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BaA
BaP
BbF
BghiP
BkF
CH
DahA
DMSO
Em

Ex

FL
G6P
IARC
IcdP
JMA
LIDAR
NADH
NADPH
6-NCH
2-NFR
3-NFR
NIES
NOAA

NPAHs
1-NPY
2-NPY
4-NPY
PAHSs
PhIP
PY
TSP
US EPA

: benzo[a]anthracene

: benzo[a]pyrene

: benzo[b]fluoranthene

: benzo[g,h,i]perylene

: benzo[k]fluoranthene

: chrysene

: dibenz[a,h]anthracene

: dimethyl sulfoxide

:HOEE R (emission wavelength)

: b & (excitation wavelength)

: fluoranthene

: G-glucose 6-phosphate disodium salt

D E S A FERE RS (International Agency for Research on Cancer)
: indeno[1,2,3-cd]pyrene

: X477 (Japan Meteorological Agency)

: 7 4 % — (light detection and ranging)

: nicotinamide-adenine dinucleotide

: nicotinamide-adenine dinucleotide phosphate

: 6-nitrochrysene

: 2-nitrofluoranthene

: 3-nitrofluoranthene

: ENLEREEAFZEFT (National Institute for Environmental Studies)
D T AU A EREMEREIT (National Oceanic and Atmospheric

Administration)

: = b v ZERGEERILKSE (nitrated polycyclic aromatic hydrocarbons)
: 1-nitropyrene

: 2-nitropyrene

: 4-nitropyrene

. ZEREMIRILKFE  (polycyclic aromatic hydrocarbons)

: 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine

: pyrene

: K& M B (total suspended particle)

| KEERBERET (United States Environmental Protection Agency)
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REANTTFME L T DR IR IZIE, R -0iE 72 ERREIRDO & D LR A 7 — BERNF
72 SIRVME A AT D g e BN, 2SS O S D AAERIRO L ONRH 5, £12. KK
T, ZOX 9 73R G EFEE S D 1 ki & Wi by, SR80, ek
{EEWED I ARKEKIGGE D, REHF TG U CTAERKRT D 2 IR 12305, ISR -IRE
(PMzs) &l1E, KREHITEAEE L CODRIEK) 2.5 pm LA ORI TH 0 | MR M OFEERERIC
B OHRBLEEET D Z LGS TS Y, EERZEORER, KRRIEYA DS AR 257
X DRC LB H D Z LS TR Y 20, BN AL (IARC) X, 2013 FEITKA
THYEDS, AT K DR OFHRBREHN Th D LK L, BARKIGY L EOEI59E Th
DRFIRIE A & MO L TRBAMEEZ AT D 70— LI LD,

HIE Gl 1990 AR RICAKL L7 RIS, REERBEDSE(L L C& 72 9, di[EliE, 2010 4F
VIR, R RO 1 R FLF—IHEETH Y | 2014 F£0D 1 kT F/LX—{HEEIT 29 5 7200 77 b
v (AR Thom Y, TR 1 REpAX—ZIEICL Y B2y AATITAMS, TETIEA
RTINS, FIED 1 KT R AF—DK T0% AR TH D 9, FIROA IR EOAREHT
REERPRBEIC LV | ZEBRITFEFHRRILKFE (PAHs) R°= b uZEBRIFEFHRKRILKFE (NPAHS) O L 9
L E 2 AR T A Y, UL, ZHE THEICRIT B RAOBIGEWEIC L D155k
TSRS BRI 7 BV BE DA IEIR S 40TV 1410,

TIE, FEKRENEEO % 7 T~ 71 W, T EWDEL, bR & O - iz TRl
IZE D EE B oo - SR OMREIERC X 0 5 ICEIT L. RRTPICRED DU NERE
ARG TH D, EbL, FEMEZE U THARICIEET 528, KR 2 AN LD, 3 H~5b
HIZELMEkT 2 Y, BRVRIFITIX, AP 8 OEEHMoRIe 72 & ORI < G En T
WD, BilsA A 70 & HEEE T2V E B X DNAWE BRI S, ISR o NAEIRO K
RIGYE L & BITTRRT D ATREMEAVRIZ STV D B, 7 D7 M i, RiEEICnZ, &%
2R TEEIEN DR JEFERE. GEHiE) 238 LTl Y . RRUGTE N BRI S5 0]
REMED D U | I, HED D NBEIRIGYE SRS, wE, B ARZE O R F~skEEmE S
TND Z ERHEIND L HITRo TE 2, BT U7 ICET 5 I DN AARIFR SIS
BOREROBENL HEICBOTHET — & L ECOREIC LV E=2 ) v /& Tih 28,
Kim i3, R ED SIS~ ANSERIERKUG I E RS 5 2 L ONZ g RZE Tl LT
NZEREYESRH SN D Z L 2R L @, Takami Hi, HRBIROFIRC ALK T 12>/
IR A NBI=T v VR L PETCRA L, RN & bro TS D 2
EEMLMILTE P, E£72. Ohara HIE, MIREHLEAY v ORAELE REOBIFNCRB O THS
Nz 1B 2 & ORGIBYLT —F L T T IB DAL T VW Tr L, 4>, —
WALRREE R OB 7 1 LN T 7 REED Slfis SN A FTREMEN B 5 L k7= 29, 55
13200847 H22H 1HERICHTe - THEA 4 H DB LIE D 10 27 TR R B (TSP)
AR U CARRFEME 2R, S OMEIR S 7= HICHIEE ST BE O R LN 2 < OIS TR
STZEEHOEMILIED, ZNHOMRIE, FENICHEOCRA Um0 B SR P
A2 I L0 BARICERE SIS ATREMENH D Z L AR LTS, L, ZhE CEflnittwE
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AT, AAROE EICAE UBEEREIEROFAEINC 725 2 E N TRIND FEOKESTTCTH
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RO H AR ALE UBEERRIG Y DB 2 207 0 & TR SN2 BEURGAUERT TR D
BRI E K OV OGN K D150 R A FRA L, AAREN COBSERRIG D FRe 4 ]
DT D LA HIICERM L7, 5 1 B IR RSCFERC K 2 BinE e+ 5 2 LT
HEINDEFTR OXFIALETH R OO 72012 AARERNORE T (KB RO% S EH) (280
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HE AR A2 AL AU — R — b s CIIRAI 2B Z S 5 LD 2, R LI,
OB D 2 9 700 U TR K O AN ELS 2 5 BI5 Th 5D, Zhao HIE, ZOHUEAND 4 4]
TIZIU T 2009 450> 5 2010 A2 IUZRIZ /71T T PMs IREE 234 L. AFRIC 58T Shijiazhuang
& 7{HTT Chengde (28T PMs IREED I B m < . ZDJRRNSARRIETH D Z & 2 LN LT
28)

ARl FHIT, AR 2 EFER UL FEORLIGLORILE A SN T 5728, 2011 42
H FA)~2011 45 A % (V2012 45 11 H~2013 42 A A2 TSP 24t L7z, 7=, 1G4k % bt
B D726, HARD KT T 2 KRB e U4 R TTIZIBW TG RN TSP 244 L7z, 723,
2014 F2BT 5, ALETHO A, £ 21,009,000 A (HEfE 83,820 km2, A M) 5,500 A/km?)
Th V., 2015 BT KRBT RO EHETO AN, 230818 2,694,000 A (HEifE 225 km?,
AN £ 11,970 Nkm2) TN 2,280,000 A (1EifE 326 km2, AR £ 6,990 A/km?2) T
HoT,

IS 3 THIZBWTHIEE L7z TSP IZOWT, AL FRG DT EAT 9 & & bITKH B D2 HR
PEAER LT, (bRksy & LTk (Fe) | # (Pb) | Hiilig 1 4> (S042) | filile1 4> (NOs) . PAHs,
NPAHs OJREZHIE LTz, Feld, HEEHOFERSTHY | Hib7e EEEH O T8RS OFEIRIC
7225 2, Pb i, M OMER TH Y | A BSCHEIM ORI L0 KRkt s s 2, S0«
I, ARSI ORTEDMREEC L 0 B L S CTAERT %, NOs 1L, {baReh oz ok X
LR & R OEROPFEC L DI L0 kT 5, 2D X 912, Pb, S042 XU NOs 1 34E
(2 &0 AR D KEIBYE T 5, PAHs & NPAHSs 1%, A O ARTe e EE CA R4 2 A7
BT OBREMEWE TH 5 1, ARFFETIL, KEBRSERH#T (USEPA) 12X W BB R

FREIN TS 10 i PAHS 20T L7e, Einmit & U CERFEMEZ A HONRINEM LR (S9
mix) OIEFLE FLOMFE FIZH T Ames 1A X W RRER L7z, sBRICIIRET OLBIEMEYEIC
% LTS PED = Salmonella Typhimurium YG1024 #kZ V= 2, YG1024 #KiZ, 7 L—Ahs 7
N FRUZEIRIS B C & % Salmonella Typhimurium TA98 Kkl Z O-acetyltransferase D& & T- & & de 7 5
A3 R%&E A L7z O-acetyltransferase e TH 5 3, & 512, RKIBYWE OFAEHEE I ZHD)
Th D T & SIVTO DR PAHS B OVREELAY) PAHSINPAHS tEA B L. 2406 DFEAJR
HEE LT,

Fig. 1 XUYFig. 2 12, N8 L7 PAHs K O NPAHs Ofb5A8ER, 43 FER OVIARC 12 X
% Mk B30 AMEEHORS R A 7~ T,
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fluoranthene (FL) pyrene (PY) benz[a]anthracene (BaA) chrysene (CH)
Mw: 202 Mw: 202 Mw: 228 Mw: 228
Group 2B Group 2B
benzo[b]fluoranthene (BbF) benzo[k]fluoranthene (BkF) benzo[a]pyrene (BaP)
Mw: 252 Mw: 252 Mw: 252
Group 2B Group 2B Group 1

dibenz[a,h]anthracene(DahA) indeno[1,2,3-cd]pyrene (IcdP) benzo[ghi]perylene (BghiP)
Mw: 278 Mw: 276 Mw: 276
Group 2A Group 2B

Fig. 1 Chemical structure, molecular weight, and IARC category of PAHs
Group 1: Carcinogenic to human. Group 2A: Probably carcinogenic to human.
Group 2B: Possibly carcinogenic to human.

