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On the Size Distribution of Submicron Aerosols
in the Antarctic Atmosphere

Tomoyuki ITo*

Abstract: Size distributions of submicron aerosols at Syowa Station
(69°00’S, 39°35'E), Antarctica were measured for about S months from August
to December in 1978. An optical particle counter and an automatic size
spectrometer which consists of diffusion pipes and Pollak counters were used.
The size distributions over the radius range between 2Xx10-7cm and 1x 10-4
cm were determined hourly during the period except when the air was con-
taminated by local sources.

The size distribution averaged for December has a bimodal structure
with modal radii at 5x10-7cm and 4x10°cm. The number of aerosol
particles contained in 1 cm3 air was 450 including 100 particles whose radii
were smaller than 10-8cm. The total surface area of the particles was
1x10-8cm?, and the total volume 1x10-3cm3. Similar bimodal distributions
were commonly found in each month. The spectral density of size distri-
bution around the largest modal radii increased from August to December,
whereas that around the smallest modal radii did not show any detectable
change during the period.

In order to explain the observed size distribution is required a continuous
production of new particles at an average rate of the order of 104 cm-3-1
at least. The present results suggest that the most significant origin of
Antarctic submicron aerosols must be one involving the homogeneous and
heterogeneous condensation process of vapour (probably of H2SO4) which is
produced photochemically in the clean Antarctic atmosphere.
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By, REST+5THS. BEAOKES I (HaArF, 1980) 0L #i i F /i EcE
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R R LCBHEFILE DT, EHRKRAD Ay 27 75 VFEIETOY 7 I m
VHIFORIERSAIL, FRe =4 by VBRSO W TS RES L AERic i i o Tu s .
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1.6 DB FHEET2O0NERTSHS. Lo LIBBMEMTRI LIy 7 3 2w vET
1, ETHEBERE T, BEAETNTREENFERETE, ZRFTtREEORET
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Fig. 1. Time variation of aerosol concentration measured at the entrance or exit of the diffusion
pipes (upper). Time variation of aerosol size distribution obtained by inversion of
the penetration data shown in the upper figure (lower).
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ETFAHBCRSCTERAREY RAERVEBFCd, BREShCNESMIToTh ek
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K1z, 300BcEbhnic=a b7 vBFDOLTO penetration D F — x 1§ 2L %,
KRS HCHELIERCH S, Zoflo X 5 SRRSO BN LERE L s
ik, OB ETSELLBETESL LD LB 52, BEELORBWES T, Y
IRKRESHL KERBELXFDIDOLBEbI S, 312, 045 JLizBbhTW5
penetration OREE A, WBEHOR UL ORI 24 BEHIOE L, 1 HSOFHHEE L
%, RESHFCHRELCI PAZERTRLTLS. BALLFREBAOLHEATE 2L
BEE DT, REZ->TW2HRDS.

BI/RE hic BPEBRRETM O L A KR, FF10°em 3 { 2@ % # 2 bimodal 4>
fiz LCWwh. 2@ X H7gbimodal 23, FIEM2 GRESHNOEEAEOPTEL DD
TV &R, TTRM2ECRLICETAGHENDHLNTHS. E-AUERLHE
ERBHOCTRDIAKFFELTO=1 + 7 VR FORES T o J % F) (Ito, 1980) Tz,
bimodal TR TERED VI  Te D E HAD ERBRITH 5.

1000 avsust || . Jsepremees | NOVEMBER
(s
'5\

H
h
r
St

dn/dlog r

1 - T &
2x1077 21676 9 o 2x157°
RADIUS (cm)

B3 =o ¥ vRFoBPENEST (197848 A23E~12A31H, RgfndER)
Fig. 3. Daily mean size distribution of Aitken particles (23 August-31 December
1978, at Syowa Station).
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Fig. 4. Mean size distribution of submicron aerosols. Closed circles: Size distribution
obtained by the diffusion decay technique (23 August-31 December 1978). Open
circles: Size distribution obtained with an optical particle counter (I February-
31 December 1978). Virtical line: Range which covers 60% of observed values.
Dash line: Size distribution representative of the present observation.
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12, BIEINIBENRECOGHEEDGHOESGIIZIE—HTH-T, JlicfFotc=A + ¥

VR TFREEEOREOBUEDCST L LAY ABETHS. ThbDZ L2 ERTH L,
X 4 €S CRHEAREOS MM, BMEMToy 7 172 e vRTFORESHAEXNRETHLO
EBihs.

