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KEH DOVFERL1- Particulate Matter (PM) OKRE 1, BEAEATHE nm 2258+ um £ T, #kx TH D,
PM (342 23 B REIR (HARRFECAGIEIR) 28 b, BICRHKF, A4, mERD D LEBRITWD,
KA OB INKEARE (PMeas, R 2.5 um LA EORI % 50% 7 >~ b L7zki) 1%, A~ E £ 5]
T 12, BARTIEPM 2K K & LIz KRG OBBEZENES SN TE Y, FRCKEHIZBIT 2ME T
WX ST D, FiiERL IR '8 Suspended Particulate Matter (SPM, FKif% 10 pm LA %% 100%
71w b LTzRif) & PMas OERBEREMEITZ NI 1973 4= & 2009 FIZED Hivlz, SPM OERELEENTIT
ERENTWAHDITK L, PMes DERRIL 2015 4EI1031F 2 HEVEHEH Y 2 HlER (CLF. BHER) ofA%)
WER 219 /D 55 58.4% TV 3 KB TILT X TORER TRER TH -7,

REGGEEIL, RRGRBIIHS CHEBINEEE S O CIEIN TS, LavL, JBERKITRE S
TEY, IPERRIGRRZ R TE TWRWHLEFE L T D AEEMER @V, £ 2T, AR T, A
AFET=F Y IR DREIGRBERROERIZER Lz, SAAT=F U 7 IERBFEICEL, BHIC
ZHEBHIAFRETH Y, FIEOHBENSWEOR SN H D, RO GHIRIL, AAT 3 HFHIZKEW
EHETHDORKFTONEL L, SA A T=F — 1 3INEICE B SN TV DEER TH DA F 3 7 DIE 456
E LT, EORMEIIAAE LICKRLFDOILHR oL, ASHEENEANRBARTY A4 Y b—THCRR&Y A 7 r br
&% — (NMCC) @ Particle Induced X-ray Emission (PIXE)> 27 AIZ X VIT-7=, LLEDFIEIC K
D, NAFE=H Y 27 % FWT KEIE Y HETE TVE O L SRR TR 1E O KRTE Gtk O {2 &2 A28 D
Hifp & Uiz, A& T, 2014 4005 2016 FEOT —# Z Hv, (1) oM R OBRIEEYIC X 288, 2
AFET=H VP TRERERBER T 0 7 740 BOIE, GNAAE=FV U IFERETFHEAERICBIT S
SPM i+ DTEHEDOHE, 1) A Fa v ¥YIFONALFET=F ) o ZHERO IOV TREREZ R LT,
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2.1 EDHRE

BEORIUM AL, A T 2 UMER ST 2 R EBELE R O (A-1~A-5), Fi2lZbfl (B-1~B-7)
DOFF 12 M OV v 0l STV DA BEARES E Lz, TNENOME XK 1, RFRARBERHS D5
HiIX 21277 EBY TH D,

BERX, KRIRTANOFLEEMALICE S KA ET 5 6 BHROMBLHER TH Y | InEICITHEE o
WsE L, 8 970 KD A F 3 UK STV 5, FRk 22 FE (2010 %) EERREES A TI2XD
HSROHAZBEEITR LIRT LBV THD, A-2~A-3 X[HTIiL 51,748 &, A-4~A-5 X[HTiX 37,623 &
ThHY ., KUHERARIL 5.8~6.5%ThH b, A-1 ML TITEBEMGARITEIE L 20 . REUTZOME CFm
HEH) ONEE Lz, A-1HSOHAGEET 9,145 A TH Y, KAUHIREARIT 10.7% TH 5,

BT hiiE. KIKTTNOW T 2mAbicED 6 EROBIER THY ., INEICIEA TF a 77 R R
FiAs ST D, SRk 22 4R (2010 AR JERRAS BB U A TIC L 5 & HRIERIT B-1~B-5 [X[# T 28,479
B, REHIRAREIT 18.2% ThH 5, B-1~B-3 XEITH 21O O E & i mdtiE o maiEig & LTE- T
W5, B-6~B-7XHDHREREIT 42,071 &, KEFIRARIL 28.7% TH V. HEHSOH TR b EVET
H5D,

