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Seasonal variations in *C and 6°C of total carbon of PM; 5 in Fukuoka, Japan
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Abstract
Seasonal patterns in fossil fuel-derived carbon (FC) and biomass-derived carbon (BC) components

of aerosols in Fukuoka were investigated by '“C and 5"*C measurements of total carbon (TC) in PM,
collected at an urban location in Fukuoka during a period from April 2012 to March 2013. The annual
mean “C of TC was 57.1+6.4 pMC (n=52). In spring, summer, and fall, BC concentration was higher
than FC concentration, while in winter, FC became increased, and ">C was more enriched than in the
other seasons. The high FC and enriched 8§“C in winter could be due to long-range transport of coal

combustion emissions by residential heating from northwest China.
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HENEHEN R0, BEF - TEHHEN OO HENE X, NFREXFEL 22 T5 (Ohara
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RRBICHY (REE, 2013), K77 REBEI YRR LB FIL, RECEND PM,; RE
RRESBEELTWAEEZI LS,

ML BT AEBR TR, 7V 7 RKENL LR FHAORTIMET S0, EN
THRIIT V7 M b K IERRE S5 HE OB 2R T VWA THE EE X
b5, Kaneyasu ef al. (2014)1%, &M TBIHI Sz PM,; POREEE, £/ 11 A5 3 Al
Bl S iz PMys POEEHL, M KEBREOREL2 T TWAZ LEREL TS, -,
KR L Vot dbTE A b O ERMES K BHIZER CHEl S h s REBEF oL,
WPRIEE, BB WVIRARIRIEIC L W RBAE L b O ThH S5 TRENSEERRR LK PAHs)IC
LW RBER TS UNIIED, 2012), “nbHOBMEND, B PMys FORBRZ I, BT
DT IS b O REHRROEEBLBIZITI TR LBELLNS,

BEERBHOE, KE=T a2 AHORIIZ DV T, HEHH ¥R (Biomass-derived
Carbon: BC) & {bG#A%H IR % (Fossil-derived Carbon: FOIZ KR TE AFH2 hL—3— &
L CHFER SN TV, EIIIEEROBERTAKF 1“Co, 2HY iAtel=sh, WM LK
H SN A EREFEDC., BHRAK, B LR OMBREN A LIRTHRED “C B
B, BEOKKF CO, 0 "CIRE % KBd 5(#7 100 pMC), — 77, {LHEEHF CrIRE o8
DA MIES 2421k LBz UC e IEE Y | i EET A HC B HRICBET S
T TCORERRE L TWA LD, (LEREIRRRIEF O "CREILO0 pMC THBH, MEODL
SUCREOBWEFHL. =7 e AR THRERSICEEN D YCREZRET HZ LT,
IEERBERERR L EDEERROFEREMEET S L8RS,

HAD PM,s F TCIZx L “CIREZHE L#] & LT, Minoura ef al. (2012)iZ & v BIRHY
FIZBWT 50.9pMC & N SRS SN TE Y, BEO L 5 2 ifEizs W T ORI
MARRBTHDIZ EBPLNILRSTWE, B4 DR N —TIX, BREORKIHE
WZEBITSH TC Ho “C BEN 56.7£7.7 pMC (n=26)ThoTc Z L #WEL TS (HEIED,
2013),

F BB R O RBEE R CCOIRARBHI L > TRE BRip Bl R R T2 8
PHNCHEL =T v AR T HRERTOBEFREICEDRE LB Z b TW5, TF,
Kawashima ez al. (2012)i%, FKAROPM,sHFIZEEN D5 A ARRBOSCEHE L. EA TR
ALERRBRETHALAZOARENICLREL TE TV REEEZREBL TV,