NO,
NO,
9¢ ]
~ NO,
1-nitropyrene (1-NPY) 2-nitropyrene (2-NPY) 4-nitropyrene (4-NPY)
Mw: 247 Mw: 247 Mw: 247
Group 2A Group 2B

NO,

NO
2
6-nitrochrysene (6-NCH) 2-nitrofluoranthene (2-NFR) 3-nitrofluoranthene (3-NFR)
Mw: 247 Mw: 247 Mw: 247
Group 2A

Fig. 2 Chemical structure, molecular, weight, and IARC category of NPAHSs
Group 2A: Probably carcinogenic to human. Group 2B: Possibly carcinogenic to
human.
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Pyrene (PY). fluoranthene (FR). B-naphthoflavone, ampicillin, tetracycline, X% /—n =% /) —
V. fHEE, MR, S o bKRFBEEKREALT Y U IE, THTAT AT AER W,
Benzo[b]fluoranthene (BbF) . benzo[a]pyrene (BaP) . benzo[k]fluoranthene (BKF). indeno[1,2,3-cd]pyrene

(IcdP) . WMESERE, AV —7M, 7 e ke7 0 KIET M) UL REBKSET R UL KRN
b~ 7 x>0 AoSKFIL, PRk T 248 %4 v 7=, Dibenz[ah]anthracene (DahA).
benz[a]anthracene (BaA) . 1-nitropyrne (1-NPY). 2-nitropyrne (2-NPY). 4-nitropyrne (4-NPY) .
2-acetylaminofluorene JT* phenobarbital 1%, HUfb#8¢% A /=, Benzo[ghilperylene (BghiP) .
chrysene (CH). 3-nitrofluoranthene (3-NFT). 6-nitrochrysene (6-NCH) %Ot k= k U/Lid, Sigma
Aldrich #1844 F\ V7=, 2-Nitrofluoranthene (2-NFT) | &, Chiron #1:# % F\ 7=, Dimethyl sulfoxide (DMSO)
IZ Dojin #1844 Fv 7=, Nutrient broth No.2 (% OXOID #1844 fiv 7=, D-Glucose 6-phosphate disodium
salt (G6P) . nicotinamide-adenine dinucleotide phosphate (NADPH) }z U® nicotinamide-adenine dinucleotide

(NADH) 134"V o S VEERE S 2 FH -, AssilidERl~ ¢ 12 — (8X10 inch) (3 Pall Life Science
FHA VW,

1-2-2 TSP Dt M USEIOLRAF

TSP 1%, dbairi (FPERMABEREEREIAIZE S0  116.34°E, 40.01°N) ., KB (KB ZEREER}
FHIFSERT : 135.53°E, 34.66°N) M UMA R (44 iR TR A Fiidt % — : 136.92°E, 35.10°N)
IZBNWTAAARY AT Y 7T — (HVI000R, 4RHEMFAERD) % VTR 24 IERES O 55
MERLZ ¢ L2 — BITHHER U7z (Fig. 3) o FliERIE. “FAT9 PRI BRAR L K& bt T3k 400 L/min,
BRI & 44t BT T3 1000 Limin ©5| L7z (REFTE: : 403.8~1491.3m°), fifEix, Tablel (2
AT 201142 H FA)~20114E5 H (R KON2012 4511 H~2013 42 A 4] (&%) ([CFEMiL
77

7 4V E—%, TSP OfER % IR 20°C, AR 50% DI T, TERAE (K 50%)
WNCIERIEEAL L=, PR LTz, MBEME L-7 V2 —%, AT 5 ET—80CLL FCHRIF
L7




China
Beijing
®

Fig. 3 Locations of Beijing, Osaka, and Nagoya.
(Biol. Pharm. Bull. in press (2015) Fig. 1)
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1-2-3 @EILADERINT

TSP ZAHE L= 7 4 V% — (HfET 10%) % 1 cmX2 ecm F2EICHIN< EIY | USsofbmTF Ly
e —h—T A, BEE2 20 ml, HEEE 5ml 2Nz, WSsofbmTF L VRIS TEY, Ay h 7L
— kb (130°C) THIEAL 7=, %FHEE. mEBR 10 ml | EIESRNE 3ml . S b/k3FElE 3ml 2Nz, HF
FHILZF 5 LTS EAR Yy b7 L—h B (#200°C) THEALT- 2, Z0th, 7KK 50 ml THEA
W VEiR L, AR VT A L, 78RR L7, 0.2 M figlik 10ml CIEfiE L, 3B e L,
Fe |IiAEiE A 7T X~ -3 50t hriE  (IRIS 1000, Thermo Fisher Scientific #1:4Y) % v Table 2
(R, Ph IR EER (AAnalyst 600, Perkin Elmer #18Y) % Fu > Table 3 (2”454
TENEHT LT P,

Table 2  Conditions for quantification of iron

Wavelength :238.2nm
RF power - 1150 W
Plasma gas :Ar 14 L/min

Auxiliary gas :Ar0.5 L/min
Nebulizer Pressure : 26 psi
Instrument - IRIS1000

Table 3  Conditions for quantification of lead

Wavelength : 283.3nm
Pyrolysis Temp ~ :900°C
Atomization Temp : 1800°C
Matrix modifier  : Pd-Mg
Carrier gas - Ar
Instrument : AAnalyst 600

1-2-4 KA A > DEEHT

TSP Z4HE L7727 4 /L X — (HMET 5%) % 1 cmX2 cm FREICHIN< I | MR EALEE
(BRANSON 3510, HA=~ Y 418 &, 75887k 50 ml ~C 45 S L7z, fifiHika A v
TV 7 44— (DISMIC-25CS, 7 RNvT7 w741 CTA L, WBRARE Lz, SO KDY
NO; 1Z, 7 =4 %7 L ¥ — (ASRS300, DIONEX #-H) | 7 =4 /3 7 1 (AS4A-SC, DIONEX
D) ORISR (ICA-3030, TOA #H8Y) Z vy, Table 4 (TR 5ETHHT L= ¥,




Table 4 Conditions for quantification of water-soluble ionic

species
Column : AS4A-SC (i.d. 4.0 mm x 250 mm)
Mobile Phase : sodium carbonate 8.0 mmol/L
sodium hydrogen carbonate 1.0 mmol/L
Flow rate : 1.0 ml/min
Column temperature :30C
Instrument - 1ICA-3030

1-2-5 PAHs } X NPAHs O E &M

PAHs X T NPAHSs IZ, =241 10 fifH (BghiP, DahA. BaP. PY. FR. IcdP, BbF, BaA, BKF,
CH) }&UN6 Fl¥E (1-NPY. 2-NPY. 4-NPY. 6-NCH. 2-NFR. 3-NFR) %/ L7z, TSP ZHHtE L
o7 42— (EFETA40%) % lomX2em RIS < U0 | HEERAE L VL, A% ) —
L 100 ml C 20 43 L= %, fhitig 75 ml 2 2, A A L, ke oy —1 10 ml
(VMR U CRRBRIATR & L. PAHSs & Wakosil-PAHs 7 7 & (FIGRlER T 28 OOt (5
ARUWERTRD % FHV, Table 5 (R34 CTHOHT LTz, 728, & PAHS OHTIILL F ORI & (Ex)
KO R (Em) TfT-7= : Ex250 nm/Em 420 nm (FR & ONPY) ., Ex 270 nm/Em 400 nm (BaA.,
CHR, BbF K& OBKF) , Ex 296 nm/Em 410 nm (BaP, DahA & U} BghiP) . Ex 300 nm/Em 500 nm (lcdP)

35)

o

Table 5 Conditions for quantification of PAHSs

Column : Wakosil-PAHs (5 um, i.d. 4.6 mm x 250 mm)
Mobile phase : A) methanol/H,0 = 80/20(v/v)
B) acetonitrile
0-20 min B conc. 10-75% linear gradient
20-30 min B conc. 75%

