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SRUDESTORFE L BFRFENICET 5FER

EME - WAE—" - BR% -

BEAE— - MhES

HAI v~ b7 7EEHGHT (GCIMS) T —# _X—2 % AWT, /N -RE (PMys) FOLER
FEGRAAKTE (PAHS) O A BAFE U7, AEIL, BERAHIC & 2 AT & GCIMST —
IR—=ZAVAT WEflBEDELFIETHY . ZRIOBEDORB ZLIAAN TN T2 LR TE D,
167H OPAHSIZ HEW) B 1 L 2 IRINEIGGRER 21T - 72 fE . 2BR O Naphthalene TidZ2% TH > 7203, 38D
SENR A\ E L, Phenanthrene CTid72%% 7k L7z, F72. 4~6EiPAHSIZ IV Ti%92~108% T\ M E]
INENE BN, ZOREND, AREOBEMAFBHIL, 28R MK 03B & k<. 3B EDOPAHST
BB EWRENTZ, Eio. f@E RPN TERE L 72PMy sk B 345K i 2 VT ANEHE & O SERE

WA L7-fE S, ME ORICE WM (R%=0.98) 2RO bz, & HIiT. AEIC X > TH B IL7-PAHS

DOPEERLHAIL 2 b LA OREPMAT 21T o 7o R, ZZFETIIPAHSIRED B < 72 0 | KBEZ i & 9
HINA A~ AROFRIRBER K TH 5 Z LM HEE ST,

[F—U— K : GC/IMST — & _X— & s SHT,

1 [FLC®HIC

FUNALER sk T, ek BA ¥ 20 R 2IZ U, Bk
KRB (PMgs) DEMS Th DIEBENKEN S R
BREERRE STV DY, HRIZ, PMyslc DWW TIZERBEHLED
HERERAMEL . BEARERMBEIC > TWEY, &bz,
BONRLT- 721 Tl < L FRIUCE TN DR 2 I I &
HASOREERBE LIRS IND, P THLERFTERRILK
# (PAHS) 13, BHEIHHED 2L BRI OBRBESIC L -
THAETDZEND, PMusic b & EN D BRI &
LTHEAINTWD, KEREREITIZ. Z OPAHs16fE
BABEERE L L, Hliloxg e LTnb,

L Laenbd, AFEENTLYVPAHSZ S+ 51213,
BORMLEEIEEZIT O LERH D720, 28 UL O %
BI 5, 207, B CHERIHEOREN KD Hh
5, &I T, AW TITBE R HIC X 2 Bl L b
GCIMSF — & R— 2L AT A& MBE b= FiEL R
L. PM, s OPAHsZ U M OZh =R oir 35 Z & % B
e L, Ebic, RIETHLNESITT —2 % &2,
PM,s & OBEFRPESCPAHS O % A e JHIC B - 2 HEE 21T - 72,
ZOFEMAE LT ICH®ET 5,

TR PR (T818-0135  ASEFriRFIMIAES 39)
i ] U BR B T B BE R R
(T812-8577 @] L XA 7-7)

PM,5. PAHs]

2 HHEHE

2 -1 BEEHEH

20134E5 H 7> 5 20144E3 7 (2 T, @] VAR BR BT 55
FTDE FIZERE LIEPMy s bl B NA R Y 2 — AT
Yo T TV T, BB L2, PMysOfifEICId s
FEREAE A2 L. F 131000 L/minlZ 3% E L T 245
oM T T BT o T, BREBGREHI T v v 7 AR
UASIZ AN T, O#EE T—20°C THERIRTT LT,

2-2 BEE

B OPAHIEMEM B X, 16OMENE END
AccuStandard#¢>Method 8270B - PAH Mix & fii i L 7=, &
< EERMOWNIEEWE I, MIEERONAGINATARA
1% #E Mix Il ( 1,4-Dichlorobenzene-d4 ., Naphthalene-d8 .
Acenaphthene-d10, Phenanthrene-d10, Fluoranthene-d10 .
Chrysene-d12) #fEMH L7z, FAFLERKITA~F Y THRZ
1TV PAHEEHEME 131 ng/uL., PUARHEWE 1310 ng/pLiz %
AEINHR L TEH LT,