AIFFECIL B THICIIT D PMys FIRFBRAOZEH Z & OFBRAROELZ REBFRAME
HhBREEL., KEEDHOEEBRZEORBIC > VW TEMET S 2B L T5,

2. WBORIUS KLU

BEHY., B THRRRENFEITECE33 BS9 4. FRR130 K 36 4. HDELIZT, PMy;
FRIZEECEERIAHRN FEE LAV T — Y 7T —(CE BB SRR HV-700F, % 5|5
700 L/min) % AV T, ARMHE 7 « /L # —(PALLATR: PALLFLEX 2500QAT-UP) 1-iZ, 2012/4/3
~2013/420OHE], EA—BEERELZ, 74 A4FZ X, b LOHERIETT450TC, 2
FRHIMB L7 bDEER Lz, BERO 7 4 V7 —i%, TAHIFRANICEATELE L.
Fx v 7RI ANGRENCHRE Lk,
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Figure 1. Sampling site: Fukuoka City Institute for Hygiene and the Environment.

TC. OC, EC{& iXInteragency Monitoring Protected Visual Environments IMPROVE)>” 11 |k =
Jv (Chow et al., 1993; Chow et al., 2001) (ZH-3%, RFsHat(Sunsettt &)z & v HIE L7z,
RAEBIIRSEIC KV AIEL TWA, BEA 4 ROoOBEIT@EMAPICETHRMHL, 12
7 u<w hF5 7 DionexB)Z IV EE LT,

RFFENLEELRIEICOWTIE, 1 REICOXRBEFK 0.7 mg IZ2D K5 TCRELRSS
ICEREZEMRRICEI Y B L7z, 810 H L 7=38HIK 250 mg OB LHE K UF 250 mg FR1L.
8, SR(ER 0.1 mmxE X Smm)# 7T AL & HITARFICANEZLREHE Li-tk, EXFHIC
T 600°C T 2 EF[#], 900°C T 3 B, BYPEANIZIIBA L, 7 4 V& — DRI D T REE S ¥ CO,
WCEB LI, FO®%, BEES A U ERAWTEER L7 CO, L §8C ARFER 0.3 mgC) & C &
ERRRZEK 04 mgO)Icpid iz, C BEA CO ik, MPBRI 7774 MBI A

(Minami et al., 2013) % VTl FicKFRBILEHE, CFelBEWEHZ, 7TAHI=
TAED 15mm BY —F y AR F —ICTREEM L, £ T BRREERAIEREHEE S F—
DF T S a L ESE RS FHHVEE) T “CBEARIE L. Bohi- C BEMNS, MU
TOHBERIZL 5> TBC, FCEEZR®H - (Takahashi et al., 2007; AFEIEH, 2011),

BC #E (ug/m®)=TC & Ex (*C BE/101.5 pMC)
FC JEE(ug/m®)=TC 2 —BC JBEE
7272 L, 1015 pMC iX, BAEOHEYH @ “CRE (AREIEH, 2011)

t7- 8°C WIER CO, 6 Y Ay Z—R 2HEE4H# IR-MS (Finnigan
MAT-252)% IV T, PMps ' TC @ §PC EZHIE L7z, AR T, REBRD OBAER EHEY
DORAE LT RFE L OREHERRRD 2HTH D LIRET 5,

3. MRLEBE

2012 BT BFEM PMys H TC O “CIBER LN TC BEOEBI X 2 10md, HIF
Hr, C B EE T 47.6-79.1 pMC & 3 X F 30 pMC O TEE LT 1 | 2012 £EICIIT 5 MC
B EOETEIZ, 57.126.4 pMC (n=52) & BIBH5 DfE (Minoura ef al., 2012) X0 HKE W
ZEnh, BRI, BERETE T b RE B RRR I S R R R OFEHRRLLH
A THDZ ERGhoTe,
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Figure 2. Time series of '“C and TC concentrations from April 2012 to March 2013.
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Figure 3. Plots of 120 hour backward air mass trajectories arriving in Fukuoka at 1500 m above
the ground level for every 24 hour during each season. Color scale shows daily averaged PM, s
concentrations in Fukuoka.
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FMEOTHERE L EEHPLRKBIHT CIMEMHRREREL . TCEBES LR L
B, “cmELELIRBEMBRALNE, —FAF T, TC BER&EVWLOD “C BEITE
TLTEY, gil Lz 3 B IIRRZEFHRROLNE, Zomid, FICERTHLEERL
D LA "CBRENRE L 2o TWaRITHZE (Minoura et al., 2012; Takahashi ef al., 2007) &
TR RDHLDTH S,

