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E B e B PR 5 SCZ(Concise International Chemical Assessment Document)

No.59 Asphalt (Bitumen)
TAZ7V MEF2—2A )
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1. BH

TATZ 7 MEF 2— XA )T 54K CICAD 1%, KEEL Y@L 240500 US
National Institute for Occupational Safety and Health (2L > CEfkS 72 B2 —
(NIOSH, 200025 < & D TH %, BT —Z 1%, 2003 £F 2 H £ TORMT RO A T
R INTZHDTHS, SOURCE DOCUMENT @ PEER REVIEW (ZBH9 5 f§#H %
APPENDIX 1 (Z7~:9, A CICAD @ PEER REVIEW B89 % ff#i 2 APPENDIX 2 |27~ 7,
X CICAD 1% 2003 42 9 H 8~11 BIZT A Y 7 O/ FThHMfE S iz kit Z BT
ERRRHE & L CARGR ST, M EES0E#SE % APPENDIX 3 1277”7, IPCS
PR LTZT 27 70 M9 % [EB LA E L2t 0 — RFICSC 0162)IPCS, 2002) & A
CICAD (ZHr#7 5,

T A7 7V MCAS & @ 8052-42-) 1%, BINTIFEF 2 — A & Xidnbd Z LnE<,
HMER OB ORI L > TER SN D, BB ~BATE AL MED
AR 720 LEER & D VIR OIRIE TH 5, BT A 7 7L F(CAS F 55 : 64742-93-4)1.,
T TR =T AT 7V EHDLWVIFETHERT A7 7V FE b KIENTWDR, T AT 7
/L M (CAS &5 1 8052-42-4) |2 il TLER A R & A A CRALHLE O TR ARICLIE L S 1L
LB A R L2 b D TH D, 7 A7 7L b OEEIL, (LSRR TR < PERE
RECGEREEER 7 A7 7V bR EAHAT A7 7V IS L - TIREEND, TAZ 7V b
DIEMEALFAARIE, TR S 72 DRI O L PR EHENE & s TRICALG S D, T E
WZHENEAL &9, BRIRT v v BERRILKSE, ZRAGERILEY. BLOE, =v
T, NFYU AR EOEENDR D, FUIZIE, WHI LI, H0NERCHETHE
AT BIRIULE LDEWRH D720, 2 b OLEWEOEIE S RVIZE 2 FREMEN &
Do T AT 7V N OWELRMEEITRGE TRIC X 0 BIBICZA LT D28, L2BAOTEE 13 B0 il
DELRTNTEDL LR, /EFIZFE—DOT A7 70 ME 2 DL ABFEHITIC LY
T AT 7 v b OEMEIRAGFRER D D WITME PR DML TE RV, LRSI LV IZ



CAEDT AT 7V RS T9~88 EHE/XI—F > Mwt%)DIRFE., T~13 wt%D/KE . JEHf&
~8 wt% D, 2~8 wt%DEEHE ., B LOVEME~3 wthDEEEZHTeZ L3 00> T
Do

TAZ 7V NEMET D&, FxORDPBEESND, ZHbDEKILHZ D221 T
BT %5, LEN-T, ZRHDOEKIIT 27 70 NHIIEET D @B OIS
THEY, B LI FIIC, FEBE L FEEFHICLRER S TVDL LEEZOND, T A
Ty N7 a—LE, T AT 7L R bR LT RURDERRSE L CARR S D EIR ORKL 1
Thbd, LLAEBNEL, BKFORSITINE EICFERE Lenizd, (EERIET A7 71
N7 2—2END ClERARICOREBEIND, 72— L L ARKKOWENME LT 7 I
SN TR, b L72E EKHAT A7 70 D7 20— A LR LT Ze WAl
TATZ 7N DT 2= O F0HIC LD R UL PP SEMR SN, S 612, i
TEERSCRIROBAKIEEFT OT A7 7V S OMBIEDE R, TAT 7 DT a—hk
RO BEEZRITT EEZLND, TATZ 7V EBIXOT AT 7LV DT 2—0k
ARROMAIE, IR, BOE TR, BNA| - WEAOAE, BIOEEERIZI-TEDD
2, BRENO 72— LB LET A7 7V N7 2— L&k ERETIERT 5 01IRETH
Do WRFEE BIX. REE, HEPEE B L OEREHEICB T WS EJEMNT X TT 2 — A
DALFALRN S 2 Lilam L TV D,

TAZ v NE OB REIL, SERAT AT sV N EREIKAT AT 7L TH
5o EBHIT, BROBRES HEH#HEBEL LTOT A7 70 S REBE BEEAKE - Bk
M- X b MGOEROTA =27 BRBEEROESEA], GREOEHR SICbEH S
%o KETIE, B KL% 300,000 AOEEERERIEGT X7 7 /v hMids X OEIZEIERIZ,
50,000 AT A7 7 v MZ X B EFIKEZEIC, £ 1,600~2,000 A238 K% 100 » 1T
DRABAPIAMELE R L TV D, I —r v/ T, E¥EE 5~10 ADOT A7 7L K
IRA TN 4,000 H %, VI —nr v/ 2T LZ 100,000 AOFRE TN, BKEIZZND
DT AT 7 )V MEEWZEHEEL TWD,

T AT 7V b T a— NBEEHMEO =0, fix OV 2 T ABRBUERLOITIEN S D28, K
SITHFFRAT, TATZ 7V N7 2a— LBRBREEREMAT 20ICHND Z LIXTERN,
Flo, TAZ 7 )V N T a— DEBEONA I~ ——%RDT, BHIZAFTE HEIERA
FRAORSREN BRI D D WEE =X — SN TWEN, TATZ 7V b7 2 — A BFEICRERN N
A F~— I —ITRIEHEZR S TR,

RERATOREICOVWTAFLELZT —ZIIRLA TS, BFHERND S EIER
PR D HiR THIEE SRR KO B O 7 27 7 v MBIy OREZ, £h €



AU, <4X1073mg/m3 B X N<4 mglg WEMED Th o7, KED Y 7 4 =T MO~
DT AT 7 MEFEEER N D O K OSBRI T, Il &R K O2FE T 4y
Wr L7z _RCOZBEALEHERAKFZ PAH) OREIX, MERAD 0.5 pg/L KiEThH s Z
END o T, WIRT KR ATEE L~ L O BEEB AR bz, FEH S, )l
BREZBLTCRRE LROBESBREICAEEIZRWERGR Lz, EiaUEHC iR L, &
HEEN S OMHAKTIZERBEREN EH LT\, Zhux, 727 7L F PS03 AEREE
BRI A, 7T 07— AL O b e ENTER T L RN & 5.

fREREICEBE RIET T AT 7V N7 2 — AREIIFSITHIA S TR0, IR, &,

WERGE DRTFEIR 23, EFAA T OBEREIE T OEEBIZ L > THRE SN TV D, BEERKICE
WL, BB (TP)E L OB v RIEMRL - (BSP) O K 4y O IR RN - H(TWA) KER
FEAY, —#%IC 0.041~4.1 mg/m3 B L 0.05~1.26 mg/m3 DHEPHTH 5 Z & DN DiE
FERTREINTWD, 70y 7 TWA & U CGHE L7 P EREREX, BBeia TP T
1.0 mg/m3, BSP T 0.3 mg/m3 % 4 Fal-> Tz,

TATZ 7V EDT 20— 5 ERKUTBRAR LG RBE LIRS D ATReEr b5, 7 A7
7V MIEMRIREYM Th 7290, 0Ky hiEIIE ~ O E OMWEIZ L > THRR D
EEZOND, LIER->T, TAZ 7V ORI, 754, BEIOREOREIZE L T
672 DIXHEYTIER W,

BhD in vitro BREBROFER., BGCRALZEHERT A7 7V N7 2 — 2 DESEWIX.
ERIFVEL /RS T, DNA AR GFER Lo oy, ERETRAESHELET A7 71
k72— LDOEREWITEREMEZ TR L, 7> DNA MR Z#HR L- s ®iESnTn
D, KA, HORBROBEIZL D & SHEEEEPIT/EREB OfE A 22 (PBZ) THLHL
ENET AT 7V b7 2—LORFHESE, =— A AR TERFEMAZR L, &5IT,
RS CTRALEHERT A7 7V 72a—0% 7y NCRENBRET DL L. Mo
CYP1AL(F k7 v . P450 D FEE 7 PAH #5857 A VA L)D L~Ub EIEMEDHEHICAH
BICEH L, BERMERO/MEER NI U, Bt ci, ERETRAE S
BESAKHT A7 7V 8T 2a—ADHPRRINTZ, ZADDT 2—A%, ERFMEEZ R
L. /NSRBI S, F % A =— AN L ZAX — O FER(VT9 cells) & & N7 5
F A MBI HMEMELEZRET S Z LALLM INTWD, TATZ 7V hRE
BIOBAIT. BESNEREEIFELELDTholz, HARBRTIZ, BELEZT X7 7
VR RBEHIWT R O ERFEZ RS R0 o723, BIORBRTIX, thoT7 27 7L b R%
B e RO L OB IRD R EY 70T DNA MHIHEZ BT LT, FE0 AMERBR OS5,
ERECTRASETREEVIKAT A7 7V N7 2 — AOBKEWIT. ~ 7 AO KBRS
HEMEBESIERIL, HHOT A7 7V NREEHL, vV RCB T DEBERAED A =



T—va NEHE BT EE G Z ERP NI R o7, BUGEITERECRAEE
TR ESETEHIENT A7 7V b7 2= L DOWTHRDEE S, BRAMEEZ R~ T8
BT,

TAZ 70 NERO S F S ERMMEIRIES T, I, B Pk T, B,
AR A BE) OIEEBIZBIT 2T A7 7/ h~ORRFRE OB, MO
TR RRA) & EZGERIE ORI (G L MEDRID) . 72 b NTK e EOIERR B D, Zib D
BRI RIETRET, BECRED LS THD, ZofoiEk & LTk, KA, 5
B BB, O, MR, BAGEGR, BUR. 07 BN, EEEEEE, F— T L OfEkE
¥, BROROUTHE OIS IR T 2FE(EBICE VIl S TWVWD, KiTOFAETIE,
EFEAEEEICEFE T 2 A OEER T, TRUEDEREZ, g, BUi)Es L OMikED
AL HE STV D, KB DI Z 5] & 2 iR TP ##F 13 0.02 mg/m3 ThH -7z,
LAL22n s, AFARARMET —F Tk, 7A 77V N7 a—AhgkiE L ik L7z @i~
DB L OREM A RS DI AR+ Th 5,

BT A7 7V FOWO PN L, BUENETL L2 L bbb D, BMEHALITER, THH
i Bi. T BLORTH D,

T AT 7 b b O RBEOMERIC KT T HEE R R ROREIX, EEHE, 7
AT v MRS, BEIK, ik, ZOMT A7 7V N7 2 — ABRBNEZLNDEHED
HEFICHEFEL T D 8 HEDOIEEER 29,820 ADaF— haxtRELIZbOTHD, &2
F— MERER LOERBIEEBE) ORI T RIL TR I VIR - 2 GEHE(LIE T ISMR] =
0.92), BEF 2a— A FIET A7 7L FERICEGRT A CIE, MAETEITZEF LT
72735 72 (SMR=0.96)23, M3 AIZ K HFETHEN, EH LS LOERIEER L ik LT
Fa— A AEEB TLERA L TWZ(SMR = 1.17, 95%(5#EX[#[CI]=1.04~1.30), BESAHED
MM X DRIETERIL, BF 2 — A MNEEB DA DI H L 72(SMR=1.27, 95% CI=1.02
~1.56), MOBBMERAEMIZ LD ERIT LR LishoTe, SHIZFELWEITICEY . 22—
Ve B— LBy FCHREL, 156 FOXA LT 7 EBET H L, EREE L IR AT
BOENR EAND D Z EDRRBI NI,

223 & (Boffetta et al., 2003b)I% 2 FEO BB EHAE, Tob bR L BEEEY
REA U7z, WA DOEE. XA 5T T EIE LT g3 LU LTI IE OB TR
DO, FA LT 7N LTERBERERE I L IR biver oo, ke d 25
ThdDEA LT T HMGE LRV LOREREIL 63 OFECTHINIE SN U A
7 L IEOHABKIGERE R L AU 2 7 [RRslid, BFE#T 2.2~4.6,4.7~9.6.9.7+ mg/m?3
KT LT 1.43(95% CI=0.87~2.33), 1.77(0.99~3.19), 3.53(1.58~7.89), F-¥J &% 1.03



~1.23,1.24~1.36. 1.37+ mg/m3 (=5 L T 2.77(95% CI = 1.69~4.53), 2.43(1.38~4.29).
3.16(1.83~5.4N(H AR ED P fElL, WZEE L H 0.0) Th o7, WHEHE OIX, BHEEGRE
HICE DR AECRE EF a2 — A 7 a— Lh~DOFEHRE L~V E ORF#EMENRIE S
% LA LTy, &S 2 OBIEAPEICAT B D% E 2 Bl LT D aTREMEZ RSN 5 Z &
T T&E ot

20 EDFEEFLHIFFED A Z 5T TlE, 7 A7 7 /b MMCEFE STV D E ERELE T ouihE
BAEB OMN AU A7 OERRRIFEILTIR B X720 - 72(RR=0.87, 95% CI=0.76~1.08),
L2aL, [AGHTC LD, BIRBEA OIS B L, SRICHFICA B 72 (RR=1.78,
95% CI=1.5~2. DG &7z, BREEAITEEICBWT, MO NERAME TH D
DB LRT ARA MO RBENTVDHD, ZRLDOMENEDREETT A7
7V N ERERITIFE BV D DNIMEN TR,

[l U A ZBHTIC L - T, BIREEA CIEZe< &FMICT 27 7L MEEB L LTHEEN
HIEEBE O, B ARR=1.22, 95% CI=0.95~1.53). H23A(RR=1.28, 95% CI=1.03~
1.59), BLOHEIMFHRR=1.41, 95% CI=1.05~1.85)D U A7 O KNFLE ST\ D, =
SO 20 FEOBFFEIZ K 5 H R OMFRICI, BFFERE RO AR =B O W EIZ K 5 8H#E O Fl6E
PR EIC X s TRARDH D, SHIZ, ZROHDOHREDEL T, TAT 7))V M EBOER
R T HEVIEB IR SE B SN THLNZ LD TH D,

TAZ7N b, TAZ7 N EDT a—hEEKR, BIOT A7 70 b RBEHIHT 5 —
REROZREZTNT 556, BEHEORIL L TRHTELT— 2N IT<REATH
L BB LRTIER B0, SBEREKD 2.0~83.6 m B /- HA CHiE Sz K
KB CHIE ST A7 7V NlEiSy, Tab b FRE S (R —T =), 777 V%%
FRESY (T a~T 4 v 7). BIORMESOREEIX, NN 0.54~3.96X107 mg/m3
725, 1.77~9.50X 104 mg/m3 2%, BL W 0.21~1.23X 104 mgm3 2K Th-7-, Zh
SOfEIL, 7 AT 7 v FERO S F I E R CHIE S BEMERRIRE I T 5 &
OO TIELS, TP BLV BSP (T 2 #FEREIL. £ £ 0.041~4.1 mg/m3B LV
0.05~1.26 mg/m3 OFFATH o7z, UL 5, BFERKINVE X UOYEESY CHE S
e REGEHT, LSRR B D ATREME N B D, Kl O ORI 2 TR S b %
W&, ZANRT 27 7L M BBICBODTHLARE 2 R- ik b & 5,

TAT 7V NRBEOHELREX, EEROLRE I —REROEBEOFNMEVEE X
bNd, LnLRBL, —REROHTITIT, BEICH L THRUERTZD, JERZE Do 2%
MEDZLIBNDBDOHEND, T DIERD —RERIC EORERAT 20T HE S
TR,



TAZ 7N EBIOT AT 7 hOT 2 — A« R LREICHT 2 B ELBORR 2
NIEAFARERT — X Z BB RT LI, BRICT - DERBIRENTH D Z L 2&H
B LERD D, ZNHDOREEEOER L LTE, IBEKL WS T AT 70 FOSEAK
HIZALFHINERE . DR D In vivo FBR, WERHFITRT 52 LK - EREEEETA T 27 7
N EDa— VB —VNEFEROT A7 7V R THERAL TS bORH D), b hOMED
FEROR %, RENBZOND, LML, ZOLIRERE LIEIREFEERH - 7212
LTH, b M XUBRBEOMERICET 2HWNI T 72 < TER B R0, MEREMEARN LRI
blEAED, TATZ7 7V R T 2— LB LB AWE ST jEtES H 5,

2. WHORER I UWHER - (LERHE

2.1 WEORKEL RE

T AT 7L hBIOREDOREIZHOWTLL IR

« TR Z 7 FCAS F5-8052-42-4)F 1-13 6 F 22— A v 0 “HRKDIFED D VITIEFET
IZBWTHEB L OWEF” CTHRIMZ &% L ARk &1 57l (Puzinauskas & Corbett,
1978) %\ 9, T A7 7 /b MIER TIEEA S L IR A OB E 72 13RIk o mE <.
20°C OAKITITARE, IEMIRAEANIE—MEM L, ZhifbiHE, Z7eakrh, =—7
. BEOT & b ACIREET 5 (Sax & Lewis, 1987), KEUATIEEF 2— A v & L
NDZENEL, EFa— A LEMELDREMNRT A7 7V e LT Tn5D
(CONCAWE, 1992), AXCETIL, SEWEOHR B 0D L TT A7 7L Mkl ZR~T 2
LET D,

