on August 30 and 31, 2000, at an addition to a stnip mall at 5900
Broadway Street in San Antomo, Texus, where a new 3-ply roof with a mimeral surlace fiberglass
cap sheet was mstalled The engineenng control used dunng this evaluation wus a Reeves
afterburner system  Other existing engineening controls for this industry will be evaluated during
subsequent surveys A {mal report will summanze all of the cogineenng controls evaluated in
this study
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HEALTH EFFECTS/OCCUPATIONAL EXPOSURE CRITERIA

There are three primary sources used 1n the United States for environmental evalnation criteria
NIOSH Recommended Exposure Linuts (RELs), the Amencan Conference of Governmental
Industnal Hygiemsis (ACGIH) Threshold Limit Values {TLVs), and the U § Department of
Labor OSHA Permissible Exposure Limits (PELs) OSHA has specific PELs for regulating the
construchon mdustry >’ The OSHA PELs are the only legally enforccable exposure eriteria
among these listed, and dunng their development, OSHA must consider the feasihility of
contrelling exposures in addition to the relaied health effects In centrast, NIOSH RELs are
based pnimarily on concerns relating (o health effects The ACGIH TLVs refer to arrborne
concentrations of substances and represent conditions under which 1t 1s believed that nearly all
workers may be cxposed, day after day, without adversc health effects The ACGIH 15 a private
professional society and states thal the TLVs are only guidehnes

Tn a 1988 rule on air contammants, OSHA proposed a PEL of 5 mg/m® as an §-hr ime-weighted
average (TWA) for asphalt fume exposure 1n general industry This proposal was based on a
preliminary finding that asphalt fumes should be considered a potential carcinogen 2 In 1989,
OSHA announced that it would delay 4 final deciston on the 1988 proposal because of complex
and conflicting 1ssucs submutted o the recard ** Tn 1992, OSHA published another proposed rule
for asphalt fumes that indicated a PEL of 5 mg/m3i {total particnlate) for general industry,
construction, mantme, and agnculture 4 Although OSHA 1nvited comments on all of the
alternatives, 1ts proposed standard for asphalt fumes would esiahlish a PEL ol 5 mg/m’ (1otal
particulate) bascd on avoirdance of adversc respiratory effects The OSHA docket 1s closed, and
OSHA has not scheduled anv [urther action

In 1977, NIOSH established an REL of 5 0 mg/m?® (total particulatc) measured as a 15-mumute
cellimg limut for asphalt fumes to protcct against imtation of the serous membranc of the
conjuncliva and the mucous membrang of the respiralory tract In 1988, NTOSH {(in tesimony to
the Department of Labor) recommended that, hased on the OSTTA cancer policy,” asphalt fiumes
should b¢ considered a potenhal occupational carcinogen  This recommendation was based on
mformation presented m the Niemeier et al study ©* This NIOSH conelusion 1s based on the
collective evidence found in available health effects and exposure data *°

The current ACGIH TLV for asphalt fumes 1s an 8-hr TWA-TLY of 0 5 mg/m” as benzene-
extractable inhalable particulate {or equivalent method) with an A4 designation, indicating that 1t
15 nol classifiable as a human carcimogen =

Asphalt fumes have been reported to cause uritation of the mucous membranes of the eyes, nose,
and respiraiory tract * While other symploms such as coughing and headaches were reported
recently, therc was no statistical asseciation with asphalt fume exposure 132 Results from
experimental studies with ammals indicalc that roefing asphalt fumce condensates generated m
the laboratory and applied dermally cause benign and malignant skin tumors 1n several strans of

mce ©* ¥ Dufferences in chemical composition and physical characteristics have been noted



between roofing asphalt fumes collected in the field and these generated 1n the laboratory 3
However, the siygnificance of these differences 1 ascnbing health cffccts 10 humans 1s unknown
Furthermore, no published data exist that examime the carcinogemc potental of field-generated
roofing asphalt fumes in ammals  Since the health risks from asphalt cxpasure are not yet fully
defincd, NIOSH, lahor, and industry are working together ta better charactenize these risks whule
continuing their effort to reduce worker expasures 1o asphalt fumes

In the roofing industry, exposure to asphalt furnes and other related exposures 15 well
documented and studies continne Several studics have 1dentified increased polycyclic aromatic
compounds (PACs) exposure 1o the kettle operators versus other calegonces of rooters 7 Dueto
the nature of the kettle operator's job, this appears to be an cbvious conclusion, however, few
controls have been utilized to nunumeze these exposures