B 3 I FEHiRO% T RSB ORREEZRT, EREIEET U7 BIUKEENLOKM
DEEREL BB L, F, K, £F0 PM,; mIREBHFEZER B L S0
ZLBTVTRELIRTWBZ L2b, &, K, £0 YC BEEBICEI#E RSN
KEEHEDRFBROPHEL THATEENRZEZ RS,

YCRELVEHLUEZBCRE . FCREDEE 2K 41077, EEH/EE 5 & BC(1.8 pg/m®)
DFEFH FC(1.6 pg/m’) &V @<, BC X FC IZHASBH T L OoFBINKEVEAB R Lh iz,
MEFIZAD L, &, B, KFMbaBEBRRRIC R, HOBERRBENA P o7, FF
KE, KX BC OE LWEMMAR LN,

REBMEBEOHEE. BC BELROXRERERO—2 L LTHEHBZToNS (MUEIED,
2013), LD LIEBDOEHERITH 20-60 pm & PMs IZEE_KE WD LA b, ABFSED BC i
BOWTHERICLIEBIIERTEALEI NS, o T, BMEY L ik KERROHE
A, HBHVITERSE X RHEMK I E ONMERBEN CRAE LR T4 BC ORAEFRL LTEZ
Y (R
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Figure 4. Time series of BC and FC concentrations from April 2012 to March 2013.
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—F AFRCREMETLTWAELZD FCRESRESHEMLTEY 1 A#EIZIXBC
IEBERCRAHHLRONE, Lo CAFOFEMIZII FCEZ NS EERBH B LT
HEhsd, [IEOEWHBIRELS LB Tk, BHEEE (IE, 1999) OFRIZ X > ThiFitH
LAY, BRNTEEOHENZIERL-TILBHLN TS, PM,s TERSD S
H NO; b, #BTT R, 36 X O ERRERR L % SO L3 VWl ORFE TH 5 (Takami et al., 2005;
Takami ef al., 2007), 3 12 FC & NOy & DFEEFREETE T, £FITBVWTFC & NO; & D
KNFEOR TR BVEERROND Z 10 AT FCREN LR LEERDO—DE LT,
B, b L < ITHEMERXOBEN IR IND,

# 1. FC L NOy DOHEIRE (*:p <0.05; **:p <0.01; ***: p <0.001)
Table 1. Correlation coefficients between FC and NO;.

FZE(n=13) EF(@m=12) FKEO=13) £Fn=14
0.45 0.49 0.43 0.70%*

= TR PM,s B TC @ 3BCIEOEB %X 5 12777, 5°°C E0D 2012 EEFEHMEIT, —24.8%0
@=52)Tdholc, 8°C HITENLEIZHTTRLZI/NEL B2 TR, ESLLLIIhiTT
RETFHELIY ORELL AZERARRLNE, £EHETHHEIIES: 250%., EFE:
—25.7%0, Tk —24.6%0, £ZE: 24.4% T4 Y, Kawashima et al. 2012)0E L Fkiz, W=
DR TABELEVEZRTHEASR b, & 0 §°C ik Widory et al. (2006)23855 LT
55 4 —ELEE BT O 5°C fH(—28%~—26%) & ¥ b AEWZ L, BEIFES HIAD
RBAERBEBOFCIZIAFEETS EEL NS,

kX, "CBE, "CHEORKRE, HEHNALAENSRLNELABIOWVWT, BREES
BB,

4 5 6 7 8 9 10 11 12 1 2 3 (REA)

X5 2012 4ERICIsT 5 8°C DEH
Figure 5, Time series of 8"C concentrations from April 2012 to March 2013,
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AL, 2013 1 QbR E P LEPEAGRCRE L PM; BIRERK L, Z0%OD
HA~OBMENERINLTEY, ZOEET, BHADKWHIR CRELSE (HEHE %
x5 PM s MESBIHI S (KIRS,2013), B FRBMOMRETH, £FBIBNTH
BEOPM,s (HEE 35ug/m® DL E) BRI S B, BEmICHE LSRR EILEE
IbEsEINTNWEZ RS (H3).