LT R 7 7 NCAS BH 64742-93-DF T3 ET 2 —X > . =7 T a—rT A7
7V NMZTHET A7 7 ML T MBI, T AT 7V MNCAS &5 8052424, A
L— R T A7 7L DICHEIRTRERE R E AL, FEHXH ORIV & S5 B
BEHTHT AT 7N MILIESD, BLT A7 70 ME—RICRE EKIEE, 4 72
—T 4T RNV T Y REAV N a7 )= DT == T KR
W~OF (AL 1990b), L OEEOHE(Speight, 19921V BV 5, @ ITEFAE R
K OHRALRIC Lo THBE S H5(CONCAWE, 1992),

c KART R 7 PETFIZARE T 2 — X2 RIRICHERE L CIEET AT A7 7LV NMEW
B, 2L OHEBYOWBERMEIIAEMRT A7 7L OB O P L TV, MERIE



$.72 5(CONCAWE, 1992), KIRT A7 7 /v MWL, RO S E S ERGAIcEL LT
i 2> & O IMIR IHORERE L THFEET D, bo b XSHOBNTERRT A7 7L FD
FIRIT B Y =% — R Pitch Lake TH 53, "R A7 3, A4 A, BLXOHFHT
JLox— 2 PNAL BB D Athabasca A1 /LY RIZHIFET 5 (IPCS, 1982; Budavari, 1989;
Lewis, 1993), ZiLHDKRT A7 7 /b MIARCTETIZE Y fbia\n,

C TRTZ P X N B ERIKEE, EEEEM. B X OWRER R BB D T2 DR
IZhbtTHINDT A7 7L MAL 1990b), £ & L THEIRIEST A7 7L M2 4~10%
WL TREAAIE LTHOWS, B2 ED 5 &5 %2 5729 (Al, 1990b; Speight, 1992;
Roberts et al., 1996), 7 A7 7 /)L b A2 FOEMRT, $FAEFZITHEIC L » THIE S
N5,

« FIASEWR T X 7 7 /1 M Penetration-grade asphalts) @ 285K & IAK, WIEEILE:, & L <

T NI L > TEBITIMTLET A7 70 b, 2SO TREZEASDETHW
HZET HAEICLYVXDEND S EIEREGEHOT A7 7V E03tE: 515 (CONCAWE,
1992),

c Uy PNy 2 T X770 b FRFIGEE XA MEAD EZ A THRIE LT T A7 7V b, @
M ELIIBRBME LTHWSNDR, 727 7L hOHRIKEIZ LD 2D @ N5 05
(AT, 1990b; Speight, 1992; Roberts et al., 1996), # v b Xw 7 T A7 7 )L NI, TAT7 7
VA M ERRIET DEANT L - T Wk, e, EITREET AT 7 e M2 S
DIZHFHESND, VS » MRy 7T AT 70 NI, AV ) R0 7 &2 MA THERK L,
FELLTRBEOWUH, v—va—T 407 BXOZ vy 7 a—MIHAWD, M v b
Ny 7T A7 7V MITHZ, BEMEO S OIZT —E/lS L <ITZEOfMOBM ANz
THERT D, TEEERW LB » Xy 77 27 70 ME, £& LTRBEOLE, 7
TALa—k, ¥y ra—h B ERAXEEER, EREMZ2 SV 55 (Speight, 1992;
Roberts et al., 1996),

« X7 A BEITIRR LR 2 OO (T 27 7L kLK) EFAEAIGE R 1T A
) & DIREMTH D, 7 A7 7V Mo —na— b BEPIKTHE, ZOfmoBhKT
|2 545 (Stein, 1980; Al 1990b; Speight, 1992; Roberts et al., 1996), 7 A 7 7 /L
NALANIEE LR (T 2o b, lEENE, M, EEMDIC L2 o TE DI EN D, #
fEMET 27 70 FEANT, RBELHE, —La—T 7 BHEXTEIR, PEET 27
7V MEANTERE R, BT 27 7 v MELANEE RIRASXEEH . EEH. ¥y o2
— bk, 7H T ATV —v—b BIOEEZEM E L THW LS (Speight, 19925
Roberts et al., 1996),

10



© EUES T AT e b SR B M B G AT AEEM T, T AT 7L b A R eI
L., BV [ED 5 (AL 1990b),

VXTI TR T AT IV R ER M — T E DR TIRAE L2 DT,
EHROIRECHIGIZI LiIAA, a7 BRI LV EMR LN bR\ EZIR LN THIENT
= % (AL, 1990b),

« TRZ 7 FEEFREERTR Ty RN I T AT )L R T, T AT 7L RO RN
v 7RIV LN D REBHLRARANCARE R SN TWRWWE, BIZIXT7 777y
7. TN =g LT L—7 WEER e R BNV BERT O LOTH DL, TG
KVEZEIZ BT DR L O O oL, L 72 &I v 55 (AL 1990Db),

CHEET2— X2 “BEAERT A7 70 ERUO TREEHOCTAERSND N, §HA
EBLOEHILEBMENY bOTHD, TELTEFa— A BT A VEORIEICH
WHND, WEITHEARIZ L - TSN, HEFE)S HVB(ETE BT 2 — A ) L FR S
% (CONCAWE, 1992),

EFa— A BLOETF a2 — A UBEEMICRT 5872 HiE2Y, European Committee
for Standardization(CEN, 2000){Z X > TREINTZ, EF 2— A I LA LT =
— A WEEFa— Ay, FkeFa—RA v TERETFa—RA2 Iy b3y 7 (A
EFa—RA v, B EF2—2A2, BIOEF a— A AR EIND,

2.2 TAZ7NVEBLIOT A7 7 /v ML ORIYE

T A7 70 b ORI ALTFEAR TR S MEREEERIC L VIR E S D, MEREHEARIC A
oD, HROREIAL, b L ATEBIEERS 7 v RUBBEIZ L > TT 27 70 B &N
T35, S5, OBRIECE28EET A7 70 b ERA L, BEE SN DMEREMEE
TS, LIER>TT A7 7V hOIEMZRALFRRIT, B E 72 2 5 b5/
e L OMUERFRIC/E G S d, ok b 22aoix. BBVRIbEY. BBRT A m v, 5
FiRRALKFE, PAC(EERA S EFIERILKFEIPAHLR L OV PAH B4R D 1 L EOREFR T
m, ZHEIN-PAC], B2H[0-PAC]l, F£721341 4 VI[S-PACIO~T il lZ Lo CTEHE I T
W B HEFBRFHFE ; Vo-Dinh, 1989), B X OE&REEE, = v 7L XFU T LR E)THD,
HMHEOEVIZEY . HDWIEE CE TS R 250 IR OFERAZ LD
7o, ZNHOILFEMEOFIE HE L B b aReEN H % (AT, 1990a),

11



Table 1: Changes in physical properties and chemical classes in an asphalt® with increasingly longer air-blowing times.”

Air-blowing times®

To T4 Tz Tz

Physical properties
Softening point (°C) 544 85 96.1 1733
Penetration (mm/10) 36 13 g 1
Chemical class, wt%
Asphaltenes 148 269 314 51.3
Hard resins 455 36.6 361 196
Soft resins 25.0 223 209 16.9
Qils 12.3 119 100 111
Wanes 25 20 1.8 1.6

Total 100.0 99.7 100.2 100.5

* Straight-reduced Arkanzas asphalt. -

® Adapted from Speight {1992).
 Ta = no air-blowing fime; To< Ty < Tz = Ta.

Table 2: Elemental analysis of asphalts from different crude sources.”

Carbon Hydrogen HNitrogen Sulfur Oxygen Vanadium Mickel
Crude sources {widh) {wio) (i) [wi%e) (wt%a) {maikg) (malkg)
Mexican blend 83.77 9.91 0.28 5.25 0.77 180 22
Arkansas-Louisiana 85.78 1019 0.26 341 0.36 T 0.4
Boscan 82.90 10.45 0.78 543 029 1380 109
California B6.77 10.94 1.10 0.99 0.20 4 g

* adapted from Speight (1992).

HETRICE > TT A7 7L F OB ITBIRNC (LT D aTRetkEn & 2 03, By i
FOGEE & 72 3 AU PR I 28 b Ly, IRE L B S8 2 &3ROS D rTREME AN HY
KU, KOZLOFEEEDEITINA, @RS ETOEPEBTRDOLT A7 7L Mk
S D, WIEEEBGEF X7 m 0 b LT7 # A ERDIE, BEAB L TR o T
AT 7 b DAY EBRET 2 BIET, BRE SIS Mo R ORE I WG
D, WHILEIZ KD | BURMES REWEEWT X7 7V R ELND, SHIZZDOT AT
7 MIBERBLTHEONLET AT 7V FROBIEARE CTRONET A7 7 v & LITL
TREGIND, =7 7T u—A U7 FEk ARy FHATITbi s, #i T, K
JEELS | ROOLPNWT A7 7V RGO LDO T, #if I K D7 v — A 7 ThE
A7 A7 7/ bz LT % (Speight, 1992; Roberts et al., 1996), =7 7 1 —A
YT EOT AT )V PR OKRENEHE LG L, KERRBRET D, =TT e —A T
R EBREEMITHAD L. T AT 70 b FOR T, &5V 5 551 M CRIGKOE
MERT 5, 2O TRIIHASOSERTEAT 5) T, Bk, e, Bk, BKE, EEe L.,
—HEOLFRICEFIEEZTEEZEIOND, ZRODORINI LY | BRI EW(F A v &
Ty 7 ADEEIIFEE LN DOD, T AT 7 )T L (FH ASREE RS O &l
L., BEOFEBRCEWETED L), BIRT VT v IO G FiR G R
DL Y )DEFRED L(Table 1), FRIZ, 727 70 MR ORRESHENENT 5
(Moschopedis & Speight, 1973; Corbett, 1975; Puzinauskas & Corbett, 1978;
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Boduszynski, 1981; Speight, 1992; Roberts et al., 1996),

EFHNZIR —72 7 A7 7V MME 2 D& 1372 <, fLFEOITIC L > TT A7 7L FOERE
LA ECAL R Z I DT D 2 LT TERWD, TR L TUEEAEDT A
7 7V MMTITIRTE T9~88 wt%., KFE 7~13 wt%, ZEHRIEHE~3 wt%., 1 4 VIEHE~8
wt%., BEEIEBFE~8 Wwt% NG D Z & MRh D (Table2 2 MR) (Speight, 1992), ~7 &
R (5%, BE AT INEL, FEAEDT AT 70 NROMERS T 508, B7p H0EH
®E@w%%67x77»b®%ﬁmﬁ 5 DAHEIZ FE R 725 B % KT ¥ (Speight, 1992;
Roberts et al., 1996),

T AT 7w MM B B EEM. BLXOREBRERICHWON D, BT X
7 7 v MEEERK, N47:~%4y7\:V&U—b%%@7yﬁ~v~uy7\m
FlEE~OFIMA, BiAREEA, &ARAWAL 1990b), X OBEIOREIZHEH S
% (Speight, 1992),

BFPR 2 R O1X, 7 A7 70 MEIBEINL T ENENZ Lo THEh o & L
EZOND, LDLARNS, KIEOHBEMIET 27 70 b & Z0HbER T 5 e Gl
TERT A7 7V MR EIKAT A7 7V M ONZ Lo THEL TV D, Ky O&iEm
7277WFH%MTX77»F%ﬁ%L@w# ik 7 A7 7 v MEIBR{ET 27 7 v
FPBTETWDTIZD, ZOWRMERRIC X 2 08BT 27 71 b OALZRIMEE ~ DO PRS0,
ARLEIZB T 2 W8 Ofifah % B HE7: 5 D2 L Tu 5 (Speight, 1992; Roberts et al.,
1996), =@ L. WML EAIOWM, HAROREZ, BLIOMEEERBIZEI>T, &6
(R 72 D,

BREETRICIE 3 FEOT A7 7L R, TAT7 7L AV, By bR I T AT 7
VR, T A7 7V NAAIDME D, ﬁyhﬂy77z77WFk7277wh%ﬁ
IR TR TH D 2OWIRT A7 7 v b b Xidh b, izl kHic W%
AW id 7 A7 70 MM ikhk#%kéhfw@wo_ﬂ%®7x77»% 13K 149
~1TTCETEE LI, M NT=(143~163 0OV EH L IRA S D, ﬁ%if%%éh
L&, ZORRTHEHIREST A7 70 MIBKEIZEEE SN D, SEER ORI 112~
162°C T& 5 (AL, 1990a; FAA, 1991; Speight, 1992; Roberts et al., 1996),

BT 27 70 M, BRI, v — VIREBRM, BgHLr—7 0 7, TEMRE0RLE
DIeHBGETHTHEAIND Z L H D03, %@i5ﬁﬁéwéﬁfﬁ%éh\@ﬁlﬁ
THEH &5 F THEl TR S (AREC, 1999), A MR I T AT NET
A7 7 v MLAID *%%\EL®%KW¥;%W6Mé@mgMJ%®oL#L\ﬁkh
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Table 3: Recommended application temperatures and
recommended maximum heating temperatures used with
“mopping-grade” roofing asphalts.

Recommendead Recommended
application maximum heating
temperature” tempe rature®
Type (*C) (")
| 166170 248
Il 185199 280
1} 202-216 274
I 2212249 274

* Adapted from Al {1990a, Appendix C) and AREC {15999).
* Adapted from AREC {1999).

EORLT A7 7 v ME “F v 7 THTETIEMN” OBIKT A7 74 FORGEIZHWS
N, ZOT A7 7V MI—MRICER Tk i, LEBIGIZBWTE TIE L TRk
ENbd, ZNHOT A7 7 s OHESEEFIEE (Appendix C in Al 1990a)3 X OHESEfR &
IEEE(AREC, 1999)% Table3 (2777,

PR EKERICB T DT A7 7LV OBV BN TFIEDZEN, TATZ 7V EDT 2
—LARARKROMBUCTET DL EZ2 NS, MIREGOHEMNT 27 7V MI TS % %
LTOBIREN TR 50, LHEBGICEEREOITHEMNT 5 2 Lidv, —FHE EBKH
T AT 7 v ME, B E S5 E TLERY Tl LS, L& CEpEnD,

TATZ 7V NDT a— AREKOFMAT, B, BE TR, NASCSER OF#, 1E
ERER Lo THRRDTD, BETOT AT 7V N T a—LER LT A7 7V b7
2— L ERETHEASIELDOIEFIRETH D, BEFMER DT T 2 — LOMKITEE L
9 B, BFFEE B (Kriech & Kurek, 1993; Kriech et al., 19992 L - TH S M2 &0 TW
Do M1, ERECTRAESELET AT 7V T7a—0t, BIRBRGTHEERT A7 7
LV RDIFEE S 7 D~y RAR—Z BIKTHMAERE DO~y R A= 8 AR 22
MPBZ) Y > T N2 EDiE LT 7 2 — L% KBERA A &SR E T A7 a~ b7
7 7 4 —(GC/FID), &Y E GC. JR 73 em bR & GC., EENiranfr &
GC(GC/MS) 7 & & IV Crble L, IREE, FEHRREE, ZEXBEICBIT 2WI| - Efe &, T
RTNT 2 — 2O PRI EE 5.2 5 L ikim LT,

T AT 7V EPINBAS D EARGNHH S, 2O DOERKIIMZ D LT 5, 2B
L7 A7 7))V MO EFEREOK S B EICE R, ALFEIC, £ L TEZ L ITmHEFN
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Table 4: Analysis by GC/MS of chemical composition of asphalt fume fractions A-E from an oxidized “mopping-grade” (Type
Il roofing asphalt collected during laboratory generation at 316 °C.”

Fraction™®
Compound class® A B C D E

Hydrocarbons

Alkanes, Co—Car ++ + + - -
Alkenesfeycloalkanss ++ +
Benzenes, C—Cg ++ + - - —
Indanes, C—C, ++ +

Indenes, Co—Cs ++ +
Naphthalenes, Co-Cs ++ + - - -
Biphenyls, C—C. ++ +

Fluorenes, Co—Cs ++ +

Anthracenes/phenanthrenes, C—C, ++ ++4 +
Pyrenesfflucranthenes, Co—C2 - +4 + - -
Chryzenes/benz[alanthracenes, Co—C:z - - +

Sulfur-containing compounds

Benzothiophenes, Co—Cs ++ + - - -
Dibenzothiophenes/naphthothiophenes, Cp—C, ++ +++ + - -
Tricarbocyclic fused-ring thiophenes, Co—C4 - - + - -
Oxygen-containing compounds

Benzofurans, Co-C2 - + - - -
Dibenzofurans, C—C, - + — — _
Acetophenones, C—-C, - +H+ ++ + +
Fluorenones, Co-Cs - + ++ _ _
Dihydroindenones, Cp—C. - +4+ +++ + +
Cycloalkenones, Ce—Cn - + +++ + +
Dihydrofuranones - - + 4 _
Isochenzofuranones, Co—Cs - - + ++ -
Phenols, C—C. — - - " _
Naphthols, C—C. - - - + -
Furanones, C—Cs - - _ + _
Alkanones, Ce—Cax - - - ++ +
Alkanoic acids, C—Cy, — - + ++ .
Benzoic acids, Cq—Cy - - - - +
Nitrogen-containing compounds

Carbazoles, Cor—C. — - _ " -
Oxygen- and sulfur-containing compounds

Hydroxybenzenethiols, C,—Cy - - + - -

Adapted from Lunsford & Cooper (1989).

