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FEMZ POSRGEER{IEKFEE]RET S
PIEDRFE EIRRENRE N

B f—®L B B Rl 2!, !

{LABE OB RO, KRFICKEOHIWE AP L, BALRHEZEZBC TV L. AERR
HRWE DD LB FWHRALKE PAH) &= M uZREFBERILKE (NPAH) 2H5. 209 b,
NPAH 13#0 THEWEREMLZ AT L 00H 5125 00b 5T, BRETOEEIX PAH X V135912,
L72*d NPAH ZBIRC & 2 BIKE 2 0D o 72728, PAH IZHERT % & NPAH O BREEE)HE e %
BIZHT ARIIRE L BB T W2, ARBHTIE, 1980 D% SIEF - 7255 %% 7 NPAH 70#7
FEORIMIEE ML, HICFNEH W TRBUTER L TWw2 NPAH O 584 & KRNI OMNT, 360N

b FNREBENEIZOWTHEEDOE M T TR 5.

1 T LI

EOENC BT BIERD b v 713 1981 45 LSk BP0 4 1
(WhWBLABA) THDH. BAZBUINCHS &, BT
FI0ERVH2ORE - KEXROMO»A WivsAlZ
—55) 25, FNETOL Y FIlhoHBAZKNT1
e, ZHETHHESMEEOTWS (Fig. DV, ilids
ADFERE L TETREDSH L ZLIEE) TTH WD,
FH B M & O AR T3 THEASASE AL, LA b IER2
DA AR OENT VDL Z ED S, BWTKKED
EALE A A L OBES TR I N TN 5.

BAREOKRK GG, HoTHEERERICHMI Y EF
— FA KRB SN2 LS (SO 12X BEA
B EOMRERREENKE R EMEIC R -7, 20
%, PEMBREE ORI, RIS > TERAE O T AL
SO, IBEIHET L, 4TI ARBELMEL FTH L LA
WAZYEE SN TS, —J7, BEERE OZAbR BB HAS
DERE W JANE - T, HFERAIGIEWEOTHIIRE L
ZALL, PEROBBILIETHH OARTIIHROMEITTZIME S
CEDBRTERLS o TE. £2T1996 6, FAEOH
BB L, TIGHERA S OPE, ABhEHET X
WUAZLEDHEIMIERNYT 2 KAEDEALZ LT 5 &
ZHME LT, HERRKGRICEYT LN D 5 234
WEEVANT Y7L, BIZZDH B0 22 WH %85
HMWE DTz (Table 1)?. BEIHMED Y B, 54
FEFYUERTF VIS suuFL Yy, NYyruuoTSL
v, RyE U EER, BUET CIOBERREELERHICED

P EIRRF R B H AR ZE R 920-1192 A IR AR T £
iy

b, MEFED LTS,

ST, hRBEEEERS LBD 234 WHEY AT v
T LIRBD—2IZ, FEBAMED D 5. ALFWEDOIESA
PEIZOWTiE, EEAAMIERE JARC) 21 3L, H
KM A, KEPEEHMEZHE (ACGIH), KEBR
BefR#IT (USEPA) ZEDPLH Y A FPAKIN TV,
KAPIHFET 2HPAMDD S, HoEWITELNLIYE
DL, HEMDIET LB D TR LEIAER S NS
WE (bW 2 IEEMWESALAWE) 05D 2 H G134
%, BIAIE, IARC O A M T, Biae 5 /s 2
Group 1 (carcinogenic to humans) 27 7 &I THEY,
INHIZEEND SHBOL BRI FHERILKFE (poly-
cyclic aromatic hydrocarbon, PAH) (XY X[a]T ¥ bT
ty, RyVlal¥V Yy (BaP), YN X[a,h]T ¥ b7
V) BT =V T VR & L 1T Group 2A
(probably carcinogenic to humans) (ZA->Tw3. H|Z
10 fif D PAH J U2 ORRALE (RX¥ V0] 7 VAT ¥ T
Sy RUT[ITINET YTV, XUV R TNVET VT,
IRV a,el]¥L Y, IRV [a,h]EL V,
[a,il €LY, YRV [allELV Y, 1-4 VF 7 [1,2,3-d]
YLy, -2F V7)Y, -k FaF 7 b oF V)
E8MH O = UL BRI FERIKILKFE (nitropolycyclic
aromatic hydrocarbon, NPAH) {1,6-=btBEL V,
1,8 =ra¥Ll ¥ (18DNP), 22X F)V-1-= a7 ¥ |
¥/ v, 5=burtF77y, 6=buszytr (6
NC), 2= +ra 74 L, -=baEL Y (INP), 4-=
Fa ¥l ) 2% Group 2B (possibly carcinogenic to
humans) (ZIERENTW5S (Table 2)7.
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Age-adjusted mortality rate
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Fig. 1 Changes in Cancer Death Rates Organ to Organ in Japan
Table 1 Carcinogenic PAHs, NPAHs and relating chemicals
1. acrylonitrile 12. tetrachloroethylene
2. acetaldehyde 13. trichloroethylene
3. vinyl chloride monomer 14. nickel and its compounds
4. chloroform 15. arsenic and its compounds
5. chloromethyl methyl ether 16. 1,3-butadiene
6. ethylene oxide 17. beryllium and its compounds
7. 1,2-dichloroethane 18. benzen
8. dichloromethane 19. benzo[a]pyrene
9. mercury and its compounds 20. formaldehyde
10. talc (containing asbestos) 21. manganese and its compounds
11. dioxins 22. chromium (IV) and its compounds

Ministy of the environment data

Table 2 Priority atmospheric hazardous pollutants

Groupl (carcinogenic to humans)
benzene
coal-tars, soots, wood dust
tobacco products, tobacco smoking etc.

Group2A (probably carcinogenic to humans)
benz[a]anthracene, benzo[a]pyrene, dibenz[a,k]anthracene
diesel engine exhaust
petroleum refining (occupational exposures in) etc.

Group2B (possibly carcinogenic to humans)
benzo[b]fluoranthene, benzo[ jlfluoranthene, benzo[k]fluoranthene,
carbon black, dibenzo[ a,e]pyrene, dibenzo[a,2]pyrene,
dibenzo[a,i]pyrene, dibenzo[ a,/]pyrene, 1,6-dinitropyrene, 1,8-
dinitropyrene, 1-hydroxyanthraquinone, l-indeno[1,2,3-cd]pyrene, 5-
methylchrysene, 2-methyl-1-nitroanthraquinone, 5-nitroacenaphthene,
6-nitrochrysene, 2-nitrofluorene, 1-nitropyrene, 4-nitropyrene
diesel fuel (marine), engine exhaust (gasoline), heavy oils, gasoline elc.

