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SUMMARY

From November 240 through December 1, 2001, a ficld survey was conducted at a new
construction site where a buill up asphall roof was being installed at Nicholes Elementary School
in San Antomo, Texas The survey was conducted to evaluate the effectiveness of using an
afterburner system with a safety loading door fitted to an asphalt kcitle 1o reduce worker
exposure to asphalt fumes

Personal breathing zone and area air samples were collected and analyzed for total particulate
(TP), benzene soluble fraction (BSF) of the TP, and total polycychie aromatic compounds {PAC)
These three analyses were chosen o represcnt indices of exposure to asphalt fumes  Aar samples
were collected with the afierbumers on and kettle id closed and the afterburners off and keitle Iid
closed Air samples were collected on the ketlle operator, two roof level workers, and area air
samples collected around the four comers of the kettle

Four days of sampling were conducted at Nicholes Elementary School Due to a laboratory error,
two days of sampling were lost  The kettle operator’s exposures to TE, BSF, and total PAC were
all mcreased when the afterbumer was on and the kettle lid was closed when compared to when
the afterburner was off and the kettle id was closed Increases in exposures for the kettle
operater of 147%, 397%, and 367% for TP, BSF, and total PAC were measured The
comparison of the results for the area air samples collected around the kettle showed a reduction
af 41% for the TP cxposures and an increase of 81% and 93% for BSF and total PAC  For the
rool level workers, exposures to TP, BSF, and total PAC were reduced 48%, 46%, and 57%,
respectively  None of the reductions measured were statistcally significant (p <& 05)

Using the afterburner system with the kettle hd closed did not appear to provide protection from
asphait fume cxposure, particularly for the kettle operator



INTRODUCTION

The National Instituic for Qccupational Safety and Health (NIOSH), a federal agency located in
the Centers for Discase Control and Prevention (CDC) under the Department of Health and
Human Services, was established by the Occupational Safety and Health Act of 1970 This
legslation mandated NIOSH to conduct research and education programs separatc from the
standard sctting and cnforccment functions conducted by the Occupational Safety and Health
Admumistration (OSHA) m the Department of Labor  An important area of NIOSH rescarch
deals with mcthods for controlling occupattonal exposure to potential biologeeal, chenncal, and
physical hazards

The Engineermyg and Physical Hazards Branch (EPHRB) of the Dhvision of Apphied Research and
Technology has been given the lead within NIOSH to sludy the engineertng aspects relevant to
the control of hazards in the workplace Since 1976, EPHR has assessed control technology
found within sclected 1ndusines or used for common industrial processes  EPHB has also
designed new control systems where current indusiry control technology was insufficient The
objective of these studies was to document and evaluate effectrve control techruques (e g,
1solation or the use of local ventilation) that minimized the risk of potential health hazards and
created an awareness of the usefulness and availlability of effective hazard control measures

One industry 1dentified for EPHB control studies 1s asphalt roofing  Epdermologic studies of
roofers have demonstrated an excess of lung, bladder, renal, bramn, hver, and digestive system

cancers among roofers or other accupations with the potential for exposure 1o asphalt ™' It 1s
unclear to what extent these findings may be alirbutable 1o asphalt fume cxposure Roofers in
the past have also been exposed to coal tar and asbestos which are known carcmogens

Based on the epideminlogical data, researchers from EPHRB developed & project to evaluate
engineering controls 1 the asphalt roofing industry Due 1o the high asphalt temperatures used in
the roofing process, roofing kettle operators may he at higher risk of asphalt fume exposurc than
workers in any other industry or trade using asphalt In this project, existing engineening controls
for asphalt Iume exposurcs to roofing kettle opcrators are evaluated and, if necessary, redesigned
to reduce operator exposures  In 1990, un estimatcd 456,000 roofing workers were exposed to
asphalt fumes in the United States  Only 10% of those workers werc covercd under a collective
bargaming agreement These workers were employed primanly by small contractors who
generally lack detailed occupational safety and health programs er a designated occupational
salfety and health expert - about 90% of roofing contractors have fewer than 20 employees
Sludying ways o reduce cxposure to these construction workers addresses 1lem 10 2 of the
Healthy People 2000 Objectives, the NIOSH National Cecupational Research Agenda (NORA),
and OSHA pnonties 7"