2 - 3 {EEWMHEICKSFEMEINRE

AR CTHEA LB EREBIX, 7TAV VRO
USD-4R (300X240 mmid.) T&Hs, MHEITHIRNIC, &
Wit (HUS-3, REZET) 2O TRE R EE O KN O
TR A EW LT, FORRICESE FEAWL, FHo
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EDODIRVGFTICHINARHDO AT VAR Z v REiE
WTCHEE Lz, F£72, EEORBOBIZIZ, KIER 20T
2725 KO L=, LITIC, PAHs IEHEME % -
INEIGRER O BAEFIEIZ OV TIAT 5,

FHHEHE S A, 200 mL 8D B —H —IC AN, B
% 50 UL I L 7c, RIEAM R 5 £ T, IR THIR
MR L7-1%. 50%7 & ko f~F42 40 mL 2Nz Tl
T A 10 23R4TV, ZOfEREE 2 B0 K Lz,
FhHRIX, OKERERT N U U A TR, SR IRE R
WHEEER> a7 « 7 FIU AN (Fyrar7, HRE 2
v et ZHAWT, IEE 30°C. J£71 280 hPa DT
mL F CHUEEN Lz, ZOBRMEKE A N\F 2 —b~v=FK—
JL I (57101-U, Supelco) (2> b L= U B FAT T A
(1 g, BHAEZ) IR LZ#, 30%7 & hoi~FH¥ o
10 mL TEH L TEIN L, ZOBWHREEH#KIE FT
100 UL LLRICHME L7z, ZAiC NAGINATA I N HEd
Z10pL #AN L, 100 uL iz A A7 » 7 LT GCIMS #IE M
OFREE L7,

2 - 4 PAMHs{EEMLERIZEET HRELEHER

T AT L DI e VR A RANER R & x5
(2. PAHSIEYEYE 2 F O T2 I INEIIGRBR 21T - 72, F 72,
BMRBRE L Te—& ) —o AR L — & — |2 K HIER
HE 2B LT RRRE ® 5666 L 7=,

Va7 EAORMERR. 100 MLERTH T 7 2 3 LY,
EFR T AHDI0 mLE D/0 B HEE 2 E T, PAHSIEHE
WA 50 LIS L7z, 0%, BIERMEIC OV TIE, 50%
T h~F 80 mL, RS ARMEIZITI0%T & b
I~F 10 mLAE M A 7o, AIRHEIL2 - 208 L TR U 444
THEME L7z, 728, BERMEIC OV T, 1 mLERE $ CR
M Lotk BRI ALY FERGEZITV. I EEH

R L7z,

25 NAEEHEDOEABELKER

AREREVENT, ARFIE CTERELL 7= PMys B2 L7z,
T BEHE A A AR 66.5 imD A X2 2 4810 H L., 200
mLAED E—h—IZ ATz, ZHUT50%T & k v~F 3
40 mL ZINZ CEEEHEmEZ 10 BTV, ZOEEZE 2
B IR L7z, DAL, 2 - 2 OEE L RO TIE
TiTote, —F. WIHONEEIL, BESOFERKS
YeVEIE T~ =2 7 VICH B REHM CAF DN Y
[V DOREFIEN T 4 V& — itk - mifiEiks a< b
7T 7] \HEILL T AT o T2,

2-6 HESIVT—42U0E
KIEOREL, WEMR T 2 7 a~ 75 7EESHTE
(Agilent, 6890/5973N) Z i L7-, MESMX. BEHRO
GCIMSEMINCHE - Tz, FER L OERICIE, T — & ~—
Z Y 7 ENAGINATATL (P)IGEHRD &Mz, 2ok,
NAGINATAIZ K D fiftr 247 9 &k, BUBHIE DAz
BEOMWREE T — # N — A BERFFOIRFBIZIHIE L T &4
ERdD D, DD, MSOF o —= JHEAFRIC, &
PEBERTAM A O FE 7 (Captafol, Decafluorotriphenylphosphine,
Benzothiazole!Z 2 G124, #HiZE) ZBIEL T, oMk
B IEMEMELL ECoh 2 = & 2R L7z LT, BBHIE 21T
STz, 723, ARIEIC K B 6 M E O 7 BT FRMEIE0.01 ng/m®
ThH-o7T.

