NMCCE: [RIF AR JE R SR R SCEE 13 (2005)

EEREICE T DM NRFRITROEE & fE R

BRI —", BEkafsty, FEBE, EY

Mg Y, REBEEY, tRB—R

U [ESLERBERFZE T
305-8506 Ik IR < 1E T/ NEF) 1] 16-2

2 Bk M IR & —
010-0874 £k M IRFK H T TFHKA LR H T 6-6

DIEFERREIA /b X —
020-0173 = T IR FRBRE IR AT REIR 788 3 2k 348-58

Y (BUITR) BRI
790-8566 A kA LT RELE 3 T A 5-7

1. [FLE®HIC

HADEHERIZ BT 5 K& P Elehi Ik ¥%'E (Suspended Particulate Matter; SPM)i%, W & 72 BiEi k%
+o3ER B ST, BHRKBERO FELRED 1L LTEIENTWD, KD, ZSRED S\ EHEE KITEE
T, HEIBEETAHKEZEZONDEBEED SPM BB SN TW5, BENEHEY A BkOR HIRWE I,
BHER—ZATEEICYT T I 7 v SEROBINRLFICE AFEL TWD A, 2 O Tk A B EHET 2 DS
b, TIRHEMESE o B E AR B OALFE RS PIC XD AR RORI T b EEN TS Z &b, b
HRROTE Y A B = R WM TH D, — 7, I, 50nm AR L D /NE, Wibid D T R AN A RS
ETIEEAN— 2 THFCEREIFEL TWASZ ERHLNER-TETEY Y9, @EXEOHE)D HE)
HHEH A KOF R FIZBELATFE SN TV D,

Z 2 CARMIETCIE, JBEINEIZBT MU FBII O —ER & LT, BUNRFHICE £ 5 n R ORI A%
5l & R A R 5 720, ERINEICB VT 2.5um BLF ORI (PM,s) % 1 FEHEIEIRE THitE L, PIXE
EFHAWCETHRZREINTERBZ 2o, 361, KEIAr— KA X7 X —THRR 6T R +$T
TR LTk -2 & LT, [ARRIC PIXE 2 W CE T RS 2B 2k -7,

2. A&

2. 1 #Al - FHREm
PN OBIANE, )T I XK =T Rt EFimrag =08 (BUF, JI) &, EaaE TR E XKL AR

216



NMCCE:[RIF AR JE R SR iR SC 213 (2005)

DAOAKRKHSEBMER BT, kOR) THIAof (1), BT, FEENES DB
%<, Fio, ZETLHERIIERTEICH2HFELEHTFICE L TWH 7w, EEERBIESEND Z0E
Bo~ATHT, 35 LT DR b AR T T 5 KBRS, D07, AFTIRIE, i -
FEAE, B D, ERECTNBEL TV A, —4, oA, EHEEERIN B LTEY, BTk
R 2 B I 31T T B,

T T
Kitanomaru park

for Kawasaki Station ;

R

L

M1 gA= (&) g, (7)) ok

REHREUZIZ 2 2O EZ AW, 120, PMys A 287 2 —fF& =R PM &F (Y35 RAERT,
APDA-361) % AT, HEKOT — 7k PTFE 7 4 L& — (ESRAEFT, TFH-01) b2 1BEfZ & D PMys
ARy Bt E R LT, F7, REZES#EA /X7 % — (DEKATI, LPI) ZHW\T, 25mmeo DR Y 71—
RF— k7 4 /L% — (Nuclepore, pore size 0.03 um) _FIZRIEBIFE % 24 BERERER L 7=, PM I, 12 BEDA >
X7 Z =28 6.7um 75 0.028um F Tofk S D, BREHREIE, 2003 4F 10 H LI, AFBIUOEFIE
FHYC I L C & 728, T 2 TIE 2003 4F 11 H OfE R &2 777, 726, MiHiLR T, Scanning Mobility Particle Sizer
(SMPS)IZ & 2 i OEEGR I+ L ORI A, 1GYEIRE (NOx, SPM), BXORGZHR (KR, FHxHE
B, A, EUE) A EREHE LTV,