Flow rate : 1.0 ml/min
Column temperature : 40°C
Wavelength : 0-11.5 min Ex 250 nm/Em 420 nm

11.5-18.75 min Ex 270 nm/Em 400 nm

18.75-23.3 min Ex 296 nm/Em 410 nm

23.3—-30 min Ex 300 nm/Em 500 nm
Instrument - RF-20AXs




FUEHAE 9.9 ml ZVAILREEI . 7RiEE 50% 7 h Tk Ra 77 1 mlZiEfR L, ORI 0.6 ml
% centrifuge 5415D  (Eppendorf #:50) {2 AL, 10000 rpm C 10 min 0508 L 72, % 0.45 ml &
TNAP 117 L (FH T A 7 A7 #8123 L, Table 6 (273 L725504C NPAHs 24584 L 7=, 1-NPY,
4-NPY, 3-NFR, 2-NFR, 2-NPY K UN6-NCH (%, EILEIUREFRF 45, 46, 46, 47, 47 X O¥51min
(ZVSH LTo T2, WsHIRERH] 43-54 min OEIRZ 5B L . TR B4 05 % NPAHS iy & L7,

Table 6 Conditions for clean-up of NPAHSs

Column : = NAP (5 um, i.d. 4.6 mm x 250 mm)
Mobile phase : 0-20 min 70% methanol
20-50 min 70-100% methanol linear gradient
50-70 min 100% methanol
Flow rate : 0.7 ml/min
Column temperature : 40°C

NPAHSs 53 % 80% A %/ —/L 0.5 ml (ZEEf#E% . 2 DOPHR 0.1 ml % Table 7 ("GRG E LTz
TWILHPLC (Fig.4) ([ZIEAL, Table8\ZRd XA AT 07T A THT LAL v T %170, 2-NFR
FOV3NFR Z55#r Lz, £7-. NPAHs A% 0.1 ml % Table 9 (R $5HZ7%E L7z kIt HPLC
IZIEAL, Table 10 (TR T XA LT 0T T L THT DAL vFE(TV, I-NPY, 2-NPY, 4-NPY &
6-NCH 255171 L7z, 1-NPY & 3-NFR XI5 & B — 2 RNEA D720, it 2 DS
ot ati-1= 2,

% NPAHs |2 NP pak RL 7 7 2% FIVT T 2/ RISETE L ¥ LR O Ex KO EM Tt 1T 77!
Ex 244 nm/Em 438 nm (1-, 2- & TX 4-aminopyrne) . Ex 244 nm/Em 528 nm (2-}2 O* 3-aminofluoranthene) |
Ex 270 nm/Em 430 nm (6-aminochrysene) "),
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1 1
e 1 1
MP1 RO [!E : i
1
1 1
O : i UVD
P2 ' I
1 1
1 1
1 1
MP2 ! — !
1 1
1 1
1 1
1
M : !
Ej _/ ! |
P3 " !
1
MP3
MP1 : Mobile phase 1 c1 . Column 1
MP2 :  Mobile phase 2 cC . Concentration column
MP3 : Mobile phase 3 2 . Column 2
P1 : Pumpl RC : Reducer column
P2 : Pump2 RO . Reaction oven
P3 : Pump3 sV - Switch valve
| : Injector UVD : UVdetector
FLD . Fluorescence detector
CcO : Column oven
VPO VP1

VPO: Valve position 0

VP1: Valve position 1

Fig. 4 Schematic diagram of the column switching HPLC system
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Table 7 Conditions of column switching HPLC system to analyze
2-NFR and 3-NFR

C1 - Inertsil ODS-EP (5 pm, i.d. 4.6 mm x 150 mm)

C2 : COSMOSIL5C5-AR-1I (5 pm, i.d. 4.6 mm x 250 mm)
CC : COSMOSIL5C5-AR-1I (5 pm, i.d. 4.6 mm x 10 mm)
RC - NP pak RL (i.d. 4.6 mm x 30 mm)

RO - 80°C

CO - 40°C

MP1 - 80% methanol

MP2 - Water

MP3 - 60% methanol in 1% formic acid

P1 - 0.7 ml/min

P2 - 0or 2.5 mi/min

P3 - 1.0 ml/min

Wavwelength : 254 nm (UVD), Ex 244/Em 528 nm (FLD)
Instrument : SPD-20A (UVD), RF-20Axs (FLD)

Table 8 Time program of valve position and flow rates on the column switching
HPLC system for 2-NFR and 3-NFR

Flow rate (ml/min)

Time (min)  Valve position

P1 P2 P3
0 - 215 0 07 0 1
215 — 26.8 0 07 25 1
268 — 28.8 1 07 0 1
28.8 — 120 0 07 0 1

12



Table 9 Conditions of column switching HPLC system to analyze
1-NPY, 2-NPY, 4-NPY and 6-NCH system for 2-NFR and

3-NFR
C1 - Inertsil ODS-EP (5 pm, i.d. 4.6 mm x 150 mm)
C2 : COSMOSIL 5C5-AR- 11 (5 pm, i.d. 4.6 mm x 250 mm)
CC : COSMOSIL 5C;5-AR-1TI (5 pm, i.d. 4.6 mm x 10 mm)
RC - NP pak RL (i.d. 4.6 mm x 30 mm)
RO - 80°C
CO - 40°C
MP1 : 80% methanol
MP2 : Water
MP3 - 60% methanol in 1% formic acid
P1 - 0.7 m/min
P2 - 0or 2.5 mlmin
P3 - 1.0 m/min

Wavwelength : 254 nm (UVD)

0-65.0 min Ex 244 nm/Em 438 nm

65.0-120.0 min Ex 270 nm/Em 430 nm (FLD)
Instrument : SPD-20A (UVD), RF-20Axs (FLD)

Table 10 Time program of valve position and flow rates on the column switching
HPLC system for 1-NPY, 2-NPY, 4-NPY and 6-NCH

Flow rate (ml/min)

Time (min) ~ Valve position

P1 P2 P3
0 - 212 0 07 0 1
212 — 36 0 07 25 1
36 — 38 1 0.7 0 1
38 — 120 0 07 0 1

13



1-2-6  ZBJFMERER

TSP it L7= 7 4 02— (HFET40%) % LemX2om FREEICHI N BI0 | BSR4
FAv A% 7 —/1100 ml “C 20 S3fhit U7z, R 75 ml & At BlEA gL L7, Kk
DMSO (ZiEfif L. #BRiaik & L= ®,

ZEHIEMEL, Salmonella Typhimurium YG1024 #:% FVY, Ames 75 (LA o F aX—T 3 2 9h)
(CEVRBR LY, YG1024 #RiL, [ENIAARFTEITORESL L X v (5 X7, Ampicillin V&L (20
mg/ml) 10 pl K O tetracycline ¥ (10 mg/ml) 10 pl Z#01 L 7= nutrient broth i {4551 10 ml (2 F%E
IR 20 Wl A HEFE L C 37°CC 12 IR & 5 8548 U 7= BRRETE (B2 1 ~2 x10%(El/ml) 23R L7,

TSP F11ZiZ, NPAHs @ X 912 S9mix (2 & HE#7e L CARFEMEZ R L, SImix IZX 0 RE@Eh
CERFMENEETT DWE L PAHS O X O IZERFMEOIBUZ S9 mix 1T K HRENEM LA M2 &
TOMEPAEL TS LB X BILD T AW TIE SO mix FEAFIE TR OMFAE N CA RN A
B 72, SO mix | X, Sparague-Dawley 527 » & (A&, 7 s, KER 2009, HART A /LI—4h)
(Z phenobarbital % T" B-naphthoflavone % #%5- L CEEMMERTESR 2755 L 12 ITFEE AT U1 — ME,
9000 X g Tim LyffE L CH572 S9 Z AV, Table 11 (Rd5/AR & 72 D K O iR 2 Nz TRl L 7=
B S9mix (L, AT LT A4NE— (FA LY A-GS022um, A7 IV RT7HED) TAHIEK
EtR, B L7z, S9 OIERIT, mERSERI R P o I /e R BRI LV KR AT Db FUEE
BRI FEFR DO T2 DHA KT A - THE Lz,

Table 11 Composition of S9 mix

0.2M Phosphate buffer : 5.0 ml
MgCl,-KClI solution : 0.2 ml

G6P solution : 17 mg/0.1 ml
NADPH solution : 36.2 mg/0.4 ml
NADH solution : 30.52 mg/0.4 ml
Water 2 2.9 ml

S9 :1.0 ml

ARBHZAE 0.1 ml, EEEIK 0.4 ml ON0AM U U ERREER (B L<I1EXS9mix) 05ml ZiEA L.,
STC TR T LA vFa—Ta 5 IFER 2ml LIRA L D 7L a— AFERFICIER
—RRIZIATC 37°CC 72 RfffIE A8 U7, Bedsth B ARIC IV AL an=—HE v M LT

