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FIGR KA HICBITS 2012 EFEFERKFEHCAFO
LB IRV K FFEIZ DN T

ks L A R AR BN A

2012 AEBRFZIMNOILTTEBITALE T DRI IR O KK i WV TR WML FIRE (PM,5) KU
PRIV (TSP) 22 EhlitEL ., 16 FREHO S BRI FERKAL/KFHE (PAH) 2 HPLC-HOLIETHHTL
72. 4 BRFEIELL B 11 FEEHD PAHs (fluoranthene, pyrene, benzo[a]anthracene, chrysene, benzo[e]pyrene,
benzo[b]fluoranthene, benzo[k]fluorantene, benzo[a]pyrene, dibenzo[a,h]anthracene, benzo[g,A,i]perylene, indeno-
[1,2,3-c,d]pyrene) (22T, PMys Y TSP HORIEEFRITZNZH 1.22 &Y 1.58 ng/m’ Tholz, £
72, TSP 1 PAHs #REIZxT 2% PMys 1D PAHs JREITHT 70%LZ D LMWL THD PMys T
FETDHIERDhoT, TILO AV T OFFEEL THWGILD benzo[a]pyrene/benzo[e]pyrene FLA3 0.48 &
BVMETHoTZEh 0, FHEHB R ORIUIT=A VL 7221 CODIENE 2B, RIEfR%Ih C&os
DIRMES VT, 72, PAHs DR AP ZHETE T 2FEEL THWHMLS fluoranthene/pyrene tt & U indeno-

[1,2,3-c,d]pyrene/(indeno[ 1, 2, 3-c,d]pyrene+benzo[g, 4, i]perylene) tb/o . sAAHIM O PAHs X EITHEMH DN

A RBBEAEIRET 20D THLZENVRIRE I,

F—U—F: ZBERGERRACKE, BEROE ., SEiE R a~hr 77 4 — Rik

X C & I

R TRE 2 726 E DNRAEL TR, I
TS, WW<ELERRERERIEICH S
TOHDNEHAAET Do TDOEDITLERF IR
{b/kKF (polycyclic aromatic hydrocarbon: PAH) 23%
%o PAH 3T, A RZRE DA O R e 4
PRIESC BB OB iR OB CERKR T HME T,
Benzo[a]pyrene (BaP) (ZftFEIND—HOMEITIT
BRI DAL BIFM A THLONFEETD Y,
i SRR O T ALK Cdo 2 E BR A A SR BE
(International Agency for Research on Cancer: IARC)
3R & AL BN D W THEDBA VAT ZRHOL ., %
DIERENDER | NIRRT TN —T e EeD T
%, TOHT PAHs K OZDBEME DL UT7 L
—7" 2B DL RIS, AHA TR ELT BaP
137 /v —7" 1. Dibenzo[a, h]anthracene (DBA) 137 /V
— 7 2A . Benzo[k]fluorantene (BKF) .
(Chr) % ¥ Indeno[/,2,3-c,d]pyrene (IDP) (%7 /L —
7 2B SN TV, HARIZEBWTIE, BaP 2
RETGGBGIEIZB T DB ERKJGEME 105D
R SE ISR SR IR T ~ S T SE TR )
HIDOOEDITHEESN TS, ZDXH7RIEND, K

Chrysene

1 4 ] VA PR A BR BT 2T

A PAHs (ZDOWTIE, Z<OMUIKTZ D ERET A
PThNbHEEHIZ, PAHs &~——L LT3R D
HEE LY A7 Bl A2 & ORFZE B S TND 2,
REHRL RGBT DBREE AL, ZhETE
DORIFED 10 um L FDHO (SPM) IZOWTEDD
AT, T4, SPM OHITHRIAEAY 2.5 um BL R
D IVBHR/RRL T (PM,5) DR ETORERN EL,
ERA DR BN RSS20 KIETIX 1997
2, BARTIE 2009 FITHi7 1B R ERNEAS
B AR Eo TS, LinL, ZOREHET FICH &
REIZBET2HDTHY, EOFITE DS DFE
REICBA T DI #2720, PAHs 1, K& H CIEfiE
BEDOBN LI ERL T FFIZ PMys ORH7e M
INBLF SIS LS L TWHEDHE P bHoTL
o, KK A EMEN G EEZ T b~ DR 2
7REEFHMEL QK ETH PMy s OFICIFIET D%