2. 2 PIXER#H

PMys AR Rl RE oML, (D BAT A Y b —THERHY A 7o bt % — (NMCC) @ PIXE
EE TR o7z, PIXE p#TORERENT, 7 — 7R PTTE 7 4 L& —I2 1 R EICHE S AR v Mk
Bta 27 o L ABOANFITHVEEL, ARy MRBOYESZ2~A T8RO —5 > N7 L—AIZREY fHiF
THERL L7z, PIXE S#TTlE, AF—AYA XDHA 71 b rnbd 29MeV BT &2 E22F ¢ L "—NTHR
FEEHCRS L, ZHUC X034 LR X A ocEH L EILEHD 2 6O ) a2 U F 7 28R
ZRCRIRFIZHIE LT, B U2 RpthE XBREHE E T as Copr b ¥ —Z2 0B LT/ — Y Frar v a—H —(Z
Y AT, R XHBRALT RIS TTHEORE X RO v — 7 TR 2 7795 OI2iE Sera & Y23BA%E L7
fighr 7 v 77 & SAPIX % V=, BHTHEO Y — 7 mfEH» HERME (nglem?) %R % FEi1E Nuclepore-Br 7
Mz kot 28, WBHRBHIEH L= 29MeV BT D% A 1T 3mme Th 5,

B BIERI O TR AL, PMys DIER T E R U<, NMCC @ PIXE #E TR Z 2 ->7-, LPI TSI
TRIBERIRBHE, 7 4 NV F—REIZZHAR Yy MRICHE SN D T2, PIXE SO REEEHT T 4 12—
SEAR Y FEAT U VAROANF I TYVEEL, ZhERY) 7ab L 8oy o ZEE o i) 7-~
A F—8DL—4y h 7 L—A#HYE, 10%2 0 P4 U TEE LR L7z, PIXE 28 D513 PMys @
AT ERIUETH D23, HEREIO PM FIeEOREZWET 72012, 6 mmo A XD 2.9MeV b1 % i
FBHT IR U7e, R XHRO B — 2 AR OFENT, E&BIEIL PMys DT E R U TH D03, & BEITM & (ng)
TRHBND,

217



NMCCE: [RIF AR JE R SR R SCEE 13 (2005)

3. EHRES I UVHESMDEE

SMPS 1T & o THIE ST EER EE &R A O EZ IR~ 5, EEREZEANICRD &, FH > T
H>HWEER KA Leodz, ZhUE, BIHHSELOYH E AERORY 22 M ORE&EE LiET 5 &, K
Ty IRNADPHBRIZHIE L TWD 2 enh, EEREICET A —EBLERRESHFELTNDLLEEZEZD
N5, —7F, BRSOV TEHIZAS &, 20nm fHEICHfERE— 27 03H Y, Tz, ZIUTTEEK
TR EE DM O THREIZIZBIL TV A3, 60~80nm (HTIZ 65 2 DV — 7 BFEE LT, T DX 5 o
Wi, BHIZODPDOLTRFECTH- T2,

BRI OB ELE D &, TOEE/ X —2 1% NO, NOx, SPM E[EEEIS, #IDT v aT U—KFC
ERE L fe oo, 2T N T v 7« R ADOKEEOI & —F L T KR 50nm BLF Ok O E SR &,
NO, NO,, SPM & DRFEZ R5 &, EEIEE T NO LRV H D Z LD, T4 —EBLHOYER A
ADFBENWTREIND, 2120, T v 7 - NAORZEEIITFRICHT TERIZVERNIZ S 20 0b 63, R
BIME T 5, ZhiE, JBEO EABIONRESEEEO EAICE bR 5 IKBIc L2 b0 LSS,

