0s

Table 3-11 Inhalation levels of PAHs (n = 14).

Inhalation level {ng/day)

Subjects No. 1 2 3 4 5 6 1 8 9 10 11 12 13 14 GM*  GSD* Median Range Estimations®
Phenanthrene 203 737 0688 099 ND. 0319 0480 126 0515 ND. ND. ND ND. 275 082 231 0.497 N.D.-7.37 615
Anthracene 0113 0270 ND. 0047 ND. ND. ND 0195 ©ND. ND. . ND. ND ND. 028 > - 0195 ND.-0280 240
Fluoranthene 257 823 1.24 222 268 0111 0299 294 0385 0656 190 0451 1.52 126 132 3% 182 0.111-823 975
Pyrene 189 452 1.63 129 129 00945 0199 268 113 - 00434 0810 00747 09712 615 143 150 120 0810-6.15 70
Blaa 1.33 152 0251 0259 902 ND. 03518 0813 ~ ND. 0382 ND. 0103 0646 320 049 374 0.445 ND.-902 225
Chrysene 329 586 129 144 259 0614 143 192 0239 0135 102 0361 0794 2389 1.15 2389 136 0.135-586 555
BOF - 134 6.77 315 31 515 09 3% 604 0337 120 304 189 225 319 293 246 344 0.337-134 855
BOF 691 541 1.54 1.77 242 0.631 184 306 0262 0597 138 141 0901 235 157 232 1.65 0.262-691 330
B(a)P 743 564 135 188 232 0642 1381 331 0608 167 199 269 231 4382 222 201 214 0.608-7.43 540
Db(ah)A 233 14 0430 0558 0815 ND. 0438 123 ND. 0293 0310 0216 0492 0688 0430 234 0.464 ND.-233 0.9%0
B(ghdP 569 331 229 22 199 124 1.65 405 0796 261 6.26 436 286 923 295 193 273 0.796-9.23 945
i 690 490 173 1.77 241 0554 1735 416 ND. 233 382 159 209 381 2.56 172 221 ND.-690 8.70
Total PAHs 559 513 16.1 181 312 5.16 143 316 427 100 205 131 148 506 208 218 178 6.58-578 859

* GM and GSD were calculated from half values of the highest detection limits, when there were N.D. values.

® This estimations are calculated based on  air concentration data of each PAHs with dairy inhalation volume 15 m’ (Ohura et al., 2002).
* All of Anthracene data were considered as N.D. values, as they were fewer than the half value of the highest detection limit 0.780 ng/day.
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3.5.2.1 KA PAHs fLER & U 7= 58 A IF T

HERREPFEHE PRI > TWZZEE P D PAHs DHKZE L L, 7O RME,
5ZEKR D PAHs DREFERENMHEETHIEE2EME L TRITETR> 2. 7
PGB, £9'% PAHs MO AARIRI{R 2 Spearman DIEAIFIBIRE % W TRE 21772
D7z ENTIEHETARNTY 7 b SPSS Version 12.0 Z iz, 512, RAHEICE > TR
BEBRENRI2D T LIC kD PAHs IR DR R ZFIE LT, %€ PAHs DHIC L 5%
ERBRMTRDODNTBY, INSOFEHECESOTHENRENSES L TWEAS
H PAHs DREEIRENT 217725 72 (M 5, 2004; KEF 5, 2004; Grimmer et al., 1981; Kim.
etal.,, 1999) .