# 1 IARC Classification

Group
1 Carcinogenic to humans
2A Probably carcinogenic to humans
2B Possibly carcinogenic to humans
3 Not classifiable as to its carcinogenicity to humans
4 Probably not carcinogenic to humans
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OV THEEL R TOILTEETHD,

— 07 BRI IUIN O AL TG ERIALE 9D LD,
T TN DDORZDOB L LS IR A S
DREIG YW ERE DA Z TR T WEREEIZH
0. ENOICEDEFEA~DORENR SN TND, F-
BTl PMys MR SR D HHI D MBI LD
ERFERBIK T HEROBLE E <> TS,

ZITCARPETIL, RQUGRME THDH PAHs &
RGELT, BNICEITD PAHs OFERED LA B
LT DI ZEDHTIEERFITHLEHIT, PMys K
R RS IERLIRE (TSP) @ 2 JERERIIZK
RIFEM CAZEL S Z21T o7,

HEAE
1. A iR R OV A 11

ATV, Ry B RAS T 0 Hp SN M3 2 Ry
BRBEIRIEAFSE 22— D2 | (R 160 m) TiT-
72(X 1),

FAAMIMIZ. 2012 42 3 H 7 A 4 A 24 H
sl 7272L.3 A 11 BH,13 B.21 A.22 H.4
H 5 BEWQ 19 BIERHEIEL, FAEBRH oS
ARURELT, BEN 3 A 7-11 B, 15-16 H., 24
H.28-29 H.4 A 3 H.5 H.11 H.2324 HIZ
BUHISHL, WA 3 A 24 A4 H 23 H,23-24
HICBIIS T,

\

1/
< “%\“’z %V,fi{

&

1 Sampling site
2. oY
REFEEH T, TSP Y PM,ys %1 SefikifE~
4L (2500QAT-UP, 8x10 inch, PALLFLEX) (Z#i
#£1L7-, TSP (INARVZ LT H 75 (SHIBATA
HV-1000F) % v, fifEdi&lE 1000 L/min &L7=,
PM,s (INARYT A7 75 (SHIBATA HV-
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1000R) |2 PM,s £/ D HVI-2.5 Z#EOfHT,
RN 740 L/min EL7=, fcm TANAL 24 B
LI R T ICiE T2 ECTm R
(-20°C) RAfFLT=,

SHTX5: PAHs

T x4 PAHs |, Naphthalene (Nap). Aenaphth-
ene (Ace). Anthracene (Ant), Fluorene (Fle). Phenan-
threne (Phe). Fluoranthene (Flu). Pyrene (Pyr), Benzo-
[a]anthracene (BaA) . Chr .
(BbF), BKF . BaP . Benzo[e]pyrene (BeP)., DBA .
Benzo[g h,i]perylene (BgPe), IDP @ 16 fEHELT-,
PAHs OREERAEM 2 1277,

Benzo[b]fluoranthene

Naphthalene Acenaphthene Anthracene Fluorene
(Nap) (Ace) (Ant) (Fle)
Phenanthrene Fluoranthene Pyrene Benzo [a] anthracene
(Phe) (Flu) (Pyr) (BdA)
Chrysene Benzo [b] fluoranthene Benzo [k] fluoranthene Benzo [a] pyrene
(Chr) (BbF) (BkF) (BaP)

E o

Benzo [e] pyrene  Dibenzo [a,4] anthracene Benzo [g,/,i] perylene Indeno [/,2,3-c,d] pyrene
(BeP) (DBA) (BgPe) (IDP)