4. PM, ; DEFFEIRIE E)

JINEFZ 31 5 2003 45 11 A 19 H 16 FF~21 H 17 Brk T 1 B§fE] 2 & @ 50 sEHZ W CTobr L2 R 2 7R
9, NMCC @ PIXE %5i& Tld Na~U £ TR FTRETH 523, PMys AR v Mkl 51X Na, Mg, Al, Si, P,
S, Cl, K, Ca, Mn, Fe, Co, Ni, Cu, Zn, Se, Br, Sr, Y, Nb, Mo B XO'Pb ®» 22 tHZ N TR, TE
Jt#E(E Na, Al, Si, S, K, Ca, Fe BELURZn D8 HFE Th o7z, 728, FHLZT—IRPTTE 7 4 L& —
2%, BLTFZ o %A — 2 —TEENTWATD, Ti LV, CrOERITTE A2,

B 2 (2 EFILHFEE & PMys ORFZIBIRE Db Z 7T, PIXE ETER LIt EOGFHE O R BIRRE &
— VLU TV AIEEIL Ca, SBEUFe T, SIETRAFHEOK 0% HD TN D, Zn ORFZIBIHRE
2— L Cl & K DR RZ— b Ph ORRZIRIERE % — 13 Na DJEE S\ Z— YL TS, Al &
Si ORFABIRE N2 — N3R5 TEY, D DORE X —1FS, Zn, Pb DRENSZ —2 & HFEPIL T
WU,

AR— SRR X o CTHRIE S 72 PMys ORFZIBIIREE R ¥ — NIuHEORE 2 — v L B 5 TE Y, R
19 H 16~24 Kf& 21 H 10~17 FEQBHE ThH D, PMasiZh O 2 e DEIG 1T 3~15% & D72 <, PMys DIRFfH]
EEZFRETT DI PMys D EIRSy T D u MR IRE - AIRE & A AU O LT — & L HbE T
ITHOMERD DL, £7o, uHE, TERIRIKRE, AWKRE, A4 VFERDO 1 W7 —% 2 R0 52 L
XM EARFER T PMys & KB L TV D RAFRB L O OFLHEGZHETE D EEZLND,

5. fUNALFORE R

JIEFIZFNT 2003 4F 11 A 19 H 15 Hi~20 H 15 Ff, 2003 4511 A 20 A 17 Bi~21 H 17 BRIZ LPI Ik » T
B L 723 BHZ DWW TR %, X 3121%19~20 H OFUBHZBI3 2 KR BINREE, X 4 122 ORIRRIRR & 7~ T,
2 SORIHFE B IX, Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
Ga, Se, Br, Sr, Y, Zr, HQ B X W'Pb @ 26 seENERm I, FEILHEITI Na, Mg, Al, Si, S, Cl, K, Ca,
Ti, Fe BLUZn D 11 THE Th o 7o, FRARIZE T D PM REEREICED 5 EOAFHE RREOEIA X
FARAEE (L.6pm LA L) OV 7 g8kk (0.056pum BAF) THIXIIIZE < 8> T2, FKFEKTIE Al Si,
Ca, Fe BELFHELTWVD Z Enh, IR HT HEEREHR SN D, /2, 77 0 UKk TIE, PM
WHEEREICED D TEOAREEREOEAITMHEFIEN L 0D S BNEL 2o TRV, SOS IR & HEH
END, T, PMusilBWCTERBSINTE RO EER DN S TholoZ & EFF LR, —J, F/ fElk
TiX, Na, Mg, S ®D3TENEED WOVWLLLEEEDTWSHA, Cr, Ni, Cu, Ga, Br, Pb 72 XDrE bk

218



NMCCE:[RIF AR JE R SR iR SC 213 (2005)