A-2 Y A-6 RO, KBGO BEBYEHEH T ARER (BHER) 2355, A-2 HisGT B o
B TIE, SR 27T R (2015 42) @ SPM O IR 0.024 mg/m3, NOg2 D FEEJRIE X 0.028 ppm
Th % 8, B-6 SO EDELILAZZESRTIL, SPM OB S Tk 5T, NO: DEFLEIL 0.029
ppm TH 2 8, WHPEHE HIT PMes OBHNIZ SN TW RV, KN TIZERIER (—&E. BH9ER)
T PMas OBREEEMEZFBE L TWD I 05, AREOHITEHATE PMes OEREEREABIB L TWEH D
LHERIE N A,

#1 BB SRR O W T

Hh S A-1 A-2~A-3 A-4~A-5 B-1~B-5 B-6~B-7
ZEE (BIH) 9,145 51,748 37,623 28,479 42,071
KIVEIR AR (%) 10.7 5.8 6.5 13.2 28.7
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PIXE o4 Bt O (ERL IR O FINETIT > 72, BB L723% 300 mL @ 100% T % J —/LiZiz L, BEEk
Hrin (KRZEF. W-103T) (), BEREISAE Lishif2 =X ) — VIR iEE L7z, Bk,
TH )= AP LEEEZ AR v I TRy L, BB ZITS 2 L CEEBEZAE Lz, £
oy EEROBRWERoOT Y ) — )V ABERE (7 R v 7 KO-47), Wsl#EE (7 XU, DAS-01)
W TRGIAIZTF, PTFE 7 ¢ v 2 — (JG8EERT, TFH-25R) ([Thi A% L7z, sl Aiid 0.02
MPa O5MTITo7z, ABHO 7 4 VX —IXARGRIC L VRS-, /-, A@Ai% CETRF (P
YA BP211D) 12XV 7 4 v Z—DOEHEEELAITV, BHEOEZRFEREE LT,

2.3 PIXE 24

ERL L 72 3BHE, NMCC 14 @ PIXE ShrE@Elc CuBofh 21T 72, HE S 926w, INHOY 1 7 1
fa b 29MeV D71 b B —A (6 mme) ZREHIMUR U, F4E L7 ftk XA Ko r v ¥ —H &5
T XX =0 SIS CRFHCHBET 5 Z L TARY b 257, X IRINEEE & LT, EE 300 um
@ Mylar WA EZFIH LTz, A7 MANbE—7 wiEZ T+ 5720, PIXE AT Mgl 7w 75
2 SAPIX(Spectrum Analysis for PIXE)ZFIIH L7z, F72, ©— 27 @l O E&E 2 R 5 kI3
B ERHALE, PIXEWZXD R 0rofE, —E b S tRKIL 32 cEZTho7mM, 96 1256
FIFFD U EOREHZ B W THIESCHE &R TIRIED 1/2 2 FEY | 7 — % OfEFEEMEW 2D A4
FTOMNRITENOERI L2, LB -> T, RFFETIE 20 tH (Na, Mg, Al Si. P, S. Cl. K, Ca, Ti,
V. Cr. Mn, Fe, Ni, Cu, Zn, Sr, Zr, Pb) ZXRIMNT 21T o7z, Fio, BERES -0 ORO-E &I,
OREZHNTEH L,
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BB RICIB T 5, HAZEmE Y 20 OfcEERELX 3, MR FrEEZX 4 1R Lz, #iRZET
EOREZWZELSXIEIH DL OO, YT 2016 FFZFRVC, FEK & RIS BRT I N TRTHE
B, B TEEEDITHEMLTEY, A FTa VOEOREITITRFAEEL TN ZEBRBINE, Z
D L 95 ZRREAEN T Martinez-Carrillo et al 1 OfEFR & —H LTV, FEEOEWVERPEONTZ EE X
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FERKITE LS /NEWEER LTZ, L3> T, 2016 4k PIXE 23 H & Ok & B35 i M &
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BRI T AR TR E RIS T 2 F LR EED A FROM TR LR R A X 6 12 LT,
Fo. BRIEHIN R 556 O R ERLOEZLRFT 21 OF EEREZIT o 7o, IR X 5220372
WHDITV, Ni, Zn, Sr D 4 0HEDHTHY , £< OLFEOEEILPEEFHIC LV £B) L=, Na, Mg,
Al, Si, P, S, Cl, K, Cal3HICRERMEZRTMERIZH Y, Ti, Cr, Mn, Fe, Cu, Zr, Pb (Tt E
R TREVWEZ R THEHAENICH - 7=,