2 Chemical structures of analytes

4. FEtOFTLEE

KRTF R L/u%fﬁ%bt74ﬂ/$i ﬁ%ﬁ@qj
JE (12 x 12 em) ZEIVED, SHI2 4 E5r (6 x 6
cm) L7cbOZx oMk, ?ﬁﬂ@ﬁﬁ&&fili\ |
LROTANZEMA L, IR Ty
X 7—)V (3:1, vIv%) 1Rik% 10 mL ANz T, BEH
iz 20 43 (10 43 2 [|]) 1To7, bz
FhH#E 8 mL 2R T 10 4RE L5 (600 g)
L7ct%.7 mL 250 B, Weiira BREL T 5 %Ki
{bFNo L% 3 mL Mix, 1 sfHEEL, =E T 10
oy OB (600 g) L7z, AREE 5 mL 2EH#EX
i FCHEL, 7ER=R)L 0.5 mL (ZFEIRRTE .
HPLC Zr#ricfitLiz,

5.HPLC AT A} S
AT, HEN BN A TEHE R AR E
72 HPLC-# JGHE TITo T2, My AT AL B il e
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FrfloR 7 2 B (LC-10AD), HT LA —T7
(CTO-10A), EIHR AR (RF-20A) KON AT Ly
fr—Z— (SCL-10A) KXz /b =AY 7 ME# DS
n~h7 —4%Y A7 A (CDS-Lite, Ver. 5.0) THEALL
72 WEEIZIZY — = VY A= 24D Inertsil
ODS-P (250 x 4.6 mm i.d., 5 pm) Z MV 7=, BEH
VIAZ )=V R OKD T ME AV, FoEi
1.0 mL/min &U7z, #0O0R HEHTE L TS PAH
TEICER REEYIVEZ -, 7TV U N R R OV
ERESRMER 2 LOE 3 1T7-T,

BRERUEZE
1. PAHs D434

KRG CAETE L7 VX T PAHs %
HPLC-#CiETHIE L2, A1 2 FEHORYAY v
fEA C18 WTLIZOWT PAHs Bl 21T-
7o TOFER, BeP & BbF % BAFIC/BERTRE Tdho

7~ BT L LT Inertsil ODS-P Z &I L7~

Z DA HPLC Feff MK ONRTALE LI 3BE A 5%
(HRETLTZ 29,

AEZ VT PAHs ¥R (10 ng/mL) K TY 2012
3 ] 7 BIHISELZ PMys sCBHEIEL7-BR D
raxh 7T 0% 3 1TRT, 16 By PAHs % 40
DCHEETHZENTE, REMIT 1-200 ng/mL
ORERFE T D PAHs HAHBIFREL 0.999 &
BAFIREMRENEDIL, 7TV AR 312
AR FIRIT 0.2x102-2.6x107 ng/mL (0.04-0.51
pg/on column) TH-o7o,

(A) 2012. 03. 07, PM2.5

Fluorescence intensity

(B) 10 ng/mL

3\/“5 89 12
1 210 4 67 11 13 14 1516
. .\J\, Hloﬁ N N

20

Retention time, min

30
3 Chromatograms of (A) airborne particle extracts
collected on Mar. 7, 2012 (PM,5) and (B) PAHs
standard, 10 ng/mL.
Peak: 1; Nap, 2; Ace, 3; Fle, 4; Phe, 5; Ant, 6;
Flu, 7; Pyr, 8; BaA, 9; Chr, 10; BeP, 11; BbF, 12;
BKF, 13; BaP, 14; DBA, 15; BgPe, 16; IDP

40
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% 2 Gradient condition for measurement of PAHs

Time Methanol Conc. Water Conc.
min % %
0-7 80 20
7-17
) 80—100 20—0
(Linear)
17-40 100 0
40-45
] 100—80 0—20
(Linear)

7% 3 Detection wavelength program for measurement

of PAHs

TiI.ne Ex Em Analyte

min nm nm
0.0-13.1 270 330 Nap, Ace, Fle
13.1-14.5 250 370 Phe
14.5-19.0 250 410 Ant, Flu, Pyr
19.0-22.8 270 390 BaA, Chr
22.8-29.0 290 430 BeP, BbF, BKF, BaP
29.0-34.0 295 410 DBA, BgPe
34.0-40.0 300 500 IDP