Degree of alkyl substitution given by Cs, where n = number of substituent carbon atoms.
Relative abundance across fractions, but not classes, indicated by +++ = ++ = +.

— = Mot observed.

an o ow

Kﬁﬁkﬁﬂ&ék%if%;vﬁ%%ﬁo7x77w%71—A@\7x77wkﬁ%
B DT ADEERE L CTEIZERD/PRLFTh 5 (NIOSH, 1977), LU, ZEKH DRy
FEIITEERE L2V DT, {EEBIIT A7 70 b7 22— L DI7 5 TRR %Eﬁﬁé 7
2 — 5B LORKOYIFHIMEE I T IR S TRV 7 20— KIED e 0 R
HDHEFTTHD, TATZ 7/ FT7 2—LORFIFEE L THWIZIL o 2L 72, bir¥ A
AERFETDHOEREE L, ZAROH DS OFER L TRMIZRY . 2V 0EBYE T
e D & /LT 5, Tabled |2, FEBRE CRAEIWELBILT A7 7V b7 2— 2055
HrofE R % 7~ 3 (Lunsford & Cooper, 1989), 2 » AT Ttk L7-FEMLEIEH 7 A7 7 L |k
72— L0 PBZ Y7V TlE, Tabled Db 7 A7 7 )V F 7 2 — LA TREINTCHDEFRIT
b FE N 2 < fEil S 7= (Kriech et al., 2002a),
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3. Wk

3.1 (Lo

ZITRETAZ 7V b DT 2= LRRRAD ST FIHRIES TEO 2 TEMET 20T
T72< . ZLDOHERTHON O T DA RIFIEIERT 5,

T AT 7T 2= LSO IIHZE < OV T NAAFRIESOITER H D3, 11X
CAUEIIEBRATHY, TATZ 7N T 2— b ~DEBEERELEAT DI 2 L
IXTERY, TAZ 7V N7 2—A~OFBEMZIE, 2% < OBFERHRAL(TP) &~ £
> AR (BSP) D JIE 2 B L TV 2, —iAYIZ 241 5 TP X° BSP O#IE 1L, NIOSH
A Y K 0500(NIOSH, 1984, 1994)% L O* 5023(NIOSH, 1984) B HW L5 03, st b7
DT MET AT 70 b7 2a— LTI, TP H > 7LiE NIOSH £V v K 0500 % H
W, —EBDEK A, BREFH SRV =L (PVC) 7 4 L% —% i@ LT L. BSP
%, NIOSH % ¥ v R 5023 v, AU T b7 7vFtaxF L (PTFE) 7 4 VX —IZ—FE
BOERKEZE L CHET S, TP 1L PVC 7 4 V¥ —OEEREICL > THlEL, BSP X
PTFE 7 4 V2 —nHL_RUBUfH L, EENET 5, NIOSH £ YV v K 5023 ABELL S
T2, REOHZETIE TP & BSP bR LY > 77 —THlET& 5 NIOSH £V v R
5042(NIOSH, 1998)3MEb2%,AE b oD, ZOHETIE, A% G -7 PTFE 7 1 L%
—IZ—EREDZERZB LT TP & BSP 287 %, PTFE 7 1 V% — % HERELETHHT
LT TP #WER.. XEBUMHICR Y 7 o v & —% i L, EEREEIZE - T BSP
ZHES 5, 1000 L O > 7%t 3 2 EfFEEFIL 0.183~2 mg/m3 TH 5, 7 dHi
D O FIREMCLOD)E L OVER FIRELOQIE. TP TZ L4 0.04 £ 0.13 mg, BSP
T0.04 & 0.14mg TH 5,

AIEPERL - DOREICIZ S 7 ma~Fk o TR =MV b ATF LR s OEHAl
LEDLNDL, T D OEAIOHMEE N BRI 5720, FEFIFHIRTE 220, Mx T, Z
NODTETIEIT AT 7V 87 2a— LORMHRETFRS DR 6T, LFRS XA BT &
DRETERN, L DOFFRENT A7 7V 87 22— LD ZBRAIGEFHRRILAKFZEPARIZE
TOMREZBE LTV DR, sttt & iRk s v~ s 77 7 ¢« (HPLC/FL)& L O
KFBRA A ALBBETE T A7 a~ 8777 4 (GC/ FID) T LM RITED L, T
AT 7NV R T a—hE T 7 XL L oo =8 PAH k& . 0-PAC B LW S-PAC
L L BIZEL< D PAH O7 VF ALERMEE TR SN TV D728, ALFRICIER ITHEMET,
o &EV LIALEMITH T 5 Z LIXTERY, (LEVORERRETHNIEH DHITLE, &
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EREROGHEEIR 2D, TATZ 7/ ET7 2a— Ao THLNDILAEWIIRHEF 2T
O, INLDOHEEMNEGEDOERMIIEH TSRV, 612, T7X LR ERTT
R—=ZF (L YL L5 TS PAH 22 & DD L PAH OREFRICIL. GC/E &4 Hr(MS)
R HPLC/MS 72 ERIOFIENLETH D, b DO HEE AW THE ShicbamizEn
FWEERMICHERR SN E T, WEDEMICR D IZEREN R D LD, DI %,
sma~ 777407 Myl RFIRHETTIE R < —E ORFHN DR K B — 7 I
SEE—7 ERIET DD, MiEST-e—7NE0 S ToHh, S h b aiEERD 5,
F 72, HPLC \Z I3 ABIRBEEEVH OFLRIL 7 v~ R 77 7 4 fEBhHICE (LT 5) b S
DM, AERBNARFERFR N ZLT 25 E R H Y | FE L SHr 0720 O IEfER B — 2 ORI
NS HICHMEIC 72 5 (NIOSH, 2000),

T AT 7 k72— A0 PAC BEOHEEIZIE, NIOSH # Y v~ K 5800(NIOSH, 1998)
BHWLNS, ZOHETZHPLC R 72 HWTBEMEZER L., £ ZIch 7 aiEA
T 5, WITH U TVE 2 SoEotiisZ@E S 2, WK u~ N7T 7 0D T MHME
LW AR —RFIC 7 a—k LIcBGE L, Yo 7L 02 TElkE OS5 HT
DITbiLd, 2 >OENHRHERERANWTRRZIFIEBLOBEELE=4—F2, —FHD
KEIFCBRABLOZRAPACICH L TLYEKETHY , b H—HOERIZMNEL Lo
PAC 1Z5%F L EE 23 5 W(NIOSH, 2000; Neumeister et al., 2003).

3.2 EWZHHISHT

TAT 7T 2a— EA~DFERFEDONRA T~ —H—%ROT, BHIZAFTE HERECE
HAUBERED RIS D WITE=F — SN TWDH 0, BBICRFRNR A~ — I — X E 725
EIN TRV, L L RERIIR SN TWD R RO 1-E Kr % v L (1-OHP) (Hatjian
et al., 1995a,b, 1997; Toraason et al., 2001, 2002), ARAH4IfL A ILERD DNA 41K & Fe{kAY
#1&(Toraason et al., 2001, 2002), DNA °# > /)7 ' Ok (Herbert et al., 1990; Lee
et al., 199D ENT A7 7L b 7 2 — L5 KO PAH ~OBMZZEZE L LTHW LR
TwWb,

4. £ FRBIUREORER
KIRT A7 70 ME, E&L L THIENS OFEMKFHOMKE L L TR S SEA
FHCHERE L TV 5, b o & b AL R RROEEMIL Y =4 — Fd Pitch Lake T, X% X

TS HE. AA A, BT ZTAA—ZNAEHEE O Athabasca A L2 RIZhHE S
TWA(IPCS, 1982; Budavari, 1989; Lewis, 1993), S 52, 7 A7 7L MIFHAS L4
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FESNTEY, KXENERTLIOIZZOAMKZT A7 7V N Th D,

Pt Bk, FIBERT LA, MR MHE. FRIHAL RIGKSE, BAl, 7T 2F v 7,
Th, xSRI Y ZERRTEEOT XA 7 7L NIEAIRRIMWM b, SEIERT
A7 7 )V M & v 5 (Speight, 1992; Roberts et al., 1996), ZilH 67 A7 7L b
72— ARERKOMEIB LOMEEBDRBRICHELZRITT LEILND,

BLRT A7 70 MUGITEERNT 27 7 v LB EVIKAT A7 7V THD, &6
2. EROBAR IO O ORHEREL LCOT A7 7V N REBE FEREFKE - fTKi -

Lo lEDEFREOT A =7 BRABEROBEEA, BLOGREOHEMEL LTHEH
=5 (Lewis, 1993),

KETIX, 2000 412134 3000 77 k> DJFEENT A7 7 v R oEiEEH I X OFERIZER 124
PE S N7=(AT 2001), 2001 4Ei2iX, I —1 v 8T 1600 5 h o DT A7 7 )b R BAEPE S
i, D55 1400 F b o3 EEEEE IS A &4 72(D. Lyall, Eurobitume, Brussels,

personal communication, 2002),

5. REHOBE- 5510 - BH

PR OB E) & 3. BRETORBE 3, WELRY - LR - EY)ERNEIEE & O EAE
. B L OVEMEEICE LB T — 213780, LaxL, CONCAWE(200)IZ X % Fif
DWETIZ, TATZ 7V ORIy DA 7 2 ) —)v/ K E%E(log Kow)/d 6 22 TEY
AW ERE O ATRENEIL 8 2 B3 FEERIFUKIEMED FE R TR < | FEXH o 7 &3 K Z 1 (500~15000)
7o, KEEMZ XD EENFIRBICIRRARSH L B2 00D, LIeBsT, TATZ 7
I S DRGSR S D ATREMEIZIEF IR,

T AT 7V MIBEHEIIIDE L2, Lz, 1 DO4 DFERIZ DWW T O MR A
B, T AT 70 hO XS ICEHERIBEY OB - (LM AEERIC LU TEE 5D T
ESASAN

Cooper & Kratz(1997) (%, KEH VU 7 =T MDD FA(=~ A Oncorhynchus
mykiss, 77 7> +7 7 b Salmo trutta, 717 O—Ff Paiute sculpin (Cottus beldingi)
L EFHEMIZOWT, 7T AT 70 Ml O O K 2 HIE Lz, fal SR oM
fikrh > PAH #0Hriile B 13 IR AR o 0.2 mglkg L 0 KA o7z, BiARkT Ofn s KD
LDWEDLETNZNORHRRD 0.5 & 0.05 mglkg L VKA 7223, digpidf L v A
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OB OIZ ) BEV D 2, EE Y FROMEMO A EEICE < (P=0.05), 26~
98 mg/kg OFEIPH T - 7=, MIFHEENMAARLF O I 7 AREEIXEREEGIT & 1388%R 72 <,
RS LL T ~0.28 mglkg ThHh-o7-, LirL, A YOBEBRIZLDZ AT Ly RO L
MEICE TN DB, BB RBE. 7 7 7 ROKERW e E N5 5 aTREMEDR &
5(§ 6 BH),

6. RETORELL FOREE

6.1 WEFTORE

BRIFERICBIT 27 A7 7 )V MEEIZBEAL, AFTE 57 —XIZRoN TN,

T U= DA T A ID 2.0~83.6 m M THE L2k - & K&V 7, 7z
5 TNT 2.0~10.0 m HS CEREL L 724l o 7V (R, B B OBV T, Mk - HEE -
fFbL &7 EDOT A7 7V NGy ORHEAE 41TV % (Kebin et al., 1996), ki1
HOT A7 70 hOEIEIE 1.61~11.02% Th o7z, KK 7 AHOT A7 7 /v NGy D
BEEEX, M EE% 0.564~3.96 X 10-3 mg/m3, HEHEILAW 1.77~9.50 x 10-4 mg/m3, £
B 0.21~1.23 X 104 mg/m3 ToH o7z, 5m B L 10m HRIZ I D 2R D 7 A
7 7V NS ORMECE Y. BEREEY. A ORE me/g (X, H T 0.96, 0.89,
0.37, T 0.93 BLU3.07, 291 BLV3.89, 1.28 BLW1.53, £HHT 1.19 BI W
0.29, 1.38 X 1.30, 0.63 5L 0.56 Th-o7=, LinL., FEDOERKND O E S
VU AR DHER T AN, ZHH OO L e oo mlREME S B 2

KEA Y 7N =T WDJNA~DT A7 7 v D B Ofi iR o 5285 7l S vz
(Cooper & Kratz, 1997), JEFKFEZ N DK E EEEEHE D DINIFAT 2 MO Bt
FOFIROKEZERIL, PAH B XOREVESEGE, #ih, 7 RIT2)ZHELE, &
i A2 ZAUE, 77X TOJINB LOWRHAKIZI T 55 6P 5 PAH 43 O B I3k HBRS
0.5 ng/L K V&Ko7, B TRERIREOBEBED)I EHEK TRO HND S DD, WH7R
LEESBOBRELETO)ND LR E TR THEZITIRWEEEOITHm L7z, b2, &
JE PR EE I BRI iR LB RO O MAKRDO TR @EroTle, LeR> T, @S RER
EiE, ORI A, 7T 75 —=ADXA NN, THOBERE TA7 70 hLSt
DOHEHIRIZ LD FREMEN B 5,

Kriech 5(2002b)i%. 837 A7 7 /v b 6 fE L B EBEKHAT A7 7 v b 4 FEORHKIZ
BT 5 29 D PAC #FEB=ECHIE Lz, KERES#ETEPAD A Y v K SW846-1311
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WZW>TH TN oORMERBRZIT 70, ZOME, MELLKMAT A7 70 b 613
PAC29 FED VT IR Lo 7o, SHEMAT 27 7 L h b b 29 #0 PAC Wi,
BT, 2008EHT A7 7V R LDORHIKTIX, F7& LT F U LU ER
HTE7=H 00, BEETREONAKDEEQ.015 mg/L) L 0 (K57, FEEC. Brantley
& Townsend(1999)1. KE 7 U MO THEMNSEIL LT A7 7L MBI L., —EDiE
HRBR 21T o7, T b ORI GIX, 16 D EPA BXEG YW E PAH OV b i
SNipipote, FEEHOIT, BEOMBMEMNT 256, 727 70 MIEOY RN A, H
Wl Y Y v T =%y FpDORIRAR & Ll 5 L LTV 5, & 5T, Brandt
& DeGroot (2001)DHAEIZ XX, 10O T A7 7 v F )b DA O PAH 2L,
BRI T 23— 1w SRORKIAIREQ0.1 ng/L) % 7555 TEI-> Tz,

6.2 t MNDREE

KB LOREEFOT A7 70 b OEICET 2 HHRITHER STV RN, LML,
B0 BANEGRE~DT A7 7 )V R« r—)ba—F ¢ O, BRAAT O PAC & FE
272 ) DL B 2 D20 NERHET 5 720TbN = ER T, 3 EOERICEIT Dk
IREEIL 5 ng/L Téd -7z (Miller et al., 1982), EBRIIFEDOLED LTV AZ2EL TV D
—F. A FEERET 1 s ALMEDR T RWED, ZRLDEROEKTSLEZA
IARHTH 5,

KETIHE, SRREAT A7 70 b T X OB TR 30 1 A(APEC, 1999), 7 A 7
7 v MR B AKEREICHEE 5 A, 100 # FTDOBIKHT A7 7 v & T8 TF 1500~
2000 ADEEEDMENN TS (APEC, 1999), Fid—12 v /3Tl 5~10 AR T A7 7
VMRS THEBKI4000 4 Fid 5, ZIVH DIRET A7 7 /b b & B R EIZEZET 21EEEIT,
P = —nu v TR 10 5 A Td 5 (Burstyn, 2001),

NIOSH(2000)73 K [E T 1994 4F36 LN 1997 FEDITAT o 7o T ORI A TR O -7 —
ZIZEBE, TPBELOBSP IZBET 51F & A EDE AR ZEF(PBZ) 2 5 E O TWA 1
0.5 mg/m3 AKjii, 7 /L7 MO PBZ W2 7 VO KEEEGM)IXE L2 4 0.041~0.48
mg/m3 3B LN 0.073~0.12 mg/m3 ThHh-o7-, LorL, KE~VHF a2ty VINARZX K TO
b2 ROVEREEVESEHICIUE L7z GM 7 — # (Sylvain & Miller, 1996) TiZ, TP 35 L O BSP
~0 PBZ ZiEREIT, WA OBERRESIGICHT 5 740 NIOSH #HEDOS A O 35 Th
- 72(NIOSH, 2000), TP 3 X O BSP ~DOfl A &EFE &IL, £ E4 1.09~2.17 mg/m3 35
X 100.30~1.26 mg/m? T& - 7= (Sylvain & Miller, 1996),

TOMOHFZETIE, KEIZB W TEBHEISLOAR 6T, SRR T, HRTEC



Table 5: Geometric mean of personal exposures for total particulates (TP) and benzene-soluble particulates (BSP).

- 3
Geometric mean of personal exposures (mg/m’)

Type of industry TP* BSP® TP® BspP"
Road paving 0.37 0.24 0.33 0.09
Hot-mix plants 0.78 0.15 0.45 0.06
Refineries and terminals : 0.18 0.16 0.18 0.05
Roofing manufacturing 1.40 027 0.60 008
Roofing application 0.55 0.25 0.34 012

* Adapted from Hicks {1995).
® Adapted from Exxon (1997) and Gamble et al. (1999).