SITE DESCRIPTION AND WORK ACTIVITY

Thig survey was conducted at 3900 Broadway St 1n San Antonio, Texas, where a new store
addition was being constructed to an exasting strip mall  The roof being applied was a 3-ply
Built-up asphalt roof with a mineral surface fiberglass cap sheet  Table 2 shows the amount of
asphalt used each day of the survey

Table 2 Amount of Asphal¢ Used Each Day
Daie Amount of Asphall Used {pounds)
8302000 £400
8312000 1040

The roofers began work at 6 30 am both days At that tune, the keltle operator loaded asphalt
mto the keitic and lit the propane bumers 1o bring the asphalt up to the correct temperature  The
kettle used was a 650 gallon kettle manufactured by Reeves and equipped with two afterburners
and safety loading doors  The kettle was located at ground level m front of the new addition to
the strip mall  Durning the two days that the survey was conducted, the roofers worked on an area
of the roof where 1-ply of asphalt and felt had been previously applied to insulation board The
roofers applied two more layers of asphalt and felt and capped the three layers wilh a mineral
surface fiberglass cap sheet



EVALUATION METHODS

To develop useful and practical recommendations, the ability of the engineering control to reduce
worker exposure 10 air contaminants must be documented and evaluated Where practical, thts
was accomplished by cvaluating workers' exposure ic asphalt fumc particulate and PACs both
with and without the alterbumer operating  The safety loading keitle id was either open or
closed Personal breathing zone and area air samples were collected and analyzed for total
particulate (TP), benzene soluble fraction {BSF) of the total particulate using NIOSH Manuul of
Analytical Mcthads (NMAM) Method 5042, and NMAM Method 5800 for PACs *® The
temperature of the hot asphalt was recorded peniodically with an electrome thermocouple and
compared to the temperature gauge mounted on the ketile

Alr Sampling

The personal breathing zone and arca air samphng consisted of two sampling trains per worker or
arca  Ome sampling train was used to collect TP and BSF and the other was uscd to collect 1otal
PACs Both sampling tramns' air sampling pumps were calibrated to 4 flow rate of 2 liters per
runute {Lpm) Personal breathing zone air samples were collected on the kettle operator and
three roof level workers  Area air samples were collected at ground level at each of the four
corners around the kettle The area air samplers were placed in tripads with the sampling media
positioned to breathing zone height (approximatcly 60 inches above the ground)

Kettle Temperature

The kettle was equipped with a permanently mounted temperature gauge This gauge reading 1s
used by the kettle operalor to moniior and mamntam the hot asphalt above the EVT  The mounted
gauge calibration was checked against a Tegam Model 821 microprocessor thermometer using a
K-type thermocouple

Summarized m Tablc 3 for the first day of sampling 15 the mean kettle temperature measurement
along with the mean kettle gauge temperature measurement No temperalure measurcments were
made duning the second day of the survey

Table 3. Kettle Temperature Data

Mean Munnum Muamum Mean Gauge
Number Ketile Kettle Kettle Kcttle
of Temperature | Temperature | [emperature Temperature
Diate Measurcments {"F) (°F) (°F} {“F}
8/30,2000 2 420 483 497 510




Statistical Evaluation

Personal brealhing zone and area air sample data for TP, BSF, and total PAC were statistically
compared with afterburners on and the kettle Iid closed, with afterburners off and the keltle id
closed, and afterburner off and the kettle hd open using Student’s t-1gst - Statistical comparisons
werc also done for the personal breathing zone and arca air sampling data adjusied to normal
temperalure and pressure

RESULTS

Kettle Operator Personal Breathing Zone Sample Results

Personal breathing zone air samples were collected on the kettle operator (JP-01) and analyzcd
for TP, BSF, and total PAC Samplcs were collected for two days, and the results arc histed 1n
Table 4 und summanzed 1 Table 5 During the two days of sampling, the kettle lid equipped
with two afterburners and safcty loading doors was set for three diffcrent conditions 1)
aflerbumer off and ketile id open, 2} aflertbumer off and kettle lid closed, and 3) afterburmer on
and kettle lrd closed

Table 4 Kettle Operator Exposure {Concentrations
370 400 Total

Sample TP R8T PAC PAC PAC

Sample | Time Comnc Cong Cong Conc Cong Kettle
Date | (mm)} | (mg/m" | (mgm™ | (ugm’) | (ug/m™ | (ug/m® Condrtions

