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Estimation of Cancer Risk from Diesel Exhaust Particle (DEP)
Based on NOx Data at Air Monitoring Stations in Sapporo, Japan

g FE. HE BEAX B @& K\ =
KATO Hideki*. MURAO Naoto*. YAMAGATA Sadamu*. OHTA Sachio*

Abstract; Cancer risk from diesel exhaust particle(DEP) was estimated using data collected at ambient
and roadside air monitoring stations in Sapporo. DEP concentrations were calculated based on the three
assumptions: /90% of ambient elemental carbon(EC) originate from DEP, i1)40% of DEP consists of EC,
and iidHuman exposed DEP concentration is 80% of ambient DEP concentration. The cancer risks from
polycyclic aromatic hydrocarbons (PAHs) and nitro-polycyclic aromatic hydrocarbons (NPAHs) were
compared to the cancer risk from DEP (1.3X 103 in summer and 1.5X 103 in winter). The sum of the
cancer risks from five PAHs and three NPAHs (1.1 X 107 in summer and 4.1X 107 in winter) was much
less than that from DEP. The correlation between EC and available data(NOx and SPM) at the air
monitoring station in Sapporo was examined. EC and NOx showed higher correlations (R2=0.583
(summer), 0.775(winter)) than EC and SPM. DEP cancer risks were calculated for each air monitoring
stations with the regression between EC and NOx. The risks for the ambient air monitoring stations
and roadside air monitoring stations ranged from 8.4X104 to 1.5X103 and 1.4X103 to 2.5X 103,
respectively.

KEYWORDS; Diesel Exhaust Particle(DEP), cancer risk, EC, NOx, PAH

1. BB

T4 —ENHSHRITF (DEP) ICRNT 2RFEZEIREINTNS, DEP Z2HEEHET S5 Z &AL

Wiz, Eit MUY DBEFS 2 1Kk o T, £EICRE IN TV KRUGTRIE B ORI TRy E B

(SPM) 2Rz HALEDT « —EIVHEEIRE T L BIH U A 7B bz, B3F Rl ick
5 EAEOER) A7V, EgHEME 5 RERE L EE, 5,277 (1,143~21,109) AEHEESN,
1996 FO2EFHH 2 TED 115 (2.5~46.2) %ITHYTEELINTNS,

UL, SPMIBENS DEP BB A##rd 2IC2E—HoRRNEZER L /EBE, & SPM AMER
BEOHUR THEERERN SR 2R T 2055 M5, [ERFPRERDINA 2.5 E 2 THEs]
IZ DEP B R 2T 20 ENH 5,

%77, California-EPA DIREIT LD EPDEP OFEH 2=y R AL 3.0X 104 LI N TV DEP
KEENTWREREEKRAFE PAH) =07 L —> NPAH) IZbEWEH > 12w MU %
FOMENREIN TS, FIZIE Benzolalpyrene 13 1.1 X103, 1,6-dinitropyrene & 1.1 X102 &&EWNL
Zw MURZEFD, LA T DEP mOfilx OEEWHIER T 2 REEELRITTI2HEND S,

* LB R R TR B W T ¥ % 1/ (Division of Environmental Resources Eng., Graduate school of Eng., Hokkaido University)
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FOTAMER TR, AD 180 AANEBA 2 KEHTTH DA 5 FINICKE R T2 B 12Nl H
B & OPHHITEN FELRRGEIE TH S EEZ SN TWBILIRH R E L. £TRLDIC,
B, £ 2 icb=>TPM20. TLAX&)LA—3R> (EC). PAH. NPAH O&HIZ{TY, DEP IZ
T BFH > A7 & PAH. NPAH (TR 25N > U A7 ITDWTHBRRE 217072, KiZ, FL
MIZRB SN AQIERNE R OT —F EAMROBRER 2T, WERT—5F05 DEP FRREZ
BT 3 AR OWTRE 2T, ALRTTICET S DEP KRR 2R A > U A7 0 ZilBi L.

2. B &I
2.1 #H

B KT AT (6BE) B LICERMSEREL. PR 14F7H 1080598 23 HET EHD.
AR 144 12 A 16 HD SRR 154 2 H 17 HET (&) @ 2 Wi/ TBIZE T 5 7z, SRS
PM2.0. EC. PAH 9 % (Fluoranthene. Pyrene. Benzlalanthracene. Chrysene. Benzolblfluoranthene.
Benzolklfluoranthene. Benzolalpyrene. Benzolghilperylene. Coronene) . NPAH 4 ## (1,6-dinitropyrene.
1,8-dinitropyrene. 1,3-dinitropyrene. l-nitropyrene) & L. WIHB[EI—D T 1 )& —iEn 55341 21T
D, W TULTTRYA 70 EHNWT PM20 % 4Tmm BOAET A NI — (REFA L w7
2500AT-UP) H%E L=, Fodi3 ], AHZhE 200/min. 15L/min &L, ¥ 27 274 % PM2.0
ETHEDICEHOREICHHE T O BRI L, BT 1R S &I )V — S RE T
1o AR RS, Aid4 B, E2R1ER I &I 2 VY —HETTWIRY 11 3B R 5.