B & EEIRA R o v =— 5 L ORI BAF2FEREMEAGED DL, o ARER = n=—%o 2
D v =—8 a4 UG E RS EHE Lz, e, AR L ERERan=—¥
DB i NG AE AWV CEIFERRORZ KD ZOEROMEE 1 HRE A M -0 OZERFMEM:
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R U, 7eds, BfkEstiRe LT, S9 mix FE(FE FCIE I-NPY i (0.1 pg/ml) %, S9 mix 17
F£ FClZ 2-acetylaminofluorene 7% (0.2 pg/ml) % FAV 7z, F72, FEMERER & LC DMSO % fu iz,

1-2-7  HEHFHIRRT
RO (FHBSCREOF . Dunnett’s #EZF) 1. Microsoft Office Excel 2013 %V T{T-
7o, TSP HOKFEN) PAHs K& OWFEA) PAHS/NPAHS LD B ZEMEIX. non-repeated one-way

ANOVA % X Dunnett’s #EIZ L W 1T-o7-,
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1-3 f& &

1-3-1 dbxtii, KRR ORI T 5 KETE R E DR

B (2011 4F 2 H TH~2011 4£5 H) KO%ZE (2012 4 11 A ~2013 422 A [A)) 1Tkt
KRBT R O T R T CHigE L 72 TSP LN TSP H1od SO . NOs . PAHs K U8 NPAHS 43Tt o & %f
ST DFERZE R ED DR LI A E ORI O U, SR K& O K% Table 12 12777
TSP H1D PAHs }2 TN NPAHs Z w92 7=, PAHs 10 fifE &% ONNPAHs 6 FE¥EZ 04T L. =i
DYLFEDFN% Total PAHs S Of Total NPAHs & L CHEH L7-,

FANNL, KRBiioo TSP KNE & A EDAERGy OIRE DT IYEIL, L ETOZN D & [FIFRE
Tholz, Flo, MBI D TSP & AR DURE DR NE B IZIEFRRE Th o 72, Lo
TSP X OMERGr OIREDOHRAEIE, HARD 2 #HifilcdsiT 22N ENDEL Y 3~12 fFmdoT, &
7o AERHIZIIT D TSP RO FR sy DIREE DR RMEIX, BARD 2 Z8iZI1T 22N EDick
B XV 5~57 fEEh -7, Total PAHS [ZOW TR E 7272805580 b, AR icBi 25 KE (405.0
ng/m®) 1%, KIKAT RO ERTICET 2KE (T72bb, 2 9.8 ng/m® K10 7.1 ng/m®) X
V. TNTH AL ERONST fEmnro T,

AZRZBNTH, KIRTID TSP 1% & A EDILFRG DIREEOHIHEIL, 4RI 220
OB L [FIFEE ThH o7, i TSP M USRI DIRE O RAEIL, AAD 2 ZB MBI 5%
NEZNOfE X Y 5~63 %5 <. K7 Total PAHs & Total NPAHS (23T R & ZpzEniBb biiz, db
LU I81T % Total PAHs J2E o rh gl (146.9 ng/m®) 1, K K O drEilc BT i L v |
FNEN 6315 K ON62 o7, LA Total NPAHS #EEOHRAE (719.6 pg/m®) 1. KBk
KOG ETIZIIT 5 Total NPAHS JRFEDHIAEL V| EI i 22 (5T 26 f5Eih o7, bt
2B D TSP &5 DIREE DR NEIL, AARD 2 #HIZHBIT 2 N ENOR KL ) 6~278 £i5
BTz, Total PAHS IC DWW TR E AN A B, AERHiOH i (1407.3ng/m®) 1, K&
BRI RKNIEL Y . T 88 51N 278 fmn - 7=, ALatiid Total NPAHSs 2 D
KAt (1657.3ng/m®) 1%, AAD 2 #HIZIIT B L V9 20 (0o 72,

KRBT R O ERTTClE, HEROLZEOM T, TSP WA TRy OFREOHRAEIZ K
TRFEIIoTz, 05, dERH T, TSP LIF & A EDLEERSY O HFIEDS, 2 SOIERIR T
[FIFLE CTH 7228, &ZED Total PAHSs J2FE & Total NPAHS JEFE O HIMEIL, BEOKHIMEL Y |
TNEN 8GR DN6 [FEn->T,
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1-3-2 by, KBk UM ETIZ 8T 5 TSP D2 EFME

BN O ALR, KIHRO% & BBV CRitE L= TSP oo S. Typhimurium
YG1024 BRIk D2 BFHEDO T Il fe/ MK UM K% Table 13 (2777

FERIT, KRR O% RIS TS L7 TSP @ S9 mix JEfEAE T L OMFEIE F COERIR
PEOHIYEIL, ZNEIRRRE CTh o7z, LRt CHigE L7= TSP @ S9 mix FEAAE F R UOMHE F T
DIEFJFPEDO AL (Z24 1985 rev/m® } 104235 rev/m®) 13, KBl O d D TSP 4
HZBET 2 9l L 0 6~9 {0 o7z, AL TSP o> SO mix FEFAE TR UOFE FTD
IEHIFMEDIHE (FHFH 2176.8 rev/m® 152149 rev/m®) 1%, HAD 2 #BilciT 5ol &
0 15~30 {5 min-o Tz,

AFZBOTYH, KR &R O d R T CHigE L72 TSP @ S9 mix JEAAE TR OMFAE F COERR
PEICR & 222813727~ 72, AR TSP @ S9 mix FEFAE T R OMFE F COEBRFEM DO RE (£
NZH 789.4 rev./m?® K 1) 987.3 rev./m®) 13, HARD 2 #ilCIsiT 24l X 0 13~25 (@ o T,
AL CHfigE L72 TSP 0 S9 mix JEAFAE F L OME(E F COERIFNMEDOFKAE (£ 2 2158.4 rev/m’
JN3057.9 revim®) X, HARD 2 #FHICHIT HIRKIEL V 17~29 fEmn-o7-, iz, dbatiiick
UNTAZRZHHEE L7 TSP O S9 mix FEAFE T R OMEAE T CARFEEOHIYEIL, RSz TR
FRITHIEE LT TSP OZNZNOHFIYEL Y 2~4 fFmd o7z, [FRRIC, AR kO R
(2N THHEE L72 TSP 0 S9 mix FEAF(E F R OMEE B CARFEMED R IfiIE, & CHEFICHIE L
72 TSP IZRET 2 KA BFMEOFRE L 0 T M @m -7,
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1-3-3  dbatii. KRR O% S RHICIT D TSP D28 BFME & KEIVG e OFREINE

BEREME & RIS E ORFE & OBHEMEZ B ST 5720, b, KB kO R
(ZHWNTHHEE L7z TSP O RFME & TSP R OB L 5y DIREEDRIOEBIFSE () ZHRH L7,
Table 14 |2 F DfERA T, LA TIL, ROIEOMENE (r = 07 ) F/ITTREDIEDFRENE

07>r = 04) 235, FFD Fe ZFRE S mix HEAAE TR OMFE F COZEREFMEL TSP KOML Rk
Sy DIEFE DRI T ST, S9 mix FELFAE T M OMAE F TOZEREM: & Ph, SO KX Total PAHs @
BIRE DM OMBINEL, FRIIEFIZH -7 r = 09), KRIRTEUAEETTIL, EFRU%
ZED S9 mix FEFFAE T R OMFAE FIZIs1T 228 550 & Total PAHSs J2 O Total NPAHS O D] THEW
IEOARBAME F 72 X REE DO IE OB 2 BT,

Table 14 Correlation coefficients between the mutagenicity and the atmospheric
concentrations of TSP and the constituents

Spring Winter
Beijing Osaka Nagoya Beijing Osaka Nagoya
Without S9 mix
TSP 0.694 0.002 0.499 0.895 0.276 0.222
Fe 0.079 0.312 0.625 0.589 0.498 0.214
Pb 0.930 0.507 0.213 0.601 0.231 0.095
S0,> 0.914 0.127 0.080 0.836 0.137 0.375
NO; 0.762 0.220 0.520 0.878 0.417 0.378
Total PAHSs 0.981 0.545 0.408 0.736 0.845 0.551
Total NPAHs  0.789 0.882 0.843 0.450 0.480 0.478
With S9 mix
TSP 0.585 0.185 0.556 0.898 0.241 0.508
Fe 0.088 0.610 0.716 0.636 0.315 0.372
Pb 0.906 0.618 0.498 0.627 0.164 0.316
S0,%" 0.879 0.370 0.368 0.816  -0.035 0.383
NO; 0.692 0.538 0.580 0.857 0.316 0.735
Total PAHSs 0.923 0.656 0.848 0.745 0.839 0.510
Total NPAHs ~ 0.723 0.802 0.599 0.481 0.550 0.501

Sampling periods were as follows: spring (late February 2011-May 2011) and winter (November
2012—early February 2013). Sampling periods were each 20 days at Beijing and 16 days at
Osaka and Nagoya. Total PAHs means the sum of the concentrations of 10 PAHs (BghiP, DahA,
BaP, PY, FR, IcdP, BbF, BaA, BkF, and CH). Total NPAHs means the sum of the
concentrations of 6 NPAHSs (1-NPY, 2-NPY, 4-NPY, 6-NCH, 2-NFR, and 3-NFR).