WERSMmE, BTFRET T NFRERCRETFRRCOVWTOSHTERRT S &, KE
BRORBENA—BHRCEND. RSWWIAFERRES i 2 KFE N :dn/dlogr), £
5 (S :ds/dlogr), tkT& (V :dv/dlogr) oW CRIBCRLY:. K4DE xEFUCHEAN
b, =4 b7 VEFOSHD D, 5x10°%cm X h KX WRRBSIIEELT I —HKFOH
McHEELTHS.

4. = 2%

4.1. RESHOFHELHTORER

MSkxbLy7 31 7e T, NESHERY > Y R0 3 DOREEHRE big
DIUS>TWBHERDZENTES. Thbid, F2F 10°°cm LT, FEFE 10°~10"cm, F££
10-°cm [ Eo 3 o0fREETH 5.

FE10%cm LIFORFEEH T2, RMTFRORESHICLbR% 220 mode D5 H 1D
EHBELTED, ¥7 7= HTORMBEECHTIEFERKRE V. L LBERERE R
HADOHFFRIZEA L. ZOHMAIL, 8 A~12 AOIMFED Ao Thnr bz &
Thb BlRTHL5 ZONRE@BEOKTF, MEBEBRIKFONILFRICT X - THi
RELIHFLEEZLRDDOT, ZOEKRT 10°°cm LT OREFIFEA new particle sub-
range & X 3.

—FH¥E10%cm LI LR R ORI T2, new particle subrange & % - 7- < 1B T,
H7 7 e vRITOBBERCHTLE5IE LA ERVD, RABSCRERNDOFSIZAE
V. CORREEOR FOREEREIC 5729 Bizi, BBRERIEEREOER - ELT D
IO TERIEEDRICHEBEC REbIL . BEEORBIOFIL, BRKFOZE@HHEE L
& EFAT S filmdrop AL EEhTWT, TORRIZSMECL T ERHEECET
LI ERFBRTWE. Lo T, BAEMTHALC 10 em U EOK T OKRBEILE
BRTEELDZENTE, ZOEWRTZORNRZE % maritime subrange & I 2.

New particle subrange & maritime subrange DRI iT & F - 10°°~10"3cm DORLEEEFE
DRLTFE, 77 e VERORKMER, BEEE, SAROVTRICHL T BB S %
FoTwd. LLZoFFOEALS ITHXTIRRADHIIKRE . TibbI2FIiTN
FESG T, HESMN BRSAEIFELIFSDOREEE mode * = DRIEREAIC I - T
HOIZX L, 8 Bl TR RS T O3 mode i new particle subrange #3# %, M
HROBIRS DX mode |2 maritime subrange 233 - T\ %. 10-°~10"°cm D FIERET



10

SPECTRAL DENSITY

-6
-6 -5 -4 1
104 —107° 10 1072 10 :
- N -1 N
s \ ]
10° \ 7S (\\
-/ o i
2 N '
"l Y /
1wl [ \\ \ /
i / AUGUST 11 // SEPTEMBER X -
}00 od 1 I J I A ] ] ! i | A
N T T T 1 N 1 i T T
- y .
N v
| N | r\ ° (\\ |
>
- k-o T \ ]
o N\ \
/ A " /\’// 1
10! 7 - / 5
| I8 OCTOBER X i /J NOVEMBER X ]
1 1 1 ] 1 i 1 H i ! 1 L
10— — et , 10-6 10-5 10-4
i N ] RADIUS (cm)
]03' r\ \\\é\‘ 7 : dN/d Tog r x10-1cm'3

1A

VO
1A

I

\
A

10

1%

Z i

/

Vo

: dS/d log r x1

: dv/d log r x10°

5 fj DECEMBER
1 | ) L i !
1078 1075 10°4

RADIUS (cm)

5 +737uvev=—w/A0RREEREST. BRILIEEHE
KTy 7 AV VE—CXD. AADERKELEAEEIT L 5.
Fig. 5. Monthly average size distribution of submicron aerosols.

number size distribution.

0 Men?em3

surface area size distribution.

16cm3cm_ 3

volume size distribution.



No. 76. 1982) BHEAEGFO 7 I 78 v —r VAORRGHICONT 11

BoRFIIRkIFcoFaiiRl, BERTSREIVECRTLELRS. 5Eb{EEBX
KPR ST rofoRKF THRIEEMNCAE U TY, S IIRBEARAETE LD
DTHHH. TOBORTIIAEMKANEEL THH, ZOBE®RTZ ORFEEHMH % back-
ground subrange & X ..

