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Size distribution of elemental carbon in the atmosphere

Yoshikuni NAKAJIMA! , Kazuhiro OHTARA’ and Yoshimi SUZUKI

Abstract Elemental carbon (EC) is produced by incomplete combustion of fossil fuel and
vegetation. In this study, we determined size distribution of EC in the atmosphere. Obser-
vation was conducted at Shizuoka Univ., Mizugatsuka Park (the Mt. Fuji), the Mt. Norikura
and Shigaraki. Aerosol samples were collected with an Andersen-type high volume air sam-
pler as for the size-range of <1.1 gm, 1.1-2.0 u#m, 2.0-3.3 «m, 33 - 7.0 #m and >7.0
#m in diameter, respectively. Concentration of EC in <1.1 um-fraction was the higher
than the other fraction on sunny days, suggesting a significant effect of EC in <1.1 g m-f-
raction on the level of total EC.

Concentration of total EC on foggy days was as same as that of total EC on sunny days
at the Mt. Norikura, while concentration of EC in >3.3 um-fraction on foggy days was
higher than that on sunny days. This result implies that EC acts as nuclei of cloud conden-
sation, and its size becomes larger in the clouds compared to the original size. Concentra-
tion of EC in <1.1 #m-fraction was remarkably lower on rainy days than those on sunny
days, while the difference in the other fractions was relatively small between rainy and
sunny days, suggesting EC in <1.1 gm-fraction is dominantly taken into rainwater. Varia-
tion of EC in the total and <1.1 g m-fraction was markedly small (10 —13%) at
Midzugatsuka compared to that in the other sites, suggesting that some process would work
to keep the level of EC as constant.

Key Words: elemental carbon, size distribution, Andersen-type high volume air sampler, fog,
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rain and daily variation.
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TWb, EE7ST7THIED 5 DECOKE B OMIMMNF
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REREN IR INESL, REROEMZ X 53AKERE
ANEZ W EEEZ B LT, ECO¥BEEL - LITRE
HTEELRZ L ThHA.

EHR T, ECOX¥BIEEEL -HNESHIZEB L
72. ECOXZPTCOMERM DI IBREBER LR
WEICKREL TH Y (B, 1979), BESI/IIz7o
SIVDOEMEERS L TCEELERDIOTHHEEXD
N5, ECiE, BERICIIFEEICTNIIVRETHDIEH
EXNTWAED, “NETOFRTEB umlkDEC
HHFEELTNHA T EXMEZIN TS (BH, 1998MS,
Kaneyasu & Murayama 2000). LU, £ &S5 &
ECONBEDEANEDEI DB A D =ZZALTEI > T
A0ib»->THEHT, ECONELMIZBT 35k
WRARLZVORBERTHS. £ CTEHRIZ, EC
DREIHEWMN, FoOMEE RRIIFL %%
BIZOWTHEEL, KAFIZBITIECOEHZHL,N
WA EEEHE LTS

F&

YY) TR

YU v 3BEKRE, ELUBEK BAE, K
HA¥EFHEHETREBNFT, RHEXEEHFEZEEH
¥HEr Y —EBEMUBHFRICEW T 7
Vy/EEFRLIZRLE. BEAXER, #EHOB
HiprHEREAAOMEICUEL, Jt@IZIZET
NVTZADW A, BERIZIZBRAESAN > TWD, £
kBEHEA»SETN T A2 CTERLZEHRAILE
BT 5 MMOFFHIBEELEOED, DR - 72 BAK
WTW5a, BEXFERZIHER> SBkmBN T3
2, AL EZKRELEBEEBAE-TEY, EOHFHIE
BOECHAAKRIZEHREIND 1, VT NVIZHAEL
FEARIFLTWAEBZIONS. Ky BARIIHE
BEEFHOELILFEICAE U, Jefhic B LuTE,
BRI E AR - TS, fEIIZELILR
HASL VEEELAYL T4 V> TWBR, ¥
BIEBHEOERNL L, TEEDEVRLAE,
AWML VR NI 2D HBEETRABE LB T
H3. #-T, YTV IIMERTDIZAERRIC K
LERMBOHFHIIV L, TOREI EWEEZ
A5 ERA¥FEBENEAFTREBRIATIL, BHER
BEZILTEDS] » & (HE3026 m) & EFIXEXEOHED
BB LTWS, SR AIXZHEERBRIZEZNWZD,
FoBWERXRKIIIFZEALRON»r o7, RERA

Mt. Norikura
Mizugatsuka Park

(at Mt. Fuji)

* Shizuoka Unv.