TARC data

(2007)
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Table 3 Mutagenicities of several compounds by
ames test using S. typhimurium TA98 and
TA100 strains

Compound TA98 TA100
1,8-dinitropyrene * 940000 274000
MelQ"” 661000 30000
10" 433000 7000
MelQx"” 145000 14000
Trp-P-2"” 104000 1800
Glu-p-17 49000 3200
Trp-P-1" 39000 1700
AF-27 6500 42000
4-NQO" 970 9900
Benzo[a]pyrene” 320 660
Diethylnitrosamine ¥ 0.02 0.15
Dimethylnitrosamine 0.00 0.23

K. Wakabayashi: Taisha (in Japanese), 19, 941 (1982), partly
modified. Mutagenicity is described as revertants/g/plate
in both strains. S9mix/plate(uL): a, 0; b, 10; ¢, 30; d, 150.
MelQ, 2-amino-3,4-dimethylimidazo[4,5-f]quinoline ; 1Q, 2-
amino-3-methylimidazo[4,5-f]quinoline ; MelQx, 2-amino-3,8-
dimethylimidazo[4,5-f]quinoxaline ; Trip-P-2, 3-amino-1-methyl-
5H-pyrido[4,3-b]indole ; Glu-P-1, 2-amino-6-methyldipyrido
[1,2-a:3",2"-b]imidazole ; Trip-P-1, 3-amino-1,4-dimethyl-5H-
pyrido[4,3-b]indole ; AF-2, 2-(2-furyl)-3-(5-nitro-2-furyl)acry-
lamide ; 4-NQO, 4-nitroquinoline 1-oxide

Bl A5 RTEMMICbh o Tl S 217 ) LER D
D, WREHFHEEEEET D, Z0720, b CTHEEA
%\ PAH % NPAH D § X TIZOWTHRDBAMEEZ B S 512
TLZEEHEEENETHL., LrL, EXAERED X
7)==y gl LCURi S Z R ERERAL L fThh
TETBY, ZLoWMEPRINTVEYY, #lziE, ¢
ATV HERE Salmonella typhimurium O EIGZE 5N %
FIH 3 % Ames Test Tl&, % < ® PAH 38 O HEE %
(JFAEI A= 19000 % g LER) ZRMT LI LITLo
TEREM AT 2 (MBEEREWE) oIl %
< O NPAH B ORBEER 2RI L % < THEREE
BT A (HELREWE). Lad, NPAH OHIZIE
1,8DNP O L 912, fREM LA PAH & LTHIbN
TW2 BaP 7217 T% <, HAALOHEIFEHSI T
BATFOYAL 7 )y 2T IVTHD 2T I /34T AF)N
A3IFV45-£1F /) Y (MelQ) ® 37 3 /-1-XF -
BH-Y') F[4,3-b]4 ¥ F—)b (Trip-P2) 7% & X )RR
PEsig <, TRETHONTVAILEWE DO TR D EN
EHEREEZRT SO0 H 5 (Table 3)7°. F 728k
T, KAFERB AR T —EVHEEB CA2S 1,8-
DNP IZILH§ % i S OBEHEERFEMEZ AT 5 3-= hux
VA7 bhay (3NBA) bRWEISRTWS.

ZD X HIZ, NPAH OHIZIZHED CTHi V2 R % A
T2L00H2ICHPHb5T, BETOREIX PAH X
DIELNEN. ThET, ZhEBHTE 2EREDS
WA e dro 7272 ®12, NPAH OBRBEHIREM LIRS <

T, B3, fal, o AFE= oS B0 ERRAUKFERE N R E T 500 EO I & B EEAT 907

AHEENTW. L2d, NPAH IZDOWTIEWE 2214
BIRPAMRBEIATONTB ST, ZOMIHPHLI% -
T Dd P l{%\wv., PAHZIJT%L, M=ETDH
MWEREYEEZAT 5 NPAH I22W T, BAEHP KA
NZBIOMY], b MEZEEOLEIL, © MO/@EICKITT
VAZFICANRTH D, 22 TRBIHTIE, @D
1980 4EAC D5 S U6 F o 72 NPAH AT RIS O R B %
WRR7-%, PAH O34 & RRNEIREOMAT, Hice +
AR ORICOWTIRIEOB)N F T2 ML T 5.

2 NPAH 73 #1105

21 $iE3RD NPAH 4%

NPAH &, —fICZDOEETH 5 PAH & ) ZRJE DS
ROAS, BB OREIMRG. Lad, sotlEEL v
o, BRESHTOREREEICLE > Tz, EBEH
NPAH O #rié LT, ThETICFEELTHFRAZuEY
N5 74— (GC) rVIIEERHRAKrsra~v N5 74
— (HPLC) %M\ 2 HiEsssh &z,

GClrzu~x 7574 —0hTiRbSERENE L, L
b EIEE PO BRI 2R EEAFH TE 50T, %D
MO NPAH AT 053t ShCcwvw 5. BBENICHT T %
&, =M aREREROARLAWIIN T 2 E R
(ECD)", 2%, V2 EAT AW T HEER - Y
YHugs (NpD) VT, = b oo & ) e BAEMEE I
L0 TIINT 2BET A+ Ve (TID)'Y, NPAH
OBGRIZE VMM ENLENO TV INEF TV EDK
IS CAK L 72 hRIREE O NO, 23R B 5 B2
T 55N E BT 2L 5ER S (CLD) ™' R OVE &
GHEE MS)'TP Rl hH B, GECMS DO L, = bk
PERFWEFIETHY, BLF U 2ER LR TV20, &4
F LA F LB E A A DR MS (NCIMS) ™ 0
IR R V. BTIESE, ¥ V74 MS (MS/MS)
VATAEHWLEIL LD A ALV RE L TIFAK
o, 3=ta7Vt+7 7 (2, 3NFR), 1, 2=t W&
M) 7xz=V ¥ (1, 2NTP), 1-NP J ' 6-NC 254 7
pg/m’ LRV FTERENRTWEY, LaL, GCMSIZ
X %5 NPAH T OBRIZ, > 7VEAO, 58D 545
HWEAL V¥ —T7 2 — AT NPAH OGMENIERZ 5 2 & H
H 0P BB IEEE DK\ NPAH 501 & W B 5 %
HO—>Th 5.