HENTWD, ZOFRKICEENIG6HEAEWIT, BEIHO Y U EEIICEL L T D Z ERARENT
W59 22T, HEEOMBHICE ENSAREMEDH 5 TENMEEBIE SN TEY, MElCBIT 5 ki
TR L CHBIEOMBHOREN D D Z LAVRE Sz, UL, 29 L)/ koA tEmerk
DPLENSINERLZDOB TED X HITERT DD, FEHLL TRV, Z07E®), filx OkiDFHE
R & OWEE - ALEROPERICOVTHIRN T ZENRETH 5,

PM2.5 Total, S
160 7000
o 16000
[32) o
S + S
5 ¥ 15000 5
=5 c
~ 100 | ‘E
g 1 4000 S
48 80 r E
s 13000 5
c 60 <
3 3]
o i} i
S 4 S 2000 &
O O
20 L T 1000
0 L L L L1 L L L L L L L1 L L L L L L L L L L1 L L L L L L L L L L1 L L L L L L L L L1 L L L L L 0
18 21 24 3 6 9 12 15 18 21 24 3 6 9 12 15
20 November, 2003 21 November, 2003 Time (hour)
Na, Si, Fe K, Ca
1600 500
- 1400
4 —e—Na —eSi -=Fe 1400 2
E 1200 g
D D
S S
c 1000 | 130 ¢
= 2
= 800 =
5 ] £
g 600 - 200 ac)
o (&)
& 400 | S
&) 1 100 o
200 r
0 L L A L1 -A 'y 0
18 21 24 3 6 9 12 15 18 21 24 3 6 9 12 15
20 November, 2003 21 November, 2003 Time (hour)
Cl, Al, Zn Pb
500 100
m’g 400 o Cl —+Al 4 80 ”g
& [=)]
g Al Pb S
S 30 1% &
S g
S 5
= 200 €
[«5]
o (&)
2 c
S | Q
O 100 )
0 . +-ZL 1
18 21 24 3 6 9 12 15 18 21 24 3 6 9 12 15
20 November, 2003 21 November, 2003 Time (hour)

®2 PMiRE, TREEOGIHE BSRXHREEOEREL

219



= = N N
o ol o )]

Concentration [ug m™]

o
ol

0.0

NMCCE: [RIF AR JE R SR R SCEE 13 (2005)

il

N

I [= T

N\

I
il |

%f)
0.950-1.60um :H;\ [l

0.028-0.056pm
0.056-0.093pm
0.093-0.155um
0.155-0.262pm
0.262-0.383pum
0.383-0.614pm
0.614-0.950pm

Dso

1.60-2.39um

2.39-4.00um

4.00-6.69pm

6.69 um<

100%

- 90%
- 80%
- 70%
- 60%
- 50%
- 40%
- 30%
- 20%
- 10%

0%

Total element / PM [w/w%]

3Pb
[IHg
/Mo
= Nb
[
—y
—/3asr
I Br
I Se
CAs
IGa
[7Zn
N Cu
C—INi
—ICo
Y
[ Mn
/cCr
—v
i
N Ca
K
I Cl
=3s
. P
si
Al
I Mg
[INa
—=O—Total/PM

3 2003# 11 A 19 H 1585~20 B 15 BFIC)IIGE TR SNz PN TR OREZEREE
BFUFHEICETSPNREERECSDITRNESHEERENIS

100%

80%

o
]
X

Percentage

40%

20%

0%

OPb

—

OHg
O Mo
O Nb
B zr
oy
osr
B Br

W Se
OAs
OGa

HECu
ONi

OZn

OCo
D Fe
B Mn
OcCr
av

0.028-0.056pum
0.056-0.093um
0.155-0.262pm
0.262-0.383pum
0.383-0.614pm

0.093-0.155um

D50

0.614-0.950um

0.950-1.60pum

1.60-2.39um

2.39-4.00pm

4.00-6.69um

BTi
HCa
oK
B|Cl
as
mP
asi
OAl
B Mg
ONa

6.69 um<

4 2003411 A 19 B 15K ~20 B 15 B ()INF TEREIR S = PN RTR D RIE RIFERL

220



NMCCE: [RIF AR JE R SR R SCEE 13 (2005)

SE X

1) S. Hasegawa, M. Hirabayashi, S. Kobayashi, Y. Moriguchi, Y. Kondo, K. Tanabe, S. Wakamatsu: Size Distribution
and Characterization of Ultrafine Particles in Roadside Atmosphere. Journal of Environmental Science and Health,
Part A, Vol.A39, No.10, 2671-2690 (2004).