(Biol . Pharm . Bull. in press (2015) Table 4)
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1-3-4  Jbathi. KRB R O B ETIZIS D TSP 19D PAHS & U NPAHS DOFATROHEE

PAHs DFAETREHEET D72, FBEREML ORI, KR A O & ETTCHigE L7- TSP H
DR PAHs JEFE L, 372 B[ledP]/([IcdP]+[BghiP]) 2R H L7z, ZDfE%E% Fig. 510~ &
ZE, AL THIEE L7z TSP Fod[ledP]/([IcdP]+[BghiP]) & KBk M OV R CHigE L 7=
TSP (23T % [ledP)/([IcdP]+[BghiP]) O I A E 2 21X 72 <. ZTh b 3 #mdiod TSP o
[IcdP)/([IcdP]+[BghiP]) D H 9L, 0.373~0.407 Tdh -7z,

— 5 A2, AT CHiEE L7 TSP S od[IedP)/([IcdP]+[BghiP])iZ. KB M O @ Tiod TSP
HO[lcdP]/([IcdP]+[BghiP]) & W & (< 0.01) IZKERETH Y, i, Kk dHETo
TSP H1[IcdPY/([IcdP]+[BghiP]) D+ -fiEiE, #4141 0.810, 0.370 KX 1r0.388 T o7z, KBkt &4
R CHIEE L7z TSP G [IcdP)/([IcdP]+[BghiP]) D H oL, W dZEEICBNOTEH K& 22751%
FHIVIRIND T,

1.25 - Spring 1.25 - Winter
p<0.01
[
<U.
. .| p<o01
o o
< <
@ @
T 0.75 A T 0.75 A Maximum
a o 75th percentile
g g Median
= 0.5 - =< 05 - 25Fh.percentile
o . Minimum
T T $
o 0
0.25 0.25 ~
Median  Median Median Median Median  Median
0.407 0.373 0.401 0.810 0.370 0.388
0 T T 1 0 T T
Beijing Osaka Nagoya Beijing Osaka Nagoya

Fig. 5 Ratio of the atmospheric concentration of IcdP to that of IcdP and BghiP
([TcdP]/[IcdP] + [BghiP]). The ratios were analyzed by Dunnett’s test.
The intervals for collecting TSP were as follows: spring (late February 2011-May
2011) and winter (November 2012—early February 2013).
(Biol. Pharm. Bull. in press (2015) Fig. 2)

AR OFFACRT, KRB R O R CHRigE L7z TSP 10 1-NPY & PY DOFREEDH:
([-NPYY[PY)ZHH LTz, ZORER%E Fig. 6 1T~d, B, dbatfié BAD 2 #iiChiite L7z
TSP HD[L-NPYV[PY]DMIZIFA B TA BT, b, KRR O% &R Cffige L7z TSP
HO[L-NPYY[PY]DOHREIX, £H£410.007, 0011, &TUr0.015 TH-oT,
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AZRC, LR CHIEE L7z TSP Foo[1-NPYY[PY)iE. KB KO R CHiigE L7z TSP o>
[I-NPYJ[PY] L VAR (< 001) ([Z/h&EfETHY, b, KBk O% RO TSP o
[L-NPYY[PY]DHJAEIL, #4124 0.004 X Tr0.014 TH-oT-,

Z s TSP A [lcdP]/([IcdP]+[BghiP]) & [1-NPYY[PY]H 6, AZRIZALE T CHlifE L7= TSP Hod
PAHs } O NPAHs O =EZLZ2 38 ARAS, KR O =TT CHfigE L 72 TSP H1D PAHs KUY NPAHS
DFFIRFAEPRE TR D Z ARSI,

1 - Spring 1 Winter
p<0.01
{
10 7 _ 1011 p<0.01
]
Y z
= 102 1 S 102
> < Maximum
% % 75th percentile
.‘i .F'; Median
3 b 3 25th percentile
10° E 10° Minimum
'\geg(i;n ’\geglialn l\gegliasn Median Median Median
: : : 0.004 0.014 0.014
10 ‘ ‘ : 104 : : ‘
Beijing Osaka Nagoya Beijing Osaka Nagoya

Fig. 6 Ratio of the atmospheric concentration of 1-NPY to that of PY ([1-NPY]/[PY]).
The ratios were analyzed by Dunnett’s test. The intervals for collecting TSP were
as follows: spring (late February 2011-May 2011) and winter (November
2012—early February 2013).

(Biol. Pharm. Bull. in press (2015) Fig. 3)
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H ARASOBUERKIE R OFEAE D TR I N D FF K OEFEOHEORETIZI T 5 KREIGGDIR
DA LNCT 2 & &bz, HYRRE BAROKETHIZRT 2 R0 L i3 5720, EOAR
& BARDOKIKHT K O HEHICBWT, FE 2011 4F2 A FAJ~2011 45 H) KO%ZE (2012 4F
11 H~2013 422 A FA)DIZ TSP 248 U b 2 E & 5 & & b ITZ R M 258k L7,

KRBT K O R T Tl T ENOHLIZ B THRIZREICIIT 5 TSP & ALy DIEE D
JHEL, FfRETHH-7z (Table12), F/o, MHSROFIREOFIMEIZ S KX AT ALNT, K
B & A RIS A KRETERORDUIFRRE Th 5 LB 2 bivl-, LRI BWTEH, Mz
\ZH17 5 TSP, Fe, Pb, SO KU NO; OEIREDHREIDIFLIL TR Y, TR HOfEIT, AARD
2 HRICEBIT DIEL Y 3~ f5E -7, —, LTl 420 Total PAHs & X Total NPAHSs
DOHIEIX, BERIIBITHZENODE LY 6~8Fm o7, Fio, AZRiE, Liicisis 5 Total
PAHSs % OF Total NPAHs OH I, HARD 2 M2 HE & s, £ 62~63 LT 22~26
fEmnole, ZHHOFEFRIE, AEHIZIBN T, FHIAZEIZ PAHs O NPAHSs (2 X 5 EEORK
HBRDET HZ L HRET 5 B2 b,

TSP fifithi# D SO mix IEAAE N R OMAE FIZ31T 2R BFEMEDO FRAEI T, W T OHLEIZ BN T |
FRI VARG -7 (Table 13), ALATHIZIT 5 TSP I SO mix IEFFAE TR OMFAE FC
OEBRJFHEO AT, KPR RO B RTICET 526 L 0 FEFITIE, 6~9 58 < A FITiT,
13~25 fEEihoTz, M T, BFEEAFEONTIUCIBN TS, JROE 72T FEEIEDOHEBIA,
S9 mix FEFLE F M OMFAE FCOZERFMEL TSP L1F & A DSy (Fe <) DIEEDRHT
FHBivTe (Table 14) , KBk O ETT Tl MIZRHEICIV T, RO E 72T FRREE O EOFERIAS,
S9 mix FEIFAE F R OMFEE FCOZEENE & Total PAHs I TNZ Total NPAHS DFEEE DR CTAH H LTz,
ATE55HT L= Pb, SO . NOs . PAHs &2 ONNPAHSs [, W bALAREIE DIRBEIZ X - TR
HREZIGGE T D, ZNHOFERIT, AT TIXAARD 2 Hisi & T RRDEBFEMEYE
([Z X DIBYEE T, FRIARIZE L, 20 3 MSIZR1 2 327028 BRI E 2 SREEAE )
ThDZLamd b lEZ BN, %<0 NPAHs JUNPAHs 73, ZALEH S9 mix FEfEAE T RN
FHE T S. Typhimurium YG1024 #RIZkF U CEREMEZRT 2 &725, NPAHs TN PAHS 73, AAJF
ZECH BT TSP Mt O BFMEIC %S L TS afREM 3 5, —J7. Dong Hi% . 2005 4 3
H726 2006 4 1 HIZAL AT o #F i CHidE L 72 R B 7 & 2-amino-1-methyl-6-pheny-
limidazo[4,5-b]pyridine (PhIP) 72L& 6 FHEHDAIR « FENAMANT uH A 7 U v 7T IR L,
5 DOFAEPEDTIHFRREL OBRBE T H A FTREM A H 5 EME L2, Zhbo~Tuad A2 v
7T 2N, AREMOREEC X > TR L, S9 mix 77(E T T YG1024 BRIZ%F L TRV B AR
T LMD, ABFFEIBWTHHE L7Z TSP FIC 2 b OWENE TR Y . TSP 028 BR
PEIZBIS L QWD RTREMER D LB 2 Hivd,