HPLC %, Z#EREADS GC L ) RRH 525, GC Tlkikw
12 VBRI L o3 WIS HERE SV D AR I T &
BRI EAH B. NPAH ORI Z L LT, WERALERL
% (ECD)® ™, dpbietizs (FLD)™ ™, fb&5s et
@ (CLD)™ ™™, Hmahrat (Ms™, mMs/Ms™™Y) 7%
ERFFoNL. TDHH HPLCECD 3= a3k Eic
REBDTH 10% LT EEL, HoeBEENME S k)
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Fig. 2 Reduction and chemiluminescence reaction mechanisms of NPAHs

o 72", B4, LC-MS KU LC-MS/MS 2 X % NPAH D45
HBEZ R SN TV %A%, NPAH I LAY 23
, Ladb7u bt ryRBETLOBMBBE D, KAE
L&A & Vet (APCD THEA L+ Y 2T 5139
HREIEAT RV, LC-APCI/MS Tld, T3k 1,3, 1,6,
1,8-DNP J O 1-NP O i T IRA2SZE £ 25, 5.0, 5.0,
25 pg*”, LC-APCI/MS/MS Tl, KW AR DERT
fR2S 1,3, 1,6-, 1,8-DNP Tid 2 pg, I-NP Tid 1 pg & ¥k
HENTWEY, JiHo GC Kk, LCTH % ¥ 72 MS
WX Y REEZEST LI TELD, RERNFD 1,3,
1,6-, 1,8DNP OGHATE L L ANVICE > TRV, —
Ji, NPAH &, £ = b ukhPE5I12Mbn, Ry
M, SRAEicT I 2RI Esh, ERLTI %
WEFERALKE (APAH) RHEOUHEMZET S, 2o/
%, HPLC-FLD %% NPAH Z°#T (CFH &, BRED»DOHE
BPESATE L L CRERBANOILAB S s 2 hTw
2%, HIZ 1990 ECIC AT, WY 2B 27 AL
36% % w72 HPLC-CLD 2 X A NPAH 5T #0558 &
N, DNP DETATHH Y7 I/ E¥L Y (DAP) HOM
WA 7 fmol LNJVIZE L, LC-MS/MS D 20
9, HPLC-FLD O#) 70 5 OB &L % 28 L 72°7.
RIZEDFEM 2 BB .

2:2 HPLC-CLD |2 & 2385 E NPAH 9%
L2438 & 135 T DML UL O T 3OV F— 2 WX L T

HCIRABIZEL, ZTNHPERIRBICES & S IRhT R AL
F—m e LTHOBRTH B, 2-1 TNz XH1IZ,
APAH 258 ¥ % 808412, NPAH @ HPLG-FLD 747 (12
MHENC&E. —F, #8OtWEOBRIEESTEO—D
ELTC, By 2B AT VEEEFOLROG 2 Bl e H L
72 HPLC 25B3 &Y, 5a—n7 I v RH4 DESE
th7e EORBEIRESHTICHEIS Sz, HIZE OO APAH
® HPLC-CLD 12 & ) WIEERBWRETH D 2 L b0
720 ZoOFEBIZEA (246-bYruuT7 =) FF
FL— b (TCPO) ITMREINLTI NV FHFL— L
FRALKZEDTIET B 2 812 X o THERT 5 RS B A
5T ANF—PIEEIREOHOEEWE (FL) L,
hEIRE DS (FL*) AW ORIEIREICRK S &
EICHENTE720EEFEZHNTWS (Fig. 2). €I T,
APAH D4 HEAS AT 7% ODS # T L 725 8EH 5 2 OHEH
12, fbEFLREE & LT % e Tl % TCPO &
ALK FE ZEA L TALFEF eI § % HPLC & A 7 A28
AMEES N,

NPAH (%, L3I & 551, BRAALHERIS, 5
WiHish, H4/mY v A (Py/Rh) REDOEEZ L
I AT AR EROI DL TERN R EITHHETH
5. DL, NPAH DT ¥ J — VIEHIZKRBALF b Y
7 AR R N A TR TR T % 4 ikE, HPLC-
FLD #:"% HPLC-CLD % JJ\>72 NPAH D5 #iiE (+ 7
FA4 V) OFLEELE LTHH IR TW™, o)k
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Fig. 3 Schematic diagram of the proposed NPAH system

DIITTNRIZIB L Z 60~80% & EVH, BfEDEMET
Ho7z. RIZ, HPLC Y AT A4 ¥ 54 ¥ TNPAH O
H B3R5 e 72 B bR o @ R Wi gh ey 5 27
HUE A E N2, BB 1Z NPAH OEITAIEDY 10% LT &
B, BBEEEEHEGTDT 1L A L7200 7,
Pt/Rh (324 7 )V I — VIERH T NPAH D& Ic % il 3 %
DT, TN% HPLC ¥ AF AT AT I L ARAN 2 15
TR ESWFETE 2, HAx OMGETOMER, Pt/Rh I —
M7V FEFIL72EITA T 4 (4.0 mmid. X 10 mm),
REA I A A > T4 TR 2 = T 9 T T A
(ODS, 4.6 mm i.d. X 150 mm) &EICH T L Hh HEM X
N7z APAH W5 D & % i L CONih 5 2 IE AT B
fin o2& (ODS, 4.6 mm i.d.X 30 mm) %, # 5L AA
v F TNV T TER L HPLC ¥ A7 AWK L7z
(Fig. 8)°"°Y.
KEBLAORY Y /27 ) — Vil ohizizs <
DD NPAH PG TN TWw B LHEESNE., 20T
THERGMTEDL L) RobIFTIERVA, ThE
TIC 27Nt ug7=ra 7t Ly (FNF, L) %
W TR 22 MO NPAH (Fig. 4) % —HHMT& 5% &
I o7z (Fig. 5A)™ 77, Z® Y A F A2k % NPAH
EmOHHME (n=3) X, TXTO/LAEWTRSD 5% #F
WTHh, 1,3, 1,6, 1,8DNPs LU 1-NP O T RIZ A

TG4 vFEOLELANRLVTHo 7.