Wrmie B ERARM S T, BROI KN LESEZR EThH, 7 A7 7L MEBEIRE S
#17=(Hicks, 1995; Exxon, 1997; Gamble et al., 1999), Z# 5 OEFATZEIT 5 TP B LW
BSP ~?» %% GM % Table 5 (2759, TP 3L O BSP ~DO &% GM [T¥fIC L - T EE
FIZHR/ 2> THBY TP T 0.18~1.40 mg/m3, BSP T 0.05~0.27 mg/m3 CT& - 7=, Heikkila
5(2002)1%, EhZEELRT, A7V — RELRl, FAERICL D~ AT v 7 8iEETOT 27 7L FEE
EHIIEFa—Ar T a2—0E LTEHHTP ~OETE GM 2, T 71 0.4, 0.5, 4.1 mg/m3
EHE LTV D, [AERIZ Burstyn 5(2000)D#AEIZ LAUX, TAZ7 7L h 7 22— A GM (B
Fa— A LR ~DORFREIL, EEMEET0.28 mg/md)IZH L~ AT v 7 HERIEET
(2.29 mg/m3)DIZ 2 @V, T O OHYEIL, ~AF v V7 HERR EOLAEOIE D PR EICRE
BTTHZEERLTND,

BNDIIEEINT A7 7 b b ~DRE ST B Dl 278 B T 5, Wolff 5 (1989)1%, #&Hz
I 47z PAH BMENREREIC SO 2FG 2T T 5720, miR7 A7 7V Mok o2
EPIKEERICT A7 7 v b B3R LTAFEB OB A 3 X 3em EMY . BUFHEID
FUERB LT, 2D %, FrEO PAH ICEI L THHr L7z, Wolff ©(1989)7
FAATIE, KRS 1 em2125%-> T/ PAH 13, 1B 7 MRiOH 7 1(0.44~2.2 ng/em?)
KOEET 7 NEOY T N(6.1~31 nglem?) DX 5 3% n->7-, LivL, =LA EESE
K@l CTE=F—L7EERIL, VW a— ¥ — Ly FRIROMEL, BT A7 7
v M X DR ERAKVEZE O 7 C PAH (255 L= lfEME2 B 5, Hicks(1995)13,
Table 5 |ZREd# SN S EIERT A7 7L MEETMOIEEBE D, FOHH L WITHE 4
x 8 emMEMY . FFHEMY o T NE2HM LT, F¥EY 7 MOV T VEICL D
PAH 1% 2.2 ~520 nglem2 Toh -7z, HIE L7 PAH ' H - & b ZFEHD PAH 235 H
SN DITEEESIGOE¥EE T12/16), KU TIGOEXEE L RBIBBATE - & b0 h o
72(2/16), ZHDEFEZENEM L7z HPLC/EIEIZ K D27 A7 7V MRy OFFE & E &I
BHEHTXRVWN, FEELICIHMEEZTOEEHRT 5,
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Toraason 5(2001, 2002)i%. Eia 7 A7 7 /L MU AR S7-8, @E3 H» Hlca—LH
— VB L olc T NORIRERAICBI L, F—1EEREENOEER AR L0V 4 B#
OIF¥ERE TRFIZIR T 1-OHP A L7z, &R 7 ARBICHERRIER S -7, JRH
1-OHP 1L, W EBAE TRICIIHEFICAEBIC EF LT (BB BRAERE 0.26 + 0.13
pmol/mol 7 L' 7 F =2 & THE 0.568 £ 0.29 pmol/mol 7 L' 7 F =), 7T A7 7 /L kD
BT D EREEAN 6 AD, TP I L O BSP ~O X & TWA X, #2417 0.24 +
0.10 mg/m3 B LT 0.08 + 0.02 mg/m3 Th-7-, BOHIZFET S 7 ABDOIEEE D TP
BELOBSP ~D#EfE TWA X, Z1Z41 0.31 mg/m3 B XL 0.18 mg/m3 TH- 7=,

Heikkila 5(2002)1%, 11 D7 27 7 v MEGW 2T 2 13 » FrOfiHE 5 T <
ERBDOT AT 7V 7 2= h~OFHE 2 I T 2MA T, 32 AOERHEEXED YT
NATZOJRF 1-OHP JREZRE L1z, 7 A7 7V MEGY 11 L TP 2 VHIREX 0.2
~4.2 mg/m3(EH X [AM]= 0.6 mg/m3, & FHE[GM]=0.5 mg/m3) ThH -7z, TXTD
IREW O TP 2B FHPR T 0.5 mg/m3 K 7208, fish & L TFIEEIC K D~ AT v 7§tk
T4.2mgmd3, A b—2~AF v 7T A7 7 )b MERADEE T 2.0 mg/m3 TH - 7=, xHHRIT,
7 4 > 72 RO 1-OHP OYERUEM 7 b BEEHO A HEIZED S FBIR Lo, 28 L Tk
WEREBEIRE 78 AT SN TV, HFELOWREICE D &, %) 1-OHP B 133 (AM =
1.6 nmol/L, F¥#E{R7E SD = 2.6) £ Y &% T.(AM = 6.6 nmol/L, [SD] =9.8)Di% 9 23ty
A EICHE < (P<0.05), MYEY 2 H%E T~ bl AM = 8.5 nmol/IL, SD = 10.5) TiLJk
BRI D EHEE T.(3 7 M AM = 4.0 nmol/L, SD = 8.0)?® 2 {5 T - 72(£<0.05) (P. Heikkil,
personal communication, Finnish Institute of Occupational Health, Helsinki, 2003), [F]
BROMBEMR S 7 MEOT =22 b AT (T — X 5i#li7a L), BYE L e EREIE T & B
JIE L7220 BR(T — & Giille UICHEIE 2N 2 LD BUEDS R 1-OHP B LR\
HENEL TR, 1-OHP IMENLT A7 7V b7 2 — ARFBITHT HHREE LK
ER+3ThnweEEZ LD,

Ty b I T ATy )b, TAZ 7V AL 7TA7 70 b REBEEIR £ 7213F OwHi
#BOKIRTHEMT 2R ~DREZ WS L2120, 25 0MITRIETH L7290,
VEZBITM AR G L > TRETHEEZ LN D,

7. EZBREMEB LI OE FTOERNEIRE - AHO R

BAEWITENESHTICITEY TIE W, TA 7 7V MIEBREWTHAT-D., Km0

MEB XOMAEERIC L » TRpEMEN R/ b, TATZ7 7V MO DOHTH, &< PAH

D IRMENRE (L 72 0 FEHIITAFSE S 41T 5 (Syracuse Research Corporation, 1985),
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RMNGIERICKENRT A7 7V SOFERSTH Y . B IARREIL, B’A, ROE
M, REERTHD, T—XIZENUE, 7 v b TIHRAK 9~16 DRFEE RO RILAKFEIT,
i, e, AFlE. g, TEH IS & 7= (ATSDR, 1998), [R#E#K 16 2 5 RALKFED
T—a YL, v U AORE L ORI &z, b oR#EBHRIEAEYIE. F b
7 a L P450 A F L —BIZ L o TEICRE SN D LB b D, KFEE 5~8 DN
RIRACKZIIRIL L T OO T /v a— b « &5 kv« BIVRUBRHERZ AR T 5, IR
FHE 9~16 ORIRIRILAKFEIX, T 7 v b P450 7 A VA ML > THEM#E L 7 L=
— IS EBALICRE SN D, 2D ORALKFEORBHIMD TN LA, FEILZ XD
RENTND, — N DOEMIE, RBLOEFEF~L D VR EN D,

t FOHA PAH IZB LIS, PAH & H = —n VL I3 E AR O PAH WU L 72RO
WAL IIICRGE, 155 Lo BOKOBEZIZITHLE . PAH SAWE~OHAOS;
AT E AR E L CHIAE 5 APCS, 1998), —#%IC PAH OELAHNCIE, —EHES
DRI AL, F b7 v b PAS0O—IKFNET ) A X7 —BIC L AMBEEE, =R REFT R
DAL ETIIAFNC L D 7 = ) =V ERIZVA— VDA, b Rax s @FEko s Ly T
Fyvo Hilg - v a U BRAERERS D, LinL, B Rax v AFIVHEERO T U h v
NF A BLOWRBE AT VREERGAE S H 5 ([IPCS, 1998), PAH O2H ~O 54 H3 T
SHHETHESIN, ZhHORBRTIE, 1F&AETXTOMEG IR ATHERE O PAH 2
R B, MENFAREA 2\ s 238 i PAH & 3 2 i Ko 2 R- L b 2 &
EEA STV A APCS, 1998), % 2 b (LA, R O T £ 721308 th~D4E
Mz XV IHKRT B,

8. EBRRMILIEB L O in vitro RBR R ~DEE

TATZ77 )V NREBEBLIOT A7 7V N 72— AOBEEM., BRAUME. FOMoEM:
(ZOWT, Iin vivo B L O in vitro iRERDSFHG L TV 5, a7 EOEEHI X OE ERK
AT A7 7V DT 2—LEBIETEDLONRKREEZ -0, REBROZSE IXER=ETIERK L7Z
T AT IV N T a—LOEREW AT L T 5,

8.1 KK

FIGRBR (IR, R/, &SoE)EZ212 NIOSH(1977), IPCS (1982), IARC (1985)i2 X~ T
LEa2—3NTW5,
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T AT 7V NEKRA~D T X OFEEN L =2 — X 7=(NIOSH, 1977), RERIZHEH L= 7
A7 7V MIKEBLOEEOLOT, fHMIIAHTH D, Z0IENOERT — ¥ (FKKE
FRIRE, ZZKRE, BREOHM LEH) L AN THD, TATZ 7L MEK~OFEZETIE, ¥
TXOB IR T BEORERNAE LR Thote, MBEICRBET DL, ARODT
DIRRERRBD T, b BREE THRIH THE L, vFIComETA LR
72 - 72(NIOSH, 1977,

TARC(1985) 3 Ei L 7= K f& A 7k ClX, Swiss albino ~ 7 AZTFEDT A7 7 )L N~
T A DVERGE Lz, VY REHEHOME LIS, 7 A7 70 MRS U H 10%) 25
pl 2 2 0812 1 BECK 81 B MEAN Lo, B~ L, ERORTER, B ORIEMEIZHE,
WRETE R % 1 5 K OiEE b Th o 72,

D ER(Hueper & Payne, 1960) TiL, £/~ ~(Strain 13)30 L & Bethesda black 7

v 65 CEF v L NIZAN, B EIKHATAZ 7V D7 2a— A EZ&RK A 1 H 5 EEH, @
4 HCT 2 FHBEFZE L, WD 72— ALK, =7 7 r—V AT A7 70k 700
~10000 g Z Z&FEMIZ AL, 120~135°C THEAL THEHDTH D, FILWT A7 7L b
EARFEMICEIC 1 EAN, o BIFBEEREZH > ORL L, TAT7 70 MI—#IC1HE
MOMICEVIRLBEELILD Z LITRVWDOT, TNHDT 2 — A E7RKQ TR, — KRR
ERTLIFTTERNEEZEZOND, TN LOEROFEMIIAI), TAT7 7LV DT 2
— L EARRADFRBIZEY . KESTE A ORI A £ 5 IREL B MERRME (LA 2 23 5] &k
Z &7z (Hueper & Payne, 1960),

Simmers (1964)D#HBESM L BRFEORBEEZR IRV, FELICLHMREETOEER
WD, “AREBRIZHNONEZTAZ7 7V NI, DUV TAHAV=T O 6 HEFTORBHTENG
TN LTIV T, AT AT e BT TR — T A7 7V NOE DY
TNTHDH” . mPIDFERTIL, 20 C57Black ~ 7 &2, 7 A7 7L FAAINSIERK L=
TAZ 7/ hOT—mY VA 1 H 3045, 5 HFE T 410 [BIF#E L7-(410 B O RFE T
EEFEST~ U AL 3L, 280 LA ECTHEZESTZDIX 10 TH-o72)E 2 A, ) o, &
PESRAE SR, Mg, Vs PR, SUE SR ~O MBI M 72 EnB b, 2&F B O
FEBRTIL, 7 A7 71 b 250~350g % A XDEBIZ A, 120°CTEL THblE s, %@
SIS TR ODIEE ST, ZOT A7 7 )V MEIZ C57 Black ~ 7 A 30 /%4, 1 H 6
~7.5 KR, WIC 5 HMT2l » ARTELIZE 25, KZAELEAME~OMMEE, f& %
%, MR, MEER, BREMREORENRR LN,

MERED Wistar WU 5 v MCT A7 70 b7 2 — A& W ARG L, #0323+ 23
B Fraunhofer Institute (2 X - Ti7h#L (Fraunhofer, 2001). FF3E DI M AANEFRER D 7=
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B, BEERKMENEESNZ, TAT7 70 87 2—20/IE. KA VI8 5iEE
PR O BB AL L CTED L 7-(Pohlmann et al., 2001), 7~ (1 B 16 JO)IZ, 1§E 7222
KO EITAEREDT 27 7L k72— 4, 20, 100 mg/m3 %, 1 H 6, #5
HT 14 B SHERIE Lz, FRIMIETHN Lo EEORE (= — 1 Y L+ KK O
fEl%, 3.95, 20.12, 106.55 mg/m3 T o7, A 4, 20, 100 mg/m3 D FiE K[ D%
KL A-1%Z5NE, T 24.6/75.4, 42.9/57.1, 68.1/31.9 Th 7=, Ki{FtCiHlL7=22
L[EV)FERO T REIL. T A7 7L b 7 2— 2 4 mg/m3 T 105 nm, 20 mg/m3 T 82 nm,
100 mg/m3 T 86 nm T 7=, FHBEIZLDILEHNIA LN T=, fERICINE, 72
77V F 72— 100 mg/m3 ~DEERFEIZE > THET v N TERENSFEICHED L, #itsic

B n (PER ) 25 B O MR L2 k(e 7 U 28 JRECHIAE s, kA e
W, SRR A B ek L ORISR IC RO vz, R L EBREETToT 27
7V b 72— A0 EHEMEENOAEL)X 20 mg/m3 Th 5,

8.2 ELE&EM
821 ZFEFH

% < DR, =—AARBREMNNT, HEMBIOR EBAKAT A7 70 b 25T
IZT A7 7V b REBEOERFMEEZFME L TWD, ATTE 57— % Ol CIX, &k
BT AT 7 NETHOT A7 7 )0 MTFRRY 7 Do~y RAR—Z) D 146~157°C T
WELET AT 7L N7 2a—AF, B —ARRBRCEREMEEZRI 2o =0,
ST 149°C & 316°C THRASHT- 7 2 — L EHEMITZE BRI %7~ L 72 (Reinke & Swanson,
1993; Reinke et al., 2000), 316°C THAE LIZEEMEH DIE 5 23 149°C D H D LV H RN
B AR Uz, XPRRIC . Heikkila ©(2003)12 L 2 a5k Cl, Si2EEEPICIEER O PBZ
THELET A7 7V N7 2a— LD A L, =— A ARBRTERFEMHEAZRL, BET
AT 7V RDIEIBFH LT A7 7L hORLAESy XD IRWVERFEHEEZ R LT, EHIT,
BORERTIL, EEHT A7 7V 87 2 — AICEMAERE LI~ U A TERFHEIIRO 6N
72730 7= (Micillino et al., 2002), miRIEA LHOMEE X > NFE X > 7 OB AL T
HWELET AT 7V 87 2—AI121F, AN T3 03T 8 BIJF MR 5 (spiral
Salmonella mutagenicity assay) CZ& BFEMENFRD Hi1720 > 72 (Burr et al., 2002), 5D
R C, EREICBW TS EIERLMH T TRAESEEHEHBLOREAKAT A7 7
NV RDT 2 —AiF, BEREMA R LTZ(AL 1990a; NTP, 1990; Machado et al., 1993; De
Méo et al., 1996), Robinson 5 (198423 FH-~<7=7 A 7 7 )b FRiEEHT, REHEMHE(LR(S9)
DHEIZEAD LT, BRIFMELZ RIS R T,

822 /BB S REMKER
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Sivak ©(1989)D Jiik% N CHEERE T 316°C THRAE S 7= B KO AE EREKH
T AT 7V N 72— hEHEY., BX O Sivak 51989 B FAE SR EIKHT A7 71
b7 2 — LEEEM 71T § 8.4 28T, HEEBIBIICRE L TV F ¥ A =— AL HF
— D Jfi#HELEARA(VTO cells) D/ MEFEALZ . B RN S H7-(Qian et al., 1996,
1999), EHE#H HIE, [ BB LI BIFLAKT A7 7 )V b 7 2 — NG L REMEFRDE TH
0. ZVOYBRBEFEFRENDEOOND ELTWD, 2D ORREYIL, B2 LA
fRlz W T, FHEARIEE OB L - T, £ L THIRBEFNREL IR Z L, Ma
5(2002)1%, #E Sprague-Dawley 7 v NI, #EEHT A7 7 /v MTEZ » 7 (160°C) D |
HCHE LT A7 7L b7 2 — AEHED R RIT BIE KB G- 0.45 mg/kg R, 8.8 mg/kg
RE)E, [RENBRTE LT-, T A7 7/ 72— LEEEW 0.45 mglkg RE T, /MEIBRED
AETIHRWHIMBZ LT, A L RkmRED 8.8 mgkg TIE, HHEOZ Yt
BRC/INEIZ R ORE RN A B /2 (P <0.05) MR Hiviz, Lol Bl LOERET
FAESEE3HEOMEMNT 27 7L s 7 22— 5, 10, 15, 20, 30, 40, 60, 80, 120 pg/mL
B, Tx¥ A =—ANLAX—OIPRMIEE AW ROEREERETRBR L Z2A, B
1T _CFat: TdH - 72 (Reinke & Swanson, 1993; Reinke et al., 2000),

