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SUMMARY

From July 16 through 25, 2002, a field survey was conducted at Glenwood Elementary School 1n
San Rafael, Califorriia where a built up asphalt roof was being installed to replace the old roof
The school was under going a complete renovation A separate crew had previously removed the
old roof, and a diflerent crew installed the new roof The survey was conducted ta cvaluate the
effcetiveness of using an afterburner system with a safety loading door fitted to an asphalt kettle
ta reduce worker exposure to asphalt fumes

Personal breathing »one and area air samples were collected and analyzed for total particulate
{TP), benzene soluble fraction (BSF) of the TP, and total polycyelic aromatic compounds (PAC)
These three analyses were chosen to represent indices of exposure to asphalt fumes  Air samples
were collected with the afterbumer on and kettle hid closed and afterburner off and kettle lid
closed Air samples were collecied on the keltle opcrator and two roof level workers, arca air
samples were collected around the four comers of the ketlle

The kettle operalor’s exposures to TP, BSF, and total PAC were all reduced when the afterburner
was on and the kettle hd was closed when compared to when the afterbumer was off and the
kettle hd was closed Reductions in exposwres for the kettle operalor of 23%, 54%, and 43% for
TP, BSF, and total PAC were measured Reductions of 33%, 66%, and 72% wm TP, BSF, and
tolal PAC were measured for the area air samples collected around the kettle  For the roof level
workers, exposures ta TP, BSF, and total PAC were reduced 33%, 27%, and 23%, respectively
Only the reduction of 66% [or BSF seen 1n the area air samples collected around the ketllc was
staushcally sigmficant Noene of the reductions measured for the kettle operator or the roof level
workers were statistically significant {(p <0 05) The greatest reductions m asphalt fisme exposure
occurred when the afierburncrs were on and the keftle 1id was closed Using the afierbumer
system with the kettle hid closed provided the most protection from asphalt fume exposure,
particularly [or the kettle operator The kettle operator loaded all the asphalt into the kettle by
opening the kettle id instead of using the safety loading door allowing asphalt fumes to be
emitted during this work activity The kettle operator alsa spent half of the work day working on
the roof, getung a simular asphalt fame exposure as the other voof level workess These work
practices may have had a negative effect on the percent reductions measured




INTRODUCTION

The Natonal Institute for Occupational Safety and Health (NIOSH), a tederal agency located in
the Centers for Disease Contrel and Prevention {CDC) under the Department of Health and
Human Services, was estabhished by the Occupational Safety and Health Act of 1970 This
legislation mandated NIOSH to conduct research and education programs scparate from the
standard setting and enforcement funcuons conducted by the Oceupational Safety and Health
Admumstration {OSHA) m the Department of Labor  An important area of NIOSH rescarch
deals wath metheds for controlling occupational exposure to potential bislogical, chemical, and
physical hazards

The Engincerning and Physical Hazards Branch (EPHB) of the Division of Applied Research and
Technology has been given the lead within NIOSH to study the engineening aspects relevant to
the control of hazards in the workplace Since 1976, EPHB has asscsscd control technology
found within selected mdustrees or used for common industrial processes EPHB has also
designed new control systems where current industry control technology was insufficient The
ohjective of these sludies was to document and cvaluate effeenve control techriques (e g,
1solation or the use of local ventilation) that mimmized the nsk of potential heatth hazards and
created un awarencss of the usefulness and availability of effective hazard control measures

One idustry wdentified for EPHB control studics 15 asphalt rcofing  Eptdemiologic studies of
roofers have demonstrated an excess of lung, bladder, renal, brain, hiver, and digestive system
cancers among roofers ot other occupations with the potential for exposure to asphalt ' It 1s
unclcar to what cxtent these findings may be attributable to asphalt fume exposure Roofers m
the past have also been exposed 1o coal tar and asbestos which are known carcinogens

Based on the epridemuological dala, researchers from EPHB developed a project o evaluate
engineering controls in the asphalt reofing mdustry  Due to the high asphalt temperatures used 1n
the roofing process, roofing kettle operators may be at ugher risk of asphali fume exposure than
workers m any other industry or frade using asphali  This project evalnales exishing engimcenng
conirols for asphall fume exposures to roofing kettle operators and, 1f necessary, redesigns those
controls to reduce operator ¢cxposurc In 1990, an sstimated 46,000 roefing workers were
cxposcd to asphalt fumes 1n the United States  Only 10% of thosc workers were cevered under a
collective bargaimng agreement These workers were employed pnmarily by small contractors
wha generally lack detailed occupational safety and health programs or a designated occupational
safeiy and health expert - about 90% of roofing contractors have fewer than 20 employees
Studying ways to reduce exposure to these construction workers addresses 1tem 10 2 of the
Healthy Peeple 2000 Objectives, the NIOSH National Qccupational Research Agenda (NORA),
and OSHA priontes [™1°

