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With the increase of 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 one of the atmospheric hazardous
pollutants. 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 the study on the environmental behaviors and health effects of NPAHs have been
much slower than that of PAHs, because of the lack of sensitive analytical methods for trace NPAHs. I developed a highly sensitive
determination method for NPAHs by using HPLC with chemiluminescence detection. We organized an atmospheric PAHs and NPAHs
monitoring network which covered East-Asian countries surrounding the Japan Sea (Japan, China, Korea and Russia) to collect air samples
and applied the above method for the determination of PAHs and NPAHs. This review deals with analytical methods, behaviors and toxicities
of PAHs and NPAHs in East Asia.
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PESERALISE, RO N IE 10 f52L HICH 2 T 70 B %
MZ 1=, BT U7, FHCHAR, HE, sECe T2z
Bt A AMEREENZITZ D 1/4 UIEAATE L, 20350 s
JR AT DR TR OEF L TV DR T 5, Z Ok
—REFNVF—EEEL RO 14 DL EEZ 5D TS, L
L. TRAX—JIEIC L > TERRY . FEITAR, BAR
BEITAM, 2 TIIRRT AN b REREGE HDS
(BP #at, 2011) o 2L DALARREOBRIGE JHIERIEE LoD
ThD tRFE (COyY ZARKL, A0 EIT R AD
CO, BEFETHD, S HITCO, LN bREA D EWE &/E
L, O & EIIEDOT= VX —HFHFORIA, R, B
FHEIN LAV BIC XY RESE R oTWD, ZTUHHTY
T INDRE SIL O RKIGIEIL, HERBUEOBREII R & 72
RO RITT L L BT, OIS AR A
SR A OEIC /e > TN D, FEHTL 20 EER VD EIND,
(AR DIRGE TR T D B FIE D— D> Th D L8
FRAb/KkFE  (Polycyclic Aromatic Hydrocarbon; PAH) HDz&
B LRI AR DY . AR, TE, E, a7
DOWFFeE L A CEBSE=2 U v 7 3%y NT—7 5L,
Z OHIROREERBEOZA LA B L CE T2, ZOE, ZDRL
BUTK U TREEREE P2 FIE. GFRRRE) 53z
EITHTRDNEET, ABIGEDZI T 8T > CENS O

WIFEEINOTAWZ LRI EINT, DD DREHIHR LT 2005
Th%,

2. PAH. NPAH 58D EDEFE

PAH BN EHERRKIHGE & LTl S8R O—>
TS H 5, [ERSETTEREI L. NV alE L (BaP)
R18Y=hut’Lr (1,8DNP) %#51r%< D PAH fHE =
b m %Ry % R AE 7K 3 (Nitropolycyclic  Aromatic
Hydrocarbon; NPAH) #H% Group 2B (possibly carcinogenic to
humans) LA 2T > 27 LCW%, Ziuh PAH, NPAH OHIlE
E& LT, BT HPLCO R (FLD) & GC-MS i
DA SN, %A IITES S38%E L7z HPLCALSE3 e
(CLD) 1% (Hayakawa etal. 1991) ®lEA>, GC-MS i%, LC-MS
EREBEHIN TS ()15, 2007), PAH FHIZOWT,
HPLC-FLD V£& GC-MS VEOR IR KB Ra 777 ME
FRIBUEET D 16 FREHDO KK OREEPIET HITITE Y
TWDA, & DRGHRE & ALY » ORI
SOFEE G L Cb REEHEEBFEMEOE o Z LONRTZ 720,
ZOXHIT, T HHERITEIIRGH OERFEDZ < 2l
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GC-MS 1k, LC-MS E72 B O D FED S ST,
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Fig. 1 Typical chromatograms of (a) standard NPAH solution and
(b) airborne particulate extracts collected in Kanazawa by
HPLC with chemiluminescence detection.

I 512, PAH OB LA (OHPAH) 0% / & (PAHQ)
OHIZTA haF ARG ES DI A b a7 RO
T Ra s AR A TR T b ONRGH Y | EE DTN S OE
EIEMEDORIHRES S 5 Z L & R L7~ (Hirose et al. 2003,
Kizu et al. 2003, Hayakawa et al. 2007, 2009, 2011), Zi1L5
OHPAH X° PAHQ I, AARNT Pysy DIFAE FCREIZAE
T A7 T KEHTH PAH 06 AT 5

(Kameda etal. 2011) , = 5|2 OHPAH <°PAHQ,NPAH %%,
RN TIRANIGEZ T TN 0 RS SRR A A e
ElZ7e %, - T, PAHFESCNPAH FAD b MR R
DFEFTIZIE. BRI OREI IR T D,
#4513 HPLC-FLD 5, HPLC-CLD ¥, LC-MS #£% T,
IS ZRBUT LT HEDRFS bitke L. BRI OHPAH 4
K> OHNPAH M O BTG ROREE R E A BT LT
2% (Chetyanukornkul et al. 2002, 2006a, 2006b, Hayakawa et al.
2006a, 2006b, Toriba et al. 2007, Kakimoto et al. 2008, Kameda et
al. 2009, 2010, Kishida et al. 2010), Z#V 5D HEE AND Z &
(2& V. B FO PAHNPAH FEDIRETE BEOMIEN ATREIZ /2~ 72,

3. KK PAH, NPAH DTFFERRAE & HAEDFEEIR

ZER T CIIRBEIREE N B\ T E R b 0 A Al e
A, EOITHEIMO= N e bISDHETT 5. 96> T, PAH
735 NPAH MR 5305 v 1, k ZSO0EE T, a0 b %
FIGOUEE LT (1) OLHITREND,

v=Kk[NO,['[Pyr]" )