Shigaraki

1 B s
Fig. 1 Location of the sampling stations in this study.
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" Table 1 Concentration of EC and its coefficient of variation in the atmosphere at Shizuoka.

Sample Concentration of EC(u g C/m)

Sampling date Weather 2704m _ 33-70um 20-33um 1.1-20um__<1.1um Total
12.7,2000 clear 1.09 0.54 0.59 0.86 5.04 8.12
12.9,2000 clear 0.68 0.36 0.35 0.82 3.50 5.71
12.11,2000 clear 0.76 0.39 0.44 0.43 2.47 4.49

12.12,2000 clear 0.49 0.32 0.31 0.49 2.75 436
12.13,2000 clear 1.17 0.63 0.77 1.00 5.10 8.66
12.14,2000 clear 1.30 0.64 0.75 1.10 5.63 9.41
12.15,2000 clear 0.87 0.50 0.53 0.80 3.73 6.42
12.17,2000 cloudy 0.54 0.57 0.77 1.09 474 1.7
12.18,2000 clear 0.97 1.09 1.07 1.06 427 8.46
Average(clear) 0.87 0.56 0.62 0.85 413 7.04
Coefficent of . :
variation(clear)'(%6) 32 4 39 29 21 26
'Coefficent of variation=Standard deviation/Average*100.
D >7.0um BENBZNEDIZUE Y INVEERREBE BIZAR
FRCRELE. BKOAKIZ, BRBBICX - THED:
33T.0um | kxR T250 mOKY ol LU NAS
2.0-3.3um BL, EBIIERICNT 74 V2B NT, BERT
S TREF L.
1.1-2.0um 37, BEMAOBRBAILEET 570, K—¥
. A um TNVRKSEBA R T — 3 (Phoenix GrantttBMini-
Met03)Z AW TRIR - FHNEE - BRE - BRE - & -
100 RIEDOREZT 7228, FFRTRE T/ NVORS
3 RoHhEr L.
& B
£ 5 FFR T, ECEHDIDERKEDBREZHE
2 (1998MS) £ B 512 L T300 C. 1BMITARILE L7,
£ BMBE LYV IIWVEIERERERESITER (ELy
§ ¥ —#H8SUMIGRAPH NC-O0AIZ X DHEIE L=,
ZOERL, BMtMEOFET CHREBRIMPT TR
e 9 112 13 14 15 17 18 REEemps s, ERRFUIRYRIZ, KRR

2000.12
Date

K2 #EICHITD2KEFECONRFIDIFLEL.
Fig. 2 Ratio of EC concentration in each size fraction
to the total collected at Shizuoka.
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BB LREICE®RL, TCDH¥RZaw + /57 TR
HeZRTDDDOTHD. WEMEIRX £3.0%XTH5.

MK « FKFDOECIE, EhEN, FH500C, 18D
BN #AT > 1 HFRT 74 /3—7 4 V¥ —(ADVANTEC
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Table 2 Concentration of EC, its coefficient of variation and the rate of the difference between rainy (or foggy) and

sunny days in the atmosphere at Mizugatsuka.

Sample

Concentration of EC( i g C/m)

Sampling date Weather 270um_ _33-70um 20-33um 11-20um <1ium Total
7.13,2000 ' 0.97 0.79 0.81 0.76 337 6.70

7.14,2000 - 0.70 0.69 0.63 0.91 3.03 - 5.97
7.15.2000 - 0.40 0.46 0.84 1.18 2.60 548
7.16,2000 clear 0.67 0.52 0.65 1.05 418 7.07
7.17,2000 clear 0.61 0.62 0.77 1.64 3.47 7.11
7.18,2000 cloudy 0.48 0.41 0.78 0.94 3.62 6.23
Average(clear) 0.64 0.58 0.75 1.08 3.38 6.43
Coefficent of
1 5 11 28 16 10
variation(clear)'(%6) 3 2

6.26,2001 cloudy 1.25 1.17 1.36 1.74 3.86 9.39
6.27,2001 clear 1.80 1.42 1.59 1.63 298 942
6.28,2001 clear 2.04 1.78 1.87 213 3.91 11.7
6.30,2001 rain 1.60 1.01 0.88 1.03 1.22 5.74
7.1,2001 clear 268 1.74 1.70 1.53 420 118
Average(Clear) 1.94 1.53 1.63 1.76 3.74 10.6

Coefficent of ’

31 19 13 15 14 13
variation(clear)'(%6)

Rain 1.60 1.01 0.88 1.03 1.22 5.74
Rate of the difference(%)" -18 -34 -46 -41 -67 -46

'Coefficent of variation=Standard deviation/ Average*100.
2. Clear or cloudy.