ZIETOMZEICE Y . AR PAHs KON NPAHS OIEREEEAMEECHRE ST |
[lcdP)/([IcdP]+[BghiP]) iX PAHs D% AR A HEE T 572l —iICEHA ST b 9,
[lcdP]/([IcdP]+[BghiP])iL, fi /= 3A A~ ABRBED HHEH S 7207 Cld 050 L0 K& <, Al
BEA SR SNT2HE 7 CIE 050 L W /hEWZ EARE STV S O Fig.5 rd X 51, dbatfi
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THHE L72 TSP @ [IcdP)/([IcdP]+[BghiP]) D Ho L, AZRI121%0.810 & k&<, HZFIZIX 0407 &
INEIRETHSTe, ZDOT LG, PAHs OISR E LT, AZRITITREH OARIRBED 22D K
&< BRI HEEHE A 7e EATHSRBREIOBBE DR R E W E B 2 HilTo, Zhou B, 2003
AL OHSHE L OGN B W THIE L7 KK EFR O 17 FEFEO PAHs 29041 L.
[lcdP]/([IcdP]+[BghiP]) 2> BREEFH DA ERIRBENAZED R PAHs EIREOFE THH LELZE LT
W5, [IcdP]/([IcdP]+[BghiPl)iZ, PAHs ORI ZEHERET 5 7= OIC—MANCH A S D A3, FAIH
12 & B[IcdPY/([IcdP]+[BghiP]) i As Hle N E < FAEROHEE AT Th H5E013 85 L1
S TEY, Tang Hix. PAHs MO NPAHs O3 AEJRAHERIT 2 DIZ, [1-NPY[PY] AR T 5D
T LR LI, b RIREEC L0 AR DRI TI231T B [L-NPY[PY]iZ0.001 TH Y
F 4 =B D ORI B[1-NPY/[PY]D 0.36 LV BTSN EaR Lz 2,
AMFFE TR, Fig. 6 ("9 K 91T, LRt Cfiige L7z TSP O[1- NP]/[PY]@EPHME 1%, AZRI2130.004
/NS, FERITT 0007 EAFLYRER/ETH-72, 2O X 12, [I-NPY[PY] bALEHIZH W
TAZRZARBEDRZENRE N &2 U, — 7 KIRT R O RIS Tt L7 TSP

Tk, FERENCEE D 53, [IcdP)/([IcdP]+[BghiP]). [1-NPY[PY]E &, HENEHEN 272 & AR
BIFOBBEDFENRKE N & 2w Lz, KB RO RETIZRBWTARITHE L TSP @
[ledP)/([lcdP]+[BghiP]) &2 OY1-NPY[PY]iZ. dbEickiF a2 S EHE (< 0.01) (T8 72> Tz,
ZID OFEFIE, AR TATRICKIR T R O i C TSP A4tk L7z B2, HE D ORKIE
YuBE DIMETE DBV NS N L 2 BT 5 b0 L EZ Bb,
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552 % BRE B K % 0 H AR IO KRG Yok % BTk O R 8

KT UMA) 1%, 2FH 60 D FTOXKGHEIZHEWTHRIC K VR ZE8HI L Tl v, s
FEZE BA~EA) ITBISND Z LB LTWD Y, £, EERENIEFT (NIES) X, AA
D12 DFATBNTT A 4 — (LIDAR) &AW CTEDOBHIZIT> TP, T4 F—Lid k72
AT CTHRH L7z L— 322 OReh7 12 & 0 BGEL S 3L 2 R 2 5215 S CIE 3~ 5 241& C
bV | BT — 2 ZED REAHHEREUC L 0 | 310 K5 ZRIFERTERL - D KT I8 2 457k
MERET D2 ENTED, Ueda Hid, T4 X —IC X D87 — 2 Z A, {HHERE)Y 0.066/km
F VK& < 0.105/km LA FORHIFFRREICERD AR L, GRS 0.105/km KW REWE &
FHEICHERDDSRER L2 2 & s 5 L Lz %9,

Alal, EFITHEERKIEYOFREE A ST D720, P8 BARD B AUEAFIALE LR K
KAGYE DFEAEPEDAE LW SBUREANERT (NEK) 17,000 A, fE 77.94 km2, A F#EE
218 Akm?) 28V T 2012 4E 6 A5 2013 45 5 H o 14ERICHIZ Y TSP 24t L, TSP ook
RGO E T D & & HIC TSP O BRI 23R8k UT-, {b2Eadr & LT Fe, Pb, S04,
NOs ", PAHs OIEEAMIE L7-, ZRFMIL, S, Typhimurium YG1024 #k7% AV, S9 mix FE(FE
TROMGETFT THREA L2, HARTIEIRGH D Pb KON SO2 OE/2FANRTH 5 A RO
72 WE, REFOZNGDEEMENZD, Pb & SOL DIEED_EFIX, FEKREED D OB
KREIGYOFEEI I D WS SN T D, Hi, KRS S7Rir-1 oo PAHs OFAJHE
EITHZTH D 2 L ARG ST DR PAHs 2B L 2, BBUEETICHT 5 TSP o
PAHs ORAEPEHE LT-, S DI, ERULOBENREE 2% 7B L v Bt Lz, iz,
SEHIZRBIT 2R80TI2 &5 B L OWATL T COENEREMFITATIC KX 5 T A4 X —TOwmEbER o
R & ARARE I A e LT,
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2.2 )ik

2-2-1 FRHEE
1-2-1 ICEE L= b O & V-,

2-2-2 TSP DIE K OB OIRAF

TSP 1%, HALEET (BEUREERISAIFZERT « 133.89°E, 35.49°N) 2BV TS RY AT T4
77— (HV1000R, SEMEAAERD) & FV TR 24 B3 > dsiifedl 7 ¢ L 2 — EICHifE L7- (Fig.
7). HEIX, FRT9 BREICRRAA L, K&A5K 1000 Limin TS| L7 (FERIGE : 1491.3m%), #itE
I%, 20124E6 H11 A~14 A, 7THOH~12H, 8 46 H~9H, 9 H3H~6H, 10 H 15 H~18 H, 11
5H~8H, 12H3H~6H, 12710 H~13 H, 12 H 17 H~20 H, 12 ] 25 H~27 A, 201341 ] 8 H~
10H, 1H15H~17H, 1H21 H~24 H, 1 H28 A~31 A, 2H5H, 2A7H, 2 12A~14H, 2H
18 H~21H, 225 H~28H, 34 A~14H, 3/ 18 A~21 H, 325 H~28H, 4 J 1 H~4 H, 4
H8H~11H. 4H15H~18H, 4 H2H~25H, 4H30H~5H1H, 5H7H~9H, 5H 13 H~16
H, 5420 H~23 A, 5/ 27 H~30 BIZFEN L7,

7 4V H —I%, TSP OIEER T ICKIRK 20°C, TR 50%DEMNIZISUN T, TEIEAS (2R 50%)
WNCIERIEEAL L=, B L7z, MBERE L-7 V2 —%, AT 5 T—80CLLF CRIF
L7z,
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Fig. 7 Map of the sampling site and the observation sites of Asian dust event.
Yurihama is a sampling site of TSP. Tottori is an observatory site of Asian dust
event by JMA*Y. Observation of Asian dust event using LIDAR was performed at
Matsue by NIES*®). (Genes and Environment (2015) 37:25 Fig. 1)

2-2-3 &EITTEDOTEEIHT
1-2-3 1ZFCH L 7= HiE & RIREICA T o 72,

2-2-4  JKIRMEA F v DERSHT
1-2-4 | ZFCH L 7= HiE & RIRRICA T o 72,

2-2-5 PAHs DEEDHT
1-2-5 |ZR0E L 7= HiE L ARk T o T2,

2-2-6 2 MR MR
1-2-6 |ZFCHE L 7= HiE L ARk T~ 72,

2-2-7 et AOfReT
1-2-7 \ZFeE L 7= HiE L ARk T o T2,
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2-2-8 &I THNERIENT

RITBIE, 7 A U I EREMEERRUT (NOAA) O HYSPLIT (2015) % VTR L7 @, &
FABAAARAHIT P2 10 Iy (HAEEMERE) & L, @BEIE 1500 m ICERGE L. =WotiEIC K0 72 RefHlGt
BT,
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2-3 fifi R

2-3-1 BALNENT T3 D KREIEAE DI

2012 4F-6 A 75 2013 4F 5 A £ TOUBUERTIZI51T 5 KEH D TSP UMb D% % Fig. 8
(ORT, REYTIX, GANERTORTFK) 34 km ITAE 2 SET (Fig. 7) 1C3BWCHMIC X 5 58l
HEAT->CHY, 201343 A8 H, 9 A, 19 AKUN20 AIZHEMRSABR L= %, £/, [ENER
BRI ZErn TS AT O P8 5K 73 km ISAEE DRI (Fig. 7) (CBWTC, T4 X —I L 28l &%
ML CTD ®, WHHEREAY 0.066/km L 0 K& WSAICHERGH B S W= & B 2 b ©, TSP
FEH DN, 201343 A7 H, 8H, 9H, 19 H, 4 A 30 HXU'5 H 30 HIZIHEBEREAS 0.066/km
VI ETH -7z, Fig. 8 1R T X HIC TSP T Fe DIEfEIL20134E3 A 8 ALY HIcE LS &<,
75 3= A AN EOERED TSP L ('Fe 123 H4H, 7H, 8H, 9H, 19H, 4 H9 H, 16
H. 30 H7Zx CI@OIE RIZAH BT, £z, BiREDO P XU'SO, 1%, 7H12H, 1 H30H, 3
H4H,8H,9H, 19H, 4 H16 H, 5H 13 AR Y@ML R IZA LIz, NO; JREEIX, 1 A
29H, 3H4H,.8H, 9H, 19H, 4H16 HALTENI-T, ZDL T, KEAFD TSP, Fe,
Pb. SO2 K TNO; DL, 3 A 8 H. 9 H. 19 H. 16 H 72 EH5@DHHLE HIZE 72> 7, Total PAHS
X, 1H16H, 24H, 30 H, 2A21H, 3A4H, 8H, 9H, 19 AR EICL AND 3 HITH
T TEWHENEL bz, TSP KOMEHESIEH RS DWNET A Z—I2 L 0 E)v@ill s A
IZEIREECH 720, FNOEEIHIALISMC Y 4 A 16 H, 5 A 13 H72 & TSP K OML2R5y O
EORmWENEL FIELT,