2) Y. Kondo, S. Kobayashi, K. Tanabe, S. Hasegawa, Y. Moriguchi, S. Wakamatsu : Comparison of Size Distributions of
Ultra Fine Particles in Roadside Atmosphere and Diesel Exhaust. 2003 JSAE/SAE International Spring Fuels &
Lubricants Meeting, Yokohama, Japan (2003).

3) /ARG, UTERSENN, HER, BA)t—, HRO—, ERME  BEE) S P S S MUINRL - OHEH
Fet - HESUT I K OME R IRE R TIZ 31T DR Ol -, A B HE iR S0, Vol.35, No.3, 71-76
(2004).

4) 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), International Journal of PIXE, 2, 325-330 (1992).

5) K. Sera, S. Futatsugawa and K. Saitoh: Method of quantitative analysis making use of bromine in a Nuclepore filter,
International Journal of PIXE, 7, 71-85 (1997).

6) A. Fushimi, S. Hasegawa, Y. Fujitani, K. Tanabe and S. Kobayashi: Organic composition of nanoparticles in roadside
atmosphere in Japan, European Aerosol Conference 2005, Ghent, Belgium (2005).

221



NMCC ANNUAL REPORT 13 (2005)

Behavior and size-resolved characteristics of elements in fine particles

in roadside atmosphere

Shuichi Hasegawa®, Shinji Wakamatsu® ¥, Katsumi Saitoh®, Shinji Kobayashi®,
Kiyoshi Tanabe®, Akihiro Fushimi® and Koichiro Sera®

Y National Institute for Environmental Studies
16-2 Onogawa, Tsukuba, Ibaraki 305-8506 Japan

2) Akita Prefectural Research Center for Public Health and Environment
6-6 Senshu-Kubota, Akita, Akita 010-0874, Japan

% Cyclotron Research Center, lwate Medical University
348-58 Tomegamori, Takizawa, lwate 020-0173, Japan

“ (Present address) Faculty of Agriculture, Ehime University
3-5-7 Tarumi, Matsuyama, Ehime 790-8566, Japan

Abstract

Atmospheric fine particles are of concern due to their potential to affect human health. Recently, it has been
revealed that high concentrations of nanoparticles existed in diesel exhaust and roadside atmosphere. However, their
chemical composition and the emission sources are not fully understood. In this study, time variation of elements in
PM,s and elemental composition of size-resolved (nano- to micro-scale) particles at roadside were investigated
respectively. Observation sites were located at lkegami-Shincho Crossing in Kawasaki City, and Kitanomaru
atmospheric pollution monitoring station in Tokyo. PM,s samples were collected on thin PTFE filters by a beta-ray
attenuation PM mass monitor every hour. Size-resolved particles were collected on poly-carbonate filters by a cascade
low-pressure impactor (LPI) for 24 hours. Elements were analyzed by Proton Induced X-ray Emission (PIXE) method at
NMCC.

Na, Al, Si, S, K, Ca, Fe and Zn were the major elements in PM, 5 samples. S accounted for a half of mass
concentration of total element. Mass concentrations of total element were 3-15% in PM,s, and temporal variations of
element did not correspond with that of PM,s. Na, Mg, S were major elements in the particles of 0.028-0.056 um, and
Cr, Ni, Cu, Ga, Br, and Pb were also detected. Some of these elements might be contained by lubricating oil of
automobiles. This result supports the existing knowledge that nuclei mode particles contained high amount of volatile
compounds.
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