E7. & PAHs OB OMREREEZ Table 3-12 1R LTz, %< D PAHs [l T/ V4
BBIRAMRH S 7205, Anthracene ICBIL Tid, B TFRBMELLTAE < AT ICE & 7o
WEHIBT L, BRSNS HN Lz, ZDLDIZ PAHs BIOMBBEERENENS 2 &
i, ENTNORBENE > TWZEE T D PAHs DHEIEML TWB I EEHKL
T3, WTNORREDHRFIEBNEFERETH D EE2EZ DL, NEENTAL
BRHPICKEI L TW 22RO RERHEIHITE N DO AGH PAHs BLR % Kk L TW/i=H]
MDD, S5IC1HOK B EENTAIL TWAEZENS, BRAFOLELEK
BLTWSORNARTHE I ENEASND, BRICHBITS PAHs DRAREE LT,
HEDEPCBBERDEBENET 5N, AET o7 — M SEIZZFD LD BEZD
IBIMDTeZ EMBH, BNEZRF D PAHs BRIEBAGORANBEL TS EEZLS
N%, EZ. Fig. 3-9 TR LIENGEE DK L =22& D PAHs ML 5 & R4 HLAS
BILTNWSZENSN5, & PAHs BIORSERZEEOHBERIT A-11 IR LT,
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Table 3-12 Correlation matrix between PAHs (Spearman rank-correlation coefficient ) .

(0012) (0000) (0001) (0.002) (0000) (0.000) (0.OOD) (0O00) (0OOD) (0.012) (0.000)

¥ ‘ “ Total
& Phe Flu Py B@A Chy B@®F B(RF B(@P Dblah)A B(gh)P IP PAHs
Phe
Flu 0.654%
(0011)
Py 0.864%% 0873%%
(0.000)  (0.000)
0480 (744%% (636™
B(a)A
(@) (0082) (0002) (0014)
Chy 0.734%% 0g20™%¥ (793%% (7g2%%
' (0003) (0.000) (0001) (0.001)
Bo)F 0.716%% 0811%% 0744%% g 706%¥ (g56%®
| (0.004) (0000) (0.0C1) (0.001) (0.000)
BOKF 0673%% 0.758%% 0691%% 0 751%% pog3%% (og¥E
(0008) (0002) (0006) (0.002) (0.000) (0.000)
BaP 0501  0802®* 0620% 0742%% 0785%% 0837%% 0g33*™
(0.068) (0001) (0DO18) (0002) (0.001) (0.000) (0.000)
Dhb(ak)A 0656% 0847%% 0760%% 0863%% 0917%% 0055%% (917%% (g49%*
(0.011) (0000) (0002) (0.000) (0000) (0000) (0O00) (0.000)
B(ghi)P 0359 pg40® 0460 0331 0442 0521 0451 (Q754%% 0480
T (0207 (po14) (0098) (0247) (0.114) (0056) (0.106) (pgoz) (0.083)
P 0622% 0.798%% 0667°% 06055 0751%% 0833%F 0758%% 0866%% 0.780%% 0.885%%
0018y (0001) (0009) (0022) (0002) (0.000) (0O002) (00O0) (0.001) (0.000)
Total 0652% 0908%% 0778%% 0.758%% 0947%% (o43%% (90g®® 0859%F 011%% [e48® (08TRHX
PAHs

* " Statistically significant (p < 0.05).
¥ Statistically significant ( p < 0.01).
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. 100% Phe
ﬁ O Ant
S 80% ® Flu
2 W Py
3 o oBon
= 40% ® by
S 8 B(b)F
S 20% ® BRF
123 45 67 8 910111213 14 8 B(ghi)P
Subjects | IP

Fig. 3-9 Fractions of 12 PAHs in total PAHs for 14 subjects.