2. 2 T4V ERST

Y7 B0 T 4 Y —% 800°CT T 1.5 BEEIIERIUE U THREBRST IO RNz, Fiel 327
U > T DRIRIZ T 4 V& — %% 20°C, BB 50%DIREIC 2 HFEL L@ U TETFRIFTHEL PM2.0 %
Bize B 7 TROFEE%. EC. PAH KUNPAH OTETY 4 )VF —%-30CTMHREL .

2. 3 ECHH
10mm RAFTT 4 WA —% 2 » IR0 HE BC HARE & Lz, 2284 C 300C. 30 2N L F
HBRFBREBRELZDO2BESEY 2HVWToHHEITWEC BE RS,

2. 4 PAH KU NPAH 747

EC AR TI 03N 0 O 7 )Ly —28% PAH KN NPAH /Mt Aatkl & Uiz, &Rty 2Ly
— &% 8mm AN < EL 7 0 A 2 10ml & & HIT 20ml HBE AL 15 2 HEOBEHENZ
o7z, M E A ERBEICE L0, BEY 7 O0ASY > 8ml #MA TES M 2 r e
FH D 90%BLL LR U 72, 2 EOMHEE TR N E SO TERLR TS 700 AY 224,
BEhob, Xty 18 /- G Bl 4ml ITEMSRES 2BHI 2. 20550 Iml 27
b N NSRS L HPLC — 30t AR T 9 # 0 PAH ZJIE L 72, PAH S4B O @4
W= a 7LD IZ U7, DO 3ml 1d 2-fluoro-T-nitrofluorene (FNF : 106mol/L) PIERENE
500 ul & EHIZ40mI NP ATEE L, SHREFERWTE, 7ILAY, IBWIZEE 7 U— 20y T
EfTolz. N INETLE ) —))Nw T 7 IS 500 Wl 1R L o > S 85t 5 L —HPLC— b
FE g E AW T 4 HO NPAH 270871 L7z, SHrEE ORI RIS @ 9 iclizdis .

iR E B
1

3.
3. DEP. PAH KIXNPAH OFH U 27 Hig

-112 -



REL 7= 9D NPAH RO 4O PAH ©5 5, California'EPA M52 2w MY AZPRRINTNDS
PAH 5%, NPAH3HEIZDWT, B - AHOEBEE 2 RD, SHOBEIC Ly NI AT ZMNTTHER
SOBERIRH I A7EEB U=, i B ALY OFEE David® OWMEICHETE, BED ECIE
BED 90%73 DEP iCH3k L. DEP #i® 40% % EC M55 &RE L T EC IRED 5 DEP IBEZHEEL
7=. B, ¥ DEP HEFBEICI =y MU R BT TEBMAIC B 2RI T U 27 28
7. (&)

DEP Ik BFH U AZIZ. BT 1.3X103, £AHIT 1.5X103 EHEah, R OREFEEN
105 DFEH U AINERESNEZ EERBRLUTH 2F T EAVEE -T2, T2, ALY W7ok
KMOFEITERIZRBIT S PAH e TR, . LIBREZIT- 258131 BH%EE 7 BT TH S IV TH5E
2T, PM2.5 10 Benzlalanthracene. Chrysene. Benzolblfluoranthene. Benzolklfluoranthene.
Benzolalpyrene {ZDWT 45%M 5 21%DEEIREIN TS, LzAt> T, €10 PAH JATIEE/N
Wl & 72D T A AREMEN S 5 O T PAH. NPAH OEREIHEZ 50% LIGE LEEMIZH Y X7 & Rk
STBETH, B - KHIOFRH ) ATV, BEEWHH U A7 #RLU7= benzolalpyrene TZHEN
6.8X108~1.4X107, 2.6X107~52X107&7/20. PAH., NPAH OFH U A BETH 22X107~2.6
X107, 4.1X107~82X107TIZ&EE> T,