Kettle operators are responsible for maintaining the appropriate supply of hot asphali at the
correct temperature for apphication on the roof dunng construction of bwilt-up roofs (BUR)
BURs arc layers or plies of fiberglass felt sealed (ogether with hot asphalt The layers provide



protection aganst moisture penciration and, combined with the asphalt's abihty to seal stsclf,
make BUR an excellent waterproofing system ?* Roofing kettles are steel containers used to heat
and store hot asphalt until nceded for application on the roof They vary in size from (50 10 1500
gallons They are equpped with a positive displacement pump, powered by a gasoline enging,
which recirculates the hot asphalt in the kettle and transfers the hot asphali, via a “hot pipe,” to
the roof Roofing ketles are normally equipped with one or twg propane {ired bumers for
heating the asphalt The propane burners exhaust mnto fire-tubes which are submerged 1n the
asphalt within the kettle Thcse tubes direct the hot combustion gases through one or two passes
running the length of the kettle, transfermng heat cnergy lo the asphalt before being released to
the atmosphere The asphalt ternperature s controlled by throtthng the propane supply to the
burner(s) The throttle valve 1s manually operated by the kettie operator or hydraulically actuated
via a thermostat The kettle 15 usually located at ground level during the roofing operation

When additional asphalt 15 necded by the workers on the roof, hot asphalt 13 pumped from (he
kettle through the hov pipe to the roof level for apphcation  Activation of the pump may be done
matially by the kettle operator or remotely from the roaf by a pull rope atiached to the kettle

The recireuiating/transfer pump 15 normaliy operated only dunng the transfer of hot asphalt to the
roof

Roofing asphalt may be delivered to the work site 1n sohd kegs or in tanker trucks  When lanker
trucks are used, a roofing kettle may not be necessary unless additional heating 15 required  The
more traditional methoed 1s (@ deliver the asphalt 1n sohid, paper-wrapped kegs which weigh
approximately 100 pounds Dunng loading, the kettle operator must remave the paper wrapping
and chop the sohd asphalt keg into smaller, more manageable pieces  These preces are manually
loaded wto the kellle through a raised kettle Iid or, when available, through a "post office” type
safely loading doer designed to reduce worker cxposure 1o asphalt fumes and prevent the
operator from being splashed with hot asphalt  In addition (o loadng asphait, the kettic operator
pertodically opens the id to remove impurities which iend to agcumulate on the surface of the
hot asphalt, this 15 called skamming

The equiviscous temperature (EVT) 1s the apphication temperature {EVT varies each production
hatch) at which optimum wetting and adhesive qualities of the roofing asphalt 1s obtained The
asphalt tempcrature in the kettle 1s maintained somewhat hagher than the EVT ol the asphall
The aclual mammtenance temperature of the kettle will vary according to outdoer temperature,
length of hot pipe, asphalt usage rate, pump flow rate, and type of receiving vessels on the roof
Table 1 shows the EVT and other thermal properties for four types of asphalt The flashpont
{FP} 15 the temperature at which the asphalt may burst into flame  The maximum heating
temperature 15 25°F Icss than the FP and should never be exceeded The type of asphali used 1n
an applicahon 15 determined by, amony other things, the slope of the roof being built



Table 1 Thermal Propertics of ¥Yarous Types of Aspbalt
Maximum Heating Flash-pownt
Temperature Temperature | EVT
Type Number | Kind of Asphalt (°F) (°F} +25 °F

Type 1 Dead Level 475 525 375
Type 11 Flat 500 530 40
Type 111 Steep 525 575 425
Type TV Special 525 395 425

HEALTH EFFECTS/OCCUPATIONAL EXPOSURE CRITERIA

There arc three pnimary sources nsed m the Umted States for environmental evaluation critenia
NIOSH Recommended Exposure Limits (RELs), the Amencan Conference of Governmental
Industrial Hygietusts (ACGIH) Thrashold Linut Values (TLVs), and the U S Department of
Labor OSHA Permussible Exposure Limits (PELs) OSHA has specific PELs regulating the
construction mndustry ' The OSHA PELs arc the only legally enforceable cxposurc critena
among those hated, and during thewr development, CSHA must consider the feasibility of
controlling exposurcs m addihion to the related health effcets  In contrast, NIOSH RELs are
based prnmanly on concems relahing to health effects The ACGIH TLVs refer to airborne
concenirations of subsiances and represent conditions under which 1t 1s believed that nearly all
workers may be exposed, day afier day, withoul adverse health effects The ACGIH 1s a private
professional socicty and states that the TLVs are only guidelines