B/30/00 105 211 162 33 801 411 afterburner off, lud open
8/31/00 43 024 033 733 <] 22 g 19 afterbumer off, lid open
#/30/00 16 084 {58 725 287 101 atterburner off, lid closed
B/30400 32 063 016 380 992 479 alterburner off, Lid closed
83000 121 093 068 104 258 120 afterburner on, 1id closed
B/30/00 150 047 <014 504 525 133 afterburner on, lid closed




For all tables:

TP = 1otal particulate

BSF = benzene soluble fraction of TP

PAC = polyeyche aromatic componnds
370 PAC = PAC measured at 370 nm emission wavelength
400 PAC = PAC measured at 400 nm emmssion wavelength
Total PAC = sum of 370 and 400 nm PAC concentrations

mgfm‘1| = milligrams per cubic meter of air
g,cg/m] = TIICTOETAms per cubie meter of ar

nm = hanameters
na = nol available

Tahle §
Summury of the Kettle Operator Exposure Resulis

Mean ConceniTation

4 Ifference

off/open off‘clozed on‘closed oflfopen off'open off'closed
Fxposure Analyte Mcan Mcan tMean ¥ v V8
Conc Cone Conc officlosed | onfclosed | onftlosed
TP {mg/m’) 117 073 a7 372 329 413
BSF {mg/m’) 097 037 039 622 60 2 -524
Total PAC (re/m’*) 210 7436 713 64 4 66 0 433

Area Air Sample Results for Samples Collected Arcund The Kettle

Area air samples were collected at the four comners of the asphalt roofing kettle at breathing »one

height Samples were collected and analyzed [or TP, BSE, and PAC  Duning the two days of
sampling, the area air samples were collected when the kettle was sct for three different
condifions 1) afterburner off and kettle id open, 2} afterburner off and kettle lid closed, and 3)

afterbumer on and kettle lid closed These results are shown in Table 6 and summanzed in Table

7




Table 6 Ares Air Sample Coocentraton Results
Collected Arvund the Ketile

Sample 370 400 Total
Location Sample TP BSF PALC PAC PAC
Sample Arcound Tune Cong Conc Cone Cone Cane Kettle
Date Keltle (n ) | (mgm’) | (mgmdy | (ugm) | (ugm’) | (e Condtions

8/30/2000 | NE comer 119 004 003 189 331 224 afterburner off, id open
£30/72000 | NW corner 121 0 534 54 1al 380 199 afterburner off, Ird apen
£/20/2000 | SE comer 1 4 56 439 2841 8§74 3713 afterburner off, lid open
BA30/2000 | 3W corner I8 004 nao3 52% 044 569 afterburner off, hd open
R/30/2000 | NE corner 115 004 003 127 227 150 allerbummer ofT, hd closed
843072060 | NE corner 24 021 <) K6 653 <871 127 afterburner off, hd closed
8/30/2000 | NW corner 118 021 003 289 919 331 aflerburner off, hd closed
3072000 | W comer 18 093 028 <2 &7 <115 <14 4 afterburner off, hd closed
3/30/2000 | SE comer 117 030 013 583 213 79 6 afterburncr off, Iid closed
8/30/2000 . SE comer L7 144 060 162 654 227 afterburner off, hd closed
B302000 | 5W comer 116 0os 009 <0 44 <178 <222 allerburner off, bd closed
83072000 | SW comer 15 048 <136 <344 <138 <173 afterbumer off, id closed
8/30/2000 | NE comner 127 012 003 19 4 320 226 afterburner on, hid closed
8/31/2000 | NE corner 151 010 <0 14 951 160 111 afterburner on, hd closed
B/30/2000 | NW corner 127 0 44 13 454 154 o & afterburner on, hid closed

13172000 | KWW corner 131 003 <0 13 4 55 <0335 480 afterbumer on, lid closed
8/30/2000 | SF corner 128 1 64 112 867 231 1098 afterburner on, hid closed
8/31/2000 | SE comner 151 16 0oy 718 034 753 afterburner on, Iid closed
802000 | SW carncr 129 {t16 oo2 0 &0 <0 40 108 efterburner on, id closed
8/31/2000 | SW corner 150 003 <013 300 <0 48 334 afterburner on, hid clesed
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Table 7 Sommary of the Area Air Sample Resulis
Mean Concentrahon % Difference
oft’open oificlosed  onfclosed afffepen offfopen | offfclosed
Exposure Analyle ¥ Vs Vi
officlosed | on'closed | on‘closed
TP (mg/m’} 1137 047 034 660 756 282
BSF (mg/m’) 125 034 021 727 &3nA 398
Total PAC {pg/n) 986 5419 151 94 4 84 7 -205