2:3 KEBUAHBNDEH

NARN T LTV 7T =%\, ATEgHET7 1 V5
— FICHELZREGEM LA, BBELRROFLHEIZ L -
T HPLG-CLD |2 X % NPAH 7#ricflt s s, g7 1 v
¥y —o—# (WLEmF) MY LT7IAaizAh, X
v /y =) (8/1, v/v) BIMATEEWRZ ML T
WEEm S A L, SR KERE MY AR, iR
BRI, K TRV L TR L2, WER L L72%,
A% 1mL Oy ) — )b /BERRGERICERL, £0—
A& IS L7z NPAH 00 ¥ AT MTIHEA L7z, EOfEER
KEMLADORY Yy /28 ) — Vil s a< b 75
2121, 10-NBA % B < 20 fiJHo NPAH O ¥ — 7 25
HEALEY O FNF & & D IR ST b (Fig. 5B)™.
Fig. 5B 121, ®O»OKRHME =7 (a-f) BEIN
T, INHRME—21E, #uh 7 2% L8innk
W7z, NPAH ICHIRT 2 WRESE2S S V. o 2
THIEITLY, KEAHUAFEELEREE NPAH O X
0 R 2 R AR T & 5.
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Fig. 4 Structures of analyzed NPAHs
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Fig. 5 Chromatograms of extracts from airborne particulates (A) and NPAHs standard (B)

NPAH D3 & A L3RIk & L“Cjt’futlj%??ﬁi LTw5b
L7385 T, ZORATWER, AiBO L)1 *HCH:
3:1 NPAH DAKHFRE %E%ITﬂyfﬁ—f74w9—L_ﬁ%LT,%@ﬁ
KREH NPAH OFERREE, BARE T AREITKR BEEMEY O NPAH 200356 2 812X > TRD D
NP, EREMELZEOHFEE B 3D Lo ZENTEL., K&H NPAH OFEERIEEIE, #liic

3 NPAH O34 & REANZEE)
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Table 4 Concentrations of particle-associated NPAH (fmol m°) at seven cities in Japan
1-NP 2-NP 4-NP 1,3-DNP 1,6-DNP 1,8DNP 2-NFR 3-NFR 6-NC 1-NTP 2-NTP  ref.
Kanazawa 59
Summer 102 0.7 1.2 1.3
Winter 228 2.9 1.9 1.3
Sapporo 59
Summer 510 1.2 1.2 2.8
Winter 1100 4.2 3.9 5.5
Tokyo 59
Summer 180 1.2 0.8 1.5
Winter 680 2.3 3.2 4.7
Kitakyusyu 59
Summer 23 0.6 0.5 0.6
Winter 55 0.3 1.4 1.1
Osaka, roadside 58
Summer 106 50 289 4.1 31
Winter 235 20 44 5.8 38
Osaka, residential 58
Summer 23 23 153 1.1 13
Winter 35 5.4 41 1.7 16
Osaka, residential 75.3 <10.2 185 84
Osaka, residential 40 180 62
Tokyo, urban 170 1210 1220 87
Tokyo, urban 130 1520 310 390 88
Kanazawa, urban 130 12 1.9 90 24 61
Kanazawa, suburban 15 3.4 0.57 53 7.6 61
Kanazawa, suburban 22 0.078 0.085 0.085 90
Nagasaki, roadside 2.8 0.2 0.3 0.2 89
Saitama, suburban 370 91
Saitama, suburban 5.4 81 0.4 0.4 0.8 92

Compound abbreviations are NP (nitropyrene), DNP (dinitropyrene), NFR (nitrofluoranthene), NC (nitrochrysene), NTP (nitrot-

riphenylene)

> THDHWITHL LB &, BIGETIC X - THkx TH
B0%, —fIZY = ok (B2 1XDNP) DRER, JIE
THE/ = bk (BIZIENP) DEREEICILRT 2728
JEE\ (Table 4). 1-NP X, NPAH O T d EREEhjEE
AR E C, RATHESRDFLIFESIR TS
NPAH O—2Th 5. THPFENIBIT 5 KA TREIXS <
O¥tr, Wil - RENMNEZ EFEFEET>100
fmol/m®, M7 &5 4B DS Ll A v — i BRI T 20
~80 fmol/m®, ZBAFDiE Hr I TlE 5~ 20 fmol/m’ &
HENTWDE, TRSIEEPAH THHEL Y OBEEICH
RT2~3 7w, INPIZBBDOLEBY, BREEEIED
SEEPER SN b —RAEM NPAH ThH 5 720, FeARE
BACBITZIREEE LCEL, BERErSHNGIZEZD
WMEIET LTV, $£72, COREERLY NOy &
FRRIC, EHFRIZHARTHK - AF0REDE & 25D
2%y EASIE OF A S U S A KRR TG
1, JEAYY M BRI E 2 72 BE A2 E ) R WIRRT
WBREEICE L. 2089 RRREEME, BEHGEIC L S
B 2SHE L 3L, MO FHEIMRL 22 D
DR GEIAFITRE R TV, 1LNP IR S 3RRBERE R 20
LEEPI S5 NPAH 0% 1%, FROFHZE) %R
FEHEEEI NG, LT, 2NFRR 2-= b L »
(2-NP) 1%, MALZEERMTH B4V v EHELFMI, BF

VTGRS & 7 B A D - 727,

— KA NPAH E O HNEE SNy — 1%, FEA IR
EOEALITR S AKGE T 5. BV EOHEHETIX, b 1-
NP % 1,3-, 1,6-, 1,8-DNP OISR E IO
FEEFRCHBELTWAEZ RS, EELBERITT 1 —
YIVHBHED S ORESR TH L EMEShTWEY, £
72 1NPIREOHWNES$Y — i, HEIHEZRHEE T2
CO % NO DEELEF & — v LmdTE L —%L, §¥
NIy yaTI—IEF LTS (Fig. 6)™.

—Ji T, ZRAW NPAH EDOHNEHH (F — Vi,
—XKAEB NPAH OZNERL 25605, HlziE, K
AR T ) 9-NFR, 2-NP )% 2 Wi & & 1Bk L
72HWZAE S % — VA%, 1-NP R 6-NC D LT (7 —
YERLY, TR NPAH TH 5 2 LG S,
F 72, RATFER F o 2-NFR I JE % 3 B & 1288k
L7-HMNEBNY — DB LNP OZNEIZERAR D, Bk
BTHHO0HT IV ANBEEOHNER Y — v L L~
BTHZ s, ZRAEBRNPAH TH 5L I E0MEEN
72, 29 LW R EE O B BIIAS S, e 7
HPLCALFIE LIS X o THIO TER I NZERLTH
D, FERAH NPAH OZBE)FHICH A& ERE 5 2 513
7y, BB NPAH OFAJHEE 2 L2 FIH ST 5%,
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Fig. 6 Diurnal variation of direct-acting mutagenicity (solid circle), concentrations of 1-NP
(solid triangle), NO (solid square), NO; (open square), Os (open circle) and CO (solid dia-
mond) at southern Osaka between 28 and 29 October, 1998 (ref. 62)

Reprinted from Atmos. Environ., 38, 1903 (2004), T. Kameda, K. Inazu, H. Bandow, S.
Sanukida, Y. Maeda, “Association of the mutagenicity of airborne particles with the direct
emission from combustion processes investigated in Osaka, Japan”, Copyright (2004), with
permission from Elsevier