2. PAHs R J ORI BIFEEI A

TSP J O PMys (235175 PAHs D FHfE K&
ORRBEEEE 4 12, BRAZILKED) PAHs BED
PM,s/TSP A X 4 \ZR7, 728, RKH D PAH
FARKEIEAEL CTH AR ERL AR AT 22808
BN TEY, FILTIL Nap X° Ant 7280 2 KO
3 BRIBIED PAH X EICH AFHIC, BaP 72E 5 B
LLED PAH I EICK - HICAFET D2 EnD D 2
ZTIE 4 BUL B 11 O PAHs (ZOWTRL
7o % PAHs JRIEETHEL7ZYA . Flu Db E
EiZ7~RL. #i\ T BOF, BeP, IDP, Pyr DJETH 7=,
F72, TSP & PM,s (Z817%5 PAHs OREIZIZIE R
UTHhotz, 11 PAHs ORRJEE (2" PAHs) IZBLHIZ
BRLEL7- 3 H 7 AZ\KNIZEORITIRAITHEDL
7o Tl EZHOIWITEDZBRAILZAIZIZ, 0O
AiT#% OB A L L C PAHs 2 OHINNATERD 5
i, = PAHs @ ¥ fE X . TSP T 1.58
(0.04-6.75) ng/m’ . PM,5s T 1.22 (0.03x107-5.90)
ng/m’ ThHotz, ZOMIL, £ 5 ITRT 2009 FEFF
ZRIT PP B I | R R R AR VL S M OV i) A [l
oo 3 HWAIZHWT TSP 1> PAHs &AL 7-
FEERD L Ta— A RIE Y NFEAE N E
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# 4 Atmospheric concentration of PAHs in Omura

PAHs concentration, ng/m’

Analyte TSP PM, 5
Mean (n=49) Range Mean (n=49) Range
Flu 0.26 0.05 x107'-1.04 0.20 ND-0.96
Pyr 0.19 0.01 x107'-0.81 0.14 ND-0.75
BaA 0.05 ND-0.29 0.03 ND-0.25
Chr 0.13 ND-0.51 0.09 ND-0.43
BeP 0.20 0.01-0.92 0.16 ND-0.80
BbF 0.22 0.04x107"-0.98 0.17 ND-0.85
BKF 0.08 0.02 x107-0.37 0.06 ND-0.32
BaP 0.10 0.01 x107'-0.46 0.07 ND-0.39
DBA 0.02 ND-0.07 0.01 ND-0.07
BgPe 0.14 0.01-0.63 0.11 ND-0.55
IDP 0.19 0.01-0.83 0.15 ND-0.73
Total 1.58 0.04-6.75 1.22 0.03x107"-5.90

TSP mmPM25 ==PM2.5/TSP, %

PM2.5, ngim?

Concentration of TPAH on TSP and
ZPAH concentration ratio of PM2.5

ERPTCPUNIP NI NI

Time course of =!' PAHs concentration and X'
PAHs concentration ratio of PM, 5 and TSP

i
~

ZHIDHIITTIR (0.44) Kb @<, v— B L7i5 RO
HEHELEZLNDHEM (1.78) LVHIKWMEZ /R, &
LE (1.46) CEFEETH-T-, 2. FIROEIGTH
WC PAHs DOFAPRERD B B HLHET 2D 52873 7]
UV BB BE TR 21T o7 Wada HORE Y Lk
THEED 1/6 THY, F2H, KKIGYRFEE
o TWAIERTHIICEITS 2005 FEOFHAERL ¥ &
T 52D 1/60 OETH-T-,