3 WREEE

3+ 1 FMERHAREER

ARIEOF FAVE & il A& 2 592 729, 16/ D PAHs
FEEME 2 IO CHRIMEINGRER 21T o 7o, AR TIL, 4

F 1 AEIC K DEINEIGRER O R

Average R.S.D. . . Boiling Point Vapor Pressure
Compounds % S.D. % Molecular Weight Rings C mm Hg
Naphthalene 2 13 57 128 2rings 218 8.5E-02
Acenaphthylene 12 13 10 152 3rings 280 6.7E-03
Acenaphthene 19 12 6.7 154 3rings 279 2.2E-03
Fluorene 48 23 49 166 3rings 295 6.0E-04
Anthracene 64 0.67 10 178 3rings 340 -
Phenanthrene 72 32 44 178 3rings 340 1.2E-04
Fluoranthene 9% 31 33 202 4rings 384 9.2E-06
Pyrene 93 25 2.6 202 4rings 404 4.5E-06
Chrysene 99 37 38 228 4rings 448 6.2E-09
Benzo(a)anthracene 102 51 5.0 228 4rings 438 2.1E-07
Benzo(a&j&b)fluoranthene 101 41 41 252 5rings - 5.0E-07
Benzo(k)fluoranthene 104 51 49 252 5rings 480 -
Benzo(a)pyrene 92 38 41 252 5rings - -
Benzo(ghi)perylene 93 51 54 276 6rings >500 1.0E-10
Indeno(1,2,3-cd)pyrene 107 47 44 276 6rings 536 1.3E-10
Dibenzo(a,h)anthracene 108 5.6 52 278 6rings 524 1.0E-10
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[ 0 IR UApHT 24T\, SR B OV A% e 22 % 3R 8D
Tro WNENRBROFE R 2 1ITRT,

WL LT X TOPAHs A &hiz, 4~682PAHs
DEULRITI2~108% T > 7-73, 2~3E TIFI2~T72% T
H Y ARG TR BTN TRIENME T 3 A8 A 5
ni-, ¥z, 2B Naphthalene TIXEILR N i K< |
2% CTHolz, Fio, 0 IE LN OMRHEERZEIX1.0~
5T% A Td - 7203, IR[EIUEE D Naphthalene & i\ 7235
B 10% LT CRIRIMTRIEZ R Lz, ARBRIZE T 2
&5 FPAHs DAREIR R IC SN TIE, @R IC 1T 548
KNEZ BN, ZOFEMCHONWTIES - 2THBT 5, U
FOFRERNS | ARIEIL2BRS F D SERPAHSIZ X L Tl
FIZREETH 528, LIS 0O3~68PAHSIC OV T
MTHHZ ENbIoTz,

3 - 2 PAHs{EEIRE(ZRET HREEHER

TOMEIERER OFE RS | RIE TR T PAHs O [RIIL
BREL 72D Z EWRENTZ, SVHBRRICEIT 5 PAHsD
BRI DD FREMENRE 2 H LD 23, AUFZE TR
ME@FRICE R L-, 2BRi®Naphthaleneld, Z D HAE®
N OMOPAHSIZHE A THIEE LOTUVEERH Y (R 1),
EEDOHFFEF S b T NR L — & — R E R TS
THZENHEINTNDD, 22T, REORIFHRRIZ
DT HRIEEIT o7, X5 e Lizoik, a7tk
TBERNE & R APRERETH Y EEYE & AV T
INEGRER & 1T 5 72,

a7l LD WIERMFER IOV TREE L 72/ R %
X 1Y, 2~35RPAHsDEILEN50% A TH Y, K
TR BIZONTEINEME TS 2N A SN, 72
720, ZOfERIZ80 mLA B 1 mLRRE F CRUERN L7z
LBAETHY ., 2L 0 IBMRREN S WIGEITIE, BICER
ORUGET D Z L biERI N, E BT,
R —4 —IC & B WERAEREEIZ OV T B IRGE L7 R
2~3BRDEILENE0% % FEHFERTH o7 (T — 2 Kl

