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Table 1 Summary statistics for PM, ; and main components at Suma.

’

Concentration (ng/m®)

Mean concentration (ng/m®)

Species Rate of BDL"
Mean Median Nirf Max Star_1d_ard 20:!.1 2011 2011 2911 20:]!.2 2012 Values (%)
deviation Spring Summer Autumn Winter Spring Summer

PM, 5 14,277 12,131 1,159 43,542 8,683 14,533 12,381 13,861 13,474 17,648 13,675 0
ocC 1,944 1,775 226 4,720 935 1,840 1,780 2,368 1,875 1,956 1,825 0
EC 1,270 1,198 302 3,126 577 1,207 1,192 1,594 1,200 1,345 1,050 0
cr 50 31 13 455 54 40 28 68 87 51 19 0
NO; 615 264 25 5,313 896 386 110 657 1,807 590 57 0
s0,* 4,972 3,609 219 21,259 3,909 4,370 5,176 3,973 3,973 6,754 5,693 0
Na* 175 160 59 585 79 164 214 173 132 166 203 0
NH,* 1,776 1,429 58 7,025 1,340 1,567 1,575 1,532 1,859 2,451 1,657 0
K* 125 89 24 780 119 95 83 135 199 148 86 0
Mgz* 31 30 0.3 91 16 25 36 28 27 39 35 1
ca* 90 80 8.2 294 53 87 74 88 81 124 87 0
A 71 28 5 792 150 134 24 108 44 85 27 1
Vv 87 7.8 0.15 25 6.9 11 13 5.2 17 9.7 11 1
Mn 8.7 6.2 0.24 44 7.4 9.4 38 13 10 11 35 3
Fe 121 93 23 521 95 126 34 178 130 178 72 20
Ni 4.0 35 0.26 22 33 4.0 4.1 4.6 1.4 5.0 4.8 9
Cu 38 31 0.44 15 24 31 27 55 4.0 45 28 3
Zn 39 31 38 195 34 47 16 53 38 58 19 12
As 15 1.2 0.12 54 12 2.2 14 15 13 15 0.58 0
Cd 0.26 0.18 0.0067 1.0 0.23 0.28 0.26 0.30 0.27 0.28 0.15 1
Sh 0.88 0.78 0.059 26 0.56 0.83 0.63 14 0.82 1.0 0.54 1
Pb 9.3 6.4 0.44 52 9.5 9.0 5.0 13 12 12 2.9 0
2Data below the limit of detection were replaced by half of the detection limit values; "BDL=Below detection limit.

Table 2 Summary statistics for PM, . and main components at Shikama.

: 3 : 3
Species Concentration (ng/m~) Mean concentration (ng/m~) Rate of BDL®
Mean Median Nin? Max Starjdgrd 20:_Ll 2011 2011 2911 20:_LZ 2012 Values (%)
deviation Spring Summer Autumn Winter Spring Summer

PM, 5 16,430 14,872 2,564 49,827 9,859 20,992 14,603 14,657 12,329 20,047 15,773 0
ocC 3,677 3,266 834 8,979 1,691 3,575 4,045 3,959 2,432 3,383 4,703 0
EC 1,236 1,109 211 2,821 554 1,384 1,202 1,544 991 1,264 1,045 0
cr 87 60 5 533 80 128 40 95 117 101 41 0
NO; 794 499 40 3,341 749 1,136 196 841 1,308 1,072 186 0
5042' 4,626 3,188 146 18,782 3,731 4,237 4,738 3,505 3,312 6,130 5,787 0
Na* 136 136 19 346 60 135 149 137 78 153 164 0
NH,* 1,701 1,316 54 7,032 1,325 1,645 1,507 1,360 1,473 2,320 1,876 0
K* 127 97 8.6 602 102 131 93 135 136 163 106 0
Mg?* 27 24 3.6 108 17 40 25 18 16 32 33 0
ca®* 139 107 11 764 125 276 133 78 68 160 119 0
A 88 45 45 1,920 213 302 46 33 53 42 46 3
\% 3.0 22 0.092 11 2.8 4.9 4.6 1.9 0.75 13 4.8 2
Mn 11 75 0.41 53 10 24 9.6 85 10 6.1 7.7 1
Fe 160 128 33 899 143 265 166 120 151 98 157 11
Ni 2.8 18 0.16 43 4.4 4.7 4.2 21 11 14 34 9
Cu 5.8 4.0 0.15 42 5.7 10 9.8 4.4 37 24 4.4 2
Zn 61 44 3.7 348 57 108 70 48 38 29 73 8
As 1.4 0.89 0.081 7.1 1.4 2.2 1.7 11 11 0.63 1.6 1
Cd 0.43 0.23 0.014 45 0.52 0.64 0.54 0.33 0.24 0.23 0.57 2
Sb 0.81 0.59 0.13 32 0.57 11 1.0 1.0 0.65 0.43 0.70 3
Pb 12 8.3 0.41 59 11 18 18 10 11 7.3 10 0

aData below the limit of detection were replaced by half of the detection limit values; "BDL=Below detection limit.
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Fig.3 Source percentage contribution of PM,s for
the averaae of the entire period at two sites.