S IBBANMEH CHlE LR oMok b EEALRFELL, FE10°cm LT D new particle
subrange &, % 10°~107°cm @ background subrange i+ Z il 7L 7= mode % %
> bimodal BES i3, KEBEXD L2 HHH B~120) K EFHCHFEL TV R ThHD.
Suaw (1980) i3, fEAiC TS B OHERIHEKGLE S LTKEARD 5 HRE LT - .
T OFER, B KTESELEN DO FHRIES T EE Sx107em LT DR &, 1.4x107°cm
izt Fh mode #$5> bimodal 5 ThdZ Ex R, Licdd - TRHEREL TH
S A7 bimodal 73 7lY, MEKGFICIGAT LR L Bbh 5.

PRI A TORE G AT DUV T, 7o & 21 JUuNGE (1953) 1T ion mobility #IFE% b
L, BERETORZFNYSOAE LT, F1ES5x10°cm < (background subrange iz.F1X4)
iZ mode % #§-> monomodal 73 iz H'F T\ 5. WM ALEFLETEZDOERDE L ORIE
712, < ® monomodal 5 FixAHE LTI\ 7o\ (MISAKI ef al., 1972 ; WHITBY, 1978). +
L CethERfe-~, 2 75y v FREHP TS ¥/, LEZ2D Junge model 1237\ » monomodal
R 2N STy 7z (JUNGE, 1963). 19704ERIII VT, K&AD-S, 7 799 v F
TGROBLAEE - T, WERRPT TOREFTHOBBGALTER - TL 21821nT, #ot:
BFRRORL X9 k- TXi.

JUNGE and JAeNIckE (1971) (2 ATEFE EoM EERASRE L LT, FE 10%em LI & FE
10°cm &2 mode #* #%#-> bimodal 43723, i@ AKPIC A bILD 2 & %5 L 1-. WALTER
(1973) OF{EFEE I I iy, = Z T\ 95 new particle subrange iz I3\ TR T2 K5 H TE
WHNTREL T 5E A, EiEo X 57 bimodal 57 28 EH I HFELES. Lal,
JUNGE and JAENICKE (1971) DEEIZ Z D THEDZWINTICL 220 b b, fSROEE
P DWW Hoisifrni e TN TR b, D LAMEREL L TOMED R iZdH D& T
»%. FLYGER et al. (1976) 13 7V — v 5 v F EZeCchIE5fi% Bl % L, monomodal, bi-
modal, trimodal &L WA WAHDGANEET L L HWH L ZoRRiTh &o0THEF
% BEo 7Y —v 7 v M XU oI EEOMTREATIE, ThhSshiBREL
TRMRIGIC X AR TRENEZ > T2 2 E2iER L. 7 Ito (1980) WIRSEHE LW
FEHELFAORD =~ VAT DWT, EhIC bimodal AL S 2 EAEL TV 5.
HaAF and JAENICKE (1980) (T 1250m DU EcogEidiz, AHoEins & iz, 2x107
cm ORLFMREMTHEXZRGWHEL, ¥4, BELETERERTRE UTRBE R B AR
Zohie\hy, YR 10 UToORFRETHEELTARZ L BB A BHTEL L2 RV
Lz, 2% 20 EoRIES M2z, monomodal, bimodal \v3 41 & A3 S T 5.
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INHOBBFITTRY, BECRAE L =—r VAR, REREEECERICIED D
K EBLRLBE L REHABCE T, KEP TOFmD HERF L new particle subrange
DNFHHELFEL, L L bimodal ARSI AHZ EXRLTWS. 2Dz ki, 5t
WHED-y 2 759 v FR&HI, SHEIT X 5RFFH4H FLYGER et al. (1976) Di5HE
T2HERD, BRIV —BELBARLELTEBETCWI L2 RTI0EBbs. SEIOEH
ERO# TS S bimodal 54 b ¥ CEFIK FRAVEBRASHT, oKL D X5
WHAERRFLLTREETW S ZLORBEEDLRS. O ROV TIRBELFH LWL .