KIZ, BED PAHs DLLEAVWTREREEZHSNCT HFHEICETEMFTET o /2.
P 51k, KKKEEF D PAHs i, B(b)F. B(ghi)P. Chrysene DVEFRMICHEWEIS TS
ENDHLMELTHED (P 5,2004) . SEDOFHERER TIE BO)F KW T B(ghi)P D
R B EL %Mu&#bs%ﬁﬁﬁ¢kﬁ%ﬁbﬁ@@bfhtRﬂh@%%ﬁﬁ
REMBORYE DD EBDNIEOHPLKHANETH > LRSI, &
Z. RESBIAHFCEBERRA >RV EWo/z, PAHs DHEHEE L TZE A S
NBEEFHERNE T B5E PAHs (B(a)A, B(b)F, B(k)F, B(ghi)P) & B(a)P & DL EH
HELTED (REF5,2004) . WTNOED ZHEABTII 1 UEEAREL, ThidE
PAHs DFE4LERD BaP K DIEZ5NICEWHAE S D END T EZRLTWS, —4,
HEHEER M RN TORIRBEZ 1HBICEE > TWRIERDRASTNS, Th
SOXBEEGEEONEENS DL ERBELEEZA, BEEEH O XIVICBT
B LEDMEDS LLBEVEELI L TWie /e, AR ORI E ST 2RI E &/ > (Table
3-13, Fig. 3-10) .
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Table 3-13 Characteristic PAHs ratios per B(a)P.

Automobile Garbage

PAHs / B(a)P g . a
7 _tunnel”  incinerator
B(a)A / B(a)P 1.1 1.5-4.5
B(b)F / B(a)P 0.87 9.5-46.5
B(k)F / B(a)P 0.31 2.6-8.6
B(ghi)P / B(a)P 23 10.1-91.3
"R 5, 2004
12
10 | _ ] |
g | ' @ This study
2 B Automobile tunnel
E 6 | . O Garbage incinerator*
4
2
0

Fig. 3-10 Comparisons of the characteristic ratios of each PAHs.
* This value indicates the minimum ratios in Table 3-13.

353 REH 50 PAHs RER

BREEE TR KD, K s %‘:mx'c PAHs @%aﬁ%@%?&ﬁ&é L7 (Fig.3-11 KO
Table 3-14) . ZFHTEIE, %mllﬁz?&?ﬁm bma‘?s:% Wi, ABEEIZE 1 E D Table
imﬁﬂﬁmﬁéﬁmte ,

ﬁﬂﬁ@% (ng/day)“” ‘ ,
@%%ﬁﬂ‘?ﬁﬁ (ng/gdrywezght) XEk®X1BERRE - RS
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2000

@ This study
1500 | Estimation*

1000 |

500

Dietary intake level (ng/day)

Pyrene B(K)F B(a)P

Fig. 3-11 Mean dietary ingestion levels of PAHs and estimations (n=14).

* Calculated from EBE 5, 1984,

Table 3-14 Dietary intake of PAHs (n = 14).

Dietary ingestion level (ng/day)

Suject No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Py 628 764 500 2616 1058 2301 2087 431 1615 700 279 145 862 750
B(k)F 14 25 23 61 24 97 22 66 31 27 23 9 27 22
B(a)P 27 51 74 195 108 324 67 70 116 118 72 118 60 114
Suject No. GM (GSD)  Median Range Estimations® '

Py 79 (2) 757 145 - 2616 433

B(K)F 28 (2) 25 9-97 40

B(a)P 91 (2) 90 27 -324 47

® This estimations are calculated based on PAHs concentrations of each food group

and intake data. (BTE5, 1984)

WIFND PAHs THOB LK ZREMERMU L NIV OROBRBETH =, EF. £
RTHONZBEBEOFNEVREREL T, REMEEIHETHRAEZZE/ICANT
WiaWew, ERIDDBBLFMMEINTNBIENEZLNS, k., HUDHITHRR
7z& DT B(a)P D OSF A HHEH L7z VSD 68 ng/day (EIEFEH > U A7 10°DEFE) &
“EIDFHRE T DI B(a)P & OIRER 91 ng/day LT B L, UL NILD B@P
ERENOBBELTVDZ LMD o7z, SEORETRSHEVIRERIT 324 ng/day
THO, TUEISXI0°PDRACURIEFELTED, BHOWHEOBRHENEEZED S
BRIC—BRIICRESINDHFRURY 10° 2BiBT 2R H 5, SH—RAKD PAHs
DREOBBICONTHRBIME T2ITTRoTOE, REIOMHKRE L THEBICAN