While this projeet concerns 1tself primanly with the reduction of asphalt fume cxposure to ketile
operalors, parallel studies 1n cooperation with the EPHB study provide an in-depth examination
of asphalt fume exposures to workers on the roof duning hot asphalt apphcation There are three




NIOSH studics examunimg engineering controls, blood and urine biomarkers, and medical effects
duc to asphalt fume exposurc and a Harvard Umversity study examining urine biomarkers and
PAC/Pyrene exposurc

Kettle operators are responsible for maintairung the approprate supply of hot asphalt at the
correct temperature for application on the roof durimg construction of budlt-up roofs (BUR)
BURs are layers or plies of fiberglass felt sealed together with hot asphalt  The layers provide
protection against mosture penctration and, combined with the asphalt's ability to scal itself,
makes BUR an excellent waterproofing system *° Roofing kettles are steel containers used to
heat and store hot asphalt until needed for apphication on the roof They vary i s1ze from 150 to
1500 gallons They are equipped with a positive displacement pump, powered by a gasaline
engine, which recircutates the hot asphalt in the kettle and transfers the hot asphalt, via a “hot
pipe,” to the roof Roofing kettles are normally equipped with one or two prapane fired burners
for heating the asphalt The propane burners exhaust into fire-tubes which are submerged in the
asphalt within the kettle  Thesc tubes dircet the hot combustion gascs through one or two passes
runmung lhe length of the kettle, transferning heat cnergy to the asphalt before bemng released to
the atmosphere The asphalt temperature 15 contralled by throttling the propane supply to the
bumer(s) The throttle valve 1s manually operated by the kettle operatior or hydranhically actuated
via a thermostal  The ketlle 15 usually located at ground level dunng the roofing operation

When addiienal asphalt 1s needed by the workers on the roof, hot asphalt 1s pumpcd from the
kettle through the hot pipe to the roof level for application  Activation of the pump may be done
manually by the kettle operatar ar remotely from the roof by a pull rope attached to the kettle
The recitculating/transfer pump 18 normally operated only durmng the transfer of hot asphalt to the
roof

Roofing asphalt may be delivered to the work site in solid kegs or 1n tanker trucks When tanker
trucks are used, a roofing keltle may not be necessary unless addibonal heating 15 requured The
more traditional method 1s to deliver the asphalt m solid, paper-wrapped kegs which weigh
approximately 100 pounds During leading, the kettle operator must remove the paper wrapping
and chop the sohd asphall kcg mto smallcr, more manageable pteces  These pieces are manually
loaded o the kettle through a raiscd kettle hid or, when available, through a safety loading door
designed to reduce worker exposure Lo asphalt fumes and prevent the operator from being
splashed with hot asphalt Tn addition to loading asphalt, the ketile operator periodrcally opens
the hd to remove impurities which tend to accumulate on the surface of the hot asphalt, this 15
called skimming

The equiviscous temperature (EVT) 1s the application temperaiure (EVT vanes each praduction
balch}) st which opumum welling and adhesive qualiies of the roofing asphalt are oblained The
asphelt temperature 1 the kettle 13 mamtamed semewhatl higher than the EVT of the asphalt

The actual maintenance temperature of the kettle will vary according to ouldoor lemperature,
Iength 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)1s the temperature al which the asphalt may burst into flame The maximum heating



ternperature 15 25°F less than the FP and should never be exceeded The type of asphalt used 1n
an applicalion 1s determined by, among other things, the slope of the roof being built

Table 1 Thermal Properties of Yarous Types of Asphalt
Flash-point
Maxmmum Heating Tempcrature EVT
Tyge Number | Kind of Asphali Temperature (°F) (*F) t25°F

Type 1 Dead Level 475 525 273
Type I Flat 500 350 400
Type 11 Steep 325 575 425
Twpe IV Special 525 57% 425

HEALTH EFFECTS/OCCUPATIONAL EXPOSURE CRITERIA

There are three primary sources used in the Umited States for environmental evalualion critena
NIOSH Recommended Exposure Limuts (RELs), the American Conference of Governmental
Indusirial Hyglemsts (ACGIH) Threshold Limit Values (TLVs), and the U S Department of
Labor QSHA Permissible Exposure Limuits (PELs) OSHA has specafic PELs regulating the
construction ndustry ' The OSHA PELs are the only legally enforceable cxposure criteria
among those hsied, and dunng their development, OSHA must consider the feasibihity of
controlhng exposures n addition to the related health effects In contrast, NIOSH RELs are
based primarily on concerns relating te health effects The ACGTH TLVs refer to asrbomne
concentralions of substances and represent conditrons under which it 1s believed that nearly ail
workers may be exposed, day after day, wilhout adverse health effects The ACGTH 18 2 private
professional society and states that the TLVs are only guidclines