82.3 DNA 1B«

De Méo ©»(1996) ¥ L TF Genevois H(1996)i%, FEHrEC 160 35 LU 200°C THAE I
TEER T A7 7 v N7 22— A0 DNA fIMAERGEERME A . £ IVEA In vitro & 1n vivo
THRE L, 74O DNAIZ in vitro TMZ 5 &, TXTO 7 2 — LEEEY S DNA fF
IR & 3576 LT3, Fdia07e DNA fIRIEER B iv7e i - 72 (De Méo et al., 1996),
EHIC, R UEEZERT A7 7V N7 2 — LB A R %HE L7 BD4 7 v N ORE . Jifi,
U v 8K T H DNA MIMAZ % L7223, FEED ¥ A 7O DNA KX fEE TE 2o 7
(Genevois et al., 1996), D% DiAFR T, Genevois-Charmeau »(2001)7%, BD6 7 v b
BVCICEIEER T A7 7V R 7 a — LG B BRE LT L 2 A, 7 v FOMiDOAIZ DNA
FEIMARATRD B iz,

T AT 7 v hREE E G, [ Parkes ~ U AZRATEAT LT L 2 A, RER X O
%12 DNA FHIMA 2 54 L 7-(Schoket et al., 1988a), 7 A 7 7 /L k R&kHL., RTEm#4.
FIHMRRES R LWz hORAB I ORIEORIEY 7 TH, DNA (MK % 755
L7z, 7 A7 7V FREE 15 mg & SEICHEIRGAT L7z & 2 A, AI0K 0.22 fmol %%
L 7z(Schoket et al., 1988b), L72>L., WTHNDORERTHEED ¥ A 7D DNA (KA
a2 o Tz,
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8.2.4 FBRITERS

Sivak (1989 = EERERADEIKT A7 7/ K7 — LD 5 5y C, il fa fEEE
DOFEIZEAL TR LIZE Z A, 2EGD, F v A =— AN LA X — il IRV T
Jia) O B A 2 P2 L 72 (Toraason et al., 1991), Wey 5(1992)%,, & b L7754
AR AR O AER A (262 A6 OB O EEZ TR ZAH, REGPRERTIEC
AR S 2 P L7z, F v » 7R 6 Ol FhES O 2%, g7 ne— 4 —0EER
TERHE SN TWD, BEE vt —4% -2 L 5MMEKZORER, A== — 3 3
T MR & 7o I AT 2 JE PH O M OFRET > 7 s B I S DR, I ORI
E5HEEZHNTWSHINIOSH, 2000),

8.3 ML L CYP1AL

Ma ©(2002)i%. & Sprague-Dawley 7 > M, &#EH 7T A7 7 /L MR > 7 (160 °C)
Ol B THE L7727 A7 7V b7 o2 — L EHED GHRIZ R K, 0.45, 2.22, 8.8 mg/kg
FE)ZRENRE L, A LcikmRE 8.8 mgkg (RAHE~D & T, #HiAIIC
(P<0.05) HEALAF D EH-A3, %@CYHAl@VNw&%ﬁ®ﬁﬁT%%E:éMEoL
22U, CYP2B1 O L)L EJEPEIZITA B R EEITFRO b o7z,

8.4 FEMNAMEL

FERERAEDRE EKAT A7 70 b 7 2 — L EEEY (Thayer et al., 1981; Niemeier et
al., 1988; Sivak et al., 1989, 1997), ZED = LKA T 27 7 1 1 (Sivak et al., 1989, 1997).
B DHWET A7 7L bR EEHRobinson et al., 1984; Bull et al., 1985) %~ ¥ A D 2 f§|Z &
i U= BAEORFZE Tl BN ARG STV b, LU, BOF7E(Emmett et al., 1981)
TlX, vV ADOEEIZ®A LIz BRI T 27 7 v M, BB AT bivie oz,

Thayer ©(1981) & Niemeier ©H(1988)i%, I & III B ZE ERAAKHAT A7 70 h 25
232 B LV 316°C '@%Eﬁ%ﬂif%ﬁééﬁ‘fi?l 77V N7 a—LEEY &, D CD-1 %
LN CsH/Hed ~ U ADRZJEIZ 2 2 1 [0 78 WM L, HEFHBMEER -, 2470
50E®v?z18%K:h6%§ﬁb\%ﬁﬁ#ﬁ%@ﬁk%t:%@éﬁtk NP

AR ERIT, ST A7 70 b 72— 2T 5T » b0 2 R SRR A ZR TR
APAERRERADY, BUEEITH TH D Z L 2O TN D,

2 By S THTEATIEAOE KT A7 7L M, 8ALRIZE > TI~IVRIZKB S5,
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Table 6: Final histopathology of tumours induced in CD-1 mice treated dermally with roofing asphalt fume condensates.”

Tumour-bearing animals Tumours
Squamous cell

Material tested Sunlight® Benign Malignant Papilloma carcinoma Total®
Type | asphalt at 232 =c® - B 1] 12 1] 12

+ 2 0 3 0 3
Typel asphaltatSiB’C" - 13 1 18 o] 19

+ 3 0 3 0 3
Type lll asphalt at 232 =c? - 9 1 11 1 13

+ 5 2 5 1 7
Type lll asphalt at 316 =c? - 13 3 17 1 20

+ 4 1 3 1 6
Benzo[alpyrene (B(a)P)® - 24 1 43 10 58

+ 9 3 11 1 18
Cyclohexanefacetone’ - (1]

+ 0

Adapted from Thayer et al. (1981).

There were 50 animals per group, and half of each group was exposed to sunlight.

Other tumour types cbheerved included fibrosarcomas, kerato-acanthomas, fibromas, and unclassified benign epitheliomas.
25 mg of total sclid per application.

S pg per application.

50 pl of a 1:1 solution.

“ B oA o w

Table 7: Final histopathology of tumours induced in CyH/He) mice treated dermally with roofing asphalt fume condensates.”

Tumour-bearing animals Tumours
Squamous cell
Material tested Sunlight® Benign Malignant Papilloma carcinoma Total®
Type | asphalt at 232 °C° - 24 22 34 26 76
+ 14 27 22 25 52
Type | asphalt at 316 *C° - 13 31 27 31 78
+ 18 26 26 26 73
Type Il asphalt at 232 *C° - 15 25 32 19 66
+ 11 20 14 19 54
Type lll asphalt at 316 *C° - 12 28 24 36 82
+ 20 18 34 20 65
Benzo[alpyrene (B(a)P)" - 11 27 12 29 53
+ 27 11 22 43
Cyclohemne!acetone' - [1] u] u] 1]} [1]
+ 1 o 2 2 4
* Adapted from Thayer et al. (1981).
" There were 50 animals per group, and half of each group was exposed to sunlight.
* Other tumour types observed included fibrosarcomas, kerato-acanthomas, fibromas, and unclassified benign epitheliomas.
? 25 mg of total solid per application.
: 5 pg per application.

50 pl of & 1:1 solution.

AT DT AT 7)v b7 a— LEHEW T, W HORO~ 7 ZAZEEFAE L= (Table 6, 7%
FR), BEMENER ORI, BEERE O RCEIRTE EERATh o7, TATZ 7V 7
2= AMIFRBLTZVWTILOROY T AT, MREIVAEIZP=0.0D0Z< OEENZED 5
M=, CD-1~ 7 A LV CsH/Hed ~ 7 ADIE ) 3@ WIS M & BN ARG E R LT,
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CsH/Hed ~ 7 ATCi, 232°C THAIET 2 50H D 7 o — LY L ik L, 316°C T
FAEIEZHLODIT )N, EEHBRMNIAEICEN>7-(P = 0.01; Fisher-Irwin [H 1
FE), NEEHEBLE COFHR ML, xHind 2 CsH/Hed ~ 7 AREICH# L, 2 CD-1 v v
ARECTRED o T, FHERIIMIL, CsH/Hed # T 39.5~56.1 1, CD-1 #T 47 ~76.5
TdH o7, Niemeier 5(1988)IF. 7 A7 7 )L N 7 = — LESHEM DIE DS AAERIIZ. WFED A
TEHZA T DIEMIRRIKFEPEREICRDODOND72HOTH Y | BAEREDFEHWIZEREN
AMER RS % &b LTz,

Sivak 5(1989, 1997)i%. Niemeier H(198)BEH L7=b D LA L v FHERE LT
I BURAKR T A7 7 v k% 316°C THIEN L TR/ 7 = — LNEEEY 2 . HPLC(Z @ 1L O FE
I% Belinky 5, 1988, ZZMIZ L > THEEL7Z, GC/MS IZX > THON LIZHE4 A 725 E
F COLFERHIL Table 4 28, OB KT A7 7V N RGB DT A7 7 )V N7 2— A
T a—LEEPTEIICLT3I6°CTALET A7 7V N HET AT 7V FDT a— A,
TAZ 7V N7 a—AlhE, HRIC, HDWES I FICHAE DY, [ CsH/Hed 7 v
k& Sencar ¥ 7 A TREMNAMB L OVEE 0 E— 9 U ERETH -, B4y A~EiX, &
JandYUBROTE Mo L1 RRICESE, ROB(ZOEED) T AT 7V 7 2
— NEERE ISR T D IRE . 64.1%. 8.3%. 10.5%., 11.5%. 5.6%I(Z L 7=, RIZ. It CsH/Hed
~ 7 A 40 FEER L OWE Sencar ~ 7 A 2 BE(EAE 30 PO, 1B X1Z 104 (2 HR)wE M L
7z, Table 8 Iz &5, 1 HEH 70 OIFEL L UONBADEK, BHEOHH~ T A0,
A E TOFRFGEEAD 2503, EDR EPIKAT A7 7V hEBLORSEOT A7
7V b 72—, CsH/Hed ~ 7 A 30 PLrt 8 PLIs KL O 30 DLt 20 VLI Z 2 hs AUt
PEREN /M EFER LTz, LnL, 7 a—LE LR LIZMET 27 7 v NS Z 5% L
Motz sy B & Cldk CsH/Hed v~ 7 2 30 LfidZE£h 10 L& 17 IIZA Az i3 LT
2, H4y A, D, E X, M CHEAT S ERAEBE LE»roTm, WTFhOMAEDED,
HSBBLRNCHREENTHDILEDOHFR LI, MAGDEA LD ALE ALDLE
EIZ#FR Lieholz, 51T, W4y A, D, EiX, B et —y 3 SERA MRS AER
BRI oTz, T AT 7V N7 a— NEHEY) % 782 L 7= Sencar ¥ 7 A 30 JLH 18 PLiZ,
MADIEAE LT, BDL, TArXRUETINTFF T2 TAXRAUE T = F v v, T
NXWT ' "N T =, TAXMUMEY e kr>7 T 2 78, PAH, S-PAC, O-PAC =5
T PAC Z& A LT\, M%) BI2ix S-PAC O R¥ENEG £, Wiy ClCEEN TV =Dk
BHEIZmE o 70, B ClZid, 2EOMENPAC NG TV,

BWEOHFE T, Emmett H(1981)1%, FAE L7z MV U ICEE 101 TR S S 7 E%E

B EBGKAT A7 70 FEUIARA) DT A @%%&ko:@%ﬁ50mg% 50 JLo
CsH/Hed ~ 7 A D EOHIEZ U T-J8 HE ReEEkic, M 2 BT 80 M@ L7-, k&5
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Table 8: Tumonigenic response in all reatment groups.”

Total number of tumours per Average

Asphalt Fpupd MNumber of time to
Group dose fuamnoanr- carcinoma
nurrtm" Treatment {mgj® Papillsma Carcinoma  bearing mice {weeks]"
1 Raw asphalt 25 1 3 4 101
2 Heated asphait (less furne) 5
3 Heated asphalt (plus fume) .
4 Meat asphalt fume 25 17 25' | T4
5 Siokvent control 0
i Fraction A 16
7 Fraction B 23 2 10 1 ]
3 Fraction C 26 4 13" 20 85
9 Fraction D 23
10 Fraction E 15
1 Fractions A +B+C+D+E 243 30 29 25 75
12 Fractions & + B 183 10 g 13 a7
13 Fractions & + C 188 12 18" 15 a0
14 Fractions & + D 18.2
15 Fractions & + E 178
18 Fracions B+ C+D +E 38 g 18 19 &1
17 Fracions A+ B+C+D 32 17 2 24 E:ii]
13 Fractions A +B+C +E 25 b a0 7 v
19 Fracions B+ C +D 72 15" ey | 85
20 Fractions B + 490 17 29' 28 73
H Fracions A+ C+D+E 25 5 14" 17 ]
o Fractions A+ B+ D +E 3 f I 8 a7
23 Fracions A+ D + E 129 2
24 0.01% benzofs]pyrens (B{ajP) ¥ 1 23 7 55
25 0.001% B(a)P iz 2 3 5 103
28 0.0001% B{ajP iF
7 Fraction & + 0.01% B{a)P 18 I 23 24 70
28 Fraction A+ 0.001% Bja)P 18 1 1 2 106
29 Fraction A+ 0.0001% Bia)P 18 1 1 106
30 Fraction D + 0.01% B{a)P 23 14 34! | o4
3 Fraction D + 0.001% BjajP 23 2
32 Fraction D + 0.0001% B{a)P 23 1 1 108
33 Fraction E + 0.01% B{a)P 15 111 29 24 &1
34 Fraction E + 0.001% Bja)P 15 2 2 106
35 Fraction E + 0.0001% B{a)P 15
38 B{a)P then fraction A 16
37 Bi{a)P then fraction D 23
38 Bi{a)P then fraction E 1.8
39 E{a)P alone ]
40 Sentinel mice i
41 Sencar fume i 21 18 20 a3
42 Sencar control 0

Adapied from Sivak et al. (1282, 1967).

Groups 1-40 consisted uf&ﬂrrﬂeﬂ;]—ﬂ-iaJmpet group, and groups 41 and 42 consisted of 30 male Sencar mice per group.
Asphalt, asphalt phes furme. or asphalt fume alone were applied twice weekly for 104 weeks; 50 pl per applhication.

Ony histologically confimed skin tumowrs are given.

Based on gross obsenation.

There were significantly more turmours, earfier onset of tumours, u'b-:lm n these groups compared with controls.

5, 0.5, 005 pg B{a)P per 50 pl application per group. respectiel

Mice were initiated with a sin ication of 200 mg B(a| 5EI | followed by twice-wes icabions of indicated fractions.
Fiwe mice were sacrificed pngemﬁlnmmmafﬂﬂmsuldfF 6,12, 1ar3ﬂ2‘|lrmﬁliw

— T m "“® o p TR

DOFRITIEL b v 50 mg, e RICIZ~N > Y [al v L > (B(a)P)0.01% D L ¥Rk 50
mg % —MBXIZH#EH Lz, BiAKRT A7 7 v N &2 2fE S 7= CsH/Hed ~ o 2|2, JiE
BIRD b holz, EKERBOBREGIEOTZO, 7A7 70 hRBEBAHW ST
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Tabile 9: Tumour-initiating activity of asphalt-based paints.”

Dose {ul) Gross chservations Squamous cell abnormalities in histopathology after 52 weeks
unless Animals
Material otherwise with Humber of Examined’
tested indicated®  tumouwrs® tumicurs initiated® Papillomas Carcinomas®  Tumours®
Asphalt A 200 16540 [45) 25 35 4 2 g
&00 2140 {53) 3 38 B 2 10
Acphalt B 200 17H40 [43) 23 k4| 5 D 5
600 20040 (50 M 35 4 2 i
Asphalt C 200 10540 [48) 2B k4| 4 5 3
500 2340 (58) 51 36 11 4 13
Asphalt D 200" 2140 {53) 33 13 g ] 2
600 1540 (38) 22 35 2 3 4
Mineral 600 540 (13) G k) 1 D 1
spirits?
Acetone 200 630 (20) G 23 4 D 4
B(a)P 10.0 pg 22730 (T3 ] T 11 ] 15
DMEA" 285pg  Notgiven Mot given B 3 ] ]

" Adapted from Robinson et al. | 1884) and Bull =t al {1BB5).

* The 200~y dose was administered in one dose, while the G00-pl dose was administered as thres weekly 200-pl doses. Al animals
were ireated with 1 pg tetradecanoyl phorbol acetate (TPA) in 200 pl of acetone 3 times weekly for 20 weeks beginning 2 weeks after
the last initating dose.

* Data represent cumulative fumour counts through 40 weeks. Number in parentheses indicates percentage.

Each treatment group except the DMBA treatrment group contained 40 female Sencar mice. Only 20 were in te DMBA treatment

group.

* The asphakt D also had one animal with a fibrosarcoma and one with a basal c=ll carcnoma. Total number of animals hawing
squamours cell papillomas andior cancinomas does not agree with number of animals with squamous call tumours because some
amimals had both types.

' Also analysed for its ability to act as a complete carcinogen. Results indicated that 1 of 40 Sencar mice tested developsd 3 tumour

{papiloma).

Also tested | 2D3|.|I|asa complete carcinogen. Results indicated that 3 of 40 Sencar mice tested developed turmours (paplomas).

CMBA = dimettyl benzanthracene.