In a 1988 rule on air contaminants, OSHA proposed a« PEL of 5 mgfm3 as an &-hr time-weighted
average {TWA) for asphalt fumes exposure i 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 1t would delay a final decision on the 1988 proposal because of complex
and conflicting 1ssues submitted to the record 2 In 1992, OSHA published another proposed rule
for asphalt fumes that indicated a PEL of 5 mg/m’ (total particulate) for general industry,
construction, maritme, and agrculture > Although OSHA nvited comments on all of the
alternatives, 1ts proposed standard for asphalt fumes would establish a PEL of 5 mg/m® (total
particulate) based on avoidance of adverse respiratory effects The OSHA docket s closed, and
OSHA has not scheduled any further action

In 1977, NIOSH established an REL of 5 0 mg/my” (tota) parliculate) measured as a 15-minute
ce1ling hmit for asphalt fumes to protect against wrritatton of the serous membrane of the
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conjunctiva and the mucous membrane of the respiratery tract  In 1988, NIOSH (in testimony to
the Department of Labor) recommended that, based on the OSHA cancer ]:n:hlmjy’,2 asphalt fumes
should be considered a potential occupational carcmogen ¢ This recommendation was based on
mformation presented 1n the Niemeier et al study 7 This NIOSH conciusion 1s based on the
collective evidence found m avarlable health effects and exposure data **

The current ACGIH TLV for asphalt fumes 15 an 8-hr TWA-TLV of 0 5§ mg/m” as benzene-
extraciable mhalable particulate {or equivalent method) with an A4 designation, indicating that 1t
tz not classifiable as a kuman carcinogen =

Asphait fumes have been reported to cause imtation of the mucous membrancs of the eyes, nose,
and respiratory tract *® While other symptoms such as coughing and headaches were reported
rocently, there was no statistical association with asphalt fume exposure * %% Results from
experimental studres with anumals™ »* % jndicate that roofing asphalt fume condensates
gencrated 1n the laboratory and applied dermally cause bemign and malignant skin tumors m
several stramns of mice  Dhfferences in chemcal composition and physical characterishics have
been noted hetween roofing asphall fumes collected 1n the field and those generated mn the
laboratory ** However, the significance of these differences 1n ascnibing health effects to humans
1s unknown  Furthermore, no published data exist that exanune the carcimogenic potential of
ficld-generated roofing asphalt furncs 1n amumals  Sineg the health nsks from asphalt exposure
are nol yel fully defined, NIOSH, labor, and indusiry are working together o beiter charactenize
these nsks while contimuing their effort to reduce worker exposures to asphalt fumes

hiz the roofing mdustry, exposure to usphalt fiunes and other related exposurcs 1s well
documented and studhes still continug  Several studies have identified increased polycyclic
aromatic compounds (PACs) exposure 1n kettle operators versus other categories of roofers
Duc to the nature of the kettle operator's job, this appears to be an obvious conclusion. however,
fow controls have been utilized to mimmive these exposures
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ENGINEERING CONTROLS

The engineering control evaluated during this field survey was the Reeves afierburner system
equipped with the safety loader In the Reeves afterburner system, the regular kettle lid 15
replaced with a id Atted wilh a hood containing propanc bumers n the fume stacks and a loading
chamber {or adding asphalt to the kettle As asphalt fumes are entted from the surface of the
asphalt 1n the kettle and nse up into the stacks, they are combusted in the bumers  The safcty
loader provides a way to add asphalt to the kettle without nisk of being splashed with hol agphalt
The safety loader consists of a chamber with a door where chunks of asphalt are placed The
bottom of the chamber has a hunged door attached to a lever which, when pulled, opens and
allows the asphalt to fall into the kettle



STUDY BACKGROUND

A survey was conducied November 26 through December 1, 2001 at Nicholes Elementary
School in San Antomo, Texas with the Beldon Roofing Company Worker exposures to asphalt
fumes dunng the mslallation of an asphalt buili-up roof (BUR) were cvaluated with and without
an engineening coptrol The engineenng comrol used at 1his site was a Reeves afterbumer
system  Other existing engineering controls for this industry are also being evaluated A final
repert will summarize the engineering controls evaluated from all of the surveys