In a 1988 rulc on air contaminants, OSHA proposed a PEL of 5 mg/m? as an 8-hr time-weighted
average (TWA) [or asphall fumes exposure in general mdustry This proposal was based on a
prehiminary finding that asphalt fumes should be considercd a polential carcinogen *2 In 1989,
OSHA announced that 1t would delay a final decision on the 1988 proposal because of complex
and conflicting 15sues submitted to the record #* Tn 1992, OSHA published another proposed rule
{or asphalt fumes thal indicated a PEL of 5 mg/m’ (total particulate) for general industry,
construction, mariime, and agnculture * Although OSHA mvited comments on all of the
alternatives, 1ts proposed standard for asphalt fumes would establish a PEL of 5 mp/m® (total
particulate) based on avoidance of adverse respiratory cffects  The OSHA docket 1s closed, and
OSHA has nct scheduled any further action




In 1977, NIOSH established an REL of 5 0 mg/m’ (total particulate) measured as a 15-munute
cciling it for asphalt fiomes to pretect agamst tmitation of the serous membranc of the
conjunctiva and the mucous membranc of the respiratory tract I [988, NIOSH (in tesuimony o
the Department of Labor) recommended that, based on the OSHA cancer policy,” asphalt fumes
should be cansidered a potennal occupational careinogen *¢ This recommendatzon was based on
mformation presented m the Niemeer et al study > This NTOSH conclusion 1s based on the
collective evidence found m available health effects and exposure data **

The current ACGIH TLV for asphalt fumes 1s an 8-hr TWA-TLV of 0 5 mg/m" as benzenc-
extractable mhalable particulale (or equivalent method) wiih en A4 designation, indicating that 1t
1s not classifiable as a human carcinogen

Asphalt fumes have been reporied to cause imitation of the mucous membranes of the eyes, nose,
and respiratory tract * Whle ather symptoms such as coughing and headaches were reported
recently, there was no statistical association with asphalt fume exposure *7** Results from
experrmental studies with angmals™™ * * indicate that raefin g asphalt fume condensatcs
generated 1n the laboratory and applied dermally cause benign and malignant skin tumors 1n
several stramns of mice  Differences in chemical composition and physical charactenstics have
been noted between roofing asphalt fnmes collected 1n the field and those generated n the
laboratory 3 However, the significance of these differences in ascnnibing health effects to humans
1s unknown  Furthermore, no published data exist that examine the carcinogenic polential of
field-gencrated roofing asphalt fumes m ammals  Since the health nsks from asphalt exposure
are not yet fully defined, NIOSH, labor, and industry are working topether to better characterize
thesc nsks while continuing their effort to reduce worker exposures to asphait fumes

In the roofing industry, exposure to asphall fumes and other rclated exposures 15 well
documented and studies stiil continue Several siudies have tdentificd mmercased polycyche
aromatic contpounds (PACs) exposure in kettle aperators versus other categones of raofers 2
Duec to the nature of the kettle operator’s job, this appears to be an obvious conclusion, however,
few controls have been utilized to namimze these exposures

ENGINEERING CONTROLS

The engineerng control evaluated dunng this field study was the Cleasby afterburner system
equipped with a loading door Tn the Cleasby afterbumer system, the regular kettle hid 1s replaced
with a lid fitted a hood and ducting leading to the afterbumer system  As the asphalt fumcs emut
from the surface of the asphalt m the kettle, they are drawn by a fan 12 the afterbumer umt
through the ducling to propane burners where the asphalt fumes are combusied in the burners
The afterburner unit 15 separate from the kelllc on 1l own small trailer which can be pulled around
to chfferent locations near the kettle




STUDY BACKGROUND

A survey was conducted July 16 through 25, 2002, at Glenwood Elementary School 1n San
Rafael, Californta with 1enris Roofing A butlt-up roof (BUR) was being applied ta an existing
school building where the old roof had been removed by another crew of workers  Other existing
engincermyg controls for this industry are being evaluated in other surveys A final rcport will
suminanze each of the cnginecnng controls evaluated in the surveys

SITE DESCRIPTION AND WORK ACTIVITY

Glenwood Elementary School 15 a large, mul@iple-wing school that was undergoing a complete
renovation  All the old rools had been torn-off and the under board had been replaced or
reparred The roof being applied consisied ol one layer of Fresco board instaltahion/mineral fiber
beard, 3-plies of black fiber glass felt paper, and a mineral surface fiber glass cap sheet  Shown
m Table 2 1s the amount of asphall uscd each day of the survey

Table 2 Amount of Asphalt Used Each Day
Glenwood Elementary Schoel
Date Amount of Asphalt Used
{(pounds)
7/16/2002 2830
TATI2002 1800
/182002 1050
/192002 1200
TA22062 2475
Fi2312002 3375
7/24/2002 1350
T/25/2002 1500

The roofers began work at 7 00 am each day At that time, the kettle operator loaded asphalt
mnto a 650 gallon kettle manufactured by Cleasby and equipped with a separate afterburner
system and lit the propane burners to bring the asphalt up to the correct temperature  The keitle
was located at ground level n the construction arca where the new roof was being installed
During the cight days that the survey was conducted, the roofers worked on six different wings
nstalling BUR