E

% (Miller et al., 1982), W Sencar ~ 7 A& FW 7= § & AR T, 4 FHEHA~D) DT A
7 7V NBEIOIERA = — 3 3 UER D & 472 (Robinson et al., 1984; Bull et al.,
1985), 7 A7 7V FRBEIORGIL, FULUEREF VLU EIRTAAEY v MC
89%~98% D71 > h/Nw 7

TAT 7N b EEAEZLDTHD, ZbOBEHE, #E Sencar ~ 7 A D R J§IZIESFEAED
A=vxz—ra NEHER L], Table 9|2, ZIOLBEIOER A == — 3 UiEME, W
IRIC & 2 G EE. M eI LG ozl d 5, 7 A7 7V MEEID 1

BRENAWEE L THERT 288 b 0t 47z, 40 PO Sencar ~ 7 AT 200 pL % i
Z1ET 30 BEEM L, 52 BRERIC~Y Y ARy LIz, BAONTERKMFTT, 74
7 7V kD CTHLiE L7z Sencar =7 A 40 JED 5 B 1 PE(3%) D A\ 5 (FLIFENE) 2356 4
L. IR T/NAEY v N CRE L7z 40 PLCIE 8 PLIZFLEAMEA 34 L 7=, Robinson ©(1984)
T ATEHOT 27 7 )L MEREHIIZ~ 7 2T 55 A == — 3 a HEH 2 A 51k
WENREENTEBY, ZNOLOFEOZENATHD Efm LTz, LorL, TAZ 7L
b DIEZFERFEN AWE TIIR -T2,
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9. t bh~DOEE

9.1 HEREBREOEE

1999 R HITtT b 2 EDIIFE T, 7 A7 7V b 72— AB L OEK LB LT-
TP & BSP ORKREE L, KET A7 7L h LEOM S AOHMTHAEEE D, AR
RBE L OHIEEE T A — % — L ORI OBAfRAF-l S 4172 (Exxon, 1997; Gamble et al.,
1999; Burr et al., 2002), Gamble »(1999)i%, K[E7 27 7 /L N TED 5 M, T72bb
EIIRA T A7 70 MG, &SIRIRET A7 70 MlER, 727 70 My, B L
Bk pr i, 3 X OB LES CE < /EER 170 A&~ 7-, Hild T 2 HE., E¥r 7
N AT O & B MG REVC), 1 HEFEV), MiE&ED 25~75% DM D55 i
M5 5y (FEF2s75) 2 JIE L7z, ARERFET, 2 A OEES 7 I HHIE LT, PBZE
==L T, RRABZELFE L7z, FFERERE HEORERE & ®IE Exxon(1997)
B,

NIOSH (% US Federal Highway Administration & L[FMHFZEL, TA 7 7 /L N7 22— A
~ORFBITM, 7T LT AL THELET A7 70 MCRM)EB L OV “fEkB T 2 7
7V R ~OREVERTE O 72 O N, 36 X ORI OB EOFE DD i
72 iR B L, EMICEER L2 (Burr et al., 2002), FHGEOMKI T 27 7 /L b T CRM
ERI—DEEGTHoTEN, 7 7 AT NN—XEEN TV o7, A CICAD (21X, fERM T
AT 7 v NMEEBSS T h TOOHIEROHLEZTY LiF 5, KBS TEER 2 GBS IO
HRFB)AFAE L, CRM 2 2 HIE. TERMT 27 7L M2 2 A0 4 BEICH Y B
Al 24T o 7o, BUHIFHE OBRLARE, A SINHE IR - & - TEMEOREL, %, B9t HEis7se
E ORGSO, BIEKGERZE DR L SRR 2 B AKICEA LT
Botn, WUERRLERE LSO, 1B 7 Mh 3 A, VEXERRIRTR I RAPEER IS
HEMRMAEEB TR O, SMEROBERMRICE S AT ERND, HRPERGHEE 2 W E
ENTz, RRBEFMOD, EFERER LW PBZ OE=4 Y v 7 )MTbhl-, it
% 7T hFTOWT I CREHSN/E¥ER 94 ADREICSIN L7z, #ERIT§9.1.1 ISR
5o

9.1.1 PEREFA~DEE
EEBEDT A7 7 )V b7 2 — A ~ORERF 5 OB IL, FEOSEFER DS L O L

GBI - MEMERB) ~ORIBIER R o 5, TN HOREIX, 7 A7 7L MEKEZE LT
Ho kbt LA S TH Y (Norseth et al., 1991; Almaguer et al., 1996; Hanley &
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Miller, 1996a,b; Kinnes et al., 1996; Miller & Burr, 1996a,b, 1998; Sylvain & Miller,
1996; Exxon, 1997; Gamble et al., 1999; Burr et al., 2002), —f%|ZHRE Tt TH 5
(Almaguer et al., 1996; Hanley & Miller, 1996a,b; Kinnes et al., 1996; Miller & Burr,
1996a,b, 1998; Exxon, 1997), [RIEROIERN, ERELT A2 7 7 v M XK 5 BhKfE TR (Exxon,
1997), 7 A7 7 v kv o 7 ofiliEd (Apol & Okawa, 1977; Exxon, 1997). 72 & QNI &R
BET A7 7V b Lk X ORTEE(Exxon, 1997) T, 7 A7 7/ N7 2 — A HEE LI-1E
¥EETHLHMEIN TV, N2 L H(Chase et al., 1994), 72 5 N7 — 7 )L DOiffaixlE¥
i (Zeglio, 1950)I28i1F 5, FHILARWT A7 7L F 7 2 —A~DERBHRESINL TN D,
Tavris 5(1984) (1%, 47 1 AT 3 » AT 0 FA& L7-88m., RGN, WAMER, &P,
MEEUT, BT L ESROMME CLERPBA S, AT A7 7/V FDBEE - 785 L
TefRE DB Z ZR LTc, BEDRIEIZL Y, 2 EUNIZERITIZIETRICHE L, &
725 5 O0DT A7 7 )b b EFERUERES T8, IR, Bkl L, 2 BBk, &
FNCBET 2 & 50T, SERITIME Sy, BENEE &SRR B2 A &G f%
IR b7y 72 (BExxon, 1997), LU, NIOSH (2L A0ERET 27 7 )L MgHET.O
A TIE, B, &, WEMEOIERN A ST BIZiX, ERO®EN 20 ~>72H XY TP, BSP,
PAC O RKHFRENAEIZEm N o 72(ENZiL P=0.02, P<0.01, P <0.01) (Burr et al.,
2002), Rl SN IofEREBLBEE LT A7 7L b7 2 — AREIIF IR S T
WS R « 5 - IRMERIZEAN IS COMEIFICERR N OGS TV D, 7Ly 7 b TWA
ELTCEET D L, AARTEEHEIZ TP T 1.0 mg/m3, BSP T 0.3 mg/m3 % &I T
[A] > TV 7= (Almaguer et al., 1996; Hanley & Miller, 1996a,b; Kinnes et al., 1996; Miller
& Burr, 1996a,b, 1998; Exxon, 1997),

TROEER (%, MiE . E8lh)(Zeglio, 1950; Nyqvist, 1978; Almaguer et al., 1996;
Hanley & Miller, 1996a,b; Kinnes et al., 1996; Miller & Burr, 1996a,b, 1998; Sylvain &
Miller, 1996; Exxon, 1997) X OViiitsE D2k (K % XMt E)(Waage & Nielson, 1986;
Hanley & Miller, 1996a; Kinnes et al., 1996; Miller & Burr, 1996b; Sylvain & Miller,
1996)73, 7 AT 7 /v b7 2 — MIEHEE LIAERR THE SN TV D, BgtE e+ 25
F£ 0.02~1 mg/m3 T TP 125 L2 BADIEERIC, FTROUEREH 2 WITMBEREZ L35
W 57z (Almaguer et al., 1996; Hanley & Miller, 1996a,b; Kinnes et al., 1996; Miller &
Burr, 1996a,b, 1998; Exxon, 1997; Gamble et al., 1999), Kinnes ©(1996)i%, 47 A 7
7V MREEICEFE LT 7T AOIEEEY 1 AT, Mitge0E KRB Z2HEL TWDH, HITF
BHASICUEE L72EER 9 A 3 AT KB SIUSHEDTUEN RO b= is, SERZFFR AT
DX 1 NDIHTH - 7-(Sylvain & Miller, 1996), i Nz H > TP £ 1% 1.09~2.17 mg/m3,
BSP 1% 0.3~1.26 mg/m3 CT& - 7=(Sylvain & Miller, 1996), 7 A7 7 )L kpEZ 5 #ifH
DIYEE B OFE (Exxon, 1997, Gamble et al., 1999) ¢, HitEREHIEM (1 RIOIEE T 7 b
® FVC, FEVi, FEF2s 75) EEEBOT A7 7L FEFEIZIL, AEZBRITRD bhRro
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7o & DIREMZRFEILC XU, A OREFE R (BT OGS e )0t FEiEETIZRD 5
NDOEIBRRKREOT AT 7V N7 2 —A~ORERFEIZLY | FTRIEERCMERZ L ~DE
EBDU RN KT D EEZ 515D WNorseth et al., 1991; Sylvain & Miller, 1996), L 2>
L. BIfEH BT —H TlE, TATZ 7/ b7 a—LRHELE 2 S OREERE L O BEM: 2 f
ETDHICEART0THD, Sz, YV RORMOPER T A, BIOERSZ A YO
BED L 5 e ZH&T D AIREMED B DM E ~DREE S 72, RIEERL SN TV RWEGER
HWHEo—RIZZsTWb EEZLND,

MBYE T RGBT & BT 5 & B 2 b b Atk LEMHERE RN, WO OFHEIC
BWTT A7 7V MEEEB THAE ST 5 (Zeglio, 19505 Baylor & Weaver, 1968; Hasle
et al., 1977; Nyqvist, 1978; Maintz et al., 1987; Hansen, 1991),

9.1.2 FDMDITHIREDELE

T AT 7V N RE D FGE% . BERR, DI, FER7R &b ST 4 (Tavris et
al., 1984; Schaffer et al., 1985; Waage & Nielson, 1986; Chase et al., 1994; Miller & Burr,
1996a,b, 1998), H&T 2 BBWE (T « —BVBREHET A, a—L & —L TTAT 74
No)DAFAER, BREESRMF(R, B LR, SO ZBET 2 L. LORET AT 7L
7 2= AR 6OREEE L BEET LI TH D,

T AT 7 MR LUIAFER T, hEX, B, AR, B0, JE7E7R &bk
HEN TS (Tavris et al., 1984; Schaffer et al., 1985; Waage & Nielson, 1986; Norseth
et al., 1991; Chase et al., 1994; Exxon, 1997; Gamble et al., 1999). Norseth 5(1991).
Exxon (1997). XU Gamble 5(1999)iZ X 2FHA 2 br< &, oS ECRE KSR
ERRETT D T2 DI EE A T~ 72 b DIE 72\, Norseth ©H(1991)1%, ¥ 775 L OV ARIEHE
DFEEBFEN, I L, 727 7L FRBIEEETHIML T 202807, 5 #H
DT AT 7 b BERMEONTN TS, BREAVEM &IERICA B R HERSERITIZ DN
7275 72 (Exxon, 1997; Gamble et al., 1999), ZZHEE O FREMEZBETH L, TA 7 7L
b7 2 — L3 EORE LRERICERT 20 EAHTH 5,

913 #E

FRT A7 7 v M X 8GR, #E SNs8UGLKRICHO 528G 3D Rnbon, &EH
JE CIRENEEZY = & 3%\ (James & Moss, 1990; Baruchin et al., 1997), @R A7 7 /v
Ni3gEfhd 5 & 2URICHEIT A0, RBICEE > T A MII DB L, 5l &k
Gagl & T REEERS D, £0 9 2, WHEFFCEL L CEEIZAHE L, BRENKEEC
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7225, E, PEHIARNERE & 50, B, B EEDICRAET D08, EFIEUTD 2 Tean
SEHOLELH 5,

James & Moss(1990)1%. Frenchay Hospital (F£[E, 7 U A R L)DOEMEEFT T, 9 4E[H]
(197941 H~19874 12 A 31 ENZT A7 7 /v NME A 183 L7 ABtE 2B L Tl
LR Et 21T o7, ABRIRIE L2 24 N(B 1% 23 A, FR4ER 33 ) D 2 B, 22 NIFfEET
WEEEZ T o, BEPRESNTZBEDO S S, 19 NIBERBRA F2IEREERL LT
BRI Tz, MG, SiR7 A7 7L MZBI#E L7285, @7 A7 7 v har s
—DHE], ZFLTHWBT A7 7/ NHRA~OEREE, BT OEIRT A7 7V hOiH 72 & D
FERBELIZBDOTHD, BUGEOFEY A XL, RHOKED 3%(0.25~9.0%) Th -7,
BHE 16 NIHFE TRl & BN NETh o7, AR S RO OIMIT Y 8 H (@2~
22 H), ABEHIRIT T 9 HQ~21 B) Th-o7z, BHF 22 NMTBFE L. 2 » HUNIZEFEIC
IR TEN, 2 NIFAGRIITER CTh -7,

Baruchin ©(1997)i%. 10 4f(1985 4= 1 H 1 H~1995 4= 1 A 1 H)IZ Soroka Medical
Center(f A7 =/ Beer-Sheba) *7-1% Barzilai Medical Center (£ A < /L  Ashkelon)
DNTNNIZENT, TATZ 7/ MZ X DB TIHEREZ T2 ABEE 2B D% AR &R
FEIT o7z, ABEEE 92 AN(BBE B, SEAFEE 29.6 ) D 9 H 90 NIIEETOBYE TH
ST, BRT AT 7V ORI L 28UYEIT 84 N, WIRT A7 7V b &L /3 T ORER
WL DEVEIT 4 N, D 2 ANIBEFHICE D b DO TH o1z, BVMEO YA X388 D
FEJED 3.87% T o7, HFH 53 NGB NI FMi & ME L Lieh o 7oy, S ABEHIHIL 8.8
AHTholz, BHF 39 N42%) THEFIT & REBHANETH T, T HDEREDVY
ABEHIEIZ 10.7 AT, BERBE OV EHL A3 9.65 H Th o7,

9.2 RHIZRBORE

9.2.1 BFETIZHITSMPA

TAZ v MNlEE T AT 70 MRE LY, EIIERERMEEEICEEL, T AT
7V N7 2 — NI REBELIAEEB O, BB A OWNTO ak— MEFIZE CE L LT fE R
IFETLHHDTHo7=(Table 10), T7bbH, MiNA Y X7 O LA L2
(Hansen, 1989a, 1991; Engholm et al., 1991; Partanen et al., 1997) 3 8E:H 528, 215
DOHFNNIMHFRT A ANZRARH L2 Db H Y | mlefma s T2 LIXTE R0,
EIIBEENDDIX, a— NV F—LZTOM(T 4 —BAHEHT A, VB, TAXZ L)
(Hansen, 1989a)72 & QN M2#E (Engholm et al., 1991)72 £, A3 A Z /5 &8 % AlgEME D
HOME~DORIFFRBEICLDZENBEZOND Z L ThD, HRUERMERIZIE, @R
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Table 10: Epidemiol egical studies of asphalt exposure: cohort studies of diseases in pavers."

Number Number of
Author, country, of study  Dates of case  Type or site of deaths or
and cccupation  subjects  ascertainment  condition cases Risk ratio 95% Cl or Pvalue
Hansen {1088a). 679 19581888 AN cancers T4 SR 1.85° 1.53-244
DCeenrmark, mastic = |
it : Lung cancer T SIR 344 227-501
Mouth 2 SIR 1117 1.35-40.14
Desophagus 3 SIR 8.p8° 1.44-20.38
Rectum T SIR 318 1.28-6.56
Hansen (1281 :I._ 879 19621086 Al causes 148 SMR 1.57° 1.24-1.85
Denmark, mastc Al cancers 2 SMR 2.2 175203
asphalt workers
Lung cancer 25 SMR 2.80F 1.88-420
Mon-lung cancer w SMR 2007 1.41-278
Bronchitis, a SMR 207 0.85-383
emphysama, asthma
Engholm et al. 2572 1971-1885 Al causes BE SMR 088 MR
(1801). Sweden. Al cancers 47 SIR 0,85 MR
Stomach cancer 5 SMR 2.01 MR
Stomach cancer i1 SIR207 MR
Lung cancer T SMR 110 MR
Lung cancer B SIR 124 MR
Bender et al. 4842 1845-1884 Al causes 1530 SMRO2 0.88-0.08
h}gm}' USA, Al cancers 274 SMR .63 073004
maintenance Lung cancer a7 SMR Qg2 0.52-0.80
workers®® Mouth, pharyngeal 2 SMR 11.10 1.30-40.10
cancer
Gastrointestinal 3 SMR 5.82 120-17.00
cancer
Prostate cancer 1 SMR 208 P=DD1
Kidney, bladder, other 7 SMR 202 1.17-6.02
Urinary ongan Cancers
Leukasmia g" SMR 4.48 1.94-8.84
Partanen et al. Lung cancer NR SMR 15 12-18
{1867}, Finland. -
road pavers Lung cancer MR SIR14 ne-ig
(rales only}

" Abbresiations: Cl = confidence interval; MR = not reported; SIR = standardized incidence ratio; SMR = standardized mortality ratio.

=

limited to comparison population were based on Danish general population.
All rastic asphalt workers (= 679).

: Mastic asphalt
]

workers aged 4088 years (n = 547).
Follow-up of Hansen (1988a); limitations the same as in previous analysis.
Median follow-up for cohort 11.5 years; median age of cohort 42 years. No exposure assessment. Comp,

Prssible exposure to coal tar pitch. Author concluded that smoking uniikely to account for 3-fold excess of cancer; exposure data

arison populations for

mertality and incidence studies were based on Swedish general population. Mortality and incidence studies did not control for

ng
Follow-up case—contred study found RR = 2 for lung cancer after adjusting for smoking, but Brmited by small rember of cases.