SITE DESCRIPTION AND WORK ACTIVITY

Nicholes Elementary School 15 a Jarge multiple wing school that was under construction when

the survey was conducted Durmng this time, the roof over one of the wimps was bemg nstalled
The roof being applied consisted of one layer of polyisocyanurate mstallation board, a layer of
Perlite board, 2-plies of black fiber glass felt paper, and a mineral surface fiber glass cap sheet

Shown 1 Table 2 15 the amount of asphalt uscd each day of the survey

Table 2 Amount of Asphalt Used Each Day
Date Amount of Asphalt Used
{pounds)
11/26/2001 2250
13272001 1700
11/30/2001 4700
12:01/2001 3300

The roofers began work at 8 00 a m each day At that time, the kettle operator loaded asphalt
mto a 650 gallon kettle (manufactured by Reeves) equipped with lwo afterburners and lit the
proparne burners to bring the asphalt up to the correct temperaiure  The elementary school
consisted of mullple wings The kellle was located al groeund level 1n front of the wing where
the BUR was bemg installed Durimg the four days thal the survey was conducted, the roofers
worked on one wing installing BUR



EVALUATION METHODS

In order ta develop useful and practical recommendations, the ability of an engincenng control
measure to reduce worker exposuore to air contaminanis must be documented and evaluated
Where practical, this was accomplished by evaluating workers' exposure to asphalt fume
particulate and PACs both with and without the aflerburner operating and the safety loading
kettle hd both open and closed  In this particular survey, the kettle Iid was closed for all
measuremenis Personal breathing zone and area air samples were collected for total particulate
(TP), benzene soluble fraction {BSF) of the total particulate, and PACs The samples were
analyzed for BSF using NIOSH Manual of Analytical Mcthods (NMAM) Mecthod 5042, NMAM
Method 5800 was used to analyze samples for PACs ™ The temperature of the hot asphalt was
recorded penodically with an electronic thermocouple and compared to the temperature gauge
permanently mounted on the kettle

Aur Sampling

For personal breathing zone and area air sampling, two sampling trains were used per woyker or
area One sampling tramn was used to collect TP and BSF samples, and the other train was used
to collect total PAC samples Both sampling trains’ sampling pumps were calibrated to an air
samopling flow rate of 2 hiters per munute (Lpm) Personal breathmmg zone air samples were
collected an the kettle operator and three roof level workers  Area aly samples were collected at
each of the four comers around the kettle  The area air samplers were placed 1n tripods, and the
sampltng modia were posttioncd to breathing zone height (approximatcly 60 inches above the

ground)

Kettle Temperature

The kettle was equipped with a permanently mounted temperature gauge This gauge 18 used by
the kettle operator to monitor and maintain hoi asphalit above the EVT The mounted gauge
calibration was checked agamst a Tegam Model 821 microprocessor thermometer usimg a K-type
thermocouple Table 3 contans the kettle lemperature data for the four days of sampling at
Nicholes Elementary Schooil The mean kettle temperature measurements are shewn along with
the mean keitle gange temperature measurements



Table 3. Summary of Keitle Temperaiurs Data
MNichales Elementary Sehool
Mean Minirmum Maxumiun | Mean Gauge
Number Ketlle Keule Ketile Kettle
of Temperature | Temperature | Temperature | Temperature
Date Measurements {(“F) {°F) ("F) {°F)
11/26/2001 3 561 526 590 553
112772001 0 -— — — 552
11/30/2001 2 552 544 559 555
127012001 2 330 5ln 540 534

Statistical Evaluation

Personal breathing zone and arca air sample data for TP, BSF, and total PAC were statistically
compared with afterburners on and the kettle Iid closed to aflerbumers off and the kettlc lid
closed usmg Student’s t-test  Statistical comparnisons were also done for the personal breathing
zone and area air samplig data adjusted to normal temperature and pressure (NTP)

RESULTS
Ketile Operator Samphng Results

Personal breathing zone air samples collected on the kettle operator at the elementary school site
were analyzed for TP, BSF, and total PAC  Samples were collected for four days During the
analysis of the samples, the first two days’ samples (11/26 and 11/27) were lost  Therefore,
shown tn Table 4 are the sample results lor only the third and fourth day of sampling for the
kottle operator  On the third day of samplhing, the afterbumer was on and the kettle Iid was
closed On the fourth day of sampling, the afterburner was off and the kettle ad was closed