Roof Level Worker Personal Breathing Zone Sample Results

Personal breathing zone air samples were collected on the roof level workers whe were putting
on the new reof Three workers who were mopping were sampled for TP, BSF, and total PAC
for two days During the two days of sampling, the kettle [id equipped with two afterburners and
safety loading doors was set for three different condihions 1) afterbumer off and kettle 1id open,
2) afterbumer off and kcttle hid closed, and 3) aficrburner on and ketile 1\ closed These sample
resully are shown (n Table 8 and summarized 1n Table ¢

Table 8 Roof-Level Worker Exposure Concentrations

Kli] 400 Total
Warker Sample TP BSF PAC racC BAC
Sample 1) Time Cone Cane Cone Cone Cone Kettle
Dale Number (mun (mg,f'ms} { mg;’nf’] { yga’m'i) {;Ag,‘ms:l { ,u.gjm:'] Conditions
8/30/00 IP-(2 102 050 025 286 612 348 afterburner oft, hid off
B/3100G Jp-02 49 038 a31 174 4 35 218 afterbumer off, hd off
8/30/00 .02 119 Q13 011 143 264 172 afterburmer ofl, 1l on
8/30/00 JP-02 28 036 0o 375 749 449 afterburner off, Itd on
B/30000 TPy 124 012 003 184 58 200 afterburner on, Iid on
$/31/00 .03 12 029 <0 IR e 262 143 afterburner on. hd on
8/30/00 IP-03 100 0 88 046 163 400 203 afterbumer off, hid off
830/00 JP-03 117 035 017 342 14 5 437 afterbummer off, Iid on
£/30/04) JP-03 32 017 D21 497 9 62 593 atterburner off, Iid on
8730/00 P03 120 083 063 208 466 255 afterburner on, hd on
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8/3G/00 JP-04 07 090 042 118 292 147 attetburner off, hd ofl
8/31/00 JP-04 49 046 042 44 8 171 019 afterbumer off, hd off
£/30/00 JP-04 115 022 Q01 I8 5 140 323 alterhurmer off, lid on
8/30/00 Ip-04 o 044 406 210 3350 243 efterburmner off, hd on
B/30/00 JP-04 124 094 074 147 339 i8l allerburner on, Iid on
8/31/00 P-4 144 319 010 165 573 222 afterburner an, Ind on
B340 JP-03 48 039 33 221 327 303 afterburner off, hid off
831/00 JP-03 144 074 004 147 382 235 allerbumer on, 1d on
Table 9 Summary of the Roof-Level Worker Exposure Resulis
Mezn Concentration %o Dnfference
offfopen offfclosed on/closed oft‘open nftfopen | officlased
Exposure Analyts V8 VS Vs
officlosed | onclosed | onfclosed
TP (mg/m’) 0 58 028 G52 523 102 881
BSF {mg/ur’) 0 34 010 02y 712 230 -167
Total PAC (jug'm®) 135 412 116 69 5 141 -181

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

Sratistical analyses were conducted on the air sampling data to delerrmunc the effectiveness of
reducing worker exposurc to asphalt fumes by using an afterburner system with 4 safcty loading
door A summary of these analyses 1s shown 1 Table 10 Comparisons were made betwecn air
sample resutts for TP, BSF, and total PAC while the afterbumers were off and the kettle Iid was
open, when the afterbumecr was off and the kettle Iid was closed, and when the afierburncr was
on and the kettle lid was closed Compansons were made for the following groups  the kettle
operator, the four area air samples collected around the asphall ketlle, and the roof-level workers
Included 1n Table 10 are percent reductions 1 exposure to the mean TP, BSF, and total PAC
concenlrations, p-values, t-values, and cnitical t-values at 95% confidence

Using a t-distribution, reductions in exposures were (csted o determune 1f they were statistically
significant at 95% confidence  None of the reductions measured for the kettle operatar, area air

11
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samples collected around the kettlc or roof-level workers wete found ta be statistically sigmificant

at 95% confidence

Table 10 Summary of Statisheal Analyses of the Effectrveness of Using An Afterburner System with a Salety