Slctc OS2 a5 &, BIEONRFMOEILMEE & LC, new particle subrange D¥r
FHIIBFE D BPED BRI\ AS, background subrange ORI FHIE, 8 A6 12 Hizh
BTASERWINL TV Z &b3bnnd. 8ANLI2ZARMNBGTTEI=A1 + 7 wRFE MM
7Rz % (ONo et al., 1981) 2%, = D4 {EDINIBIERFicA % &, background subrange
DRLFOYMT Lo TRETWD Z LS. K5 ONESMOELDOFE, T7ab b new
particle subrange /% (31¥—5% T background subrange DXL F5539 A5 12 Bieh 3T
AKLTwbzl, 2EZBTHLEIANLRACHFT=4 + 7 YRFOEERRIZHAER
Thizhidisbisy. K6, ARERY | FOPHEC—EIETIHL, BEEDOAAE
IOHPATO=4 ¥ VRFREE*ZECRHE L TRD:, FHNEOBFELELRT. 9
A bRAEMHGTL, RS ONEFHOELEFEILL, FERBIIBINMERCS 5.

6 Tix, M@ (6~7 B) 769 AT, FENEIEIOERICSS. D
GRIF R IBAC 5 (ONo et al., 1981). =D Z &13,6~7 An 5 9 @i} C, new
particle subrange DR FDHMABEI 5. 2FH, EBERARLFTRIBEODIILD

T T T T T T T T T T T X.o0
— E
O -

B 7 2.0?U
00.6 | o
S} ~
2 ®
H0.5F o
B 2
N 0.4} 8
o &
-

50.3- E

2 3 4 5 6 7 8 9 10 11 12
MONTH
B6 =ty RToARFERE ARktans 18.84 HomBRHElciliiga @l
Jo=—w v A D penetration. H{liEHERILFE U penetration o8B = —w Vv
A ORIER. BHXIOTTEOEHE. BIITIIT8EDFRAI
Fig. 6. Variation of monthly mean of equivalent radius of Aitken particles. The scale
of the left ordinate is the penetration o f aerosols flowing at 2 liter per min. through
a diffusion pipe consisting of 200 circular channels of 1 m length and 2 mm inside
diameter. The scale of the right ordinate is the particle radius of monodisperse
aerosols showing the same penetration as those scaled in the left ordinate.
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BRI IR RO, 5D 8 BOEIEERIRS A A b, new particle subrange 2% 5
mode ZHX D &R\ 7o 2D monomodal 7375 Th % RIEEME DY X 3025 TN .
4.2. BEARTTOFRTRE

BRI TOFRLFRE, HICHLERGIC X5 T, *T%T5H %1%, bimodal ¥I
Eomte BRI T3,

RIS TIT o lc= A b 7 VRIFOERFFH O BL L ERIT L hid, 500°C % Tojn#k
THRTHRFOEIGIZITHNTHI S 2 - 1o (R, 1980b). #gighs 7o LR T3
B LR ETH Y, TSR TERT AT RI—BRCBCH L AL E TH 5 »
b, HEHLFRFRHZ & RmET5.

BB TR Lic=—r VAR TFOEFEMBEC X 5B I hid, BB TR
YT T4 B FRORI T, HERIIESHA LRI ZITITE - e Abhieh - o (T,
1980b). ET IR T OB E ) bMEREFRELNE TRIZFESX10°cm RETH S
2, BLOLLZRIVPIVRFLHIIFEBA S D HATES. ~ 7 ~—VihTR
WEIR LB F o BT BAMSIC X 5%, XERET, ARFHEErHAxabechHEREC
Iy, SR wmEEtEch B W5 (CADLE et al., 1968). MAENHAUT et al. (1979) iz,
BRI WTEIZER Lt —r VAR FO LIRS AT, Bl 236 0K o Thi
DIEHEDIOP T % b, ZORADKBSEFEE4x10°em LI TOGMBEER T Th- 7o
EHEL TS, Zoofifiic b PARUNGO ef al. (1979), Suaw (1980), BigaG (1980) &z X %
NEF1REOFHT S, MEOZIHRBLEDN T 52 &2 m LT 5. BAEBLS
DEBE TN TEMMAZ G LT Toigunsy, Thb 3@ LT, O EE T mmit
BYN=—r VALDFERFICI> T D 2 LR L Tw5. B ToOBIIc S TR
H SRR, ETHEME CHICRTFORBB oW TDHELDO BNV EEET S &,
BB KBS oD & 5 Wi, YL X o THIEDMESR, ZHBFRTF 2(Eb -
TENHEREShD.