FRIZRKREWVEEZR LI GHRIE, BRI KD0ERD EE X HILDH, S. L. Gong et al.12 23T o 72 O ILH
FR AT OFER TIX, Si. Ca, Al, Fe, K, Mg 2R S/, F7o, mbAKEL Y BREfH XIS X
D IRRRSAETIL, Wi b (R MR TSP ENLICHEIND BZ LR TEY
Yamada et al.14 TiZ, 350 A X2 MRFHZ Y ORPELE EDHR LI E W HRN B 5, KRBT,
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KIFFTRDONA FE=2 ) o 7 FETHREORBEZRA LN TV DI ERFTT 572012, BEFORAER 7 =
Ty ANT—H BLWE{Tol, BEERTa 7 747 —41X, CMB (Chemical Mass Balance) %% H
W CIRTEDRAIR G G 21T > 2B HW ORI b DO TH D, AFETHE L iR ERER T 7 74
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NAFET=H Y U THERIL, BERMEL T L —RED T e 7 7 A VT —4% Efia—% L, BEEHEHEH T A
b V. Zn PADOTRIZOWVWTIRIERBEOEEEZR LT, LER-T, XA A=V o 7iERIT, 25
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34 NAFEZRYIJHERELEAFEBHBICHE TS SPM A FHDTRDLLE

A FRFENDRKRZEREORMERZ DN TV DRAEEIT I 72D, A2 RS FE=4 1 v TfER L
WEO AR MEEENER) T Sz SPM k0O tE ok B4 i L=, HEEINERIT A-2 HiS
5 80m BN 7B E IR VMCALE L TR Y . MHFDOKRKEREIZEL L Wb B 6Nh 5,

SPM D43t S ifli%, 2014 1% 4 A 28 H~5 H 18 H, 2014 FE X 7 H 1 H~21 H & SREUEH 5
IZRRE L7z, 2015 RICBWTIE, BEN DRI TOEMAEBE L, 4 H 2 A bZNZNOFHIOFEH OFi
HETENGE LTz, LEER-T, 2015 4EFIT4 H 2 H~5 4 13 A, 2015 4EE X4 H 2 H~7 H 30 A,
2015 4EFKIZ 4 H 2 A~10 4 7 H & L7=, SPM ® PIXE H#r HakHE. BRI RN SRS 0T —7 5
BEHW, A Fa vOELFEREO HFIETIER L. PIXE 247> 72,

PR T L7z A-2 i K OV SPMIZ 1T D e R E RICK T 5/ e B E & DO % X 81277 L7, Mg,
P. K. Cu, Zn UADFEITEB N T, 1%HEKETHEREZNZEO b, Al, Si, Cl, Ca, Ti, Cr., Sr,
Zr TiX, A2HEDONRA AE=F ) U TREROFNREEER L, Na, S, V., Mn, Fe, Ni, Pb Tii,
SPM iR CREREE R LT,

SPM /%, K% 10 pm T 100% DfEL R L RO hidiE 2 BT 2k CTh D720, 10 pm ZH R 5
Kif-1% 100% 0 v FENTWDENR, A Fa UDOHEITIT 10 pm 2B 2 DR FNEAFEL TWD Z L BHEN &
b, Al, Si, Ca, Ti, Fe, Sr&2N &G s B 71X, 5um FEE TR RO —7 285, 10 um %
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ZDLDHLELBFETD W ENMOLNTND, XA =X Y U TREROED Al, Si, Ca, Ti, Sr 0F
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TLHFE ORI R L TWe, LR > T, FFEOBFETIX/2 < IRIAVVEY ~IEH T X % rlRetEn
R E T,