AFAETIE, RRFEMEAZ TSP XY PMys
D 2 FIEORETHSEL . PAHs 7% PMys FIZEE

and TSP

# 5 Comparison of Total concentration of 11 PAHs

in Omura and 5 other cities

' PAHS,

Site Period Reference
ng/m’
Omura, Nagasaki ~ Mar.-Apr., 2012 1.58 This work
Hedo, Okinawa Mar.-Apr., 2009 0.44 Ref. 10
Fukue, Nagasaki ~ Mar.-Apr., 2009 1.46 Ref. 10
Fukuoka Apr., 2009 1.78 Ref. 10
Nagasaki Jul., 1997 .
9.77" Ref. 8
(street side) -Jun., 1998
Beijing, China Apr., 2005 26.93" Ref. 11

"1 except for BeP

NEEIGEZRBE L, TORE. K 4 1TRTIHC
PAHs [/ -T2 PM,s NZZ D KER5 D3MF
FELTWDZENR DN, DB 73% Th o7z, &
AU, 2006 A TTICB W THREEZI T2 L HS
MHAEL TS, RIEE 4 um LU RIS 86-100%F(EL
TZEVHREER D O 2010 EICH EOER . ik
OEM D 3 ZRTHT CHEEAT o7 EOL S LRI
2.1 um BLFIT 80%LA EATEELTZE V) fE B 9 L]
E AT YA SISyl
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3. PAHs JRE L

KEZH PAHs OFAPHEE AL 3 RIZED
RILDO AV THEEEATOTZ0IZ, PAHs R DR JE
REEEL THWHLIRTWA, Lima 513 Flu/Pyr
WAL C, ZOfEA <0.6 TAHHH K, 0.6-1.0
THIRBER K, >1.0 TRARBRBER K, A RIRNE
HKET 14 EHELTWS 9, Yunker 50 IDP/
(IDP+BgPe) HAFRIEELL T, 2D <0.2 THIH
M2k, 0.2-0.5 THMABER K, >0.5 THEM K A
BRBER R EHMEL TS W, K& ICE TS
Flu/Pyr tt} O IDP/(IDP+BgPe) FtidZnZh 1.4
KY 0.6 TholeZenb, RFHAEW KO KK H
PAHs OFAEJRITHY & D\ A RIRBEH K TH-
TeZENHEES D, —J7, BaP/BeP iSO = A
T ERE T HIELLTHWS TS, BaP K&

O BeP 13 AERNOIFT 1:1 OFISTHEHENS,

F72, BeP I% PAHs O THRKHITIHIT LAY
B PEDMEL 22 EPED W 278, BaP 13K
K TOFMmA BeP OF) 1/10 EFLILTND,
DA LD 53 f itk D3E DD | F AT
WEATTIE BaP/BeP LAY 1 ICUTVMEZ <L, &4
PR DE WIGAT CREM AR L7255 8121% 0 12k
SLZENL2 D, ZDZEDD, KILDO AU 7 H A
L. SHITIERR DR Bk O rTREME 2 HER 352
EMTED, /NI, 2009 FEOFEZFITA IR, FEIT
555 K OV ] C [RI AL L 7= s S e O FR A 5 00D
IR R OMEIL s CRLIHIL 72 PAHSs 13—/ Y7
N TV FTREM A RIBL TR0 ", (S IX R
FIR-CEHIL7 PAHs 1R BEERXINHOTH
DERELTND P, KGRI ITS BaP/BeP Lo
X 048 Thotz, 2O, /NS HE LT
WFIRT 0.63, f&ILET 0.73 . Okuda & " KX
Wang 5 "W kB HEALFICB TS HEE 0.85 &
WO 117 JOHIEME TH 722 ENBA EERIL 7K
RUTTA VT EN T ATREME B | £ Bl 2%
SINTbDEEZ LN,

4. TEF F¥Mi

PAHs D XHZHEMERIC I THEIEN D FRIFEC
BHAFAET DWW E O FEZ M T 5 FiEE L T, &=t

FEMAREL (Toxicity Equivalency Factors; TEF) % H
W ERSH D, 22Tk, Nisbet b 1 G LZ
BaP #XEHELL7- TEF Z#HW TRl T2, £/
ZZTIE BeP ZfR< 4 BRLL LD 10 PAHs Z%f5L
L7z, fif%&2 6 12”7, TEF 25k 7= 10 PAHs