Table 5 Concentrations of 1,3-, 1,6- and 1,8-DNPs and 1-NP in diesel and gasoline engine emission particulates (ref. 69)

Concentration (pmol mgfl) DNPs/1-NP

Concentration ratio

Engine type

1,3-DNP 1,6-DNP 1,8-DNP 1-NP
Diesel 0.28 0.39 0.44 170 0.007
Gasolone 0.30 0.43 0.45 0.73 1.62

Reprinted from Anal. Chim. Acta, 266, 251 (1992), K. Hayakawa, M. Butoh, M. Miyazaki, “Determination of dinitro- and nitropyrenes
in emission particulates from diesel and gasoline engine vehicles by liquid chromatography with chemiluminescence detection after

precolumn reduction”, Copyright (1992), with permission from Elsevier

3.2 NPAH/PAH D4R

PAH Z AW ORGELEMBEC L 2 W TH Y, T4 —
YT Y i EOBRBERRBEICB VT, R oK
REDEPEDOT VIV T IV ANNEBRMREN, FAED
AL - MR BET I EICEVERTAEEZ SR T
B0V F e AR L7z PAH &, BICBRBEREBINIC B W
TRET=brafbz21), NPAH #4835, PAH,
NPAH O —XFAJICIE, HEEFOBBF LRI
W2, ¥, BEHE, REMRE & o BB REE?D
5.

T4 —BIVEIZ, H BB S NPAH O FE RS
HFETHE. 714 —EVPEAT (DEP) 261k, Kt
FELL 12 K S NPAH 5B S Tw 5%97% 0 1NP X
DEP HIZH b BRI T S NPAH TH D, #2113
NIST 25# 4k L Twv B 18 7 1 — ¥V PEACRL - SRM2975
ORI 30 ~40 ug/goee £ WE SN TW5H. DEP 5
FZFDEHIC 1,3, 1,6-, 1,8DNP, 6NC, 7-= ha~X> X
[a]7 ¥ Mt ¥ (7-NBaA), 9-=bua7 >y bJt> (9-

NA), 3-NFR, 3-NBA 72 EHSHEROFRE TR S LTw
. F72, V) VHEHOBKRNS B 1-NP KU DNP S
B E N Tw575, DEP & b5 & 1-NP OJLE I3/
T (Table 5)*.

[ ES AP A5 D NPAH & LCiE, I-NP, 3=t 7
=) VALY (3NPh), 9-NA 253 — 27 ZDPRBEEHER A
LI EN TV B3, REMERE & L THW OIS LT
t—%—H5A»H 1-=baF7% L (1.NNp), I-NP,
3-NFR 7%, F 7240 i RBERS U ARARMRBER CAD S b
Fli 2 & NPAH A3 & e 7707,

PAH, NPAH OFHEm LMK I, MBERMZ 12X
B2 ICZALT 5. B2 L, BBERE OV A N — T H
LM SN Bk FH O PAH #BEEIE, DEP o ZITHANX
THELLEWA, NPAH OEK R, BREERE D103k
FTHERBAWREICHREL, INPOETV Y ¥
IV VB LA LD DEPHOIE) HIBEETH -
7200 20 X)) o D OFEA TR Y 72 4 O FLUE
R L2 A MR X D, K& ¥ PAH, NPAH
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Fig. 7 Reaction scheme for atmospheric formation
of 2-NFR (ref. 78)

Reprinted from Environ. Health Perspect., 102 Suppl. 4,
117 (1994), R. Atkinson, J. Arey, “Atmospheric chem-
istry of gas-phase polycyclic aromatic hydrocarbons:
Formation of atmospheric mutagens”, Copyright
(1994), with permission from National Institute of
Environmental Health Sciences, USA

NO,

DFEFARZIFE T HRANRENTVS. FIZIE, B
HARMEROH T 2B 5 PAH, NPAH D27 5 A ¥ —
GIHRHETF ALY, KA PAH, NPAH O FEEF4E
FTEEt, ALBE, &R, Vo VEORERTTIET e —F
VHETHY, b, 77 VAN HEOTEMET TR
WRBEERECTH H 2 e S EINLY. T2, AF VT
IF VALV ET 2 F VAL Y DOBEERDS, BB E A
B ORI~ —H —ICHHTH D L1, k15D
PAHJHDO A AT 1-NP L L ¥ 7% & NPAH 3 3 I
ABHZEIZEY, XOAERAREREEESTE S L
INsb.

NAF T A —BNVBRR N T ) — VR e v 7z
INA F = ZAPREHE, HERIRBEAL 7 ZAHIE Ko O e o e L
T THEANRALNT VDA, FHIICHER T oA EY
HERLSEDLHELMHEEINRTHED T, BBz o
Bwiong 7 — B urhd, BEEHESR T4 o PAH,
NPAH #Hli®T& 5. —~H T, BELEOLCTATVEE
W3 B0, FHERT b ALEWR, MU SHEEL
EWchHrI 0 Ny, F 7 UEREOHEAEDND B 0T
MZOWT, WEEETLEEDIET.

T, B3, fal, o AFE= oS B0 ERRAUKFERE N R E T 500 EO I & B EEAT 913

33 NPAH D ZREH

— RIS S S 7z PAH, NPAH X, DR
JEAC X ) A AMER IR S I, KA T 5.
FWRAE T, 7L 070 bk viE 2, 3EBO
PAH FF & LTHAMITHAEL, XYV alEL VR
E5 WU LEZAT S PAH B F ISR FHICHERET S, 48
@ PAH IZWAHNICAEFE L, TOHEITIRIEIZ L > T2 LT
%. KEH PAH OB & LT, b 0;, TV NVEE
Sl X DBALGEABT O NA, I AMIZBIT S
PAH & OH 7 V7 Ve DR id# < #EAT L, K&+ PAH
D EESRRBED—DOTHAH. OH T VWIS bR
WETH ) B OBEEL KOMGHETH DI LT, &
FHIZIENOy & O3 EDORIBIC L o THEET A NOs TV
VS PAH D RICHS T 5 EEZEZ LN TN,

OH I VA NVKENO; 7V H Ve PAH & O b i
NO: A TFIZBWT NPAH O " REKZ 7263, —i%
29 VA IVEIERIBIC & ) ER T 5 NPAH O B A 5 A5
X, MABEERR TR B BEARGA &3 R B T EVAS
NTwa, #lziE, IREML ZKER NPAH Th % 2-
NFR (&, BREEFESR T2 S 13 S v, I2d 222b
LERAT ORI, DEPICikb %< &FEN b NPAH T
HDHINPORKHBREZBZLEIETH L2LEE1H
5.