Table 4 Ketde Operator's Exposure Concentrations
Nicholes Elementary Schoel
370 404 Total
Sample TP BSF PALC PAC PAC
Sample Troe Conge Conc Conc Cone Cong Kettle
Date (mm) | (mgm’) | (mg/m®) | (ugfm®) | (egfm®) | (ug/nd) Conditions

11/3G/2001 461 094 60 407 825 490 afterburner on, hd closed
12/01/2001 279 039 G13 726 363 1G9 afierburnier off, bid closed

For all tables-

TP = total particulate

BSF = benzene soluble fraction of TP

PAC = polycyche aromakie compounds

370 PAC = PAC measured at 370 pm crmssion wavelength
400 PAC = PAC measured at 400 nm eomssion wavelength
Total PAC = sum of 370 and 400 nm PAC concentrations
mg/m® = mlligrams per cubte meter of awr

,ug,’ms = micrograms per cubie meter of air

dith = nanometers

na = uot avallable

Table 5 Summary of the Ketile Operator's Exposure Results
Michoeles Elementary School
Kettle Conditions %% Dufference
afterburner onlid closed
aftcrburner onvhid closed | afterburner offfhd closed g

Expoesure Analyte afterburner offfhd closed

TP {mgm™) 094 039 -138

DSF {mg/m’) 0 60 013 379

Total PAC (pg/m®) 49 0 10:9 =350

Area Air Sample Results for Samples Collected Around the Kettle

Area air samples were collecied al the four comers of the asphalt roofing kettle at breathing zone
height Samples were collected and analyzed for TP, BSF, and PAC These results are shown in
Table &



Table 6 Area Air Sample Concentration Results Collected Around the Keitle
Nicholes Elementary School

Sampls 370 400 Toral
Laocation Sample TP BSI PAC PAC PAC
Sample Arcund Tine Conc Cung Cong Cong Conc Kettle
Date Kettlc {mm) | (mg/my | fmg/m®) | (g™ | {pgm) | (ugim’) Condiwons
1173042001 | NE comer 474 ¢ 11 0 D6 333 6 87 44 2 afterburner on, lid closed
13/30:22001 | NW corner 474 024 D22 76 8 12§ 506 afterburner on, lid closed
1173072001 | SE corner 174 002 004 130 242 154 aflerburner on, hid closed
11/30/2001 | SW comer 474 004 002 Ih 6 710 437 afterburner on, hid closed
12:01:2001 | NE curner 279 018 003 66 282 349 aflethurner off, 1id closed
127012001 | NW coraer 279 01a no3 062 252 344 afterburner off, 1id elosed
1270172001 | SE corper 279 018 043 14 6 740 220 atfterburner otf, hd closed
12/01/2001 | SW corner 279 020 ao9 065 292 157 afterburner off, ld closed
Tahle 7 Summary of the Area Air Sample Results Callected Aronnd the Kettle
Nicholes Elementary School
Mean Concentration Y% Bulference
afterburner on/hd closed
V8
Exposure Analyte | afierburner onld closed | afterbumer 0ffhd closed | afterburner offhd closed

T (myim’} 010 018 43 4

BSF (mp/m™) 008 003 -737

Total PAC (pgim’) 819 813 907

Roof Level Worker Personal Breathing Zone Sample Results

Personal breathimg zone air samples were collected on the roof level workers at the elementary
school Two workers, one whoe was mopping and one who was lugging asphalt, were sampled
for TP, BSF, and total PAC for four days These sample resulis are shown 1n Table 8 and

summarized m Table 9



Table 8 Roof-Level Workers Exposure Concentratiens
Nicholes Elementary School

.
370 400 Tutal
Worker | Sample TP BSE PAC PAC PAC
Sample iD Time Canc Cone Cone Cane Conc Ketlle
Date Number (mmn ) | (mgim®) | (mgmy | (ugm®) | (wgfm®) | (ug/m®) Condrhons

11/30/2001 NP-i] an2 345 230 450 oo3 350 aflerburner on, bd
11/30/2001 NE-02 351 086 (83 393 758 468 afterburner o, Ird
12:0152001 NE-Q5 192 145 0 207 k1. 24 aflerburner off, hd
Y2/01/2001 NE-O7 193 T 595 857 L6l 1018 afterburner off, hd