EY]
S

'"’jl;u'l 0.1

%

Iél

N 0.01

or

&

W 0.001

1HER T
'gé 0.0001 L I

Na Mg Al Si P S Cl K Ca Ti V Cr Mn Fe Ni Cu Zn Sr Zr Pb
O4Fav m7yvE

9 AFavlrvXORIRERIIHT O ILHREARDL

97



NMCC 23 2016

4 &

KT OFEEEAERKICBNT, A T a VOEE NS A E=F—L LT 201405 2016 0K, &, K
DOF 9 FHEE L., EIfIE LRI 7O iES PIXE A7 A& HWTHON L=, PIXE v A7 ALV K
7z 20 6% (Na, Mg, Al Si, P, S, Cl, K, Ca, Ti. V. Cr. Mn., Fe. Ni, Cu. Zn. Sr. Zr. Pb)
%SRRI TG RN DWW THIRNT 4T - 72,

(DEECERE LIohi 73 L OUCHRE B IR I P83 5,

QBTN L > COrRE RO R E SHERY | BRI, RIS BRI AR DN R E N,
@NA AE=2 U o IRERIT, REERORBER T 17 7 AV EMR—B L, BhEORFEEZIEZ LTINS
ZEDREB I T,

WIEICEHET DR FL B THESNTZR AT E AL —EEP, ZOAL L ThFROENEEND
OPEE LT EINBE LD,

G FavDELFYXOELRAWEEEOTELREIIIMRFRERETH Y | 5L REY -~ /T ErE
R E N,

PLENS, N A=Y 0 7V RFIRIIRERRGREEICB WA R FIETH D Z E AR I T,
SBOMBEIITFRIORTERY TH 5,

- [RIEREUREE - [AIHAICR T D PIXE Ok ROIES S& 2 MZ 570, BEEMEZY (LT 5 X 5 Ze@E Rk

WERTHVERD D,

s AR TFIEOBEARAZILNT 5720, A Fa v, FYXUSNONL FE=F — % AW THIT 21T 5 M5

Nd 5,

- SPM & BED R MR DRI DENE MR T D 7- 8, EETE THMEE (SPM) I L VBT 20 ER’NH D,

S E Xk

1. Krewski, D, Burnett, R.T., Goldberg, M.S., Hoover, K., Siemiatycki, J., Jerrett, M., Abrahamowicz,
M.& White, W.H., “Reanalysis of the Harvard Six Cities study and the American Cancer Society
study of particulate air pollution and mortality”, MA: Health Effects Institute, Environmental
Quality Standards (2000)

2. Pope, C.A,, 3rd., Burnett, R.T., Thun, M.J., Calle, E.E., Krewski, D.,Ito,K.& Thurston, G.D., “Lung
cancer, cardiopulmonary mortality and long-term exposure to fine particulate air pollution” JAMA,
287, pp. 1132-1141 (2002)

3. BREEA, VK 27T HEE KEIGY ORI http://www.env.go.jp/press/files/jp/105329.pdf

K. Szczepaniak and M. Biziuk, “Aspects of the biomonitoring studies using mosses and lichens as

indicators of metal pollution”, Environmental Research, 93, pp. 221-230 (2003)

5. M. Tomasevié¢, Z. Vukmirovié¢, “Characterization of trace metal particles deposited on some
deciduous tree leaves in an urban area”, Chemosphere, 61, pp. 753—760 (2005)

6. Material like a minute particle examination working group “Consideration report about receptor
model” pp.372 (2011)

7. Ministry of Land, Infrastructure, Transport and Tourism “Fiscal year 2010 average weekday
24-hour traffic volume” General Traffic Volume Survey, (Road Traffic Census) (2010)

8. PRk 28 AR KBMEREEAE EbEFRRENO2) [BHBYEHEL T A HE R
http://www.pref.osaka.lg.jp/attach/11815/00237046/S03-12-3.pdf

9. K. Sera, T. Yanagisawa, H. Tsunoda, S. Hutatukawa, Y. Saitoh, S. Suzuki, H. Orihara, “Bio-PIXE at
the Takizawa facility (Bio-PIXE with a baby cyclotron)”, Int. J. PIXE, 2, pp. 325-330 (1992)