Loading Door (¢ Reduce Worker and Arca Air Exposures

Dercent Cribical t
Afterburner/ Dufference at
Kettle Tl n p- t- 5%
Comparison Greup/Analyte Conditien Exposure value | value | confidence

Kettle Operator/ TP offfapen vs offfelosed 371 034 046 292
Ketile Operator/ TP offfopen vs on/closed 399 034 048 292
Kettle Operator/ TP oftfclosed vs onfelnacd 413 045 D1z 292
Kettle Operator/BSF afffopen vs offfclosed 622 023 090 2932
Kettle Operator/BST offopen vs onfelosed 60 2 0125 083 292
Kettle Operator/BSF officlosed va on'closed -524 045 005 292
Ketile Gperator/Total PAC offfapen vs ofifclosed 64 4 029 0 66 292
Ketle Operator/Tolal PAC oflfopen vs on/closed 66 0 029 D 6o 292
Ketile Operator/Total PAC officlosed vs oniclosed 433 048 005 292
Area Samples Around Keule/I'P offiopen vs ofFclosed 66 o 013 118 181
Area Samples Around Kettle/ TP offiopen vs on/closed 756 011 134 181
Area Samples Around Kettle/ TP officlosed vs onfclased 2812 031 051 175
Area Samples Arcund Kettle BSF oiliopen vs offfclosed 727 012 125 181
Area Samgles Around Kettle/BSF offfopen vs on‘closed 834 oG 143 181
Arca Samples Aronnd Kellle/BSF officlosed vs or/closed 398 023 078 178
Area Samples Around Kettle/Total PAC oltiopen vs officlosed 94 4 410 141 {81
Area Samples Arotind Kertle/Total FPAC offfopen vs onvelosed 847 a i 136 L&t
Area Samples Around Kettle/ T'otal PAC officlosed vs onfclosed =05 024 074 176
Roaf-Leval Workers/ TP offiopen vs offfclosed 523 ool 278 I 81
Rogf-Level Workers/ TP off'open va enfclosed o2 037 034 151
Roof-Level Workers/TP officlosed vs on/closed -8R 1 Q07 -157 181
Roof-Level Workers/BSF oilopen vs offfclosed 712 00001 | 558 181
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Table 10 Summary of Statistical Analyses of the Effechiveness of Using An Afterburner System with a Safety
Loading Thoor to Reduce Worker and Area Aur Exposures

Percent Cntical t
Aflterbumer/ Dufference at
Kertle nd m p- 1- Bi%
Companson Group/Analyle Condition Exposure value | valpe | vonfidence
Roof-Level Workers/BSE offfopen vs on'closed 2390 028 06l 181
Roof-Level Workers/BSF officlosed vs on/clescd -167 011 -1 30 181
Roof-Ievel Workers/Tawl PAC offfopen vs offfciosed 69 5 Qa3 182 1281
Foof-Level Workers/Tolal PAC oltfopen vs onfclosed 141 03e 028 131
Boof-Level Workers/Total PAC offfclosed vs onfclosed -182 0 oH -1 68 131

Bold = statistically significant reduction at 95% confidence level.

Comparison of Results after Adjusting Exposure Concentrations to Normal

Temperature and Pressure

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

Table 11
Tablc 11 Summary of Ambicnt Air Temperature and Pressure
Mueasurements
Ambient A Barometnic

Time of Temperature TPressure

Nate Day (°F) (in Hg)
8/30/00 743 AM 83 2921
2/30/00 204 AM 83 26 2]
8/30/00 1032 AM 84 29121
B30/00 L13PM 26 2917
£/30/00 214 PM 103 2013
83040 418PM 99 29 0%
RF1Li00 233 aM B3 2913
/3100 945 AM 83 2917
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Usmg the temperature and pressure 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 m Table 12

Table 11. Summary of Ambient A1y Temperature and Pressure

Meceasuremenis
Ambicnt Ar Baromeine
Time of Temperature Pressure
Drate Day {°F) {in Hg)
831,00 11 10 AM 20 21917
831/00 12 54 PM 98 2913

and summarized 1n Table 13 for the kettle operator, Table 14 and Table 15 for the area air
samples collected around the kettle, and Table 16 and Table 17 for the roof level workers By

adjusimg 1o NTP, data collected under different weather conditions from different sites can be