BTENEEND,
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T, METHRESN TS —BRARO PAHs DREDIRBR EHBEL THDERU
BREEEZ IR ANTRELRL NIVOERTH % (Table 3-15) » ZETERELEL
R385, PAHs DR ORBIZHZTORENEHNS Z ENTFHEINDA, Table 3-13
MHRETIXRTREREZR SN, T2, AHEOEARTERY LIF-BIESD
Shiraishi 5 ® 1980 ERUT/Z S NI BEN 5 O B(a)P BEUT BT 5 Mk 134t E By UATHH
HDORRELBTDEBENRERDB D Lo T, F0kED, BEOAEIZBIT 5%
DIENEEF PAHs T—F 2CICEH L - ECERERS . L EHmsnhTn5
AREMREA OGNS, Lo T, AR THELNZBREABSNERIZ. BFAAORE
M50 BRPIRBRICHEIIEELMETH S,

—77, RETHRLNZBECETEY V7 — MR (A-10) EROBREROMEN &
ZHETELE, —BEN MR EORFABRICEAT—FNEENTSBY, 8%
BHESICMBFENEINTNSEZD, ZOBRMNBORBRICAEZTFELTL
LARRMENEZEZ 5NS, LHL, MOMRETHNIN—F 7 ERICIMEATEE A
FRMHEEREL TS0, PAHsBENTRIS NSNS, VERICKMmREINTWAEE
HHNIEMoTc, TOTENS, AILEIRBRTHRABEOHECIEEASHERET
PAHs B BNVEEEZ IR ENEZIONS, ZO—HIELT. HABOREKR LD
WA SBERDEITENS, HAREENICHEEZICINSOT, BEKZHNS Z &
IZED, PAHs WAR LR TWRMERD Z ENEZ SN, SIRFEEXRA— T HE L
DH PAHs WL EREIND ZENBEBICKDMEINTNS (BEEF, 1998) .
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Table 3-15 Mean dairy intake of B(a)P compared with results obtained in other studies. 7

Country Method Intake® (ng/day) Reference
Japan market basket study 50 (11-230) Obana et al., 1984
Japan duplicated portion study 58 (25-131) Shiraishi et al., 1981
Japan duplicated portion study 70 (27-118) Kanno et al., 2005
Japan duplicated portion study 108(?;_? 3 ;:)(GM) This study, 2005
Canada duplicated portion study 178 (n.d.-278)  Viau et al., 2002
US.A duplicated portion study 94 (6-575)° Bulter et al., 1993
US.A duplicated portion study 123° Waldmasn et al., 1991
Spain market basket study 128°¢ Falco et al., 2003
Netherlands mari(et basket study (120—290)b Vos et al., 1990
UK. market basket study 250 (60-560} ~ Dennis et al., ,1983

* AM (range).
® unavailable AM data.

¢ unavailable range data.

K/z, BT PAHs MOHBE% Pearson DRERAHBEREZH W TREI L= (Table 3-
16) o FEEHAEHTY 7 b SPSS Version 12.0J (SPSSInc.) ZMW., ¥k E % MELHL
THHTZFTIE D7z, Pyrene & B(a)P EDHABHELSMIAELMEENH 7= (<
0.05) (A-12) . Pyrene & B(a)P & DRIICAHBIZMHBMMNM o Bl & LT, MEYLE
WY T EITE > TPAHS HRAMWE L L 55 Z & &, Pyrene MBS TICE S &
ETHIENS, HHOBE TESFRERTTEEFAREENTL £ o~ Thet
NEZLENS,

Table 3-16 Correlations between 3PAHs
(Pearson's product moment correlation coefficient).