o—&J—xN

120
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>
>—‘80
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>
3
&40
20
0
& F F S ¥ & S ¥ & F & &
ROFOGVOIC F & & & F & & F &
FEFTITFITTE T TS SN F
F &S S & &L L S
N K & LV F P o S D o
‘%é‘vb @\Q\Qé\\"o‘@fy
?5; &e_“o Q&Q, &0 @"\\q
@y ¢° & &£ O
T o V&S
N Q‘@\Q

B 1 JUERMEERIC IS T 2 BB ERER DR R

), T, vraToBE ERERRIC, BRHEREICL > T
[EUNRNEET B Z & bR ST,

—Ji. BRI AR TIZ, HEE LT X TOPAHsT
90% LA EDEIRZENG B, Z ORERIZ BT DRI
FERNZ LR SN, U LORERNS, RIEICEL D
2~ 3R PAHs DAREIR O JRRIL, WERM BRI L 55
FBRTHD EfmMT b, 202 &k, PAHsOHT
IZBITAHEEREENTH Y | AR CE BRI RFHEA T
L IESOTERIIBOWTHERRARTHE EEZD
N5,

33 ATELORABELE

20134E5 A 7> 5 2014453 A2 2 iF TR IR CTEREL L 7=
PM, silBF 3T AR IR & Xt I . AL & AN TEWE & 0 FERE
HBGERBR Z T o 72, AR CIIOVHEZ WA T 570,
3 - 1OWMEIGERER T50%LL LD BTG 51 7-3~65%
PAHsZHIEXI G & Lz (£ 1), 2B, ALK 5%PAHs
OFEHEEITR (D) »oRD, 25 OEFHED LR
ErEHL, ATEEOLKEToT-, TOMEEK 2
2R,

FEHPE I (ng/m®) = {F H I (ng/ul) X fix #& e i &
(L) Y {OH A AMERE (m?) X2 () }xIEEM AE
B (m?) BEEREmY)} - - (1)

Ak & ATEERIC X D PAHSKRIR L ORI & O FEBEME TR
HHT (R=0.98), LALLM D, AMEIC L B IR E
EATEEICHA, OREL RN A LN, ZHiE,
T ERPREREDE T LY | EREICRER A EN
EULERRTHDI EEZOLND, AR TITHEX S %3
~BERPAHSIZ L7y, R&H CTIESBRLA TIZEICH A4, 5
BRUL BRI, ABRIZZ O T ICAFET D2, AIEIC
X o THPM,sH OPAHSHE A B4 dHl © X T\ 2 &l
iz,

10

/
y = 1.2554x + 0.0617
R2=0.9808

Official method, ng/m?3
B
3
o\ *

Our method, ng/m3

X 2 ik L ANEIEDOPAHSHEEE O Hik
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F I T, AEIC XL APAHSIBERERZ B L 12, PMysiRfE
EOMICED L D RBENEN S D DD, = OREH TS
WTHAR T, EORERE 3IZRY, BHMBILH T,
FCITFRBEBCHERE LTV, 128 ~1H o TIE.
PAHSHE FE MRS < 72> TV 2, ZHUEPMys IS
FNDHPAHSOFERMNR LN L E2/RLTEY, Z ORI
WZPAHSOREARMNMEIMLIZb0 LB 2 b=, KAHO
PAHSIREIZAFICRENEL 2D Z EPREINTEHY
O ABFFRICH VT b FRROBRI’G SN,