Table @ Summary of the Roof level Workers Exposure Results
Nichales Elementary School

Mean Concentration "o hiference
atterburner on'hid closed
Exposure ;%.nalyte afterburner on'lhid closed allerburner ofPlid ¢losed aﬂgrbme:;ﬂjhd closed
TP {mg/m’} 215 434 S0 4
BSE (mg/m’} 1587 299 477
Total PAC (ug/m’} 262 631 585

Statistical Analysis of the Effectiveness of Usmyg an Afterburner System to Control
Exposures to Asphalt Fumes

Statistical analyses were conducted on the air sampling data 10 detemmune the effcctiveness of
reducmg worker exposure to asphalt fumes by using an afterburner system with a safety loading
door A summary of these analyses 15 shown n Table 10 Companisons were made between air
sample resulis [or TP, BST, and 1otal PAC with the afterburner on and the ketfle hid closed 1o
when the afterburner was olT and the kettle hid was closed Compansons were made for the
followng groups the kettle operator, the four area air samples collected around the asphalt ketile,
and the roof-level workers Included 1n Table 10 are percent differences m exposure to the mean
TP, BSF, and total PAC concentrations, p-values, t-values, and cntical t-values ar 95%;

confidence

Using 1 distnbution, reductions in exposures were tested to determine 1f they were statishically
significant at 95% confidence None of the reducuons measured for the kettle operator, area air
samples collected around the kettle, or the roof-level workers were found to be statisticaily
sigmficant at 95% confidence
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Fahle 10 Summary of Statistical Analyses of the Effectiveness of An Afterburner System Reduce Exposures to

Asphalt Fumes

Percent Critical
Dhfference t
Afterburner/Eettle Lid - P - at 93%
Companison Group/ Analyte Concditien Exposure value valye confidence
Keitle Operators TP on‘Closed vs offfclosed -138 -— - ---
Kettle Operator/BSE on‘closed vs offfclosed -379 - —— -
Ketile Operator/Total PAC on'closed vs offficloged <350 — - ———
Area Samples Around Kettle/TP on/closed vs offfcloged 414 00309 | 15950 1 9431
Area Samples Around Kettle/BSF on'cloged vs officlosed -737 02383 | -G 758% 1 0431
Atca Samples Around Kettle/Total PAC | on/closed vs officlosed =907 0o1te | 27351 1 9431
Rool-Level Workers/TP or/clozed vs officlosed 504 02807 | 06901 249200
Roof-Level Workers/BSF out/closed vs officlosed 477 03425 | 04893 29200
Roof-Level Workers/lotal PAC on/closed vs wificlosed 585 02344 { D3413 29200

Comparison of Results after Adjusting Exposure Concentrations to Normal Temperature

and Pressure

Normal temperature and pressure (NTP) are 77°F (25°C) and 29 92 in Hg (760 mmHg) The
ambient air temperature and pressure measurements for the four days of samphing are shown in

Table 11
Table 11 Mean Ambiend Awr Temperature and Pressure Measurements
Nicholes Elementary School
Number Mean ambient Air Mean Barometric
o of Temperature Pressure
At oy

Measurements (°F) (in He)
11/26/2001 11 733 2878
1172772001 4 573 28 85
11/30/2001 9 590 2901
120172001 8 3712 2913
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Using the temperature and pressure measurentents for the trme of day the sample was collected,
the TP, BSF, and PAC exposure results were adjusted to NTP  These data are shown in Table 12
and summarnzed 1n Table 13 for the kettle operator, Table 14 and summarnzed 1n Table 15 for the
area air samples collected around the kettle, and Table 16 and summanzed in Table | 7 for the roof
level workers By adjusting to NTP, data from different sites can be more readily compared

Table 12 Kettle Operater’s NTF Exposure Concentrations
Nichales Elementary School

KTP TP NTT BSF NTF Total
Sample Conc Cone PAC Cone Ketile
Date (my/m’) (mg/m} {egfm’) Condimons
11/30/2001 093 0 60 87 afterburner on/lid closed
12/01/2001 039 012 328 afterburner off/hid closed