" r(p) Pyrene B(a)P B(KF.
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354 —RORICBITHERENS D PAHs BB R

# PAHs HREE 812 BVJ 5 Pyrene. B(K)F. B(a)P DAKZKLUIEBEN S DRBRK U
PAHs IREE R ICK 9 53 558 % Table 3-17 1R L7z, 3.52 K TN353 DEENS IS
MIZH, BEMNS D Pyrene BBERITAR & B L TEMED 1000 55 BWRBRT
HYU. ¥ PAHs BREEDNA Pyrene. B(K)F. B@)P WTNH 90% LA LEBEMN S DIRE
NEDTWEIENS N7z, £/2, TEFZHWTHE PAHsREER % B(a)P IC#ME Lz
LI5, RRERILS5.2ng/day £E720, 12FEHD PAHs # B@P L L TRAML THRE
MODRBEREZTEDSZENDN . TNEDHERENS, —BNRNDIEMIEE D
PAHs BBRZPCIXVBENS D PAHsBBOHNAZ NS DIEB LD bSENSREL
HREICELTEEWI ENHESMERo . Fize AZEMNERE LTz Pyrene 5%
ICBNWTHR SNz 48 FFEILAN DR+ 1-OHP HEER 3.67%% AW T (Viauetal,,
1995) . 4E1E S5 N7ZEKF 1-OHP HEtE D S Pyrene DFHEREOIRBREZ FHITS &,
BELT 808 ng/day £72 0, EHIE 796 ng/day ITIEVMEEE STz, TDIEMNS, &
BB 2R EEZEE L, PR EBBRERVROY T > ¥ HENEY)T
HolEMEZENS,

Table 3-17 Exposure levels of PAHs via each media.

Pyrene ~ B(K)F B(a)P
Air Food Air Food Air Food
GM (GSD) (ng/day) 1.43(1.90) 796(2) 1.57(232) 28(2) 2.22(2.01) 91(2)
Median (ng/day) 1.20 757 1.65 25 2.14 90
Min. (ng/day) 0.81 145 026 9 061 27
Max. (ng/day) 615 2616 6.91 97 7.43 324
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3.5.5 AR

PAHs DA, FEH MRV B(a)P DENNDOE D AA B ZE KIRT B RF 1-OHP 12,
KO BEEZ DR TERNT 5280, Pearson DEBMBZEERANT, K
i 1-OHP PRt & & MREERE RS 5 D Pyrene. B(a)P KU\ B(k)F IR & & O MHBIBE (% %
BEt Uiz, MEEHM#HTIZIE SPSS Version 12.0J (SPSSInc.) ZAVY, SEBITHEHL
THWOE o7z, R 1-OHP Pl B & A HREZ B & OAABIBIE K U EHRIT#5 R % Fig, 3-
127205 3-17 R UF Table 3-18 IZR L /=,

Pyrene. B(a)P U\ B(k)F DRKE R R IRER SR 1-OHP HEMt&ICEI L TR
IMETIED 72 & T A, JRY 1-OHP HEifit & & BF ) 5 D Pyrene. B(a)P & UX B(K)F I
BREOMICHERZMBMRNS o (p<0.05) o« —F. K&K 5D Pyrene. B(a)P
KU BRF R & R4 1-0HP HEiHE & OMICIE, AEAAMBEERIE R > (p>
0.05) o Pyrene iICDWTId, B/NHEINTWASAIREMNE WD, Z OGS %M
AT ETHBIBIRZEAE L, Pyrene DREKERE R ERT 1-0HP &ICBIEA B &
NBAREMEDE X S5NBH Pyrene DR ERBRDAEEIE 78 ng/day TH D, 1
BEOBLZ 100D 1 THZIENS., BS HEBRICELIZRVEFHIEINS,
DT ENS, R 1-OHP HEHBIC X D XIS EEZ 5 X 5RTIE. BEMSD
Pyrene. B(a)P KU BKFEBE THZ I ENWMEELZ> =, 512, R 1-OHP HEiit
BOXRHDBXRT 30-40% ZRENS OFEBOIRHAT S ENRREINE, —FH., K&
M5 D B(a)P. Pyrene XX B(k)F B #& & TR 1-OHP HHlt B 2 5B 2 Z L 13# L »
ZEVASHERD, — AN DIEBRIEHR ZXRIT, R 1-0HP 2 RGEEEDON
AAR—A—ELTHWS Z LIEBEY TRNWTEEISRENE,