98


http://www.env.go.jp/press/files/jp/105329.pdf
http://www.pref.osaka.lg.jp/attach/11815/00237046/S03-12-3.pdf

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

NMCC 23 2016

Sera, K., Futatsugawa, S. and Saitoh, K., “Method of Quantitative Analysis Making Use of Bromine
in a Nuclepore Filter”, Int'l Journal of PIXE, 7-1,2, pp. 71-85 (1997),

M.A. Martinez-Carrillo, C. Solis, E. Andrade, K. Isaac-Olive, M. Rocha, G. Murillo,Rosa Icela
Beltran-Hernandez, C.A. Lucho-Constantino, “PIXE analysis of Tillandsia usneoides for air
pollution studies at an industrial zone in Central Mexico”,Microchemical Journal, 96, pp. 386-390
(2010)

S. L. Gong, X. Y. Zhang, T. L. Zhao, I. G. McKendry, D. A. Jaffe, N. M. Lu,“Characterization of soil
dust aerosol in China and its transport and distribution during 2001 ACE-Asia: 2. Model simulation
and validation”, JOURNAL OF GEOP HYSICAL RESEARCH, 108, 2003

HASEI S, 30D « S KI5 Y O MER RS BR ORI & = OB, 2010

M. Yamada, S. Takeda, K. Tamura, Y. Shiota, H. Yoshimura, “Nutrient supply fluxes from
atmosphere to ocean at the eastern East China Sea”, Ffi KF/KESLEMIZEHE 55 94 5, 2013
AR, AR, BRILERE, FBSELE, h)IFER. EEH LA L D RRIGYRERIEIED - Dk
MERIRGET, A EMRE . 1983

JESRIR . AUEA 1, RBIEZR, ABG. HEENARRBEELICE T 2 ERNEOESRIRE &£
DOHFRE AT L OFHIZE) -1999 FOA-. BREER R 16, 113—125, 2002

McKenzie C. H. Lim, “Chemical and physical characterization of aerosols from the exhaust
emissions of motor vehicles”, QUT ePrints Archive, 2007

FOERBR T Ry, RNV R IR E RS LT Y — U —F o iR E, 2011

BREEE PREREER S RKEREEH S MU IR E R A E R PR B e, 2009

99



NMCC ANNUAL REPORT 23 (2016)

Estimate of roadside air pollution with a biomonitoring method
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Abstract

Though air pollution due to atmospheric particulate matter has been a serious problem in Japan, it
is difficult to measure atmospheric particulate matter in widely roadside areas with the limited number
of the stations. Therefore we focused on biomonitoring technique with ginkgo leaves. Ginkgo leaves were
collected along major arteria roads in spring, summer and autumn in 2014, 2015 and 2016. The particles
retained on leaves were removed by ultrasonic cleaning into ethanol solution. The ethanol solution
including particles was suctioned by an aspirator. Particles were collected on PTFE filter. Particles on
filter were quantified by Particle Induced X-ray Emission (PIXE) analysis. The total mass and the total
element mass (20 elements: Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Sr, Zr, Pb) on
leaves increased in turn on autumn, summer and spring. It suggested that atmospheric particulate
matter accumulated on leaves day by day. Particle on leaves were affected by yellow sand in spring, and
by traffic related sources in summer and autumn. The weight rate of elements of road dust and brake
wear dust were nearly equal to those of particles on leaves in all seasons and at all locations. The weight
rate of elements of particle on leaves were not so equal to those of SPM measured by roadside monitoring
station, because particle more than 10 um can attach to leaves and the water soluble particles on leaves
are easily washed out by rain. The weight rate of elements of particle on zelkova leaves were nearly
equal to particle on ginkgo leaves. It suggested that biomonitoring technique can be applied to other
species of plants. These results showed that biomonitoring technique is the effective method to assess

roadside air pollution.
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