more readily compared

Table 12 Keitle (Operator Exposure Concentrafions
NTP
Ambicnt NTP NTE Total
Aar Barometric TP BSF PAC
Sample Temperature Fressure Cone Conc Conc Kettle
Drate ("F) fin Hg} imgin) | (mg/m'") | (uzm’) Candiions
83000 90 2021 2 a1 165 383 afterburner off, hd off
J31:00 98 2013 019 014 573 afterburncr off, Lid off
B/30400 99 2913 077 055 93 4 aflerburner off, lid on
830100 99 2909 G54 (R 481 afterbumer off, id on
B30M00 100 2917 087 073 118 afterburner on, hid on
5/31/00 88 2017 044 <11 127 #Nerburmer on, id on
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Table 13 Summary of the Ketlle Operator Exposure Resulls
Mean Concentration %o Dufference
offfopcn efliclosed on/elosed afffopen oiffopen | officlosed
Exposure Analyte ¥E v Ve
officlosed | on/closed | orvclosed
NTP TP {mg/m’} 110 0 66 0 66 402 401 029
NTP BST (mg/m’) 09z 037 037 595 599 113
NTP Total PAC (pg/nr) 196 708 633 FERY 667 T &5
Tauble 14 Area Aiwr Sample Concentration NTP Results Collected Around the Kettle
NTP
Sample Ambient Air NTFP NTP Total
Location Temperatare | Batometnic w BSF PAC
Sample Around {°’T) Pressure Cong Conc Cone Kettle
Date Ketile {in Hg) {mg/nr’y | (me/m’) [,t.agfms] Conditions
8/30/2000 | NE corner 34 201 00d 004 214 allerburner off, hd off
RE02000 | NW comer 84 2421 080 D 6l 180 alierburner ofl, hd off
8/30/2000 | SE comer 24 2521 435 428 3541 afterburncr off, lid off
83072000 | SW carner B4 2921 004 003 542 afterburner off, Lid olf
802000 | NE corner 101 2913 004 001 153 afterburner off, 1id on
8/30/2000 | NE comer 09 2909 020 <0 20 13 afterburner off, hid on
843072000 | NW corner 161 29 13 022 0 0& 379 aftecburner off, hid on
83072000 | N'W comer 09 2909 085 037 932 afterburner off, Iid on
/302000 SE comer 101 2013 023 022 79 aflerburner off, id on
B/30:2000 | SE corner 00 2909 134 064 363 afterburner off, 1id on
83072000 | SW corper 101 2913 008 G0o <2 37 afterburner off, Iid on
BA302000 | SW corner g9 24909 045 < 3Q <183 | afierburner off, hid om
83072000 | NE comer 26 2917 009 001 211 afterburncr on, Id on
8/31/2000 ! NE comer B3 2813 o140 <010 136 afterburner on, Ind on
8/30/20000 | NW corner 96 2917 040 021 566 afterburner on, Iid on
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Table 14 Arca Ar Sample Concentratron NTP Results Caollected Areund the Kettle

N1P

Sample Ambicnt Air NTP NTP Toial

Location | Temperaturc | Baromelnc TP RBSF PAC

Sample Aroynd {°F) Pressure Cone Cone_ Conc Kettle
Date Kenle {m Hg) (mg/m’) | (meg/m®™) | (ugim’} Conditions

8312000 | NW corner 8BS 2913 O0s <0 05 4 49 afterburner on, 1td on
8/30/2000 | SE comer 96 2917 1352 113 1025 afterburner on, hd on
83172000 | SL corner 85 2013 014 010 106 afterburner on, lid on
8230/2000 | SW carner D& 2917 009 00l 090 afterburner on, hid en
B/31/2000 } SW comner 85 2913 (02 <002 300 afterburner on, 1id on

Table 15 Summary of the Arca Aur Sample NTP Exposure Results

Mean Concemtraticn % Difference
Exposure Analyte offfopen offclosed an/closed offfopen ofl/open | oificlosed
Vs vg v
officlosed | onfclosed | onfclosed
NTP TP (mg/m”) 131 043 03 66 § 766 293
NTP BSF (mg/m’) 126 319 020 84 8 839 -5 54
NP Towl PAC (pam’) 039 g10 141 014 850 =743
Table 16 Roof-Level Worker NTP Exposare Concentrations
NTF
Ambicnt NTP NTP Toral
Worker Air Barometric TP BSF PAC
Sample 1D Temperature | Pressure Conc_ Cong Conc Ketile
Traie Number {"F} {(m Hg) (mg/m ) [ (mgim’) | {ugmn) Conditions
8¢30/00 JP-02 R4 29 2] 048 033 331 allerburner off, hid off
83100 TP-02 98 2917 032 032 203 afterburner off, hd off
8/30:00 JP-02 101 2013 012 020 17 2 afterburner off, id on
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Tahle 16 Ruof-I.evel Worker NTP Exposure Concentrations