*1 DEP, PAH RUMNPAHBIEHREZDY R Y

DEP HRE RHIRE unit risk?  EfiURY  EHURY

EC 20 ug/m’ 22 ug/m’
DEP* 44 pug/m* 50 g/m 3.0E-04 1.3E-03 1.5E-03
PAHNPAH FHEE ZHRE unit risk* FHURY ZHURY
Benz[alanthracene 0.04ng/m° 0.28ng/m® 1.1E-04 4.7E-09 3.1E-08
Chrysene 0.07ng/m° 0.53ng/m° 1.1E-05 7.9E-10 5.8E-09
Benzo[blfluoranthene 0.17ng/m° 0.68ng/m° 1.1E-04 1.9E-08 7.5E-08
Benzolk]fluoranthene 0.06ng/m’ 0.21ng/m? 1.1E-04 6.8E-09 2.3E-08
Benzo[alpyrene 0.06ng/m® 0.24ng/m* 1.1E-03 6.8E-08 26E-07
1,6—dinitropyrene 0.10pg/m® 0.16pg/m* 1.1E-02 1.1E-08 1.7E-09
1,8—dinitropyrene 0.08pg/m® 0.14pg/m° 1.1E-03 9.1E-11 1.5E-10
1-nitropyrene 89pg/m® 117pg/m® 1.1E-04 9.8E-09 1.3E-08
PAHNPAH )29 &5t 11E-07  4.1E-07

*1 KEH EC O 90%H DEP B3 TdHY. DEP DHAEL T EC X 40%% HH TS EETE
*2 California EPA D{E%{EH

3. 2 EC &SPM. PM2.0. NOx DB

FLRTT N O R RUIES R REEARIE 57— & 105 DEP IREZHEE T 272012, BRI ERRALER
SUERMER ROZ3E) © SPM. NOx 77— 2B THRLNEY > TN OY 7)) 7HHICS
bETESLEE, BRTHSNZ PM2.0 IKDWT ECIBEEOBRER~NEZ (K1, M2, K3). #
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BRI O BC BEIIER, KHTEIEN 1.1~3.0ugm3 (F201gmd). 1.5~34,gmd (FF22
wgmd) EAHINEDE RS EbDORERBEVITIRS M7,

SPM & EC (K1) : SPMBEIIENY, £HTFNTH 103~272 1 g/m3 (5 16.111g/m?). 10.2~24.6
tegims (143 1 gimd) EBHINEDE <202 bDDORERENNRS N> -, EIRERIEIIC
BT R2=0.345 & HE D BOHEIIRS 2o 7208 KHIICBWT R2=0.754 & QR WHEINE Sz,
LR BN TAINIESIC L D B AR EOBE LTSI NS @ i BEE-CIRES O EN
B LU TEC & SPM OMBENE <25 EEL 515,

PM2.0 & EC (K 2) : PM2.0 3B, KEIZNFN 7.5~15.0 1 g/m? (FH 9.5 g/m3) . 9.5~24.0 1t g/m3

(439 14.3 0 gm?) E7857z, SPM ITHA TR TR s EOMAN FOZENHE 2 5N/
ICEHRAMICHANTREVLBEZR L. EHEAHTIZHALSMNCELZERERE R L. LHicBnT
R2=0.795 & BWHEBIZIRL, EHIICBWNWT R2=0.488 & SPM ICHARTHRENR SNz, £ L0 SPM
& PM2.0 \TEHBENE L < /2o = 2 M S A& SPM ARIZHUNI TR L TS Z EAVREN., ZD
HEIIADROLMIBB OO LB T2 X 0% E LIFAMHI S NS ZEn6HHTE S,

NOx & EC (K 3) : NOX TEH, KIEnEh 14.1~32.3 4 g/m3 (F35 23.6 1Lg/m3) . 30.1~85.5 1 g/m3

(P9 48.6 Lgim?) Elzofk, KHNIEHO 2 {HEWEREIC2D, XSICEMELAHTHLSMI R SM
IRERA RO bz, £ R2=0.775 & BEWHBERE SN, EHH R2=0.583 & SPM. PM2.0 &t T
RO RVHBIBIEE SNz, Lizdts T, HREEHIET — 75 EC IBER#EE T 554, FHiBI NO
XIBEZRVWSFIENSPMBEZHAVWS LD ECREEZEETHIDIEL TS EEALND,

3. 3 SPM EUNOX #ZRM\W= EC BEHEE

AR 14 FEOFURTTNO—BASER (&) . BEEYDTAER (AR © SPM. NOXDH
FESENSK 1 RO 3 TR®Z SPM. NO X ZHZNOREIRESRZ AW TREPO EC B HETE L= (X
2).SPMIBEMS EC BEZRD HEL. K 1 0Ff &4 H1% HHE 2 EIRER  EC=0.083 X SPM+0.921
EHEAL. NOXBENS ECREZ RO ZENL. NOXMERE /2o TS 4 A~ 8 AiIZiIEHoENGE
#:EC=0.079XNOx+0.204 %. NOXWEIEBEIZ/5>TW5 9 A~ 3 BiZi3AHOEIRES : EC=0.030
XNOX +0.752 A L7z, BREEH EC IBEIL. SPM BEMNSHEE LB 1.8~250gmd (F521
tgmd) E—R. BERZED THERMOEREWRS E D RS0 - 720 NO X BED SHEE UZEE
i 15~45ugmd (FY 25ugm?) &2, —RBEBHEROLERDENEIDRBRUEELELZE
MTEE,