" Reference group was male population of Minnesota; quantitative exposure data imited. Highway maintenance workers employed as

pavers, landscapers, mowers, garage workers, and office workers. No adjustment for smoking.
Employed 240 years.

Urban workers with 4048 years of latency.

Starbed working 19551064,

Workers with 4048 years of latency.

Employed 3038 years.

Asphalt exposure.

a g —wm=-

ili s A VTR B o 7= (Bender et al., 1989), FEZAFIE 20 D A X 45 Tldk, 7 A7
7L N EREE LTSS TR L OELERMIE B T, MNA Y A7 OSRMGEILE R4 = &
X TE 2> 7-(RR =0.87, 95% CI = 0.76—1.08) (Partanen & Boffetta, 1994),

9.2.2 EBRBALLIT X770 FNE LA BEEEE IZEB IS M54
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AR O 278 — R FE T RATIER L OVERD FAFE Tk, BRIz A OEE U 2 7 73
P 572 (Table 11, 12) (Hammond et al.,, 1976; Menck & Henderson, 1976;
Schoenberg et al., 1987; Zahm et al., 1989; Engholm et al., 1991; Hrubec et al., 1992;
Morabia et al., 1992; Pukkala, 1995), Partanen & Boffetta (1994)(Z X % 20 {4 0¥ =24
FED A Z M T, EEET &R RRAYIC BARTE A oW TRMRITHEEH 7 LA R RS A it
FI(RR = 1.78, 95% CIL = 1.5~2. D)AWL S 47z, LML, ZHHOFTRA EORET
A7 7N MZEDbDONIAATH LD, BEICIT, BRBAIZ, 72770 MM E b
DIFFENAME L LTHBND T— /N F—RT ANA MIHERELTWD, [FLALED
MR TIEL, STIC BRI T D RIIAFTE P o7, LIER-T, MinA LR
RN OESE & OBENEIC TR 72 B EHIREIL RO 5 TH . ZIODFTRNRT A7 7 b
MZEDHD0, HLWVIIMOWEIZL D S DNIARHTH S,

Watkins 5 1% 2002 42, Chiazze H(1993)I12 L % & ERAMELERS KO A7 7L MME
PEIC b T AESE B ORFFE 2 BT L, A A K OB 259K BB (NMRD) (2 B9~ 5 JiE
B REFFE 21T > 7o, JEF] & PRI, B R K ONBER L 72 1EE B D 1977~1997 FE DL T H
DORFE L, xHRIE, Fln, A, MRlE~ v T S8, BUEROA L, ERFR L O%
DK 65%ICEAL TAFTE -, (FEEEDOT A7 7V M BBEEICEAT LT — 2%, 1977 4
FCIHIUES N D o2, 19TTELVRIOT 27 7 ) b ~DEJERERTIL, BEOT —
23 LN 1977~1996 TN S 7o PEERTAETEE 2 W TRl S Lz AFEBE DT XA 7
7V b BERBEOH L BN D 3 DORBHEEM, 5L 1977~1996 I[Z/EEEMEHNT
W TRICET D REMOIMEIC L D 2 SOBREBHEEEIC L > T, (EEEEES T L
720 SIHTHRE BRI ARFHHE A » X H(unOR) & L TR EN7-, Il A Tid BE O unOR 73 11.32
(95% CI = 1.87~0) T, KT A7 7L h&FTET TV A DL unOR 2R 1 282 Tz, L,
L. B unOR O EH-OAHBHERIINCAE TH -7, NMRD @ unOR I, MEZ RS &
MLTLIRMCThHoTe, ZNHLDOT—F0 D, BYEIL, ifi’sA<° NMRD ([Zxt L7 27 7L
NRFE X VRDIZED S TS Z EDNRIBIND, FH DIL, JEF & RO 1/3 ORRET —
HDRFICEVREIIRAN DD Z &, MBS AJEF 3 AN, xR 19 NOVEERER KK LTV
528, EHITATZ 7V FBEIORE EYIAM LG TRAELZOIX, 2 —1 % —)LTlER
KTARZAMANDREBETHDLENSTZ LEEELTWD, SHIT, EF &3 RIL, Bk
BLOWRE LB B O THIN D OHIRITIL, £ Dligk TEW -5 O & 5 E3 B 133k
FNTOWRNWZLICHEETOMLELDH D, ZHICK o TRPFEIZAELC D4 T ATHE L,
FEHEDIZ X DFINLT2 N,

9.2.8 FRXZ 7 MEEERIZET S IARC DFiE
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T AT 7V b OBV BB ORF AR DR ROHFEIL, ERHE, 7 A7 70
MEA. B EBEK, BiKZOM, TATZ 70 b7 2 — LEEO RO H 5 FEDIEEIC
WEFE L, 29820 AD ki — bRl b DO TH D, HEDEARNIL, 727 710 hEE
FEOIFETa— A Lid)n e NOBBAME THLNENEHLNCTHZEThoT,
FESAICIZ, 7 A7 70 MIBEHORRERAME TH D a— 1 — &G4 LT,
WEBHFMIZa— A Z — VITHHERB L OBRBRAT A7 7V EhblrEINT, £z,
KIEIIAZ W THY | WET D BETME . R ARR DN H 255132 ORI %2 T
SIS DRI 21T S M & 7o Tz,

S—nyNTHEGFTr~Y—V, T4 TR, TTA KAV IV T— FT
ATz —T )BLOA ATV T, MEEENT A7 7V MIEET 2IERITRINE
H &0k, 1913~1999 4T 5 (IARC, 2001; Boffetta et al., 2003a,b), A= — ki
UTFOEERBEO DT IV —RICHT bl « DERKERE(T 27 7u Mk, REe,
YAF I T AT 7V MR, T AT 7 v MELAIGEEE, BN, OMOEREEERE). 2)
T AT 7 MES. EREENT 27 7 v MEGDARP, OFiKE L OVZ LK, 5)F0
AFE SNANWT A7 7L MESE, IR, @B X OVER THEEER TR sz,
WrE REDMEMRECTRIE 1 =XV BRIV B TH -7, LEBNRZE~ MY
v 7 Ak, ak— FOREBEIZE L TIERK L7ZBurstyn, 2001), ~ ~VU v 7 ATk, E¥EM
AREMEEERRP DT =22, (EEE, TATZ 7V T7a—h - a—L¥—) 4
~6 B2 PAH ~D %, T OMOMERHOZBENI Y AN DT, ABFZEIE, AR
MBI OSERBRT Y VARSI 2 AV THEEREREIICOT L, BB~ Y v
A TCHM L 72O CORBIC LD RAGEELMT-, Bar—MIXkoT 128 %
7209 NEDOBENER S NN, TDHH 48 5 1089 T A7 7 /L MEEHE, 53 5 7281
NN D DB DO Th oz, BEFMIMKE TRFETIZ, ah—hPo 17 96 AL L,
9% 3987 AT A7 7L MEEB, 3876 ANERB I ONEK THEIEEXE TH -T2,

ak— hREOSHICMZ, ElO5H & AT TE 5 (Bergdahl & Jirvholm, 2003;
Hooiveld et al., 2003; Kauppinen et al., 2003; Randem et al., 2003a,b; Shaham et al.,
2003; Stiicker et al., 2003), ERISH TiE, & <ITFA Y am— FOMiRA LRZRE, H
WURE R DFEL RS — o OFERRD B 7Z(TARC, 200178, & Z TIIEESTEIC L 525K
CRB L OMA AL LCRDIZDOWNTHET D,

ark— MR GRE ERBEEXBE) ORI ERIITHEE FEl-72(SMR = 0.92, 95% CI =

0.90~0.94) (Boffetta et al., 2003a), 7 A7 7 /L F BEBENEET HEESETH., 2R
WCHE R BRI 5 (SMR = 0.96, 95% CI = 0.93~0.99), 7 27 7 /L MEEE DO
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ABIZ R DFEEHEN | B THERS JOEHREEBICER LT LA L TW=(SMR =1.17, 95%
CI = 1.04~1.30)(Table 13), FEHIH L OEHBON AN L HBIELTHFEIE, T AT 70 MEE
HoOAHTEALTW(SMR =1.27, 95% CI = 1.02-1.56), < O EMfEEEIC X 551 %
W EFEHRENhoTz, a— N X —LE YT THEL, 16 FOXA LT T EHE LI L
TELIZHITT 5 &, BEREETORMBAEEN DTN EF LZEEXHNH(SMR =
1.23, 95% CI = 1.02~1.48) (Boffetta et al., 2003b),

e - (Boffetta et al., 2003b)1%, B L ORMEREREIC OV T 2 DO RE N FEE %
R L7z, WASATIZ, 24 LT 7 &M% LI RBBERE TIER, A4 LT 7&Kk LIz
WY BT L AIVICIEDO R A BT, SURT DX A LT 7 &N LR WS L OB
BBIREIT TR 63 ISV i A ) 27 LIEO A BERISERZ5R L A% Y 2 27 (RR)
%, BT 2.2~4.6, 4.7~9.6. 9.7+ mg/m3 (% L. 1.43(95% CI = 0.87~2.33),
1.77(0.99~3.19), 3.53(1.58~7.89), F-IJ#&iE 1.03~1.23, 1.24~1.36, 1.37+ mg/m3 (T
*F L 2.77(95% CI = 1.69~4.53), 2.43(1.38~4.29), 3.16(1.83~5.47)({HIFED PEIL,
WA E S 0.00)Th o7z, WHEHE DX BRBERICHONTIE, RAFELCERLT A7 7L 7
2= LhADWRJRGE VL E OREMEZ R T D b O LR TV D8, gD Z DR
P S OEEN 2 Felz LTV D AR Z RN TX Ze o T2,

924 FDOMDT T 7/l NEEEIA

TAZ 7V N BEOARIEDH DBEDIEEE T, NADY X7 O EFZ2®E LIZh%E
233 5 (Table 10, 14~16), &, JRE. B X OWES A OERIRIRIFIE TIX, 7T A7 71
hFE 721X % — /L (Jensen et al., 1988; Risch et al., 1988), & L<IXAMESIIT A7 7L |
(Mommsen et al., 1983)~D#FE NG STV DR, 70 & ONTE BK-CHHGE B EEE
E (Bonassi et al., 19892, U A7 O EHNBO Bz, BHMOFZETIL, M(Hansen,
1989b). Mt 72 & DO WK % (Bender et al., 1989; Hansen 1989b), 3 K OMHIH(Bender et
al., 1989; Hansen, 1989a). & (Engholm et al., 1991), Fl&(Austin et al., 1987). & D1
D b#¢(Bender et al., 1989; Hansen, 1989a,b; Siemiatycki, 1991) ™78 A . H ML
(Bender et al., 1989; Engholm et al., 1991), %UEA A(Hansen, 1989b), 35 K UM A
(Vineis et al., 1988)D, U A7 HEEMED EA-DPEE SN TND, LLens, flio 24
DIEFIXTRAFZETIE, Hli2s A OBFENTR O Hiv7e0 > 72 (Zahm et al., 1989; Chiazze et al.,
1993),

3 Boffetta 5(20032)iZ = NEHINA E LTWVWAN, TARC(2001)D Y 2 F ClIKE - K&
X Wi A TH 5 (Table 13 B1R),

39



Table 11: Epidemiological studies of asphalt exposure: cohort studies of diseases in roofers.”

Number of
Author, country, and MNumber of Dates of case  Type or site of deaths or
occupation study subjects  ascertainment condition cases Riskratio 95% Clor Pvalue
Hammond et al. 5939 1960-1971 Lung cancer 99 SMR 1539° NR
“9{"5 ) US““ri, roofer, Respiratory 71 SMR 1867 NR
waterproofe disease”
Menck & Henderson 2000 19681970 Lung cancer 3 SMR 8.78 F=0.01
(1976), USA, roofer”
Engholm et al. (1991), T4 1971-1985 Lung cancer 3 deaths SMR 2.79 MR
=
Sweden, roofer dcases  SIR362 NR
3 cases rRRE0 NR
Stomach cancer S deaths SMR 2.01 MR
1 case SIR 1.98 MR
Lymphatic, 2 deaths SMR 2.68 MR
haegmatopoistic
cancer
Leukaemia 1 case SIR 2.26 MR
Hrubec et al. {19592), 52 19541550 Lung cancer 4 deaths RR 3.0 1.30-6.75"
USA, roofer, slater”
Pukkala (1995), 47 000 1971-1985 Lung cancer 18 cases SIR 3.25' 1.92-513

Finland, asphalt rogfer

Abbreviations: Cl = confidence interval: NR = not reported; RR = relative risk; SIR = standardized incidence ratio; SMR =
standardized mortality ratic.

Exposure to coal tar pitch; no adjustment for smeking or quanfitative exposure assessment. Classified as roofer based on the usual
occupation as recorded on death certificate.

Maore than 20 years since joining union.

Pneumonia, tuberculosis, influenza excluded.

Median follow-up for cohort 11.5 years; median age of cohort 42 years. Mo exposure assessment. Reference population was male
Swedish population. Mortality and incidence studies did not control for smoking. Follow-up case—control study found RR = 6§ after
adjusting for smoking, but limited by small number of cases.

Adjusted for smoking.

Adjusted for smoking; occupation, industry of employment cbtained through self-reports of 300 000 US Armed Forees veterans who
served between 1917 and 1940. Fifty-two veterans reported occupational category as “roofers and slaters.®

90% confidence interval.

Adjusted for age, calendar time, and social class.

n

El

Table 12: Epidemiological studies of asphalt exposure: case—control studies of lung cancer in roofers.

Humber of study Mumber of subjects
Author, country, Dates of case subjects with lung cancer
and occupation ascertainment Cases Controls Cases Controls Odds ratio® a95% CI"
Zahm et al. (1989), 19801985 4431 11 326 6 7 21 0682
USA, roofer”
Schoenberg et al. 18671978 763 400 13 8 1.7 0.7-44
(1987), USA, roofer,
slater®
Morabia et al. (1992), 1980-1985 1793 3228 T G 21 0.7-62

USA, roofer, slater”

Adjusted for smoking

Cl = confidence interval.

Case identified from Missouri, USA, cancer registry. Maiched controls were Missouri residents diagnosed with cancer, excluding
cancers of lip, oral cavity, oesophagus, lung, bladder, ill defined and unspecified sites. Occupation was abstracted from cancer
registry records. No exposure data available.

Cases were white male residents of six New Jersey, USA, municipalities with high lung cancer rates during 1967-1976. Matched
controls were selected either by a random sample of New Jersey drivers’ licence files or through the state mortality files. Occupation
was obtained from interviews of next-of-kin.

Cases diagnosed between 1980 and 1989 at 24 hospitals in metropolitan areas of the USA. Controls were matched by age, race,
hospital, and admission date and were not admitted for a tobacco-related condition. “Usual occupation” was obtained from interviews
of cases and controls.
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Table 13: IARC epidemiological cohort study of cancer mortality among Eurcopean asphalt workers by job class, ™

Unspecified Unspecified
Cause of Bitumen Asphalt Asphalt paver/mixer bitumen
death waorker (job Road paver paver (job mixer (job (iob class Roofer {job worker (job
{(ICD) class 1) {iob class 11) class 111) class 12) 13) class 14) class 15)
All causes 0.98° 0.94 0.89 0.77 0.80 0.88 1.08
(001-999) (0.93-0.99) (0.90-0.98) (0.85-0.94) (0.67-0.87) (0.68-0.93) (0.74-1.04) (1.02-1.15)
39587/4163.48° 2411/2560.75 1368/1531.19  234/305.82 162/202.96 141/159.64 1162M073.40
481 088" 320 060 212 860 41470 15039 34 519 88 742
All 0.85 0.95 D95 0.66 0.73 1.21 1.01
malignant (0.90—1.01) (0.89-1.04) (0.86-1.06) (0.50-0.86) 0.50-1.02 (0.88—1.62) (0.90-1.13)
neoplasms 4 p16/1p64 87 623/646 80 362/379.25 55/83.55 33145 32 44/36 .48 292/289.16
(140-208)
Trachea, 117 117 1.15 1.12 1.18 1.33 113
bronchus, (1.04-1.30) (1.01-1.35) (0.93-1.40) (073-186) (0.61-2.07) (0.73-2.23) (0.92-1.37)
‘{“1”6‘12']“"9 330/283.15 189/161.98 100/87 37 25122 29 12/10.15 14/10.55 99/87 81
* Adapted from IARC (2001).
® abbreviations: ICD = Intemational Classification of Diseazes; |IARC = Intemational Agency for Research on Cancer.
® Al countries.
? More than one season of employment.
*  Standardized mortality ratio.
" 95% confidence interval.
: Observed/expected.

Person-years.

Table 14: Epidemiological studies of asphalt exposure: case—control studies of bladder, renal pelvis, and ureter cancer.®

Number of study

Author, country, Numbehr_of study subjects with

and exposure or Dates of case subjects cancer

occupations ascertainment  Site Cases Controls Cases Controls Risk ratio 95% CI

Mommsen et al. Not given Bladder 212 259 2 3 RR 2.36 NS

(1983), Denmark,

petroleum or

asphalt®

Risch et al. (1988), 19791982 Bladder 739 781 739 781 OR 1.44° 0.78-2.74

Canada, asphalt or OR 2.11¢ 1.19-0.68

tar® ! : )
OR 202 1.08-4 .97

Bonassi et al. Not given Bladder 121 342 2\ 6 OR 1.40 027-7.28

(1989), USA, road

menders®

Jensen et al. (1988), 1979-1982 Renal 96 294 9 6 RR 55 1.6-19.6

Denmark, asphalt or pelvis,

tar" ureter

w

Abbreviations: Cl = confidence interval; NS = not statistically significant; OR = odds ratio; RR = relative risk.