3Rate of the difference in rain=(Average(rain)-Average(clear) )/Average(clear) *

100
g
Q
(Y1}
s
S 50
3
g
[&]
0

13 14 156 16 17 18
2000.7

100
%
50
0
26 27 28 30 1
2001.6-7
Date

3 Kr BB ERMPECONRFOFEL TRIAFKFHLRT.

Fig. 3 Ratio of EC concentration in each size fraction to the total collected at Mizugatsuka. Dates in letters with

underline: rainy day.

NEDECREHNLECREIZ 5HBERIZONWTHDE
(B2H), 1.1 pumBTOREIILECREIZN L TH
Z50% Ll EE LEHTHY, 2ECENTLL umATFOE
CHEBTHSZErREni.

K r MARIZ BT 3 KAFHECRE

Kr ARIZHIT 52000466 A £ 20016 —TR O&EH
BEF2EH3IZRLE BEREOFEHRBEIZON
THDBE, 2ECHEEHN20004E126.43 ng C/ o, 2001
#17106 pg C/n’ THAIDIZHNL, L1umBTOR
B+ ENn3.38 ug C/uf, 3.74 ug C/u DK
BEOMEIZHRNTHHEBBBVMELZRLE (F2). 1.1
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Table 3 Concentration of EC, its coefficient of variation and the rate of the difference between rainy (or foggy) and
sunny days in the atmosphere at the Mt. Norikura.

, Sample Concentration of EC(¢ g C/m)

Sampling date Weather >10um  33-70um 20-33um 11-20um <1.1um Total
8.22,2000 cloudy 0.21 0.25 0.32 051 0.71 2.01
8.23,2000 fog 1.01 0.39 0.05 0.03 0.45 1.92
8.24,2000 clear 0.25 0.18 0.25 0.52 1.12 2.32
8.25,2000 clear 0.52 0.49 0.65 0.99 247 5.11
8.26,2000 clear 0.19 0.26 0.25 0.58 1.44 2.73

Average(Clear) 0.29 0.29 0.37 0.65 1.44 3.04

Coefficent of

variation(clear)' (%) 51 46 51 36 52 46
Fog 1.01 0.39 0.05 0.03 0.45 1.92
Rate of the difference(%)° 243 33 -87 -96 -69 -37
9.12,2000 rain 0.19 0.03 0.15 0.05 0.27 0.69
9.13,2000 clear 0.28 0.33 0.37 0.57 1.27 283
9.14,2000 clear 0.32 0.20 0.38 0.32 0.81 203
9.15,2000 clear 0.51 0.34 0.48 0.75 2.02 410
9.16,2000 rain 0.48 0.30 0.12 0.16 0.18 1.24
Average(clear) 0.37 0.29 0.41 0.55 1.37 299
Coefficent of
variation(clear)'(%) 34 28 14 39 44 35
Average(rain) 0.34 0.16 0.13 0.1 0.22 0.97
Rate of the difference(%)’ -9 -43 -67 -80 -84 -68
9.13,2001 - clear 0.27 0.02 0.08 0.06 0.35 0.78
9.15,2001 fog 0.28 0.12 0.10 0.03 0.08 0.61
9.16,2001 cloudy 0.74 0.38 0.36 0.38 0.36 222
Average(Clear) 0.51 0.20 0.22 0.22 0.36 1.50
Fog 0.28 0.12 0.10 0.03 0.08 0.61
Rate of the difference(%) -44 -40 -55 -87 -76 -59
!Coefficent of variation=Standard deviation/ Averége*l 00.
?Rate of the difference=(Average(rain or fog)-Average(clear) )/Average(clear) *100,
100 100 ] 100
5 7 71 7 0
o Z
c Ll
S 50 50 N 50
=)
>
2
b %
c
o
(&)
0 0 0
22 23 24 25 26 12 13 14 15 16 13 15 16
2000.8 2000.9 2001.9

Date
K4 FERIIBUTHKI[FECONZERFNOHFEL. A7) v 738, THRIFEXEZRT.