NTP
Ambient NTP NTP Total
Worker Asr Barometric " BSF PAC
Sample 1 Temperature | Pressure Conc Cone Cone Kettle
Date Number {"F) (m Hg) (mg/m’) | (mgrm®) | (ngim®) Condihons
8730000 IP-12 og 2609 {+29 005 471 afterburner off, id on
230400 Ie-02 96 2917 011 012 187 aftertburner on, 1l on
8/31/00 JP-OZ2 20 2917 026 <0 16 130 afterburner on, lid on
8/20/00 IP-13 34 29 21 087 055 193 afterburner off, lid off
8/30/00 JP-03 101 2913 032 D25 a6 6 afterburner off, hd on
830400 IP-03 99 2909 0 A2 019 308 afterburner ofT, ld on
8/30/00 Ip-14 24 29 21 079 068 238 afterbumer off, Lud off
8/31/00 JP-04 o8 2913 084 032 140 afterbummer oft, lid off
3/30/00 JP-04 101 2913 020 ¢ 10 502 afterburner off, hd on
2/30/00 Ip-04 99 25 09 037 003 228 aflerburner off, lid on
2/30/00 JP-04 96 2917 {+ 88 078 169 afterburner om, lid on
8/31:00 04 90 29 17 017 00 212 aflerburner on, ltd on
/31400 m-05 95 29 13 032 003 277 afterburner off, id off
331500 JTP-05 a0 29 17 049 004 225 aflerburncr on, 1id on
Table 17 Summary of the Roof-Level Worker NTF Exposure Resulis
Mean Concentratuon % Difference
olffopen off‘closed | on/closed offfopen offfapen | offitlosed
Exposure Analyte vs Vs Vs
officlosed | officlosed | ollfclosed
TP {mg/m’) 0 55 032 049 423 122 -520
BSF (mg/m™) 036 014 027 614 244 956
Totai PAC (pg/m®) 128 40 6 108 683 155 -167
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Statistical Analysis of the Effectiveness of using Low Fuming Asphalt to Reduce Worker and Area
Air Exposures to Asphalt Fumes Adjusted to NTP

Statistical analyses were conductcd on the NTP air samipling data (o determing the effectiveness
of reducing worker exposure to asphall fumes by using an afterbumer sysiern with a safety
loading door A summary of these analyses 1s shown in Table 18 Compansons were made
between awr sample results for NTP TP, BSF, and total PAC while the afterburners were off and
the kettle id was open, when the aflerburner was off and the kettle hd was closed, and when the
afterburner was on and the kettle Isd was closed Comparisons were made for the following
groups the kettle operator, the four area air samples collected around the kettle, and the roof-
level workers Included 1n Table 18 are pereent reductions 1n expoesure to the mean NTP TP,
BSF, and 1olal PAC, p-values, t-values, and critical t-values at 95% confidence

Using a t-distribution, reduclions 1in exposures were tested to determuinc if they were statistically
significant at 95% confidence None of the reductions measured for the kettle operator, area air
samples collecied around the kettle or roof-level workers were found to be statistically significant

at 95% confidence Adjusting the exposure resulls to NTP did not alter the reductions’

significance

Table 18 Summary of Stahstical Analyses of the Effectiveness of Using An Afterburoer System With 8 Safety loading
Door to Rednce Worker and Area Air Expasures ta Asphalt Fuines

Percent Critical t
Alierburner! Dulference at
Kettle Iid n 5%
Compansen Group/Analyte Conditicn Exposurc | p-value | evalue | confidence

Kettle Operator/NTP TP offiopen vs off/closed 40 2 034 048 291
Kettle Operator™TP TP offfopen vs on/closed 401 0234 047 292
Kettle Operalor/NTE TP officlosed v on/closed 29 1 50 Q008 292
Kellle Operator/NTP BSF offfopen vs officlosed 595 027 073 ze2
Kettle Operator/NTP BSE offfopen vs on'closed 509 028 0 68 2482
Kettle Operator/NTP BSF offfelosed vs otvclosed 113 050 ool 292
Ketile Operator/NTP Total PAC offfopen vy officlosed 639 n29 067 24u2
Ketile Operator/NTP Total PAC offfopen vs onfelosed 66 7 028 068 292
Keule Operator/NTP Total TAC offfclosed vs on/closed 763 047 009 292
Area Samples Around Kettle/NTP TP offfopen vs offitlosed Bh 8 013 120 1 81
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Table 18 Summary of Statistical Analyses of the Effectiveness of Using An Afterburner System With a Safety loading
Doy te Reduce Worker and Area Aw Exposurcs to Asphatt Fumes