SA S VA IVBIERISIZ X % 2NFR DR A F— L %
Fig. 712”3, BPAH THL IV T VT DR bES
FEOEVRFEIZ, OH (H5HWVIENOs) TV HIVH AN
Lk Z 4w T 5. HivCTZ ok F v Mz
NOy 23 L, K (H2BWVIEAEEE) » e 52 & T,
AER TH D ONFR DVER T 5. ZOMMEIC L 5 2
NFR O AR ICGRIE, OH B RIE T 3%, NO; RIS T
24% L RFEL HNTWB™,

fit> NPAH b A OBEMEIC L ) ZRAEKT 5 Z & A3
LENTwa, BlziE, 2NP b BB ROHERR T2 5
BHRHENTVZRWNPAH DO EDTH BAS, Fx N
—FEEBRICEDEL Y& OH TV H NV EDFULH S 2-NP 7
BT A EPHEREINTVES., TOF v VN—FERT
X, ELYEOH I VA NVDOIIBNIZ L) 2-NP & 4-NP #°
FNEN05% KT 0.06% DIETHERT L EHED
LNTW5S. —J, NOsBMHRIEA 51 2-NP O AR
BIEFICE L, ERATICBWTIE, 2NP AICH T 5
NO; KIS DOFGITHEHTE L LRI TV,

SANZBIF S PAH £ OH 7 VAV EDORISIE, —f#&IC
JEWIZHEL H#ITT S, PAH-OH 5 VANV D% LI
10"~ 10 " cm® molecule 's ™' £ VA F — F—DFHEEE
BEFEOZENPHONTVE™, LrLAiDS, 4524
5 PAH EZEREPME L, ENH DKM BIT % #H
JERHREICIIEEE RS . 22T, B TICBT L6
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Table 6 Nitroarene products formed from the gas-phase reactions of polycyclic aromatic hydrocarbons known to be
present in ambient air with hydroxyl radicals and nitrate radicals (both in the presence of NOy) and their

yields (ref. 78)

Reaction with

PAH OH

NO;

Naphthalene 1-Nitronaphthalene (0.3%)

2-Nitronaphthalene (0.3%)
1-Methylnapthalene
naphthalene (= 0.4%)
2- Methylnapthalene

3-nitronaphthalene (= 0.2%)

All 1-methylnitronaphthalene
isomers except 1-methyl-2-nitro-

All 2-methylnitronaphthalene
isomers except 2-methyl-1-and 2-methyl-

(Z=0.2%)

1-Nitronaphthalene (17%)
2-Nitronaphthalene (7%)

All 1-methylnitronaphthalene

isomers (= 30%)

All 2-methylnitronaphthalene
isomers (= 30%)

4-Nitroacenaphthene (40%)"
3-Nitroacenaphthene (= 2%)"
5-Nitroacenaphthene (= 1.5%)"

No nitroisomers formed

Four nitroisomers
(including 9-nitrophenanthrene)
in trace yields

1-Nitroanthracene, low yield
2-Nitroanthracene, low yield

4-Nitropyrene (= 0.06%)

2-Nitrofluoranthene (= 24%)

None observed

Acenaphthene 5-Nitroacenaphthene
3-Nitroacenaphthene
4-Nitroacenaphthene

Acenaphthylene 4-Nitroacenaphthylene (2%)

Fluorene 3-Nitrofluorene (= 1.4%)
1-Nitrofluorene (= 0.6%)
4-Nitrofluorene (= 0.3%)
2-Nitrofluorene (= 0.1%)

Phenathrene Two nitroisomers
(not 9-nitrophenanthrene)
in trace yields

Anthracene” 1-Nitroanthracene, low yield
2-Nitroanthracene, low yield

Pyrene 2-Nitropyrene (= 0.5%)
4-Nitropyrene (= 0.06%)

Fluoranthene 2-Nitrofluoranthene (= 3%)
7-Nitrofluoranthene (= 1%)
8-Nitrofluoranthene (= 0.3%)

Acephenanthrylene Two nitroarene isomers (= 0.1%)

Biphenyl 3-Nitrobiphenyl (5%)

No reaction observed

PAH, polycyclic aromatic hydrocarbon.

a) Yields for the NOjs radical addition pathway to the fused aromatic rings (12).
expected to proceed by H-atom abstraction from the C-H bonds of the cyclopenta-fused ring under atmospheric conditions.

Reaction
b) 9-

Nitroanthracene was observed in both the OH and NOs radical reactions, but may not be a product of these reactions because it is also

formed from exposure to NOy/HNO:s.

Reprinted from Environ. Health Perspect., 102, Suppl. 4, 117 (1994), R. Atkinson, J. Arey,

“Atmospheric chemistry of gas-phase polycyclic aromatic hydrocarbons: Formation of atmospheric mutagens”, Copyright (1994), with
permission from National Institute of Environmental Health Sciences, USA

WA FRMEOME~IMGT A28 T, FVET T L
OH 7 VA1V ORUGHEE B ErNTWE™, F/:
MER AR IZ B 5 PAH-NOs T ¥ 7 )V S O JHEE 7S,
SAHTIC BT 5 PAH-OH T ¥ 4 VIS O & i < AHE
THIEERAMPLT, 7VF T F Y RUTEL & OH
T Y H v & OSHI BOG B 8 5 R BRI R D B 2 &
WL TWEY., ZoFECEYErNTVvES VT v
LOELYEOH I YA NVEDRISHEEERE, FhE
n28x10 " K1U4.8%x10 " cm® molecule ' s & WA
ol

—75, PAH & NO; 7 VAV & ORSHEIZILET 5
NOs IEEEIC HIRAE L, —fRICOH VANV EDRISIZH
NTIEVAS, BIZED 2-NFR @ X 9 125 WL T NPAH A%
ERTDYER DL, BIziE, 75V E0HT VD
WV EDRIBIZ X % 1-J T 2-NNp DA IR IEZ 0.83%
ThbH, TN L TNO; 7 ¥ A IVEEHIGIZ L 5T
RIGENEN17% " 7% L. FRREMIC, AFV
FTIFZVLVENOs TIVANEDRIBIZE > THEL S AT
V=btaF+75 L rOIED 30% &Ev (Table 6).