Fig. 4 Ratio of EC concentration in each size fraction to the total collected at the Mt. Norikura. Dates in italic
letters: foggy day, dates in letters with underline: rainy day.
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Table 4 Concentration of EC, its coefficient of variation and the rate of the difference between rainy and sunny

days in the atmosphere at Shigaraki.

Sample Concentration of EC(1 g C/m)

Sampling date Weather 270um 33-70um 20-33um 11-204m di1pum Total
5.14,2001 clear 1.25 0.59 0.73 0.81 3.29 6.66
5.15,2001 clear 0.70 0.64 0.45 0.66 212 4.56
5.16,2001 clear 2.01 1.24 0.72 0.64 3.16 7.78
5.18,2001 clear 1.88 1.01 0.69 0.82 2.99 7.38
5.19,2001 clear 1.47 0.91 0.76 0.75 2.09 5.97
5.20,2001 clear 1.58 0.89 0.79 0.79 2.41 6.47
5.21,2001 cloudy 1.77 1.60 2.03 1.37 3.13 9.89
5.22,2001 rain 0.40 0.19 0.18 0.31 0.96 2.04
5.23,2001 rain 1.02 1.20 1.00 1.16 0.92 5.31

Average(clear) 1.52 0.98 0.88 0.83 2.74 6.96

Coefficent of

variation(clear)'(%) 29 36 59 29 19 24
Average(rain) 071 0.70 0.59 0.74 0.94 3.68
Rate of the difference(%)* -53 -29 -33 -11 -66 -47
'Coefficent of variation=Standard deviation/. Average*100.,
%Rate of the difference in rain=(Average(rain)-Average(clear) )/Average(clear)>
100 BODTNEDP -7 11 pmBATFTOECOEI A 1320004
TI3FI50% LA 3> 5 /=A%, 20014ETid32—41% B -
3 7= (B03).
% 20016 A30H IZIXFATHICMANRY, FRIIBIR
w ETEENIREEREDY VTNV ERERT D2 ENT
o 50t &, ZOHDBERZEREIZSE W THRBOFYE
-g E (153—106 pg C/o) SV{EVWE (0.88—5.74 u
a g C/nf) Rl (F2) BREILIBREIZNTS
£ B O SR EFOECOBILRIZIB—6T% THY, i
3 11umB U TORETKE EL (671%) #RLIZ. £
0 o, BRICIELL umB A TOECOEI&EMN21% &, BX
14 15 16 18 19 20 21 22 23 FREZBERBIIHENTELS 272 (K3).
20015 REEIC P B ARPECHE
Date 20008 H, 9B L UVR2001FEIA nEEEFIZHIT 58

K5 RBRCBITILIKAFECONBIIOFEEL. THRIAW

K% RT.

Fig. 5 Ratio of EC concentration in each size fraction
to the total collected at Shigaraki. Dates in letters
with underline: rainy day.

emUTOECH2BEIZEDAHEMN0% %25 H
RFEAETHV(KI), #MOBRERERE CHEN
BRIz, BEEIZHOWTIZ20004E & 2001 T
TEEERL, 2ECE11 um T CEBRENZEN
10 - 13%, 16 - 14% EEVEIC 27 (F2). =
DfEIZ2.0—3.0 umEBRW-BONEFDECOETEIR
B (15—31%) IZHEXRTE, - iz LT, 2.0—
3.0 umOEHHFREII11-13% T, £ECHELUVL.l um
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EBHL T (R4). HEBIZOWTIE, 20014E9A 0
BRI BEREAAHT2E LI > 2tk
BRBEEETE o728, 20004E8H 98 DiF R
PHLREETH.lum TOREREOEBHREEHU4—
2% LR E (14—51%) ICEXRTKEWERZ R
TIENRELNC RS (F3). BREDECREIZ?
000E8H L9A TIHIZFR UME (8H ; 0.29—3.04 ug C/
o, 98 ;029—2.99 ug C/nf) ZRL7T2%, 20014
A DMEIZ0.20—1.50 wg C/nf&EEL A3 ER%EZR L
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Fig. 6 Concentration of EC in rainwater in May, 2001
at Shigaraki.
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Fig. 7 Concentration of EC in rainwater and fog
water on 30 June, 2001 at Mizugatsuka.
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Table 5 Comparison of averaged EC concentration and its coefficient of variation in < 1.1 #m and total fractions

among the sampling stations.