KBRHEBHFEORMER T ThH D, HEIZBTH
M O, R KR OHFEGRN KD
m < 31%, RWTHEBIEN13%, fHFER K73
9%, FEJHBRBEN11%, A IREABED 6%, WEHLA 5%, +
Bk U AD33%, HEER IR TR2%Th - 7.
i 23T 5 MM ONHIE, HEBRE, Wk
TR D FH RN S i < 33%, IR T H B
17%, FHERSR UKL 7238%, EEJMBREEAS3%, £ Rk
BEAN6%, MEIE7233%, HIE+K U A%, HEER
WRL - M3% T - 72, FE5HE%2HSH T
X, EEECIIEB I R CTEBRED F 5 E0N A
<, fliBECIIEBICH A TCHBHEO G H5RNEL
7eo7c. Fig 412, R+ & 518K O Wk F5 & 8
MR 2 #S BN R Uiz, ZEBE, &5 5% o [ M
THRFHG RN S @D - R R 1%,
THEA L EBCRRERTHANA LN, F
72, WOhTCTHRFHEERNE - HEEEX, —H
REBRFICRRE R THEAR AL, fiEIC
WARTHBOFRGRENE D - HEMREEL, —H

25

Suma

N
o

Unknown

/Secondary
/ chloride

15 |

Seasalt ——]

10 F 7 soiland dust I
I _coal combustion -
-\_ Heavy oil

on N
combustion
N

Contribution conc. [ug/m?3]
N
NIl |
E

Secondary
5F -\- nitrate
Vehicle
Secondary
sulfate
0

Average 2011 2011 2011 2011 2012 2012
Spring Summer Autumn Winter Spring Summer

25
Shikama
20
Unknown |
15 | Secondary -
chloride s
/:Sea salt -

——Soil and dust et

—
10 | EEEE-cCoal combustion =
B —— Heavy oil =
-\;ombustion .
econdary
\ nitrate
S r —Vehicle

Contribution conc. [pug/m?3]

Secondary
sulfate

Average 2011 2011 2011 2011 2012 2012
Spring Summer Autumn Winter Spring Summer

Fig.4 Average of the entire period and seasonal source
mass contribution of PM, s at the two sites.

MEBEFITRRETRTHANA LRI,

3. EMBRBEEZ R TIRNTICBET 2 5%E

R O ZE NP IS A D T IR BRI, e
HSGEE O AR ORENEZ NS0, 82
DEBIC L > THRLEDBBT 2 AEBERH L. £
T, HEEOFRKERR (AEBRLOHER) O
JJ\m 7 — & % AW CEL ORI EFH 7. Fig.b
W2, SWEBBIC I T 2 R REL X 2 =i B R
L7, BFELEZFL, FHER TrREDER D &k
T OMEMN A BT, MR TR S L < I
ISR A LN, —F, KELAL
%, EER, MiERE LEE ORI RL
720, JEESLAETE DR A < 7 BHE N2 D
7o LLEnD, RFRCEBIZBWT, MAEF D QRN

Spring
NNW, QB/N'\\, NNE
” %/

wNw

Suma Shikama 03~ e

—2011
2012

Summer

Suma

Fig.5 Wind rose of the four seasons at the two sites.



LG EICEMREO T HENRKRE b EHERE
ni.

E%%ﬁ@ﬁ%%ﬁ%é%kbf AT S E

WO KI)FEEITCRBUE T8, i O 2 #ifT
THMAAENRE 2 DN D . i OFHITIT2H D Kk
NEEFNDFELELTWDEN, BHR OB, =
OO FEFREHIRIC RIR T A TH D Z &, HEE
D H-LE30kmPE N2 HEIH &2 RS 35 B oo ok
NREFIIFHELRN D, HEMBREELZ RS
R+ 2 KNI EHOEZEBIT/ NI NWEEZ S

ND. £z, ABEIZHA #iE T TSR
T L n, FEMBREEIC KAF T RBUR L35 D 58
REWHE, ABELD GEEEICKIT 2 HBBRFED

FEHEPREL 2D LN SND Z LD, KREM
THORELNSVWEEZLND.

KEGNT, 3kt kKGR Ialb—yary2H0,

20054 > H A = KAR T FBIPM,, ;2 FE |23~ 2 R E
VR O SR fif AT & FEi L, KPR - SR OPM, 51 &

ET MO F GRS, F T TIRED 5 2 L0,

BZEF Lo FEENKREL b 2 L aWs
LTRY, FEEIRR2DIN, F5K, FHMEE D
WA CHE LN EMREEZ R TR0, HE
BT ARMEEAE L TS, £, PMFENT T
LT EMREOKR -7 a7 7 A4 /L TiE, VENI
@ﬁﬁﬁi@%f%okﬁ(ﬁgm,%%wﬁm
G EILDRLFIRME D A5y & 53 M U T Y BUR A
22 R o0 i A5 Y T, CER A M 0 HERURL 112
GENDV, NiOEIER, AR MO PRk T
LB L TREWVWZ ERFRESNTEY, ERR
B & £ TR 723, CEITMEAMOPERRL T DR L
RKELZIFTWDAMREMEDNRIBEIND. S DI
HIBRAIIC b, ZHBE O M s AT IS il%%%%
BOMPFHED, A B O 4l 5 MR A T I E BE LA
WRTE OB HE N & 0 | il S I TE NI RN D
PRI LkmdB RN, Aff B %Mmtﬁwiﬁﬁbf
mé;&ﬂ%,ﬁﬂﬁ&%ﬁﬁbmmmﬁmﬁ
oW EE2MATT 2O EEZZITOT Vv E
Ezbhb.