F72, TOXH 7% NPAH M OERINFEDZRZFIH L



OH (or NO,)

_
—

OH (or ONO,)

Triphenylene NO,

NO

NO, )
H
OH (or ONO,)
— I
D 2
(or HNO;)

2-NTP

Fig. 8 Proposed mechanism of the atmospheric 2-
NTP formation via the OH and NOs radical-initiated
reactions (ref. 84)

Reprinted from Atmos. Environ., 40, 7742 (2006), T.
Kameda, K. Inazu, Y. Hisamatsu, N. Takenaka, H.
Bandow, “Isomer distribution of nitrotriphenylenes in
airborne particles, diesel exhaust particles, and the
products of gas-phase radical-initiated nitration of
triphenylene”, Copyright (2006), with permission from
Elsevier

T, K& kAW NPAH 0K 7o 2 2% L Tw»
b. Blz1E, 2NFRZAE DO LB Y OH, NO; T ¥
W EDRIBIZE D AERT 5%, EBICRAPTELLDT
TR 22 TERLTVE0%E, BEALONY - 7L
PHHNTLOIEHEETHSD. T, 2NFR, 2-NP 2%
ZNENOH 7 VA IVEHIGFIEDAIZE AR LTS
ERET HE, TNHICHT 2 EEERSLIENS, [2
NF]/[2-NP] = 5~10 &£ %5 DI L, NOs I ¥ # \VEIE
B DOFGREWHAE [2NF]/[2-NP] >>10 & %1,
B &5 & O JUSDMBEHRIIHEIT L T2 HEE T
& 257,

KEP T KAWL T 5 NPAH OHIZH RO D DH %
WEHEINS, R, FFHICECERFEIEEEZRT 2
NTP 7%, 2-NFR & [{#D OH KU NOs T ¥ 7 VIR S
WEHDRAPTIRERLTWE I ERRWEZEsNn
(Fig. 8)™. Wil ETH A M) 7=V ¥ (Tp) DEY
WPEIZER S, US EPA DSBREBGHHEME & L CHlE T R EIH
Hodzz¥ 72 16 i PAH IZIZETh T v, Ly
L, Tp ORZHBREIEIEL, EhdrREPTc=rafkl
THWT % 2-NTP b I RIR AR T 5 2 L 230D
o7z, TOEIIT, —REERS S FIHRBINTICHBED
ENTEALEWD, KRAPICEEBETHAELTWSLZ
LR, BAENE B2 SNEER I TR WLEY D,
KREFDFISN & o THERWE % EN T 5 HFEIZ, HIZ
FEE OGS 5 5 EHED S ORI 2 HH - ikl 5

T, B3, fal, o AFE= oS B0 ERRAUKFERE N R E T 500 EO I & B EEAT 915

72T, LYLIRARBEROYLEN T TIE R L%
ARLTWD. BiRWEOPERIRD 2 i ICIERE T2 & L h
12, TNHORKNTOEH I TEILHFOL, W RE
BEhEE O MR TH 5.

3-4 1H5EO NPAH XKFLDOIIR

R ENZ BT B KRS PAH, NPAH Ol & #1534 8
WMESIND LI ho7. WERIZEORT 7 HIBIZBIT
% PAH, NPAH #EEE, HALHWCKFEEIZ BT 5HEEC
HARTELLREY. S, @Y 2PeMEns 2 Shtn
W EITAT, ELLTANVF—ENRCKE 1T S
CEICHkT 5. BIIE, PEIZFEED AV F =2 RIS
FoTnaz®, AME FEZANVE— L35 HRPLECK
FEENCIERT, ReEeBRBEctkvwiil S b PAH,
NPAH (FFIZHTH) BREAIEFICH 25 (Fig. 9%, Z
DX, HEICBT LT3 F GRS mEE, wEE
R R AR OME Y, KEBEROBEIHELZ 525K
ERENTHLEVZ L.

HHEFToOL A, PAH, NPAH O KRKNEEIZH D
bAFRIZB VT, 4 DR EREE DWW T O MBI
MRZECLZMALIHON TV RVOREIRTH 5.
L L& s, BlZIEPENCB W CTHRIREEICHERT 5K
WO PAH ®° NPAH 25 s hitwnws 2 &, FUL HEEY
HEJH & B SO, R IR F 122 A THARICHEL T
WLHEEEE TS L, PAH X NPAH b [a) Bk 00 ik sy
BEENBEENBEZ L2 COLWRERDH LY. 2ok
BB AR 5 720120F, JEHPE D EIICH 72 5 B
BLELZDOEFIF TV, MAT, FEICBITS
PAH, NPAH #FHOBUIRZIIBL, HEORWHEHE A ~
Ny M) =R AL DI, BELAEL D BRANT
DR ZRARFEO L OFEME S L, Ehb i
IR L7z PAH, NPAH O K5Hi%EY I 2l —3a V&5
WERBET LUEND .

4 1-NP OACHY 53~ D i ]

PAH, NPAH O AMEANfEREsZ B 2 HEE 3 5 720121,
ENHOREARED? S OMARBERLFMT 2 LE0D
5., INZHWELTNR=VF VI TH 75 —CHiEL
AN DWW & B SNDH U A 1NP 42 &8
B YV TENDL LN H 7207, L Ledts,
= F N v T T —% T 5 FHIIERE A HSEE 2
RIEMBICOT2LELNHY, T A POWHTH KB
RIS X 22w, PAH, NPAH O AR L N
ZET AP 72T LT M OMBRRILIE - IR XD
ARRE T ICIEAE T A PAH, NPAH UM 24 LT
RBEEREWETAINA T~ = =2FEH I N, BRI
PAH IZ2W T, RoFE LTEL Y OKBILEKZ N
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Fig. 9 Atmospheric concentrations of PAHs and NPAHs in the Pan-Japan Sea Region (ref. 85)

Reprinted from Yakugaku Zasshi, 127, 429 (2007), K. Hayakawa, “Respiratory exposure to chemicals
and human health”, Copyright (2007), with permission from The Pharmaceutical Society of Japan

4 F~—%h—%& L THPLCFLD % MW7 ENHE  #H
HBENTWS., LA L, NPAHIZDOWTIE, Widko X9
WCREHIEEEDS PAH & D I35 DIV 720, b RS
THELILMET, HRISTE LA T~ =7 —OFH
FRECHIBREING., ZoOdh TR, 1-NPH#Y % 55
LT BENA F— I —DMRIAThNTWA5,