Cases identified as patients of Department of Oncology and Radiotherapy in Aarhus, Denmark. Controls matched by age, gender,
geographic region, and urbanization were identified by the National Registry in Denmark. Occupational exposures and smoking
history were obtained for cases and controls by questionnaire.

Cases diagnosed in metropolitan areas of Canada. Population controls matched by age, sex, area of residence. Lifetime occupa-
tional history and smaoking history were obtained for all cases and controls by questionnaire. Study limited by low participation rate
Ever exposed to “tar and asphalts™ (n = 46).

Exposed during full-time job of at least 6 months 8-28 years before diagnosis (n = 23).

Trend with duration. Odds ratio for trend at 10 years’ duration.

Cases diagnosed in the Bormida Valley, Italy. Population controls selected from demographic registries of the cases matched by age
at year of bladder cancer diagnosis and by sex. Interview of subject or next-of-kin obtained data on smoking history and occupation.
Jobs were classified into categories with potential for PAH exposure.

Cases diagnosed in eastern Denmark. Hospital-based controls were matched by sex and age and did not have renal diseases or
diseases related to smoking. Occupational history and smoking history were obtained on cases and controls through questionnaire.
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Table 15: Epidemiological cohort study of asphalt exposure during manufacture
of asphalt products, Denmark.>***

Number of study subjects Number of deaths or

Exposed Unexposed Type of condition cases SMR 95% CI
1320 43024 All cancers 29 159° 1.06-228
Digestive cancer 6 1.57 0.58-343
Respiratory cancer 11 1.52 076-2.11
Bladder cancer 3 29 0.60-8.51
Brain cancer 3 5.00 1.03-14.61

a6 & ow

From Hansen (1989b).

Abbreviations: Cl = confidence interval, SMR = standardized mortality ratio.

Case ascertainment was for 1970-1980.

Workers employed at asphalt plants, roofing felt plants, and one tar plant compared with the Danish general population. Study limited
by lack of data on length of employment in the asphalt industry and extent of asphalt exposure. Smoking data were not available.
Workers 245 years of age between 1975 and 1980.

Table 16: Epidemiological studies on asphalt exposure: case-control studies of respiratory cancer and other diseases.®

NHumber of study

Number of study subjects with
Author, country, and Dates of case subjects disease Odds
occupation ascertainment  Site Cases Controls Cases Controls ratio 95% CI
Vineis et al. {1988), 1974-1981 Lung cancer 2973 3210 45 a7 1.4 098-23

LSA, roofers and
asphalt wo rkers®

Zahm et al. (1959), 1950-1985 Lung cancer 4431 11 326 32 64 0.9 0.6-1.5
USA, pavers,

surfacers, materials-

moving equipment

operators®
Chiaﬂzze etal. (1993), Mot given Lung cancer 144 260 111 251 0.96 0.65-1.42

T
USA NMRD 101 183 79 171 134 08222
Austin et al. (1987), Not given Hepato- 80 146 7 5 3.2 0.9-11
USA"™® cellular

carcinoma

Siemiat{cki (1991), Mot given Colon 3730 533 22 ! 1.6 1.1-2.5
Canada cancer

Abbreviations: Cl = confidence interval, NMRD = non-malignant respiratory diseases.

Meta-analysis of lung cancer cases studied in five case—control studies and identified through cancer registries, hospital registries, or
admissions or from death certificates. Controls were identified through similar sources as the cases and matched at least by age and
gender. Smoking history was obtained for 98% of cases and controls.

Cases identified from Missouri, USA, cancer registry. Matched controls were Missoun residents diagnosed with cancer, excluding
cancers of lip, oral cavity, oescphagus, lung, bladder, ill defined and unspecified sites. Occupation was abstracted from cancer
registry records. No exposure data were available.

Cases and controls matched by age and survival to end of follow-up or death identified from historical cohort of production and
maintenance workers who died while employed or who retired at a fibreglass manufacturing facility that alse produced asphali-coated
rocfing products. Complete occupational demaographics and personal histories including smoking history were obtained by question-
naire for cases and controls. Historical exposure reconstruction was conducted and an estimate of cumulative exposure to asphalt
and other products was developed for each cohort member. Potential confounding exposures include respirable silica, tale (fibre
contamination), and formaldehyde.

Exposed to asphalt fumes of =0.01 mg.fm3 cumulative expasure concentration.

Exposed to asphalt.

Cases diagnosed at five US hospitals. Hospital-based controls were matched on age, sex, race, and hospital location. Occupational
history was obtained from cases and controls by interview. Subjects were also asked about exposure to substances on the job,
including asphalt. Mo exposure data were collected.

Cases identified among males aged 35-70 residing in Montreal metropolitan area. Population-based controls were stratified to the
age distribution of the cases. Comprehensive interviews obtained detailed occupational history including exposure to chemicals and
smoking history from cases and controls. Mo quantitative exposure data were collected.

Mumber of controls not available.
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BRI A TR <HREICT A7 7 v MEER & B INTAFER D, EFWIIE 20 R0
A X 3H7C, Partanen & Boffetta(1994)1%, FEtA A, B A, BXOAHMBEOY 27 E
AEHELEZ(ENZHRERR = 1.22, 95% CI = 0.95~1.53), (RR = 1.28, 95% CI = 1.03~
1.59), B I U(RR = 1.41, 95% CI = 1.05~1.85)),

WIZERMIC — BN 2N L & MOWEIZ L DO H D Z Linb, 2 Of
ZEDOFT ROMPRITITRAR S 5, S5, Ar0% i, B L 72 2072 (Mommsen et al.,
1983; Jensen et al., 1988; Risch et al., 1988; Bender et al., 1989; Bonassi et al., 1989;
Siemiatycki, 1991; Partanen & Boffetta, 1994) M A& OEESIHICHESNTEY . T A
TV FERBOEROT R LT VW, Lo T, 7 A7 7/ h5iE &N ADOREROGE
IR+ THY, SESERZKBRFZHoICHH L, 727 70 b E#EZ LV IEfIC
ik LTCAFZEIC Ko TS HICHER T 2 MNEDRH D,

9.3 FDfhDEE

Toraason H(2001, 2002)I%, 7% 3 » HIZEIET A7 7 /v ML ER 723, a—L X
—VZIX T Le o 7o BRI 7 AGRERFIC X2 EMYER) C, [F—EEEMNOIEER
MARF & 4 BRRICAMERD DNA SHUIB 2 38~7-, 2 A v 87 v &4 & M7= DNA S48 HE
X, EEROK TRICIIAERIC(P<0.05) EF L TW=(WEEHEOBFAARF 13.6 £ 1.9, {E
HEBROKE TR 16.7 £ 1.4), AWFICET 28T T —Z15§6.2 B,

Fuchs 5(1996)1%, 7 A7 7 /L MI & LI{EEBOHEMIAIZEIT 5, 8672 DNA#E
F5 (I 3 X OV DNA AHIMEZJIE Uiz, fE¥EEIE. BIREA (2 = 7). &#iZET(n= 18),
TATZ 7V NEET(n=9)Th o7, MEE(n=34)1TF4E L FHEHA TR SN, BIR
BEANEB EXHEED Y H 10 ARREE TH - 7=, HE L-BREEAICIZ. DNA $451W5K
PAEICZ < (P<0.002), 1EEEPIZEINAGRD Hivlz, BIRIEEDZ A4 7L b
ERBESNTHWARWNWED, a— L F —L~DRBLRINCERpolz, SET LT AT
7/ MBRIET TiE, DNA SHUIK A SIS B L AR AT R o Tehs, M To 7 v—7
TR IS OB TR Hiviz, DNA KL, 4 TE X072 7 7L &
IO/ 70 14 O 56 10 IR Hiv, MIMAREIZIE, Flk L OgEFEE L
DIEDHBIRRAGRD BTz, £ OMOPEERE T, Hir7eBEIC X Y DNA k% 5y
W&ol

Jarvholm 5 (1999)1% B2 L 72 W GERRIEE £ 72 13 O 5K 3 4R RIS A U 7= Bif MR )
AT = —F v OERHEERE B ORMILY 2 SERT, il Yy (KA & UIME & R~ T,

WFFExtGeiE, 28 ADIFELELE K T, B L0030 ADIFEIED MM ThH T2, 7 AT 71
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ML, MEENBORLD 4~T N\OEEBOT— A TITh -, A TR, BEREHET
BT A7 7))V N7 2a—AI2K D PAH O EHN RSN, BEE LT-EB 0T
IR G RS HASOMU IMZ O EE N, RHRRIC G U TR E Tl o 72,

10. ERZEBIOCBRRRAOEY~DEE

EBREBLOCARROED~DOT A7 7 )V s OEBIZET 57— X IREHTH D, B
—IRALIKSE D log Kow(F o & 7 — ) /IR BiARER) & itk & BLA 1T 2 7 B hm TS PEAH B
(QSAR)DFHHIC LB &, 7T A7 7 v SKAEEDICAEFEEZS SR T EEEZLN
72 (CONCAWE, 2001),

KIRD A PR & U CTH 2 56 A M OFEER=E COMIEN, v A 7~ A Phasiolus
vulgaris DFEF 721X b U0 2 Zea mays D+ #H T tbhiz, v~ A B L Oa—r
OFffi+%, T A7 7/ 409 £721% 20.5g/1.8 kg 3|2 56 HREI BT L=, TOME, 7
AT 7 ME, AR =V ORERICH LEEE 5202 LR LN T,

11. REFE

11.1  BE~OFEFE

11.1.1 fERAEERORE & BRSO

TATZ 7N D7 2—ALBLOEKUT, B & e FOIR, &, KB AL S 2T,
AFTELT—ZIZLIE, EFRETRESEHEABI PR EAKHT A7 7V b
7 2 — LEEHEMIL, = — A AR CE R AR LA, BUIGTRAELEEEN T X7 7
N NDT 2— NEHEIIE RN AR S R oTe, FRETRAESELEHERT 27 71
N7 2 —AX, in vitro & in vivo TDNAfIMAIERAZFHFE LIz, 7T A7 7L Mysgs v
I D~y RAR—=ZANOHE LB RED T 2 — AE, =— AARBP CERFIELZ RS
oo, FEMITER S 7 O N OHE LT A7 7V N7 2 — LEEHEMIL. T
v MIRERNKRGLILE A, Ytk 2o S L, FEEBR=FRADRE LFIAKHT A
Ty b7 a— MM S . LB CRUIMETE R A FE T L. MR PN RS 2 PR L7,
BARDPIKEEFIZRAE LT AT 7V 87 22— MEFOWFRIL, @& ST,

YRR O T — 2 LhuE, ERETRAESE, BEICBA LR LYK 27 7 ov
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N7 2 — AEEHEDIE. RO~ U AR LOEEEEEE A R L, BIRO
Bikds X OEHEEEERICHIE LT A7 7V E 7 a— A HDWIXEREREOHERT
A7 7V N T a— KEEIZ O T, ERAMERAE L2BRBuL v, S5, Ho
DT A7 70 hREEHE, v VARSI OCESROLEERE 5 & Ll =—2A
AR TITERITMEZ R E R o7, BIFOEBWREBRORRIZIZ, £T A7 70 b DIEN
AMEICBE L TEWEWRD D, ~ T ADOKEIZEBA LTZAET A7 70 RD, 55W0IEN A
R LIciBR b HivE, £ 95 TRrVWillib & 5,

mi T A7 7V M X DBGIE, E Sh BRI E 0 251513070, LidL
TEETHRRERNETH 5, BIGERALITE R, B0, B, F. B i
RS2 EBDEBIERD S,

BEFEPICT AT 7V R 7 2 — LICRBE LIAEEREO I, %, WS, B8t i
BEREDZAb72 E D FRGESERA B L 7o, XOEIERZ &2 L7z TP Z&FEAEEIL 0.02
mg/m3 T o7z,

AR N DFEFHFIED A Z 3BT TR A DRI R STy, ZOMWFIRT A7 71 b
T a— AREKICE Db DN, HHWETa— L EZ—)L T AR, B EDOREN Y
BB T2 ONEARHTH S, 7 A7 70 DRI LS TOBE2REORRIT, Mins
MIZELBWVIENWE BT, BIRET A L ORJL, BB L OT 4 —BAYET A ED
BIEGHFIZ L T, WA &7 A7 70 MEIEZEMESE & OBIFRICHER & Licfima 4 2 &
TTERV, 51T, TNODHFED A ZGHTIE, T AT 70 b7 a—5h « RRUTRER
L7cEZE T T, WA ) A 71Tk 2 BRHREL R D b v o To, DEOHIZEDS | B
Bt - B - RE - IR EOWELERON AL, TAT 7 N7 a— A - RRICEBED
ATREMED & DM L OBIEM AW L T D, L, BIET A C OMRRARSRET —#
FRIZEY, BEET, TRAT7 7LV T a—0 « BEA~DREBL NSO D N AFHES &
ZBIELFT D 2 EIETE AR,

11.1.2 WHERE - BEDREEE

TATZ 7N N7 a—h - FRRBET L, AVEE TR EEEORE L OHBMKIGERIZO
W, fHliORMEL 2D FOT —FIZIAFTE 722, 7 A7 7 )b Mtk T L OVEIRR
ANDOWFFRIE, BFIET VA D=, & HITIZIEMR KGR Z2 B E TE RV DI RAN
HY . WL AECEREEAT S 2 LIXRECTH DL, AT T HERERBET — 40
Six, TAZ 7V b7 a— A - ZBRER CENHRROREL O CHERIEBEERERS 5
AIREMED RIE SN D DA TH Y | BIR R T BERIZIMET 2 Z LIXTE 20,
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11.1.3 U R 2 DRREHIER

AFTEDLT I N RRRO BB EOEBE L THITIIMDTIRENTH D Z LT,
TAZ7IbE, TATZ 7NV T a—5b KK, T AT 7V FREEIA~D— KRR O 2FE
ExaRDPDERC, QEUCBLLERH D, HFHEKND 2.0~83.6 m ML THRIL -, i
P - FER - ke EOT A7 7 v MBI O RKTREX, £Ei 0.564~3.96 X
10-3 mg/m3, 1.77~9.50 x 10-4 mg/m3, 0.21~1.23 X 104 mg/m? T > 7=, Bk D L 9 12,
INDOMEIX, TAZ 7V FEEO S E I E M CHIE L7 BREEMRFRIT L TERD T
K< TP 5 L OV BSP ~DOffl A& 13214 0.041~4.1 mg/m3 L 0.05~1.26 mg/m?
Tholz, LirL, BRUERKIRV K OWEESY THIE L7 RK Y o 7L o b Eri k3 5
BHEBZBND, T AT 7 /b MREEE TIL, MR K 2SN 2 B0 5 b IRIN S 4,
IO CEEREHZRIZTLEIOND,

11.1.4 JEBRE EMHEHEIZBIT S T HEEME

HiEADIE ) L THIERZ ERl> TS 728, 2 2 TR LIZ REEMIT T~ To
BATDT AT 7V NMIETFEDL, TAT 7V RERFEET A7 7V, £REIT AT 7
VR T a—h s KR E DGR, BEOEEICHT2AEMERZEL -, AFARERT —
2 Z i T D BR, HMOBREHZRRAZSQIHICEWTT — 2 2R DMERH L, b
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APPENDIX 4 — ABEREVIATIONS AND

ACRONYMS

1-0HP 1-hydrooypyrens

AM anthmetic mean

Bia)P benzola]pyrens

BSP benzene-soluble particulates

CAS Chemical Abstracts Senvice

Cl confidence intenval

CICAD Concise Intemational Chemical Assessment
Docurment

CRM crurmb-rubber modified asphalt

CYP1A1 cytochrome P450, subfamily | {aromatic
compound-inducible). polypeptide 1

OMBA dimethyl benzanthracene

DA decoyribonucleic acid

EHC Emvironmental Health Criteria

EFA Enwvircnmental Protection Agency (LUSA)

FEF2sm forced expiratony fraction

FEV, forced expiratory volume in 1 s

FD flarme ionization detection

FvC forced wital capacity

GC gas chomatography

M gecmetnc mean

HPLC high-performance liquid chromatography

laRC Intenational Agency for Research on
Cancer

Ico Intemational Classification of Diseases

Lo Intemational Labour Onganization

IPCS Internaticnal Programme on Chernical
Safety

K. octanol'water parfition coefficient

LoD limit of detection

LG limit of quantification

M5 mass speciromeiry

NICEH National Institute for Occupational Safety
and Health (LISA)

NMRD non-malignant respiratony disease

N-PAC poiycyclic aromatic compound in which one

or more of the carbon atoms in the PAH ring

systern hawe been replaced by a hetero-
atom of nitrogen

not reported

not statistically significant

0%

systern hawe been replaced by a hetero-
atom of maygen

odds ratic

poiycyclic aromatic compound
poiycydic aromatic hydrocarbon
personal breathing zone

Poison Information Monograph
poiytetrafuoroetiylens

poiyviny chioride

redative risk
standard dewiation
standardized incidence rato
standardized mortality ratio

TEEITEFITTE

AL poiycyclic aromatic compound in which one
or mare of the carbon atoms in the PAH ring

quanbitative struchure—activity relationship

SPAC

TRA

UNEP
unOR

Us EPA
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