BT PMys FOAZFE SO TR EMRR SN AN TFROORBERRITHZ LB IE
TIZH LN EROoTVWAZ 525 (Kaneyasu et al., 2014) . B A 4 RO TH SOFIEK
Bl b DRBOFBEPHAFEENVICRBEEZOND, K2IZFC & SO DFEERAEE R
T, AFBWT, FC & SO L ORI BERA B o hi- 2 L b, AFFC T KR
P HOESERENEHAIES NS,

#2 FC & SOF L OiREES (*:p <0.05; **:p < 0.01; ***: p <0.001)
Table 2. Correlation coefficients between FC and SO,~.

FZ(n=13) B (n=12) KE@m=13) £LFn=14)
0.12 0.48 0.61* 0.79%**

AEIZONWT, K77 KO FCHARE LTHICERINBEON, AROBEEIZL 0
T HHTTHD, BAEAERATRRAEBREICARIIFERA S ThR20nE (BE-RXLF—IT,
2013), FE, BRI LY bt TIL, 11 A~3 AOEFBEGICHT T, EEBEH
ELTOERPEZEHESNTEY, {LARBORTHFEILMCEN S5 FRITRFICHE
WBC iR ERAMLN TS (Court et al,, 1981), FERENL A Lo A RREEH
S FOFERREFTEL RBELBIZBNT, °C lRER I Em b 2 L 8@ X
N TW% (Caoeral,2011), BHFETH, £F, HICFCOEMBRAbhi 1 b2 Aok
T 4). BF PMys 1 TC @ 8°C AEIEA R BIT-H 0 2 ZIRRFE R §°C:—23.3%0

(Kawashima et al., 2012) fHEE T LR L72(X 5),

BAEX Y, & PM,s  TC MAZEFC Y, 7T V7 KK DR LT & = REAE bz
FORBEZIT B EELLNS,

4. ®KW

BRATHZ BT PMys & 1 IR L, PM,s PRRFICH L “CBER LU 8PC A HIE
L7c#ER. 8 PM,ys IRERIIFER 2 A RREBOFER, kAR eHRRBICE~
mWZ ERbbotk, EHBICAHD E, BiXba B ERRSE L YR RRESFE LSRN L
T, $2E, KEEYHRREFRECE LWENARONATEY, SAEAS L iX
KEEHRD, FEMDH DI E o ¥ OEYIREP DRAE LR F25, BERE L TEZLDL
nd,

—F, AFIMLARHEERBOZE LEMNBA LN, FiE 3 F2H LB R22EMEZ L
fro ZOAEIIEBTALAREERERFEOEMIZ, R7PT7KENLOERIC L 2EEEX
LRI HLOTHY, ZOREII SN PM, s FEEFED §°C HiTTEEO R RE R F
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BHoCHEMEETLER LAEZ &0, PEIGHOBEHICAE S 4 RIRIEH RT3 B A
HTER L. B PM,s FIRERSICHEBE B O LELEZLNS,

[T
WME21TH5 EC, @827 FALR2TEEE LEATERFERBIER ¥ —OFBEHIC
DO RBEHEPBR LLETEY, Z0BE2FLE L TR BILFLETET,
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BE O PM,y s DL AREIHRRE (FC). BL UHEMHARRE BODOEHE e LIFEE
fTofc. PMys PERFEIH L "CIBER LT 8°C ZRIE Lz, 20124 4 A5 20134 3
Az COBRAIZ BT 5 “C BEOFFHIL 57.1£6.4 pMC (n=52)Th o7z, F. H. &
FC 12~ BC OEERFE o708, AT FC OB R b, £740 §°C 1T
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