EVALUATION METHODS

[n order to develop useful and practical recommendations, the ability of the engineering control
measure to reduce worker exposure to air contaminants 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 afterburner operating and the safety loading
kettle 11d open and closcd  Personal breathing zone and area air samples were collected and
analyzed for total particulate (TP) and benzene soluble raction (BSF) of the total particulate
ustng NIOSH Manual of Analytical Methods (NMAM) Methad 5042, NMAM Method 5800 was
used to analyze the samples for PACs *® The temperature of the hot asphalt was recorded
periodically with an electromc thermocouple and compared 1o the temperature gauge
permanently mounted on the kettle

Air Sampling

The personal breathing zone and area arr samphing consisted of two sampling trains per worker or
arca One sampling train was used to collect TP and BSF, and the other train was used to collect
total PACs Both samphng trams’ pumps were calibrated to an air flow rate of 2 liters per minute
{LPM} Personal breathing zone air samples werc collected on the Kettlc operator and three roof
level workers Arca air samples wers collected at each of the four corners around the kettle The
area air samplers were placed in trnipods, and the samphing media were positioned to breathing
zone heighi (approximately 60 mches above the ground)

Kettle Temperaiure

The kettle was equipped with a permanently mounted tempcerature gauge This gauge reading 15
used by the kettle operator to monttor and maintain hot asphall above the EVT  The mounted
gauge calibration was checked against a Tegam Model 821 microprocessor thermometer using a
K-type thermocouple

Summarnized in Table 3 for the eight days of samphng at Glenwood Elementary Scheol are the
mean ketile temperature measurements along with the mean ketile gauge temperature
TNeasurenments
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Kettle Operator Personal Breathing Zone Sample Results

Personal breathmg zone air samples collected on the kettle operator at the clementary school site
were analyzed for TP, BSF, and total PAC  Samples were collected for eight days Dunng the
aight days of sampling, the afticrbuwrner was on for four days and of! for four days  The kettle hd
was opened when asphalt was added, the loading door was not used The kettle lid was closed
the rest of the ime  The kettle operator also worked on the roof parl of the ime each day The

Table 3 Summary of Kettle Temperatore Data
Glenwoeod Elementary School
Mean Munrmuarm Maximum | Mean Gauge
Number Kettle Kettle Ketile Kettle
of Temperamre | Temperature | Temperamre | Temperature
Date Measurements {(°T} {°F) (°F) {°H
T62002 5 530 528 544 527
TITH2002 5 527 485 541 500
T8/2002 5 540 526 547 525
T192002 3 522 315 525 510
72272002 ] 521 512 529 S5
232002 4 542 527 560 518
7/24/2002 4 341 539 544 491
72572002 3 519 315 523 512
RESULTS

sample results for the kettle operator are shown 1n Table 4 and summarized 1n Table 5




Table 4 Kettle Operators’ Exposure Concentrations

Glenpweod Elementary School
370 400 Total
Worker | Sample TP EBEF PAC FAC PAC | Aftethurner

Sample 1y Time Canc Conc Cong Cone Cotic Syatem

Date Number | (mn) | (mg/m®) | (mgm®) | (pg/m’} | (ug/m®) | (ug/m®) Status
716/2002 | QP-03 457 142 140 236 39 275 on
7172002 | QP03 404 049 Q37 u2 14 107 on
TR2002 | OP-03 430 2 B35 344 584 46 679 off
92002 ar-03 348 177 147 203 34 237 off
7/22/2002 | OPO3 419 33 125 146 32 15% on
7232002 | OP-O2 492 133 070 ) 2t 120 on
1724/ 1002 aOr-03 465 259 190 170 43 215 nll
/2552002 OP-03 438 0 50 03h B2 14 46 off

For all tables

TP = total parmiculate
BSF = benzene soluble faction of TP

PAC = polycyclic aromark compounds
37 PAC = PAC measured at 370 nm emession wavelength
400 PAC = PAC measured at 400 nm enmssion wavelength
Totai PAC —~ sum of 370 and 400 mn PAC concentrations

mg/m’ = malligrams per cubic meter of aur

wgt = micTograms per cubic meter of air
nm = nanometers
na = not available

Table & Summary of the Keitle Operator's Exposure Resalts
Glenwood Elementary School

Mean Concentration

% Dhifcrence
afterburner on

Exposure Analyte

Afterburner on

Y5

Aerbumer off | gfrerburner off

TP (mg/m") 169 218 226
BSF (mg/m’) 083 179 36
Total PAC {ug/m”) 175 307 430




Area Air Sample Resuits for Samples Collected Around The Kettle

Area au samples were collected at the four comers of the asphalt roofing kettle at breathing zone
height Samples were analyzed for TP, BSF, and PAC These results are shown in Table 6 and
summatized 1 Table 7