— 7, [E 143848 O R 2 34F FE VRIS KR AT (4R )
DT, MR SRR O NI ERIC R E T
W OO (FRFHE:36, 6384, [EIKE:32, 255%)
MhrHETE, MEENTERESZ Y (M F
#£:185,939,311 b, MEPKHE:25,802, 748 ).
T/, FHMEECIE, PRI E R
T, CEMBEAMN N E S D KB DIMLEEI O
ANHERFRIZ S\, HEBEM T OW B, #iEAT o

31

i LI, CRMAE MM OMITRZ WV & FREN
LT b, HEELHET, HEMRBEL RTINS
WCREERADONTZEEZEZ BT,

I\

2

SRS (HEE) Lk (i) o2MR

WZIUNT, 24FE[ BLAL CHSE L 72PM, D 53 50 T
fEJ & H O CPMFFRAT 21TV, LA OfEim & 1572,
O FfEHTTIE, P, EEIREZ BT 58ODR
T E .
KRTIX, EhEh,
H, RHER R kLT,
+THE+B U A, W,
K7 & HER STz,
&R OMEEE TG RIE, WA s I
Ilu@z%‘—&?ﬂ%ﬁ)ﬁ%l—l< ﬁb\fgébﬁ@
FHEBE o T,
A TR FH5IREOEN AL - 'l
Beik, HEHSEZDORE NS, T -
EWATT DO B Z 1 TV D ATREMEN
RSN

@ Wil R —ooRi ¥, HE)
HIMRBE, A RIAPBE,

HlR IR 2R

# o

AT O —HIL, BREAR - REMFTERSHEES
(GREEH 1 C-1005) OXFEAE=Z T CTHEMELT-.

X W

D) BREEAE R 224 B R ZIG YR D\ T
BT IR (PM2. 5) ~{— R BR BE KM E =)
B By Bk H T A SR o ) E R s ) (B 5 1)
(2012 ), http://www. env. go. jp/press/press.
php?serial=14869 (£J#2013.2.19)

2) IR (2012) BRSE [ 3E— R4 FERT — .

3) BREEA (2010) [R&IGYBLIEIEF 225 D HLE
WD SR DIH GO IR D H IR B 2 5
BOWBFLILAEIZ DWW T O —EBLIEIZ DOV T.

4) HEFR, WAKE, EARESE, BEZ, RH
v, BmERE (2012) mEBRERKTICHIT 2K
R FIR K OV 2R o ATHIE (2)
—PM, ;DI AEPRAENT —, (M) O x 5 TEREEAIE W
& BRI o ¥ — 408, 35, 21-25.
5) Bl B (2011) APHGREEE KRBT V8555 L
B —ET -, RABRKEREE, 46 (4) A53-A60

i AT g

~



6) BREEA (2007) R T/ FIRWE (PM2. 5)

WEHFEEE~ =T L.

7) Marcazzan, G.M., Vaccaro, S., Valli, G.,
Vecchi, R. (2001) Characterisation of PM10 and
PM2.5 particulate matter in the ambient air of
Milan (Italy), Atmos. Environ. 35 (27),
4639-4650.

8) Sternbeck, J., Sjodin, A., Andréasson,
K. (2002) Metal emissions from road traffic and
the influence of resuspension e results from
two tunnel studies, Atmos. Environ. 36 (30),
4735-4744.

9) Olmez, I., Sheffield, A.E., Gordon, G.E.,
Houck, J.E., Pritchett, L.C., Cooper, J.A., et
al. (1988) Compositions of particles from
selected sources in Philadelphia for receptor
modeling Applications, JAPCA, 38 (11),
1392-1402.

10) A, BRI H, Bk, #27CH: (2011)

SRIERE Y 2 2 b—3 3 2 X 520054E % A A
SRA BB PM, B kT D N R AR - R
EORREEMAT, RRBRFEFREE, 46 (2), 101-110
11) WEPEBORBEZTIVE (2008) “ER L9 i
TR IRWE (PM) O BREE BRI IZ B3 5 i
BT E.

12) E-AZm@E (2012) #EHE () P23
EE.

Abstract

We carried out the positive matrix factorization
(PMF) analysis of the PMzs at the Kobe city and
Himeji city, Hyogo prefecture. As a result of a PMF
analysis, secondary sulfate, vehicle, secondary
nitrate, heavy oil combustion, coal combustion, soil
and dust, sea salt, secondary chloride were adopted
as a source factor of the PMa5. The contribution rate
of the source factors, the secondary sulfate was
highest, and vehicle was high next in the both sites.
The heavy oil combustion seemed to be affected by

the ships.
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