——PAHs Conc. -« PM2.5
10.0 100

[oc]
o
©
o

6.0 1 5 60
o /
40 +* St PA 40

20 - . ! 20
N VA

0.0

PAHSs, ng/m3
PM2.5, pg/m®

PP RO I B B0 P R b
@@ & Yg"o ¥ & & F

3 PAHSHAIEEE N O'PM2.53 B D% H 254k,

3 -4 PMsORREERICET HEER

KREGELH D PAHs fHA NG . ZOREEAHEE T 5
BB L TRV 2 0lERndH 5 99, PAHs 1XZ 0
PRI U TR R R R 2 &b BIRHEE b L —
Y=L LTHHTL2ZENTED, #2C, RFRETIIBE
HOFHE V% VT, AFZE TR L 72 PM,s kb2 %45
{2 PAHs DRIRHEE 21T o 72, 728, 3+ 1 OESIMENLEER
DOFEFITH-S & | AR TIL 4 BRO Fluoranthene & Pyrene
OF R (UL F . Fla/(FlatPyr)) . & Y 6 B O
Indeno(1,2,3-cd)pyrene & Benzo(ghi)perylene DfEAkLE (LLT
Idp/(1dp+BghiP)) % IV THEAT L 72, ABFFEIFIC VLT,
PAHS IRE D e bR o728 A 14 A (%) Likbmno
7212 4 31 B (&%) &flic, Mfr LzsERe®R 2 108
7. PAHs OFAIRE LT “AilfEBhk”, “AiRbEH
KNS A AROARIRBER R D 3 203H 1 5T

B, & PAHs kLI K> TENFNICHEEIND,

8 J 14 A Ofpri& R, Fla/(Fla+Pyr) & (% Idp/(1dp+BghiP)
IXZE4 043, 046 T, Hi# % 0.40~0.50, #%#1%0.20
~050 TH-o7=Z L5, PAHs OFIFIT A MREERH KT
D ERHEESNE (F 2), —F. 12 A 31 HOfENr
FERIZ, WINOMAED 050 LETH-7=Z L,
ZORIENDNA A~ AR OFRIBBEH K TH D L HEE X
iz, ZHHOFERMNG . ZEHIZ Lo T PAHs O AR
NERALAZENEZ T, T2 T, FE/MZBELT T, PAHs O
IR 21T o 72 & 2T A, K 4 IR TRERDE LT,

——Fla/(FlatPyr) === Idp/(Idp+BghiP)

0.60

0.55

0.50

0.45

0.40 : ———
PO IR C R C RPN AP
@‘Zﬁ R o ?&% N & %04 sz’ & <<é° @‘b‘

4  PAHSHR L D% H 284k

Fla/(Fla+Pyr) & (%ldp/(Idp+BghiP)i%. B Z=D & HI[#120.50
ZTES>TWAHO0, FEfZHE U THER050% 8 2 Tk
V. PMysllE £ APAHSOEIRDIE L A Lid, A A4~
A RO RIRBEH R TH 2 S HEM SNz, P TH12A31
AT 2 QML RCE <. PAHSEE b Rl 2
Lz (K 3), BLEDZ EMD, AZRITEIT HPAHSIRE D
EHIZ, IO OBERERFERTHDL LB LN,

2T, 12HBLHAICHR S NIZPM,s3 E 2 BHER L
TEEONERRD LD, NOAA CRENVEFERRT) @
HYSPLIT®Z VT, 29~31 H D% 7 FBMRIC DUV TR~
Tro TORERER BIRT, WIILH KNS BHHL X
NTELEZEXHTHD Z LB S, B2, 3LHICE
B L 72 REEEHE, KD LRI & @i L T & 72

2 PAHs MRk & 2 EIFHEE

PAHSs total concentration

Source Fla/(Fla+Pyn) 1dp/(Idp+BghiP) ng/m’
petroleum(unburned) <0.40 <0.20
petroleum combustion 0.40-0.50 0.20-0.50
biomass and coal combustion >0.50 >0.50
Aug-14-2013 (Summer) 0.43 0.46 0.061
source identification petroleum combustion petroleum combustion
Dec-31-2013 (Winter) 0.58 0.53 81