FI T L O TSP K OMEFERRGT OUREE DRI, V45 R DR HER 754 Table 15 (27”97, Total PAHSs
ZhRE, TSP RO TR DIREEL, BRI & S @V METH -7z, Total PAHS JREE D
PIEITAZE (L05ngim) 12 b @< . BEEOFLME (092ng/m®) 1ZFNERFETH T,

29



Table 15 Atmospheric concentrations of TSP and their chemical constituents

Summer Autumn Winter Spring

TSP (ug/m®)

median 20.7 27.1 19.5 36.18

mean 22.1 29.3 22.6 48.4

standard deviation 12.0 8.0 14.3 37.4
Fe (ng/m3)

median 67.8 150.0 109.1 384.5

mean 76.7 145.7 126.8 709.4

standard deviation 66.4 130.8 130.5 844.0
Pb (ng/m®)

median 5.2 6.7 7.0 9.7

mean 8.2 7.3 9.7 15.9

standard deviation 13.9 4.8 8.5 15.2
SO,° (ug/m’)

median 3.81 4.65 3.14 6.00

mean 5.03 4,78 4.36 7.38

standard deviation 5.50 2.28 3.47 4.88
NO;  (ug/m’)

median 0.41 0.75 1.15 1.77

mean 0.45 1.05 1.39 2.49

standard deviation 0.22 0.91 1.07 2.70
Total PAHSs (ng/m3)

median 0.19 0.45 0.78 0.69

mean 0.21 0.57 1.05 0.92

standard deviation 0.16 0.38 0.66 0.73

The intervals for collecting TSP were as follows: summer (Jun.-Aug. 2012, n = 12),
autumn (Sep.—Nov. 2012, n = 12), winter (Dec. 2012-Feb. 2013, n = 42), and spring
(Mar.—May 2013, n = 52).

Total PAHs means the sum of the concentrations of 10 PAHs (FR, PY, CHR, BaA, BaP,
BbF, BkF, DahA, IcdP, and BghiP).
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Fig.8 Concentrations of TSP and chemical constituents in TSP collected at Yurihama.
Arrows show dates of Asian dust events registered by the JMA (March 8, 9, 19,
and 20) or indicated by LIDAR (March 7, 8, 9, and 19, April 30, and May 30).
Horizontal lines show the 75th percentile of TSP, Fe, Pb, S0,*, NO; ", and total

PAHSs.
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2-3-2 GALERTIZISI) D TSP O BF M

2012 4£ 6 H 75 2013 4E 5 AITHIEE L7= TSP ORI HUNT S9 mix IEA(E F R OHE R T
S.Typhimurium YG1024 #4 VT T o 7o 2 BIRMEBR O R 2 Fig. 91~9, 1 A 16 A, 29 H,
30H, 2H12H, 21 H, 3A4H, 8H, 19 AL, sRWERFMEZR L2 TSP %< X1 Ao
53 AHitE STz, 7o, ZRHOHO TSP I, KA S9 mix FEFE N L OMFE FOMifC,
FEV VA BRI 2R L TSP 0 SO mix FEFAAE T & OMFE T COZ BRI IEOAEBIM: (r = 0.840)
Uiz, BebimOVERFMIT3 H 4 BICHE L7 TSP TH LA, S9 mix FEFAAE FROYFE F T
DIEMEL, FH 0 70 revdm® LT 96 rev/m® Tdh - 7=,

AN HBLERT CHiEE L 7= TSP Ok o0 28 BLIFIME 0O Hhgfil, S4B M OE {75 % Table
16 13, ML, AZRC S9 mix FEAAAE T R OIHE T T FHEh 19.6 rev/m® 2N 17.5 rev/m®
EbolbhE< . BT SO mix IEAAE FROAHE T & b bikn o7z,

Summer Autumn Winter Spring

(rev./m3)

” Without S9 mix H . l l

80

4/10
40 3/19

0 s

(rev./m3)

120

3/19
80

40

Fig. 9 Mutagenicities of TSP collected at Yurihama.
Mutagenicity was examined using Salmonella typhimurium YG1024 with and
without S9 mix. Arrows show dates of Asian dust events registered by the JIMA
(March 8, 9, 19, and 20) or indicated by LIDAR (March 7, 8, 9, and 19, April 30,
and May 30). Horizontal lines show the 75th percentile of mutagenicity of organic
extracts of TSP in YG1024 without S9 mix and with S9 mix.
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Table 16 Mutagenicity of TSP collected at Yurihama

Summer Autumn Winter Spring
Mutagenicity (revertant/m”)
without S9 mix
median 3.4 10.8 17.2 8.8
mean 3.5 9.7 19.6 12.7
standard deviation 1.6 5.8 13.7 12.9
with S9 mix
median 1.8 7.2 13.4 7.2
mean 1.8 7.2 17.5 13.1
standard deviation 1.3 5.2 13.4 18.7

The intervals for collecting TSP were as follows: summer (Jun.-Aug. 2012, n =12),
autumn (Sep.—Nov. 2012, n = 12), winter (Dec. 2012-Feb. 2013, n =42), and spring
(Mar.—May 2013, n =52).

233 LELERTIZ 31T 5 TSP O ZBRIFNE &L KRRIE Y E I OFERINE

Fig. 9 IR & 910, SRWVEREM 2R3 TSP D% < 1L, AFROERIHESNZ, oD
BRI & S RRIGUE RS OBHEME A2 B 5T 5 720, &7 & BRITHE L7 TSP 048R
P& TSP K OMEZFR Sy DUREE DR OB B U T, £ OfE R4 Table 17 127797, 723500 S9 mix
IAFAE T COERIFNE L SO IRE DML O AT CTHEEEL EOIEDOFREME (r = 04) ISR B
iz, BRWVIEOFHBIE (r = 0.7) 1%, S9 mix FEFLE N R OMFAE Mo DR & AZ=D Ph,
70D NO; O\ Total PAHS 72 & D TAH BT,

Table 17 Coefficients of correlation between mutagenicity and concentrations of
TSP and their constituents

Without S9 mix With S9 mix

Winter Spring Winter Spring
TSP 0.458 0.537 0.547 0.600
Fe 0.554 0.490 0.686 0.529
Pb 0.777 0.680 0.853 0.719
S0,* 0.663 0.378 0.777 0.407
NO; 0.705 0.847 0.670 0.810
Total PAHs 0.657 0.783 0.697 0.853

The intervals for collecting TSP were as follows: winter (Dec. 2012—-Feb. 2013, n = 42),
spring (Mar.—May 2013, n = 52).Total PAHs means the sum of the concentrations of
10 PAHSs (FR, PY, CHR, BaA, BaP, BbF, BkF, DahA, IcdP, and BghiP).

(Genes and Environment (2015) 37:25 Table 2)
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F£7-. Fig. 8 XUFig. 9 (T~ XL 91T, 3 AT TSP ROMBER A DIEEA S < . ZEFFPEANR
A% L Hbitz, 3 AICHSE L7z TSP IZ DWW T, S OREE & BRIFM:DZ 2o oRgE
PMEALNIT D720, TN OMEREA R L=, ZOfEE% Table 18 (Z/"7, TSP & Fe @
TEEEIL, Pb KON SO DIREE L IERITHRVEDOMRBIRIR (r = 09) Th-oz, Pb DIREEL, o
PREEARY (SO2 . NO; KUY PAHS) ODIEEE LRV EOFRMEAZ R L7z, S5HIZ, TSP 0 S9 mix
FEAHAE T IOMFAE T COERFMEIL, Pb, NOs; K& O* Total PAHSs O & 58\ IEDOFRREME 27~ LT,
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2-3-4 LGAELENTIZ BT D TSP 1D PAHs OFRAJROHETE

PAHs OFAIRZHEE T2 728, 4% TSP tFa[lcdP]/([IcdP]+[BghiP])I ONC 4 TSP H1d FR & PY @
BEOMICHT S FR OBEEOL ([FRIY(FRIHPY])) ZHH L, £FH o TSP F10
[lcdP)/([1cdP]+[BghiP]) & ONFRI([FRI+[PY]) % Fig. 10 TN 11 (ZRd, AZM OB THHE L= TSP
D [ledP)/([lcdP]+[BghiP]) 1L, EFICBITHE LY b A EICKEL (p < 001), XFHPEFD
[lcdP)/([lcdP]+[BghiP]) D H oL, Z41241 0.700 }2Tr0.655 Tdh o7, —J7. FKFRITHHEE L7= TSP
F1o> [lcdP)/([IcdP]+[BghiP]) & EFED £ & ODMICHERZIZAONT . KEXTEFD
[lcdP/([IcdP]+[BghiP]) D H Jefifiik, Z41E41 0430 K 110421 Th o7z,