Table 13. Summary of the Kettle Operator’s NTP Exposure Resulis
Nicholes Eleraentary School

Afterburmer/Lid Condition

% Differance
alterburmer on/lid closed

afterbumer on/ | afterburner offf s
Exposure Analyte Ird closed Lid closed afterburner of lid closed
NTP TP (mg/m”) 074 030 -147
NTP BSF (mg/m’} G 48 610 -397
NTF Tolal PAC {pg/m’) 387 828 -367

Table 14 Area Air Sample Concentration Results Collected Around the Kettle
Nicholes Elementary Schuol

Sarmple Sample KTE TP NTP BSF NTP Total Keitle
Sample Location Time Cone Cone_ PAC Conc Condinons
Date Around {rn ) {mg/m’) (g’ {ng/m’)

Ketile
11/30/2000 | NE corner 474 011 000 37 aflerburner on, hd closed
1173042001 | N'W comer 474 024 021 708 afterbumer on, hid closed
11/30/2001 | SE comer 474 002 004 122 afterburmer on, lid ¢losed
17173072001 | SW corner 474 004 0oz 345 afterburner on, hd closed
12700/2001 | NC corner 274 018 EAE] 265 afterburner off, lid cloged
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Table 14 Area Awr Sample Concentration Results Collected Around the Kettle
Nicholes Elementary Schaol

Sample Sample KTP TP NTT BSI NTP Total Kettle
Sampile Locaton Time Cone Cone PAC Cone Conditions
Date Around {mm ) [mg}mjj [mga“mz) {eg'm’)
Kcetile
12/01/2001 | NW corner 279 01n 003 262 afterbumer off, 1id closed
12/00,2001 | 3E carncr 279 Gi8 G 03 167 afterburner off, lid closed
120172001 | 8W comer 274 01% 009 27 afterbumner off, hid closed
Tabie 15 Summary of NTP Area Aw Sawapie Results Collected Around the Ketile
Nicholes Elementary School
Mean Conceniration %5 Difference
aftcrburner on/lid closed
aftetburner o/ | aftecburner of¥ Vs
Exposure Analyte lid closed hd closed afterbumer offlid closed
NTP TP (mg/m') 008 014 412
NTP BSF (mg/m®) N a7 {1 04 -850 6
NTP Total PAC {pg/m’) 64 7 618 -047
Table 16 Roof-Level Warkers' Exposure Concentrations
Nicholes Elementary School
NTP
NP NTP Total
Worker | Sample TP BSF PAC
Sample 113} Time Canc Cone Conc Kettle
Datc Mumber | (mm} | (mg/m”) | {mg/m®y | (ugim®) Conditions
1173072001 NP-011 302 344 229 434 afterbumer on/hd closed
1173042001 NP-02 351 0 86 083 370 afterburner on/lid closed
12/01/2G01 NP-03 152 143 00d 185 afterburner offfhid closed
12000/ 2001 NP-O7 193 714 588 774 afterburner oftfhd closed
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Table 17 Summary of the Roof level Workers Exposure Results
Nicholes Elementary School
Mean Concentration o4 Dnfference
afterburner on'lid closed
afterbuorner on/ | afterburner offf -
Expuosure Anpalyte hd closed 1id closed afterburmer off'hid closed
NTP TP (mg/m’) 170 3130 484
NTP BSF {ing/nr'} 124 228 456
NTF Total PAC (pgim®) 207 479 569

Statistical Analysis of the Effectiveness of Using an Afferburner System to Reduce Worker
and Arca Awr Exposures to Asphalt Fumes Adjusted to NTP

Statisncal analyses were conducted on the NTP air samplng data te determune the effectiveness of
reducing worker exposute 1o asphalt fumes by using an afterbumer system wath a safety loading
door A summary of these analyses 1s shown in Table I8 Comparisons were made beiween air
samplc resuits for NTP TP, BSF, and total PAC while the afterburners were on and the kettle lid
was clascd and when the afierburmers were aif and the ketile hid was closed Comparisons were
made for the following groups the kettle operator, the four area air samples collected around the
keitle, and the roof-level workers Included in Table 18 are percent daiferences m cxposure to the
mean NTP TP, BSF, and total PAC, p-values, t-values, and cntical t-values at 3% confidence