ZINFE TD in vitro B H\NME in vivo DAHIRZE» S, 4
PRI S 7z NP 1, AREREERE 7, BN
W& b= bumi s &, P450 4 THEfilEEC X 5 C-FR
LR 2 M5 N TS (Fig. 10). 7z,
= buETK SO RH A TH 5 = b o v iFEAkE, ~
EZ/BY Y (Hb) » 5\ id DNA EWHMEZIER T 5 2
ERHLNT VB 72 FZEREIY D 1-NP,
DEP BHBEFEBOME LY, kot e FoF 1=
FEoEL Y (OHNP) ¥k FOF V-N-7£FI-1-7 3
J ¥ LY (OHNAAP) HIZF T/ IV 7 v v EE T HiER T
BN LRI S, R o PRl AR S LT
Va5 1007100

NS OMRBIIZEDRFBREZBR E 2, MK - JREHEEE L
7234 F == H = ORI T T A, %Rk L L
TREFMZIT) TEELT, THTTIZ 1-NP O DNA
£k, Hb A€ REIBREF E N TWwb. DNA
HiRix, Ik ) >~ 28 kdh2 5 DNA 24 L, DNA o

TAXRYTT I IMET I EL Y& PR A P TR
fbL<Ttis 5. —7, Hb ko gmkix, ~NE7u
E U IMAD MK SR CA L5 T I VT I Y HOFEE
AL % GC-MS % GC-MS/MS 12 & D B LT 5199107
T L L, WIROMIERIZOWT L ERBE (F
MR EGR) Loy bOo— U (IRREREL) Lo
BEZAFEAINTORWD . FRINEROF IR 120
HThY, —BEEKLZMAIMRIERERHEELL 22D
B O 5 5 & AT IR & ORIFRZ FFIE LA < WR A
Hb.

1-NP Y O R P~ O PRI T LR # NS & o, 5
MR OREZ T 554 F~—5— & LTRPHY D
MEshTwa. R INPREWOSITEE LT, RE
AR A — 1) v ITHE L, ELISA (enzyme-linked
immunosorbent assay) #2& D 1-7 3 2 ¥ L (1-AP)
ZWET B HEPBREIN TR, Larl, 2ok
ECHH SN PR R L, FHULEWITT$ %
RO BRENFE > T 5.

Wi, SNETO in vivo HEPSIRPOFERH D E L
TSN 5 OHNP #% HPLC-CLD # v Cillg$ % ik
A SN2, OHNP FiiE, 1-NP & AR EEM: % 5
Tlewnizd, MY 2 BT AT WVALFFEANOEH AT
v, FZTOHNPs 2 L7 3 /7 iFfke Lz, @



SIHTAL AR I, B, faH,

NO, NO
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1-NP

NS Cys

P450 Hb

Hb adduct
OHN Ps
NO NHOH
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Fig. 10 Metabolism of 1-NP

C AEE= MO S BOSERBAUKFER N R E T B 0HTIEO S & B EEAT 917

NHOH NH

—

2

l -AP
NHOCOCH, NHCOCH
O
DNA adduct
NHCOCH,
-
HNAAPS

P450: Cytochrome P450; NAT: N-Acetyltransferase ; OAT: O-acetyltransferase

Chemiluminescence intensity

zl() Time/min

Fig. 11 Chromatograms of (a) standard mixture of
OHNPs and (b) Incubation mixture of l-nitropyrene
(3.3 X 10 M) and rat S9 mix

Peaks: (1) 8-OHNP (7.8 X 10" " M); (2) 6-OHNP
(3.7 % 107" M); (3) 3-OHNP (2.1 X 10 " M)

HEPE LRSS, 1-AP oG R &Rl L 22k ik &
367 nm, HOLIEE 437 nm O E SN, T,
COT I ROENETIEIL 1-AP ISTLHS % &V Ul
THo I Lh LRI~ OBHAFETH-72. A
UV TARILAT ALY OANPEAE A ¥ I 4 T
HHHEOT IV RICEW L7558 L, TCPO/H,0, & K
AN T ARIELE LTEAL TSR L2 A,
5 fmol (6-, 8-OHNP), 12 fmol (3-OHNP) OHH T
(S/N=3) BEohiz. ZOVATFLAZHWTINP &5
2 b 89 mix T in vitro Sl 72 & SO 2 504 L7
L2 A, 3HFO OHNP ORMEAKRZRIIT 5 Z LI
L7z (Fig. 11). & FRT® OHNP L ppt LXLVT
HorLFHINDZ s, MHKEZZERT L 100
mL BEDRESLIE L EZ S, BN
WD,

5 Bb DI

PAH, NPAH I ZIEBEXAEBLEWETHY, Lid
ZOMBEAFERIC L VR D L) FEEE, choWE
AN HIEB AL ) KA OBEWE L LTHH %
CLERRLTVS., BRESIEORIEICEY, IhET
TR RBE R DERIT L2V S s TE 2. 4
PRATHIIE YL 720 T <, bk U7z B i gz [ oo R B 3L [H
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WiFEZe LlC kD, REEkm% 2 &0 7 BB o 288) & %
FEFUZOVTEMEPER S LS.

PAH, NPAH 138 UA R L 7 & & 288 % 3812
LTWBZENEL, TS DEIERRBITRANRIGRZ
TUTHE D SR~ EE, ARERRP L b ORBE~DEEL D
FRICHELTwD., CHOBEOMIICS X ) R 7250
WEOMBEIEENS. —Ji, PAH, NPAH Ot bk
HEIZOWTIE, INFTEELTEPAMEEH ST
72, ik, TOMALEBA ML AWELE %D 2
LT 2 ha s BEH, Bz A bu s Ui D S
CIEIET ¥ K02 R R SN BREE AR S
TN LR S ko, SRS DHFEIE, PAH,
NPAH O b b EE D W TR 22 %10 19 72 i 72
PLETH Y, WANBICRE LAY 2 oY o
HEREL EMICHIBTEX 2 HEOMBIEE LRI L 2R
LTw5.
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With an increase in the consumption of fossil fuels, large amounts of pollutants released into

the atmosphere cause serious health problems.

Polycyclic aromatic hydrocarbons (PAHs) and

nitropolycyclic aromatic hydrocarbons (NPAHs) are among the atmospheric hazardous pollu-
tants. The mutagenicities of several NPAHs are much stronger than those of PAHs, but the
concentrations of NPAHs are much lower than those of PAHs in the environment. However,
the progress of studies on the environmental behaviors and health effects of NPAHs has been
much slower than that of PAHs, because of the lack of a sensitive analytical method available for
trace NPAHs. This review deals with the development of sensitive determination methods for
NPAHS starting the in late 1980s and recent studies on the contributors and atmospheric behav-

iors of NPAHs and human exposure to them.

Keywords : Nitropolycyclic aromatic hydrocarbons ; HPLC-chemiluminescence detection ; atmos-

phere; behavior ; biomarker.