=4+ VRTREDH «DEEHZFELLANDL &, ZLUSOFIMITEIRECEA LY
ES5x107cm BE DL 43, HEFHED 5 Hic 100 (@ cm™ £2E D22+ 5 1000 fd cm™ Ll E
¥ CTEETHBENZ b5 (Ito and Iwag, 1981). FEHEDOBLLIIEATH BTV 5
(HoGAN and BARNARD, 1978). Z 0¥ @i+ 5B MEOKET I, FarEL DT,
REERESINAD LIFLCLL, LAEBAIFO KM X - TE UcHTRL T L HE
IR 5.

MEAREM T 2EMBB Lic=1 + 7 YRFREDO AVHEL, BAORKRENKIEHES
EEDLDTRWHEBIZZAL, ThiE» D2 0BEOER B, MaETOHEBBMR X\t
T oeh D 2 E AR IR (FEE 1982). o ki3, MEBASKT TORESCHEEIC X
=4 b VRITFROE Y, BEFENORFRERORB VI > THATE S 2 LARE
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LT\ 5.
Ll B R U7t X Oz o i o gkt Tt b -BRERIC X - T, EERASF
TIRHEFERIBC XY, B ERTETHIIRNFORENBEECRZ > T2 2 & 2Em
TX 5. ¥, NESMI bimodal AT HEES Z R sELlceb ZhET
THEAEBE D Junge B, ABFEROBCEHAKF TECHEIRTE = HEERITK
X BBRMAL T DAL, THMNRBOFERZFD Ny 7757 v F=—r VILOREIEELL
THLEETHDLHI LY, ZhALDOERIIRL TV,

BAlEASKHDO= —r Vs bimodal CHWAFXELREFERDO 1 2%, =—v V1 OBRE 6
WEAEORE) 2 &bdThn biths tBbh b, BiETO 7 I 7 e VT
DEEEOBEL, 10°cm’ecm P BEThHA. XEAREO LWz L0EEIL, HEERIE
TH UK AL LB ARKDED, BN TFANOEBC L - THEIWAEX DS,
XD ELLOBERFRFORETETOh Bz L E, BELICHFRTOEERNFNOEEYH
Z, BWEARTLHIBEDEHRREXMFTEHL51T22L, RECHRTL 5.

HRLT CGER ro) BEEIERT RIIRSA; dn/dr=f(r)) ~DBREC X 5T Ebh b ETD
Faw v X, f(r) ORFRIZEe ro FAEOBERFEL EE L TRBET I,

= S:o K(ro, ) f (dr (2)
THEHETED. KronNik, ¥ZEror DR TFHED 77 v ViBENC X 5 ERHER T, BERE
LXiEnD. FORKER, 7-& 21¥ Fucks (1964) DB ETEL DR TS, S f(r) &
LTRSIALI: 2 BOERRES A AVEE, r=5x10"7cm & LT v=73 K%
B%. 12 AORRSMIBMEE 450 cm™2 D 5 % r<10% cm @ new particle subrange 1=
N=100 {& cm~3, background subrang 2% h DF & A T XTD K T%# - T bimodal 4
ki ->TW5b. =D new particle subrange @ mode % ZZEITHEIET 5 7o d 1T SLEILHN
FRER )L, J~Noligkbh, 3.8x10*fHcem3 s BELHETXS.

MiIrABEL and KATz (1974) ® monomer model iz X % T E&E R L iuy, {BE 50 % THt
IR R DT ED Prysoo~2% 107" mmHg ® & % J,~10-* {f cm™3 s~ ® embryo FAEHE
b h. Suzuki and MoOHNEN (1981) 17 X AU, WEEZASITE R H2SO4-nH,O ® hydration
D THELTED, TDZEEERTIHLE, J~10" Hcom3s?! ORERLELICDIT
%, ¥BEE 50 % T Pryso,~5x 107" mm Hg & 2@V HEXET 5 L5, WihozFr
TH, BE R KD L, ERIDVEVWHRBSETJ/~10* Hom3s! 23860, Ttz
¥ monomer model TIBEMN 100 % 5L 75 & 1 L HFEWSETRWE /- T 5%.