Tablc 6. Area Air Sample Concentration Results For Samples Collected Around the Ketile
Glenwood Elementary School
Sample 370 400 Tolal
Locatton | Sarple TP BSF PAC PAC PAC | Afterburner
Sample Around Time Conc Cone Cone Conc Lonc System
Date Kerle (mm} | {mgm’) | (megm) | (upm®) | (pgm’) | (ugm?) Stalus

7/16/2002 | NE corner 447 021 013 83 03 g on
FA6/2002 | KW comer 447 037 024 49 35 55 oit
F/16/2002 | SE comer 447 033 10 34 43 38 o1
T16/2002 | SW corner 447 023 0409 21 25 24 an
TAT2002 | NE carner 416 017 ni1z 47 74 54 on
7/17/2002 | NW cormer 416 021 D12 33 45 38 an
74172002 | SE comer 416 024 017 38 52 43 on
74102002 | SW corner 416 0322 020 6o 12 51 on
TIR/2002 | NI comner 446 619 0as 9z 6 10 off
T/18/2002 | NW comer | 6 759 348 1372 224 15396 oft
TH82002 | SE comer 446 024 006 76 3 840 oft
T/18/2002 | SW comer 446 003 003 09 gn 049 off
719/2002 | NE corner a6 018 020 60 oo a4 off
TA202 | NW comsr 366 2495 192 621 Ga 715 off
7/19/2002 | SE corner 366 031 GOl 44 61 50 off
7/19/2002 | SW carmer 306 015 001 25 0o 26 off

/222002 | NE comer 436 224 041 76 15 91 on
FRAZ2002 | NW comct 435 222 e 108 22 130 on
12302002 | SE corner 430 162 054 131 33 164 on
7/22/2002 | SW corner 436 214 029 57 11 68 nn
7/23/2002 | NE corner 496 045 017 45 08 53 on
7/23/2002 | NW comer | 496 09z 057 117 22 139 on




Table 6 Area Air Sample Cancentration Results For Samples Collected Around the Kettle
Glenwuod Etementary School
Sample 70 400 Total
Location | Sample TP RSF PAC PAC PAC | Afterburner
Sample Arcund Tmme Conc Conc Cone Conc Cone Systern
Date Kenle (min) | (mg/m™ | (mgm®) | (ugm™) | (ugm™) | (ugior®) Staws
7/23/2000 | SE corner 496 042 013 26 42 30 on
232002 | SW comer 496 04 (L 45 B8 13 cn
2402002 | NE comer 486 083 082 39 10 a9 off
7/24/2002 | NW comer | 486 218 218 135 3l 166 off
7/24/2002 SE corner 486 012 D0 15 25 [3 oft
TRAING2 | SW comer 486 090 ald 143 27 172 off
7/25/2002 | NE corner 440 026 022 21 38 25 off
/25/2002 | NW corner | 440 110 110 88 25 113 off
772512002 | SE corner 440 121 130 437 76 514 off
252002 | SW cormner 440 009 005 13 23 15 off

Table 7 Summary Results for Area Air Saiuples Collected Around the Kettle
Glenwood Elementary School

Mean Concentration % Differcnce
afterborner on
V5
Emosure Al]alyte Aftmhumer an Aﬁ'tl’b'lll'ller Ufr aﬂerbumer ﬂff
TP (mg/m’) 77 115 329
BSF {mg/mr’) 028 082 66 3
Total PAC (gg/m'} 613 218 718

Roof Level Worker Personal Breathmg Zone Sample Results

Personal breathmg zone air samples were collecied on the roof level workers Two workers, one
mopping and one laying board, felt, and cap sheet, were sampled for TP, BSF, and total PAC flor
eight days These sammpic results are shown 1n Table 8 and summarized 1n Table 9
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Table 8 Roof-Level Workers' Exposove Coneentrations
Glenwood Elementary School

370 404 Total
Worker | Sample TP BSF PAC PAC PAC | Afterburner
Sample 1D Time Conc Cone Cone Cone Conc System
[Date Number | (mun} | (mgm’) | (mg'm’) | (wg/m) | (uen’) | (ugm’y | Status
7/16/2002 QF-01 374 074 0 o4 164 26 130 on
16/2002 OP-02 A5 G50 077 201 3z 233 on
THTR2002 apP-01 326 059 049 103 17 120 on
7/17/2002 OP-02 327 081 075 272 35 306 on
T/1B/2002 OP-01 212 133 095 20 00 20 aff
T1RI00Y ¢ Ob-02 205 209 182 192 63 453 off
T1972002 OP-01 152 im 175 436 71 507 off
T 20602 Qp-01 143 Q65 44 160 23 183 off
T/22/2002 oP-n 243 032 027 13 2 15 on
Fi2212002 Qr-02 243 H48 037 a5 17 112 on
72372002 P-01 180 101 0 eh 136 23 159 on
Ti23/2002 op-u2 176 218 187 230 a0 280 o
Ti2472602 oP-M 147 114 107 188 33 221 off
F2412002 P02 141 120 112 234 44 234 oif
7/25/2002 QOP-04 235 067 48 K2 14 96 off
TEESI2002 OP-05 270 LN, 035 68 11 0 off