source identification

biomass and coal combustion

biomass and coal combustion

-62-



e, ANHNEBNC X DB A2 T TV D Al
éB_\:@ﬁ%i¢ﬁ®5mﬁﬁﬁﬁu%kékwm\
Z 2B IEAE L TZPAHSAPMsiZ 155 2 & BN Hic
ZHID, LM LA E, &M CHE L 7233w
HEILDHFRELEZOND 20, SRITENTHEAE L
TZPAHSIZ DWW T H A LT, L0 AR FEAETRRIT 21T
IMENRD D, LEDZ &6, PAHSHLEK LIZ & 5 R
RHFI A BBEENMLETH D OO, AFFRICL > TRE
KEDOHEZEITH Z LN TET, PMysa=BHZ I 1T HPAHS
DT —Z 1%, BYHRIE L LT TRl NGIEIRAEEH
DRL—P—L L THHEHTHDLZ LRI NT,

Source * at 33.51 N 13050E

Meters AGL

18 12 06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12 06 00
12/30 12/29 12/28 12127 12/26
Job ID: 1413 ob Start: Fri Jun 24 02:41:46 UTC 2016
Source 1 I.at 33.512566 Ion 130.499886  height: 500 m AGL

a" Direction: Backward  Duration: 7
Vertical Motion Cal:ulahon Method: Model 'u’emcal Velocity
Meteorology: 0000Z 29 Dec 2013 - GDAS1

X 5 %GR (201345124 29-31H)

4 FEOH

GCIMST — & ~X— 2 % VT, PM,sH OPAHSIHIE /34T
ZBRFE Uz, ARME O AT, 282180 T D3BR 2 BR< |
3~BERPAHSIZX L THHTH D Z &b hotz, RIED
SYBTRERIIE, ATALER (R - RS CRO4RER], JIIE ROt
TS RN TR CH D Z &M B LANTT — % 2B
BT ENARETH D, Fio. B CIEEMIREFEL

EVEDN D D,

BRTE D720, fFEDRICHLENLTVD

S HIT, AWFFETIZ. PAHSOEEE P A & & 1T
FHEE 21T o7z, TORBE., PAHSIEE N E < 7 54T
BWT, ZOERJENRNAA < AR OHRIRBEH R TH S Z
EDHEE SNTZ, S I, BT IR O O R4
RETHDZ &R I M EARH L TIUNICRR L
TEREHESIN,

E il
OO L, ISPSEMFE: 15K21702 K ONEREHER
BRSO L 0 i L7,
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(PEXHEEF)
Rapid Analysis for Polycyclic Aromatic Hydrocarbons in PM; s Using a GC/MS Database
and it’s Application to Source Characterization

Takashi MIYAWAKI, Shigekazu YAMAMOTO*, Sayaka KOGA, Keiichi SAKATANI" and Shigeyuki
TAKENAKA

Fukuoka Institute of Health and Environmental Sciences,

Mukaizano 39, Dazaifu, Fukuoka 818-0135, Japan
*Envirommental Policies Division, Fukuoka Prefecture,
Higashikoen 7-7, Hakata-ku, Fukuoka 812-8577

We developed a rapid analysis of polycyclic aromatic hydrocarbons (PAHS) in particulate matter (PM,s). Our method uses a
combination of ultrasonic extraction and an automated identification/quantification system with a gas chromatography mass
spectrometry (GC-MS) database, and a maximum of 10 samples could be analyzed in a day. As a result of the spike test using 16
PAHSs standard mixtures, the recovery rates were 72% for 3rings-phenanthrene and 92-108% for 4-5 rings, whereas they were
decreased for the low molecular weight PAHSs, and that of 2 rings-naphthalene was 2%. Thus, it was shown that the developed
method could be applied for 3-4 rings PAHSs. In this study, we evaluated the determination precision of the method using 45
samples which were collected PM, 5 in Fukuoka from May-2013 to March-2014. Compared with the results obtained by the
official method, the total concentrations were generally comparable and a high correlation was obtained between our method and
the official method (R?=0.98). Furthermore, we determined the source characterization using the concentrations and ratios of the
PAHSs in each sample. As the results, we estimated that the PAHs were derived from combustion of biomass and coal used in East

Asia, and transported to the Northern Kyushu in winter.

[Key words ; GC/MS database, Rapid analysis, PM,s, PAHSs]
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