Ef R B B (i ge o 2 —FTi 58,(2012) #3C

DML RIT TSP T 025, PM,ys T 0.16 ng/m’
Toholz, % PAH TRIZGHA . BaP L OKK IR
ENEBIKA 72 DBA OEGNELEL. ThEh
BEMEEED 40%% 5D T\, IR ONIEER
BECHAL Wada HO#HETIL, 10 PAHs O
PESE RN 232 ng/m’ EARPEDK 10 5 THo72 7,
% PAH THDHE, KA LRI BaP &' DBA
WCEDHFENEL. ZO 2 WET 84%% 5T

77
F & O
FEIGE KA THICBNT 2012 EFEFRIC KRR

CAH PAHs OFREZIToT2, T DHFES, PAHs O
F)70%0° PMys ITREL T =, £72, PAH 4D
RIS AFEMRICB T REIT=A V7%
FTWHZENEZ B, BLHIS7- PAHs 13K HHHE
LS I TEIZZ LD RIBE AL, EDOFATIL I
MBHDNIAROBRBER R THHZLENB R BT,

# 6 Total equivalency factors (TEF) adjusted
concentrations of PAHs
Concentration, TEF adjusted
Analyte  TEF ng/m’ concentration, ng/m’
TSP (PM, 5) TSP (PM, 5)
Flu 0.001 0.26 (0.20) 0.26x107 (0.20x107%)
Pyr 0.001 0.19 (0.14) 0.19x107 (0.14x107%)
BaA 0.1 0.05 (0.03) 0.05x107 (0.03x10™)
Chr 0.01 0.13 (0.09) 0.13x107 (0.09x10%)
BbF 0.1 0.22 (0.17) 0.22x10" (0.17x10™)
BKF 0.1 0.08 (0.06) 0.08x10™" (0.06x10™)
BaP 1 0.10 (0.07) 0.10 (0.07)
DBA 5 0.02 (0.01) 0.10 (0.05)
BgPe 0.01 0.14 (0.11) 0.14x107 (0.11x107%)
IDP 0.1 0.19 (0.15) 0.19x10" (0.15x10™)
Total - 1.38 (1.03) 0.25 (0.16)
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Characteristics of Polycyclic Aromatic Hydrocarbons in Airborne Particulates
collected in Omura city, Nagasaki, in the Spring of 2012
Shinichi NAKAMURA, Kei TAMURA and Yasuo YAMAUCHI

Key words: polycyclic aromatic hydrocarbon, PM, 5, HPLC, Nagasaki

The polycyclic aromatic hydrocarbons (PAHs) in airborne particulates smaller than 2.5 [Im (PM,s) and total suspended
particles (TSP) were collected in Omura city, Nagasaki, in the spring of 2012 were determined by HPLC with fluorescence
detection. The mean concentration of 11 PAHs (fluoranthene, pyrene, benzo[a]anthracene, chrysene, benzo[e]pyrene,
benzo[b]fluoranthene, benzo[k]fluorantene, benzo[a]pyrene, dibenzo[a, h]anthracene, benzo[g,h,i]perylene,
indeno[ 1,2, 3-c,d]pyrene) in PM, s and TSP were 1.22 and 1.58 ng/m’, respectively. About 70% of the total PAHs were found in
PM, 5. The benzo[a]pyrene/benzo[e]pyrene ratio was 0.48 in this study and was lower than that measured in East Asia cities,
showing that PAHs observed at Omura were aged by the photochemical reactions proceeding during long-range transport. The
fluoranthene/pyrene ratio and indeno[/,2,3-c,d]pyrene/(indeno[ /, 2, 3-c,d]pyrene +benzo[g, h,i]perylene) ratio, which are a suitable

indicator to estimate the origins types, were close to those of particulates released from grass, wood or coal combustion.
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