Percent Critieal L
Aflerburner/ Dufference at
Kettle hd m G5%
Companson Group/Analyte Condition Exposurc | pvalue | tvalue | confidence

Area Samples Around Kettle/NTP T offfopen vs endtlosed 766 010 136 151
Area Samples Around Kettle/NTP TP offfclused vs ondclosed %5 030 034 176
Arca Samples Around KetilleNTP BSF offfopen vs offfclosed 348 ;09 1356 151
Area Samples Around Kettle/NTP BSE offfopen vs on'closed 839 0 0% I 50 181
Area Samples Around Kettle/INTP BSF off’closed vs on‘closed -5 54 047 O 07 176
Area Saroples Around Kenle/NTE Total PAC off/open vs offfclosed o1 4 (LR 146 181
Areg Samples Around Kettle/NTP Total PAC olffopen vs on/closed 850 011 131 181
Arca Samples Around Kettle/NTP Total PAC offfclosed vz on/clascd -74 3 033 -0 44 176
Rouof-Level Workers/NTE TP offfopen vs offclused 423 006 175 18]
Roof-Level Workers/NTPE TP oflopen vs on/tlosed 122 036 D38 181
Rool-Level WorkersNTP TP afficlosed vs onfclosed =524 016 -105 181
Roof-Level WorkerssNTE BSF offfopen vs offfclosed al 4 anl 206 151
Roof-Level Workers/NTP BSF offfopen vs ondclosed 243 030 034 18]
Roof-Level Workers/NTP BSF offfclosed vs on/closed 956 020 -0 90 1 &1
Roof-Level Workers/NTE Tutal PAC offfopen vs offfclosed an 3 003 177 181
Root-Level Workers™NTP Total PAC oflfopen vi on'closed 155 038 031 181
Rool-Level Workers/NTP Total PAC oiffclozed vs onfclosed -147 007 -163 18]

DISCUSSION

The highest exposures to TP, BSF, and total PAC were measured on the ketlle operalor and arza
air samples collected around the kettle while the afterburner was off and the kettle Iid was open
The kettle opcrator's exposures to TP, BSF, and total PAC were all reduced when the afterburner
was on and the kertle hd was closed Reduchions in exposures of 40%, 60%, and 66% for TP,
BSF, and tatal PAC, respectively, were measured [or the kettle operator when the afterbumer was
on and the kettle I:1d was closed compared to when the afterburner was ofl and the kettle lid was
open  Smmlarly, the mean exposurc concenirations for the four arca air samples collected around
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the kettle had reductions of 76%, 84%, and 85% mn TR, BSF, and total PAC exposures,
respectively, when the afterburner was on and the lid was closed compared to exposures
measured while the afterburner was off and the lid was open For the roof level workers,
exposures to TP, BSF, and PAC were reduced 10%, 23%, and 14% rcspectively None of thesc
reductions, for the keltle operator, the roof level workers, or the arca samples around the kettle,
wgre statistically significant at the 95% confidence level

The greatest reductions measured were for the condition with the aftcrburner on and the kettle hd
closed The area samples taken around the kettle showed the lmghest pereent reductions
Although the reductiens were not stabistically sigmficant, they were sizable reductions that could
aid 1 limuting worker exposure to asphalt fumes The lack of statistical significance may have
been due te the relatively small number of samples collected over this two day penod

Adjusting the collected data Lo normal temperature and pressuvre did not have much impact on the
measured reductions This was done to allow thus data to be compared with data collected at
other sites under different weather conditions

CONCLUSIONS

This survey was conducted at a roofing site that had an asphalt kettle equipped wath afterbumers
and a safety loading door The greatest reductions mn asphalt compenent exposures oceurred
when the afterbumers were on and the kettle lid was closed as compared o resulls with the
afterbumer off and the Ihid open  Although these reductions were not statishically significant at
the 95% confidence level, they were substantial and could mdicate increasced worker proteciion
The sample size was relatively small which could explain the lack of statistical sigmificance
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