PAH, NPAH 80 FEHEHIFI I3 B 8hE, 0k 3R,
BRSO A h—7 | BEAFCEPRES 72 E 3D 203, AIERAE
L BIRIEEIREE (500-600°C) . ARIERGE (R 1100C), H
FET U (]92700°0) &57p%, ZORER, PAH JREIC
%5495 NPAH IO ( [NPAH)[PAH]EL) & 20
JEIZ 10°~10" & K& <725, Fig. 2 (ZII3EHER D 1-NP &
LY (Pyr) OFEEELE ([1-NPY[Pyr]) .6-= k22 U+ > (6NC)
L7 Uty (Chr) ORELE (6-NCY[Chr]), 7-= ka1
[@]7> b ZE> (TNBaA) &0 V[a]7> h7&> (BaA)
DOEELE ([7-NAaA)[BaA]) Kt 6-= hr~ VgL

(6NBaP) & X Y [a VL (BaP) O %L

([6-NBaP)/[BaP]) DAz 1~ LT, ZOENE, ZivE Tl
SN T3 PAH ROV L k& < 384
ERIET HDANIERECH D (Tangetal. 2005b)
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Fig. 2 [NPAH]/[PAH] concentration ratios in particulates from diesel
engine (DEP), coal stove (CSP) and wood stove (WSP).
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Fig. 3 Diurnal atmospheric concentrations of 1-NP and 1,3-, 16-,

1,8-DNPs in Kanazawa.
collected in downtown Kanazawa on February 2-3, 1993.

Airborne particulates were
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B FEND PAH, NPAHBZHIE L T&E 7, £O/EE, W
NOAEEMD KRG FIREE b ZSEROHER L —E LT, #kic

e PRI AR Y AL NZEE ) BIE2 < 417z (Fig. 3) (Hayakawa et al.

1995a), & 5T, [NPAHY[PAHIfE & #RBEI EEOA IRIERY
L 0 K& < BENEHET AMEOEICE . FERANA
B THD Z L AEMNTT2, 1995 FEHiL, DAREOTE 4
R GRAL, FUBR, 4R, dLIUN) TREEEA e
THXY NT—0 2L — N &ET, TORR, ANz
< _BFD 3 O RS PAH, NPAH O FEHEHIFI X HEIFET
BV AUNT BB L AR R OIS Th -T2, %
DOk, 4 B ETIIHOHRTIO PAH, NPAH JEE D2 b%B
BRL T\ % (Kakimoto et al. 2000, 2002) ,

O PAH, NPAH [ 3ZEKUEITHRAT L C A AFH LR 14
“ﬁ#é FRTIITF 7 X L0077 h TRV ED2, 3
B2 PAH 13RI AFHIZ, BaP 72 & 5 8gLL_ED PAH 13EITHE
FHFNAFHEST D Z &i)ﬁi&%éhfb V=73, NPAH (22Tl
DI TR Tz, BH DITAIRET L F —fFE D
ARY a— LT T TRV LA T r—LE
XAD4 FEHH 7 2 %%4E5 L C, PAH, NPAH O43RIlfitES L
ToAER, 3 BRDL OO NPAH I3 BRI FARIC A L D Z &
ZISMNI LT (Arakietal. 2009), F7-, B3 2%
TR CHIOBE TRA, WA SNDEGHHEIL ., 5k
BRI EIND, BITHNORKIDE AR (5
OV T2 & BB B e b AR 7401 (1.1 pm
DIF) b RERiTrm (7Tum BAE) 12K E < 265y
fiL7=m, 13-, 1,6-. 1,8-DNP <° 1-NP, BaP [ZW\ bbb
Mi73725318] (1.1 pm LLF) (Z8EH LTz (Fig.4) (Hayakawa
amm%w Fol I BB ET O L DPERETET T < BRELD
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Fig. 4 Distribution of atmospheric NPAHs in different size
particulate fractions collected in Kanazawa.
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~300 LA Eb @ oz, Bl L7 gRHRORERIE CH 5
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o B CIIA R A IR A T —0> 5 BELBRODIEEA
RENWHEH ST PAH REDZE L BRI Z ERFERR
NT#HD (Fig. 5) (Tang et al. 2002, 2005b, 2009, Hattori et al.
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Fig. 5 Atmospheric concentrations of PAHs and NPAHs in several
cities in Japan, China, Korea and Russia.
[PAH] = [Pyr] + [Chr] + [BaA] + [BaP] +
[Benzo[k]fluoranthene] +  [Benzo[b]fluoranthene]
[NPAH] = [1,3-DNP] + [1,6-DNP] + [1,8-DNP] +
[1-NP] + [2-Nitrofluoranthene + 2-NP] + [3-NP] +
[6-NC] + [7-NBaA] + [6-NBaP].
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Fig. 6 Change of atmospheric (a) BaP, (b) 6-NBaP and (c)
[6-NBaP]/[BaP] of Kanazawa.
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HEIE F TR A HelitE L T D, 2Ol PAH %
ST LIRS, HECHRER AT 542 (10 HHa)n»
5 4 APRIOHIE) O, FEENEDOKREH D 3~6 BE PAH
DIRFEDPMUOZEEID 5~10 {5 EH LTz, REEFET
PAH JREED R 7o W THiSE S 7= 22D 1% 7 i
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(Fig.7) (Yangetal.2007), NPAH %1%, PAH 38 & [AlkRIC, &
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Fig. 7 Seasonal variation of atmospheric PAH concentrations at
Noto peninsula, Japan.
[4-Ring PAH] = [Pyr] + [Fluoranthene] + [Chr] +
[BaA]. [5-Ring-PAH] = [BaP] + [Benzo[k]floranthene]
+ [Benzo[b]fluoranthene].  [6-Ring PAH] =
[Indeno[1,2,3-cd]pyrene] + [Benzo[g,A,i]perylene].
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