Using the t distribution, reductions 1 exposures were tested to detertrune 1f they were statistically
sigmficant at 93% confidence None of the reductions measured for the kettle operator, area aw
samples collected around the kettle, or roof-level workers were found to be statistically sigmficant
at 95% confidence Adjushing the exposure results to NTP did not alter the sigrnificance of the
reductions
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to Asphalt Fumes

Table 18 Summary of Statistical Analyscs of the Effectiveness of Using An Afterburner System to Reduce Exposures

Percent Critical t
Dafference at
Afterburner/Kettie L1d i 95%
Comparison Group/ Analyic Condition Exposire | p-value | t-vilue | confidence

Kettle Operator/NTP 1P onvclosed vy officlosed -147 - - —
Kattle Operator/™NTP BSF on‘closed vs officlosed -397 - - —--
Kettte Gperator™NTP Total PAC cr'closed vs officiosed =167 amen - -—--
Area Samples Around Ketile/INTP TP on/closed vs offfclosed 412 00976 | 14571 19432
Area Samples Around Ketlle/NTP BEF urvclosed vs officlosed -B0 6 02269 [ -0 8008 1 9432
Area Samples Arcund Ketle™WTT Total PAC on/closed va officlosed 947 00167 | -2 7495 19432
Ruof-Level Workers/N'I'P 1P on/closed vs officlosed 454 Q2888 | 0659 29200
Roof-Level Workers'NTP BSF on'closed v offfclosed 436 03490 | 4480 29200
Roof-Level Workers/NTP Total PAC crvclosed vs oflfclosed 369 02513 | 38107 29200

DISCUSSION

Various enginecring cantrols arc bemng intvesngated to determime their cffectivencss at reducing
asphal fume emissrons from roofing kettles This report summanzes a survey conducted at a site

that used an afterburner system wath a salely loadmg door as the engineermg control  Both

personal and arca air samples were collected on thus survey  Personal samples were (aken on the
keitle operator and the roof level workers  All samples werc analyzed for TP, BSF, and total
PAC The results were then compared to determine 1 there was a reduchion 1 these indices when

the afterburner system was in use

For the kettle operator, the concentrations of TP, BSF, and tetal PAC were higher when the

afterburner was on compared to when the afterbumer was off  Simular results were seen 1n the
areq air samples collected around the keitie  There was a reducuon in TP when the afierburnet
was on, but the concentrations of BSF and total PAC increased The reduction in TP was not

statistically significant

Personal samples were collecied on the roof leve] workers who were mopping and lugging
asphalt Reducuons werc calculated for TP, BSF, and total PAC However, none of these
rcductions were statistically significant

Since the outside air temperature impacts the operating temperature of the kettle and the ketile
temperature affects the amount of asphalt fume enmssions, the results were adjusted 10 normal
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temperature and pressure This also allows data from different sites that may have sigiuficantly
different weaiher conditions to be compared  After making this adjustment, there was no change
n the results Reduchions were noted for roof level workers and TP 1n the area air samples
collected around the kettle Nome of the reductions were statistically sigmficant at 95%
confidence

These results indicate that using an aftcrburmer system did not reduce the kettle operatot's
exposure, although some reduction was noted for the roof level workers The kettle operator’s
measured exposures were actually higher when the afterburner was on  This may indicate that the
exhaust of the afterburner needs to be redivected so that it does not enter the operator’s breathing
zong These resulis are consislent with those for the area samples collecled around the kettle
These samples also indicated gher levels of BSF and total PAT when the afterbumers were on
The fact that the kettle hid was closed duning al! the sampling may have had some impact on the
resulis, since an open kettle hd may be a source of additional asphalt fume cxposure

The roof level workers did seem to benefit somewhat from the use of the afierburners on the kettie
as thetr exposures 1o TP, BSF, and total PAC were all reduced  However, these reductions were
not staustcally sigmficant at 95% confidence Adjusting the data to NTP did not have a
sigmficant impact on the results

CONCLUSIONS

In this survey, the use of an afterburner system on a roofing kettle did not cause a significant
reduction i exposure Lo the components of asphalt fumes Tn facl, the kettle operator’s
exposures were elevated when the afterburner system was muse  Although the roof level
workers had reduced concentrations of TP, BSF, and total PAC, these reductions were not
stalistically sigmilicant Further study 15 needed to deterrmne 1f afterburner systems could be
effective at reducmg asphalt fume emissions
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