Glenwood Elementary School

Table & Summary of the Roof level Waorkers® Exposure Results

Mean Coencentration

% Dilference

afterburner on
‘ Vs
Exposure Amalyte | Afllerbumer on | Afierburner oft afterburner off
TP (mg/m’} 088 131 327
BSF {mg/m®) 073 100 272
Total PAC 177 231 233
(pg/m’)

11
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Statistical Analysis of the Effecoiveness of Using an Afterburner System to Reduce Worker
apd Area Air Exposures to Asphalt Fumes

Statistical ahatyses were ¢condycted on the air sampling data to determine the effectiveness of
reducing worker exposure to asphalt fumes by using an afterburner system A summary of thesc
analyses are shown mn Table 10 Compansons werc made between air sample results for TP, BSF,
and tofal PAC wath the afterburner on und the kettle hid closed to when the afterburmner was off and
the keltte id was closed Compansons were made for the following groups  the kettle operator,
the four area samples collected around the asphalt kettle, and the roof-level! workers I[ncluded m
Table 10 are percent differences 1n exposure to the mean TP, BSF, and total PAC concentrations,
p-values, t-values, and cnitrcal t-valoes at 5% confidence

Usmg ¢ distnbution, reductions in exposures were tested to determine 1f they were statistically
signmficant al 95% confidence None of the reductions measured for the kettle operator, area air
samples collected around the kettle or roef-level workers were found to be statistically sigmificant

at 939, confidence

Tablc 10 Summary of Statistical Analyscs
Glenwood Elementary School

Percent Critical t
Difference at
Aflerburner In 95%
Comparison Group/Analvee Condition Exposure p-valne 1-valne confidence

Kettle Operator/ 1P on vs off 226 031 054 154
Keitle Operator/BSF onvs off 536 010 144 194
Kettle Operator/Total PAC onvs off 430 318 099 194
Ared Samples Around Kettle/ TP on v§ off 3209 0123 073 170
Area Samples Around Kettle/BSF onvs off o6 3 003 191 170
Area Samples Around Kettle/Total PAC on vs off 718 0a7 148 170
Roof-Level Workers/TP onvs off 327 013 116 176 |
Roeof-Tevel Workers/BSF onvs off 272 016 102 I 76
Roof-Level Workers/Total PAC on vs off 2313 023 076 176 _]

Bold = statistical significance at 95% confidence
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Comparison of Results after Adjusting Expasure Concentrations to Nermal Temperature
and Pressure

Normal {emperature and pressure (NTP) arc 77°F (25°C) and 29 92 m Hg {760 mmHg) The
ambient air tempetature and pressure measurement for the erght days of sampling are shown n
Table 11

Table 11 Mean Ambient Awr Temperature and Pressure Measurements
Glenwood Elementary Scheol
Mean Mean
MNurnber Ambient Air Baromelric
of Temperature Pressure
Date Measurements {°T) {in Hg)
716/2002 H] 720 2995
7/17/2002 5 710 3000
7/18/2002 g 63 3 3000
7/16/2002 7 hé 4 2992
/2242002 10 675 29 9%
F232002 11 66 1 004
T2A42002 10 LT 0 0%
232002 3 64 8 anos

Using the mean temperature and pressure measurements for the day the sample was collcoted, the
TP, BSF, and PAC exposure resuits were adjusted 1o NTP  These data are shown m Table 12 lor
the kettlc operators, Table 14 for the area air samples cellected around the kettle, and Table 16
[or the roof level workers By adjusting to NTP, data from different sites can be more readily
compared
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Table 12 Kettle Operator NTF Exposure Resuits
Glenwaood Elementary School

Worker NIP NTF BSF NTP Total Afterburner

Sample 1B TP Conc Cane PAC Conc System

Dale Number (mg/m’) (mg/m®) (pgmr’) Status
71672002 OP-03 140 099 272 an
71772002 OP-03 048 0 3a 1025 on
F/18/2002 OP-03 374 134 Go0 off
192002 OP-03 174 144 232 off
7/22/2002 or02 324 123 194 on
/2372002 OP-03 150 069 117 on
7/34/2002 OP-03 253 1 86 210 off
Tr25002 QP03 048 35 off

Table 13 Summary of the Kettle Operator NTP Exposure Resnlts

Glenwand Elementary

Mean Concentration

% Dnfference

alterburner om
Vi

Exposure Analyle Allerbwmer or | Afierburner off aﬂez?;mcr

NTE TP {mg/m") 166 212 220

NTP BSF (mg/m®) 082 175 532
NTP Total PAC (ug/m’} 172 299 42 4
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Table 14 Area Air Sample NTT Results Collected Around the Keitle
Glenwond Elementery School