iz, BERMBET PAHs BREICEIT 5 CHAE (Falco et al., 2003) & 1 PAHs HLik % it
WLIz&Z 5, & PAHs MICHINA B HBEBGRNR S NS Z&05 (15, Table 1-
8) . SEHEEABTERT S ENTERN -/ PAHSIZDWTSH, RY 1-0HP & D
fJIZ Pyrene ° B(a)P. B(K)F &[R4k, HBRMRSHZ ZENFREINS, FDED, R
# 1-OHP JEMt B, Pyrene ® B(a)P. B(K)F/ZVHT/2<. # PAHs D#EOIRB DA F
N—A—ELTHHERTHAAEEBZE LI SN S,

Table 3-18 Correlations of urinary excretion level of 1-OHP with each exposure levels.

Pyrene  B(OF  B(a)P
1-OHP / Inhalation level r=0.13 r=-047 r=-0.32
~ p=067 p=007 p=027
1-OHP /Ingestionlevel r=0.62 r=0.65 r1=0.56
FR p =002 p=001 p =004
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Log urinary excretion of 1-OHP

Log urinary excretion of 1-OHP

2.0 — -
o
1.8 |
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14 7 / g
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o ° r=0.13
10 | @ p = 0.67
0.8 L i i i {

-0.2 0.0 0.2 0.4 0.6 0.8 1.0
Log inhalation level of Pyrene
Fig. 3-12 Correlation of urinary excretion of 1-OHP
with inhalation level of Pyrene (n=14).
2.0
@
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14 |
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Log dietary iﬁgesticn level of Pyrene

Fig. 3-13 Correlation of urinary excretion of 1-OHP
with dietary ingestion level of Pyrene (n=14),
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Fig. 3-14 Correlations of urinary excretion of 1-OHP
with inhalation level of B(a)P (n=14).

r=0.65
p=0.01

L L . i

1.0 15 2.0 25

Log dietary ingestion level of B(a)P

Fig. 3-15 Correlations of urinary excretion of 1-OHP
with dietary ingestion level of B(a)P (n=14).
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Fig. 3-16 Correlations of urinary excretion of 1-OHP
with inhalation level of B(K)F (n=14).
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Fig. 3-17 Correlations of urinary excretion of 1-OHP
with dietary ingestion level of B(k)F (n=14).
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3.6 #E

HAAND—ARNDIBEEIZBNT, H PAHSBRBEREON. BEH S OREEN
0%LALELHDD T EAVRBIND &I, AMEBICH L TREEREE252>5H8%
[RGB R 1-OHP HEM B DO LB DB K £ 30-40% Z B HFMHN 5 D B(a)P KU Pyrene i
BBRENHHAL DB I EARKINZ., £, BEMNS D Ba)P HEE &R+ 1-0HP &
D, BREIGAHBEGRNR SN EN S, BHRBENZVL—RARITB LTI,
R 1-OHP 28, FEH DB W Ba)P DRFKERE TIE2<, RORBOEEELT
FRTHD I EWREND EHIT, B PAHs OROBBEONI AT —H—ELTHH
WS ZENTESAREMIRBE Nz, THIT. B(a)P DAL EfEl &4 D PAHs TaHli %
7725 DT <, BPAHs EUTFHMEST 2 Z ENEETH 5 & DEITD PAHs IR
MERICBIT2BAEIIH L THOEEOHDHMRTH S,
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