F7o. Fig 1L IR T K 912, AFROETFITHILE L7 TSP o [FRI(FR]+[PY]iX. EFEDZiL
FVHHEEIZKEL (p<001), AFROEFEOFRI(FR] +[PY]) D HHEIX, ZiE41 0539 KT
0508 T 7=, FKZITHHE L7= TSP H1o> [FRY/([FR] +[PY]) & EFEDZN & OMICH BRI D
g otz,

p<0.01
|
19 - p<0.01
' | |
= 1 4 Maximum
2 ]
< 75th percentile
o0
o 0.8 A [ Median
%_ Mean
S 06 - |
é l 25th percentile
E 0.4 - # : Minimum
o
O
= 0.2 Median Median Median Median
0.421 0.430 0.700 0.655
0 T T T 1
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Fig. 10 Ratio of concentration of [IcdP]/([IcdP] + [BghiP])-measured at Yurihama.
The intervals for collecting TSP were as follows: summer (June—August),
autumn (September—November), winter (December—February), and spring
(March—May). Statistical analysis was performed on the ratios of [IcdP]/([IcdP]
+ [BghiP]) by Dunnett’s test.
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Fig. 11 Ratio of concentration of [FR]/([FR] + [PY]) measured at Yurihama.
The intervals for collecting TSP were as follows: summer (June—August),
autumn (September—November), winter (December—February), and spring
(March—May). Statistical analysis was performed on the ratios of [FR]/([FR] +
[PY]) by Dunnett’s test. (Genes and Environment (2015) 37:25 Fig. 4)

2-35 [EZEEJEME TSP i H D225 F bR

BRI VEBEME AR LT- TSP 2NE SHU7- H OZE5BROBEIE 2 HEE 95 7250, 71
fRMT 24T 72, R ITIREMROBHAGIIL, TSP OFERI OB TH D% 9L L, 72 HFiH
W TRAT L7z, Fig. 12 122 OFERE2779, 1 A 16 H, 2 A 21 HX 28 HDOZEESIIE G110
TEWEN S PEILEEZRB L. 1 A 30 H & 3 H 5 HOZERIITTE > VAT 6 REHALE & %
U CHANERT ISR L= 2 LAV &Sz, £/, 2 H12 H, 3 A8 H, 9 H&N19 HDOZEEH
1%, HEAEE O 2 ERDEL R O @R & R E B 28 CEANERT | L7z HE S v, —
J.1H29 B, 3H 4 BAONT HOZERSIZ, itk 72 ReIRTC REHGBICAAE L, fhooffiteH &
ERHe U C EEHHREEE OARV s HIEAUERTIC I Lo L HEl Sz, 1 H16 H, 2 H12 H, 21
H. 28 HXU'3 A 19 H 2RIt , 3 A 4 H, 8 HXU9 HOZERSUL Hilghifhirz
R U CHANERTIC R E) L= 2 L AVRE STz,
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Fig. 12 Backward trajectories of air masses from Yurihama.
Backward trajectories of air masses for 72 h were calculated using the HYSPLIT
model provided by the NOAA of the USA*®.
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Vi HARDKKUZKTT 2T 27 KpEns b O RKIG I E O REBEGE OB LA O 57
DIT, 2012 46 H75 2013 425 A D 14EfH], GAUEHT T TSP 24t L. DI PRy M OV RR
PEEFRAE L7, L ADD 3 AICHT T, BAUE THITE L7722 < O TSP 23 S9 mix FEFIER OMFIE T
THRVVAREMEZR L (Fig. 9) . ZO5RE1E, FHE HAEMA 10 HuslZdsun Tt U7zt Orr
72 & BAROHHIERTTO TSP IZFUNT A DAV A BFTEE & FFRE T -7, TSP ¢ S9 mix F
{FAE T R OMFE P31 D8 RFNEIL, Total PAHS 72 £'% < OBRBEERR ORI & hFELL EDIE
OFBBIRICH D Z L 03— 7- (Table 17),, PAHs (%, AREMIOIREEIZ L 0 ARk L *, < @ PAHS
73 YG1024 FRIZx%E LT S9 mix f7(E F CARFMRTZ ENHMBLNATND P SRR,
TSP D E/n 2R BLFMEM B JIREEAE ) T d V) | SO mix F4E KT TSP flitHi DA BIFMED—HR1T
PAHs IZ X5 b D Th 5 IHEMEDNE 2 BTz,

Wang 51, BRI A AL — R — Ak sk ¢ 2013 421 H 9 H~15 H & 25 H~31 H
DOINTFAE L, PMys IRFED B FHHENIEFICEE ChH oo Z 2 Lz ), ZhETic, &4
DITZRRFME K OV PAHS 72 E OB BIFMMED, FITHUNIHZBWTRIHENS Z L 2 & LT
2 ARFFECIE, RHCHRVEREMEA R L7 TSP %<1k, 1 H29H, 30 H, 2 A 21 A7z L 1 A
&2 AlHitE S, £ 50 A Tl Total PAHS JREE DRV A D% biviz (Fig.9), ZHUHOH
X, HEREERD D OB OFRIE L 225 Pb KON SO DIREE S Ed- 7275, TSP KUY Fe D
IFHRERETH -T2 (Fig. 9, ZNHOFERNG, 1 A & 2 AICERFEMEWER, B X 57 kE
DA RO PITHRE R gk Szt E 2 b,

—J7. 3 A4 H, TH, 8H, 9H., 19 HDOX DT TSP & &AL DILEN E O H 35
N (Fig. 8), ZHH D FIZHHEE L7= TSP 12 S9 mix FEFELE M OMFAE N TV VERFME 2R LTz,
BITIRBRAT ORISR, 245 0 B OZEK[ILUTTE OILER D 5 VT HGE & e H L CEANERTI -8,
Lz EHERI SNz (Fig.12), F£7z. 3 HITHHEE L7z TSP Tid, TSP K OEALSERSY DHLFE & S9 mix
FEAFAE T R OMFAE T COZERFE & DR THRVIE ORI S 7= (Table17), R%TIE. B
ZBWT3 A 8 H, 9 HRUNI9 HIZER A/ L= ®, —J, MILHTTO T A 4 —IZ L HMIEIC
BWTHEWOFAE A 777 0.066/km L EONEREBERES, 3 A7 H, 8 H, 9 HAUN19 HIZHEIHIE
Niz®, ZnOHOERNG, 3 AICHPEREE) D 1 HADN R HIR ST & B RFEEWE &2 ate N
27 G D RIREEN s S & B 2 BT,

PAHs DR 2 HEE T 5720 OFERF) PAHs tb & LT, [ledP)/([lcdP]+[BghiP]) & [FIA#IC
[FRV(FRI+[PY]) BNAHTH D Z ENHRE SN TS @2 [FRIY(FRIHPYDIE. RS/ A~
AZDBRBEZ L VAT DR TIX 050 KO REL 2D ATHRREIOBEEZ L DR Tix 050 LV
INEL 7B, Liu Bl AFRICPEILERD 46 Hus THIEE LI2R 2o\ T [FRIY(FRIH[PY]) 25
ML, 1ZEAEOREHZINT050 LW RES, 2 DO TIE PAHS OFAEJRE L THR «
A T~ ZRBFOBRBED BN R E N L 2 HE LT O [AEEIC, Wang Bl #E, &FKO
BRI g CHigE L72hi A2 DWW G L. BEEIZIEFRY/([FRIHPY])2Y 050 L W/ha<, 4F K
OB 050 LLETH D | A=K OBRFIIARMR A A~ APRELOBRGEDS PAHS 154D K D%
AR T D Z & AT 5 LG LTV 5D 9, BAUERTICB O TAE R OEZRITHE L7 TSP I2B
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(7% [lcdP)/([lcdP]+[BghiP]) & [FRIU([FRI+[PY])iX. W bERHE LI TSP DL LY FE
IZR&E L, ZNENOHFRAEIX 05 LA ETH -7 (Fig. 10 X UVFig. 11), T HOFER, HANERTC
A5 R ORI L7z TSP H1D PAHSs DFEAR & U THER » /3 A~ RIRBED BN R E o Te
EEZ DTz, FRIRWERFMEZ R LT TSP WMAitE Sz B OZEXBLO% TR AT O FL

(Fig. 12) . Z415H D B OZEZIRO RT3 23 PFEALE ) S BT OMR, - 72bbidkd, b, K
A, ILUHCE . TR, . ERE . BT AR U CERUERTICRBIE LT 2 L DR E
Nic, ZAHOHEITITETH ARPFHIZL L, Gt THEORADOR 3 5D 1 (K4E6 T/5
AL 2012 4F) 1HYS S5 %, ETIZ I HMS 3 AET B (X7 vF—) | LT LASE
BN, ZRE . ILHRE O HALOHIE T ThoiL, HSHIR T & IC3R T AR Z
—CREORRMEFA NS P, 26 ORIEFRR G O RIREEC & 0 584 LI KREIGYE
ISGAHER] T BB R KU T L L T D LB 2 b,
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