Sample Location Sample | NIPTP | NTPBSF | NTP Towl | Afierbumner
Bample Around Kettle Time Cmr]cs Cnnc} PAC C?nc Systerm
Date {mun | {mg/m”) {mmg/m") {ug/m’) Status

7/16/2002 NI corner 447 021 ¢13 37 on
1642002 NW comer 447 037 024 540 an
/16,2002 5E corner 447 a32 010 375 on
FHE2002 SW corner 447 025 209 233 on
711772002 NE corner 416 017 012 533 on
772002 NW corner 16 020 012 371 on
71772002 3L corner 416 024 017 424 on
71772002 SW comer 416 0z2 029 799 on
TR 2002 NE comer 448 018 05 95 off
7/18/2002 NW corzer 446 738 338 1551 off
T/18/2002 SE corner 446 024 ¢ 06 77 oft
F18/2002 SW cormer 446 0405 003 08 off
T19/2002 NE corer 360 017 020 59 off
7/19:2002 NW corner 366 259 286 701 off
7/19/2002 SE comer 166 030 001 49 2 off
7/19/2002 SW corner 66 014 0ol 25 olf
772242002 NE corner 436 220 040 B2 on
702212002 NW corner 436 218 070 127 on
7/22/2002 SE comer 436 159 092 161 on
T/22/2002 SW corner 434 210 028 66 7 on
7/23/2202 NE corner 496 0 44 017 51 on

/23/2202 NW cormer 496 090 0356 135 on
Ti23/2202 SE carner 496 041 013 296 on
/2372202 SW commer 496 033 0033 1320 on
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Glenwood Elementary School

Table 14 Area Air Sample NTP Results Collerted Around the Kettie

Sample Locanon | Sample ¢ NTPTP  NTFBSF | NTP Total | Afterbumer

e | AowdKee | (5 iy | ) | Gy | Sans
72472002 NE comer 484 0 81 080 o076 off
F2412002 NW comer 486 113 210 162 otf
FIA2002 SE comer 486 012 oo 175 aff
724120602 SW corner 486 094 067 168 off
TAASI2GO2 NE comer 440 026 021 245 off
V2512002 MWW comer 444 147 106 1o off
T252002 5E corper &40 118 126 499 off

F25/2002 SW corner 440 ] 005 144 ofl

Glenwooed Elementary Schoal

Table 15 Sammary of the Area Awr Sample NTP Results Colleeted Around the Kettle

Mean Concentration

% Difference
afterburner on

vE

Exposure Analyte Afterbumer on | Afterbumer Off afterbumer off
NTP TP (mg/m’) 076 112 324
NTP BSF {(myni’) 027 0 80 66 1

NTP Total PAC (sig/m’*) 60 2 2i2 716
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Table 16 Roof Level Workers” NTF Expesure Results
Glenwood Elementary School

NTP Toral
Worker | Sample | NTP TP | NTFR BSF PAC Afterburner
Samplc D Tume Conc Cong Cone System
Date Number | (mm) | (mg/m’) | {mgm") | {ugm’) Status

FG2002 Qr.ol 374 074 06l 188 on
7I16/2002 ap-02 376 082 76 230 on
1772002 OP-01 326 0359 049 118 on
172002 OP-02 327 080 074 A03 on
71842002 Op-01 212 129 052 126 off
THR002 Q02 205 203 177 442 off
7/19/2002 OP-01 152 293 172 497 off
7/19/2002 OpP-(2 145 0 63 045 179 off
TI2FI002 P-01 243 01z 027 145 On
71222002 ap-02 243 (47 036 1O on
702352002 p-0l1 1RO 008 065 155 on

f23/2002 OF-2 176 213 1 83 274 o1t
Ti24/2002 0P-01 147 111 104 216 off
T/24/2002 OP-02 141 117 110 277 off
7252002 CP-04 235 0463 046 932 off
/2512002 OF-03 il 36 034 710 off
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Table 17 Summary of the Roof Level Workers' NTP Exposure Results
Glenwood Elementary School

Mean Concentration % Reducbon

afterburer on
Vg

Lxposure Analyte Afterbumer on | Afterburner oft’ | afterbumer off

NTP TP {mg/m*) 086 128 323
NTP BSF (mg/m) 072 098 26 7
NTP Total PAC (pg/m’) 174 225 227

Statistical Analysis of the Effectiveness of Using an Afterburner System to Reduce Worker
and Area Air Exposures to Asphalt Fumes Adjusted fo NTP

Staustical analyses were conducted on the NTP air sampling data to determine the cffectivencss of
reducing worker exposure to asphalt fiimes by using an afterburner system with a salety loading
doar A summary of these analyses 1s shown 1n Table 18 Compansons were made between awr
sample results for NTP TP, BSF, and totul PAC while the afierbumers were on and the kettle Id
was closed and when the alierburner was off and the kettle lid was closed Comparisons werc
madc for the following groups the kettle operator, the four arza mir samples collected around the
kettle, and the roof-level workers Included 1n Tablc 18 are percent differences 1n exposure to the
mcan NTP TP, BSF, and total PAC, p-values, t-values, and critical i-values al 95% confidence