Sampling station Ailum

Total fraction'

Concentration of EC Coefficent of variation

Concentration of EC Coefficent of variation

(g C/m) (%) (g c/m) (%)

Shizuoka 413 27 7.04 27
Mizugatukaz 3.38-3.74 14-16 6.43-10.6 10-13
Norikura2 0.36-1.44 45-52 1.50-3.04 35-46

Shigaraki 2.74 19 6.96 24

'Total five fractions from<1.1 gt m to >7.0 4 m.

2t is noted in order of low average between 2000 and 2001.

5822, 23HOWERKBDOY NV Tix, £ECERE KK
YL, BREOCECREE DBIVHERIZH >, $T
1.1l umB I TORBRIZEITIREDBVIEETH -
7=. KEPizHEHEIhE=-x7 a0y VoREE#E LT
BEBEE L THEENE LTIRVAENSBEE (rain
out)®, WRIZX Z2H VA% (wash out) 2 H Y, B
BELTOMDAAZIFZ0.1—1.0 um, TIZIXAEDA
HIF1.0 pmBl EOEXRTFICN LU CERAT 3 EHEX
NTW5 (B8, 1979). FHEOERE, TEXKNEE
Biz1.1 um TOREOECHEEBIZBREIND Z
EERLTEY, ECHRETREREE LTHE, Tk
MRIZBRVAEFN - EEZRB LTS, ECHEER
ELTEBRBIZBZKDFORENLETHSH. ECE
BKETHIVLEABRETCREDICENTNHDT,
EHEF-BMOBKERNFEN L TKPERELTE
HEEKELAL, RIZIVKIOREZX DIZEE
LTREBE LTS DOTR AV EBLZONS. B
KRB X UVEBRICKEN FFROECOEENEL ko1
B&lt, ZoBKECD ST RIZLVECORMTD
NERERORMEIVDIKRELS BRI EEZTRRBLT
W5,

BEBIZBITH5KAPECRE & 2D B EBH OB HIH X
ZX5H®

LB EMEPORK L IIBRBICBITH K

K[FECRE DFHEE = D EBHFEB DK KAME & &K/ME
%, 1.1 umBToRNEE LECIZOWTHRAIM&EIZ
FEDHTRLA. LECOFEHEIXBAAKFEHNT.04 1g
C/nf, K»¥H%6.43—10.6 ug C/of, EXH6.96 ug
C/n CERVEZRLIOIN L, BEETIX1.50—3.04
ug C/n® TEWEZRLE. Zo8E[E1]1 emBTF

DRZBIZOWTH RNk (F6). ZhETEHELDHR
XTRRENTEESIZ, EHRICSVWTHHBEAD
KORRBERE INHEHBETIIBENREL, BER
P OMNT-RETITREIMES RE2HEA KR I NI,
L2 LSHEOBRTIE, KrZBoBBHIRAEE —
AVIZERSTZIHEOHAVNREL, BHBIrHR
RN HIRTH - 2 BB ST RERICEHBD
EIHEIEVMBEE 72 5 7=,

1.1 umBTOREIZERNTL2ECOBREIEIZIV K
ELREPEAIZH - 122, FBHEHEHBITILEC, 1.1 u
mBAT OR&3LIZ20004E, 20014E & & HLBAILIHE > 72
fHiIZir»>7= (F2, #3, FE6).

HEAFEEHOMNBFHBE, FIHEERELIZE,
BERicxT 58222 EEE, LXORBRHOE
ZRY. BKRET O ICHI D BHRREHE AR
DOWR DT ~, FIRKFEFH RIS REBE AT OB
BDJ#, RBXFHEBENE L VY —EEMUBRH
FROBR DT « Xz, KEARETSML TR\ -H
HERFOERFELE, REMELEE HBRXFED
BOXESA IR, SBARCSEICHOEVERIEE
&, BEOREET.

T, BEAXERAFRBORSRIEEK, EERE
K, /MERBEZE FREEBRIALOEHHEREREZ, B
SRBOEEET.
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