3. 4 DEPERBREOCHTEELRN YA
NOXBELZRWTHE LIEAGEBETOECBENS E MIERINTWS DEP BEAZEHL, 12y
U2 2R UTHHERETO DEP EETZHEN U A7 ##5E L2 (#2), DEP FBBEOEHI.
1) RGBREPDOEC D 90%M DEP Ikl TWw5s, P ii) DEP ORSHEDS 5 40% % EC 5D T
W3, ¥ i) ENTOREEZEEL TRERETO DEP 055 80%Ht MIEEIN5, D 15 320
REIZE DN TITo 2, 2=y MU AL, California-EPA IC& % 3.0X 104 Z2A L 1=,
HERICBWTIL 1.4~25X108% ENE D OBUEEIEIBIT SR U AT O 140~250 fEOEFE
VAR Elzo7z, KT, AROFOEHOIL 1 £/ (2.5X103) LSBEREOB LU WEHERVO H RIS
(2.1X108) PROFEHURATOEW2HIE Lz o 7z, —RBICBWTIL, 84X104~1.5X103 &FAH
YR BEHINBFERICERTERMEE 25 7205 BBFEH U 27 MR RIS OEEHI @
LTWBHAER 84X109) REER 85X109 KBNWTH, XV OBBERME TR 85 50
BWRH YA 2D ENbho Tz,
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x2 ECHTEBERIDEP REREL YRS
ECE¥E

AERA BER SEE| GPM)  (Nox) PEPRERE VRV
_pg/m® yg/m’ g g/m’ -
T B— —BR PRREX 1.9 2.7 4.9 1.5E-03
KA —#E PR 1.8 1.9 34 1.0E-03
1% BH#R PRE 23 45 8.2 2.5E-03
M23% BHR ®HRaR 25 3.0 5.3 1.6E-03
ER —fE IR 18 1.6 2.8 8.5E-04
EERAKR 8B X 2.2 1.9 34 1.0E-03
19% BERE dX 2.0 2.6 4.7 1.4E-03
H —m EREX 2.1 2.3 4.1 1.2E-03
R18TH BH#RE =EE 2.2 2.7 4.9 1.56-03
ttaa B BER - 2.0 3.7 1.1E-03
RAE —kE BTR 1.8 15 2.8 8.4E-04
AR BHE BTEK 2.4 4.0 7.2 2.1E-03
i —#B BR 2.0 2.3 4.2 1.3E-03
RE —f&E @#x 19 1.8 3.3 1.0E-03
EW] —feE EAR 2.1 2.2 3.9 1.2E-03
=3 —i/ FRE 1.9 2.4 43 1.3E-03

4. BHOIZ

IHEERE TR FICBWTERET > R, ARBEF O DEP #EEENSHES DRI U
713 1.3~1.5X103 TH 5 Z EEE Iz, £, PAHNPAH ICL5F > U A3, benzolalpyrene
INE B EUVMEE R LD BERR E U= OFH ) X7 2450 L TH 10812z 2 &b 1z,

EC & SPM. PM2.0. NO X ODZFNFIUT DWW THBEBER AR, B LI NOX ZHWTEC
BEEEHEE TS HFESHIER S OZERORNEKIRT DR EWHETHD I EEHNWE L,

FLIRTTRNOARGIERER® NOx ASESEN S EC IBE AT b0 DEP £ERE 2#E LEMER
WBITBRA A7 Z2RE LR, BHERICBNTIE 1.4~25X103, —fRBIZBNTH 84X 104~1.5
X103 EVWDSEWFHEH U AT 2o TWA T ENHLM LR T,

A TELNL NOX ~EC OBIEIL. ITEIC T O & 5 K EREER A EE /2 LT O
2002 FEM S 2003 FEQEIRZ KR L 72H D TH B ENA DN, MOHR, &FiCHBELAORELHEERTE
FrOHIECBRICHE > T EC XU DEP BEEHET T HAICE. SHIBORMERBEORN EE R/ LI
EHENBETH D, Fiz, JATHEIERLEPANSNTED, DEP 595 EC OGS EC
—NO x BfRDKF A - HiEERY72 8/ rTAEE BRI DWW TIE E S ICFHIZRIIR N E L e s,

Ll SHBOREEZE L TEEICREDIK S SN HRERGUGEEIEROT—4 & H\Wez DEP 12X
BFA I ZATHERE, IR - BT QD 5 BIEFITEINIAIETH DS HOEANEIGTES &
EAB,

PAH. NPAH D73 2 &8 TW 20 = BE BRI 7 > & — OB HRHRI DO RER & O A7 S
FIHEERIER - THEEWEEEELE, LDEDBE#B L LITET,
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