Using t disimibution, reduclions i exposures were tested 1o determine 1f they were statistically
sigmificant at 95% confidence  None of the reductions measured for the kettle operator, area air
samples collected around the kettle or roof-level workers were found to be statistically sigmificant
at 95% confidence Adjusting the exposure results to NTP did not alter the signtficance of the
reductians

Table 18 Summary of Statistical Analyses of NTP Exposures
Glenwood Elementary School
Percent Criiical t
Differcnce p- 1- at
Afterburner n value 95%
. . vitlue
Comparnison Group/Analyte Condilion Exposure confidence
Keitle Operator/NTP TP on vs off 220 03l 052 194
Kettle Operator/NTP BSF on ¥s off 532 0610 144 194
Kettle Operator/NTP Total PAC onvg off 424 018 097 194
Arca Samples Around Kettle/N'TP TP onvs ofl 324 024 d72 170
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Table 18 Summary of Statistical Analyses of NTP Exposures
Glenwoed Elementary School

Percent Crncal t
Ihfference p- t- at
Afterburner m value | value 95%
Companson Group/Analyle Condition E<posure confidence
Areq Samples Around Kettle/NTP BSF on vs off a6 1 03 1% 170
Area Samples Around Kettle™NTP Taotal PAC on vs off 716 008 148 170
Roof-Level Workers/NTP 1P onvs off 323 014 113 176
Roof-Level Workers™N TP BSKF onva off 267 017 100 176
Roof-Level Workers/NTF Tolal PAC onvs off 227 024 073 176

Bold = statistically significant at 95% confidence
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DISCUSSION

Varlous engineering controls arc being investigaled to detcrmine their cflectiveness at reducing
asphalt fume emussions from roofing kettles  This report summanzes a survey conducted at a site
that nsed an afterburner system with a safety loading door as the engineering control  Both
personal and area air samples werc collected on this survey Personal samples were collected on
the kettle operator and the roof level workers when the afterburner system was 1in operation and
when 1t was not in operation  All samples were analyzed for TP, BSF, and total PAC Personal
and area samples were collected for eight days, four days when the aficrburner was operating and
four days when the afterburner was not operating  The results were then compared to determine 1f
there was a reduction 1n these indices of exposure when the afterburner system was 1n use

For the kettle operator, the mean concentrations of TP, BSF, and tolal PAC were reduced by 23%,
54% and 43%, respectively, when the afterburner was on compared to the aflerburner ofT None
of thesc reductions were stalishically sigmficant  The kettle operator loaded all asphalt into the
kettle by opemng the kettlc id mstead of using the leading door, thus allowing asphalt fume to be
emitted from the kettle during this work activity  The kettlc operator also spent half lus day
working on the roof, getting a sumilar asphalt fume exposure as the other roof level works Bath
of these situations probably mcreased the kettle operator’s exposure to asphalt fumes Resulis
seen 1n the arca air samples collected around the kettle had greater reductions than seen for the
kettle operator  Reductions of 33%, 66%, and 72%, for TP, BSF, and total PAC, respectively,
were seen when comparing mean cencentrations when the afterbumer was on to when the
aflerburncr was off Only the reduction seen in the BSF area air sample resull was statistically
sigmificant

Personal samples werc collected on the roof level workers who were mopping and lugging
asphalt Reductions for TP, BSF, and total PAC exposures of 33%, 27%, and 23%, respectively,
were measured for the roof level workers when comparing mean concentrations with the
afterburner operating to when the afierburner was not operatmg Howcver, none of these
reductions wcre statistically significant Since the oulside air temperature impacts the aperatning
lemperature of the kettle, and the kettle temperature atfects the amount of asphalt fume enssions,
the results were adjusted to normal ternperalure and pressure  This also allows data from different
sites that may have sigmficantly different weather conditions to be compared  After making this
adjusiment, therc was no change in the significance of the results

These results mdicate thal using an afterbumner system reduced the kettle operator's cxposure to
asphalt fumes, although none of the reductions measured werc statistically sigmificant  These
results were somewhat lower than those measured for the arca samplcs collected around the kettle

The roof level workers did seem to bencfit somewhat from the use of the afterbumcrs on the kelile

as their cxposures to TP, BSF, and total PAC were all reduced However, these reductions were
not slatisicalty sigmficant ar 95% confidence
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CONCLUSIONS

The use of an afierburner system on the roofing ketile reduced worker exposure to asphalt fumes
However, none of the reductions were statistically significant  This may be the result of the fact
that the keitlc opcrator loaded all the asphalt to the ketile by opening the kettle Iid instead of using
the loading door  Further study 15 needed 1o determune 1f aficrburmner systems could be effective
at reducing asphalt fume emissions
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