KK D HoSO0: 12 SO: DL TEL 5. BEARH D SO BEDTEMIL 1 FIRETH5.
—77 SO: 725 HoSOy ~NDEBMRIZOWTIL, FEREAZIFOHEIIARITHS. CADLE et al.
(1968) 1= X 5 BIFE TIL, SO DEEEL LT L ST ~Sugm™ RNHITVW5S. 4 SO: &
B Spgm™ L LEBERLHEC 1%ht &, ThThKEVDHIRE > T HSO: DRAER
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(Craso) #RED 5 & Crys0,~1.3%X10° 3 F cms™! Lied. ZhiaF-<T embryo F4
LN DD TEeL, FEAERBIEERFRETICEAELTL £ 5 (STAUFFER ef al.,
1973). LU, H:SO0. O#ifEasFEN 2 DB EEFENITe HoSOs D [E Puyso, DIFFIET
5. ChBEFRToRERY SELT,
Pr,y50,~760X Cu,;50,/8+S+*Nr (mmHg)

ICX o THETES., ZZTNg=27x10° HF cm™ (r ¥ a 3y M), B=AkT/27m~
6x103cm3 s (kiZELY = vEH, TIHEE, mIiZHSO, b FoEE) TtHAH. SEL
TEHE 10*cm®*cm™2 # L5 & Pp~6x10°*mmHg & 7t - T, X XIZ monomer model
%> hydration model "CHEL Xz, 107 fil cm™®s™! ® embryo FEAIC . EIR I EIT LT
EFE2 L3020,

R FII E TRERVAE r* © embryo 2B S h, ZhNTOBEREL THET O¥E r
~5x1077cm 23T 5. rHE5x10 cm 2ETH D, BEE HSO, 5 F 1124 L H:0 5
TIDBREDHGTEET D2 LR L 2T TR D EET DL r* 205 ro T TOREIZ,

dr/dt~10X vBNu,s0.
BEOCESTHTT 5. 22 Tvik H:O 5 FO S FAETIx10® cm® BE, Nmso, (&
H:SO, 55T DELT Nuasos~Cru.s0./B*S Th B b r*inb ro ¥ TORRICET HH: 0 g 13,
Tg~(ro—r*)+S/10+v+Cpy,s0,
b Te~150Fb D, —77, FEES5x10%cm © embryo DELFERI T NDEEIC X 5 FHfr
i, N (2) DEMET K@ r) w/HEL @R BV &5 3000 o4 —&—Lich, Do
o RICHNTLUUT TSS. L sT b il ETHHORFEKII KL,
EARITHEFE S hic embryo DR AFINZEHFRFORAETR LRI T ENTES.

PLED X 51 LT, S0: DPEEAS Sugm?, SO 425 HeSOs ~NDZEMIEA 1 %h O L &,
%M?hkbmwMI%Tﬁﬂ ETHDBZENREND. L, ZZTHERLK SO: 0
EELZBRB TR TR I ERESCRTD > T d s thd b D, H:SO. D4FEL 100
mmHg O34 — & — 2 F TR L AEEH M35, —TTR T Lo = F iz ounTuv i,
CCTIRREEE K E WD 2T DR EFE 2 ek, KIAFOMOBMER S D, BEOK i
BIG L TR TR A I 5 A b BETE v, b2 WL, KKF OB Fo2EMH
75— (rain out ¥ 721k wash out T=— r VARRENTOHONIEETELD XI5 T
X oT, WTFRERMBEO E LD TLINZEHTHY HeSO, FERAE LY, TD X572
KO BRI DWATREND RS KRR T, B LENHTCLELELZOLRE. WTTh
CLTHBREATE, HETOHRATFREYESMCIZESD 2 WIXEETE 577 B
REUTE 5> TR ERDRETHD. BN LI HICZhEifELrIcdb DICT Hicd,
S8BT LD SO BEEDRIE L, HoSOs ~NDEWERDEEL EN IV NRUEIe b .

H,S0; DEEHE L LTD SO: DRZFTOHFMiI=—r VriFOLh & ARETSH
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D, MEBEAXHFTHEIIS SO: sy REBHRIC/C XS Lk, FHZh RS
HORFCERFREOLERXRBDDELFETSH. ZDOAKB LT SHAW (1980) 11,
SO: DEBPHHEE LT, KKFTOEMD D TR CS: 2 COS /e EOFHEM R~ T
W5

BBCIOEETCILEYALT, BBOY7 1 7e VRTFIL, FHFI TEDTHEY
REL TR LD T X7, BTOMME LT, WENT(1966) =2 JAENICKE (1978) D%
RTLHEERSATETHHRIESR TE ST, HEABICOWTIL 1 SORBDOIE LB
L-Cwigb. Lichio TRFEROBERNAEITIL, 2 ThRRCIDERNDIEHIHD
B52b L.

5.0% & »

19784 8 Amb 12 B TofH S5 » AF, BEEBfAEMcsWwT=4 } ¥ vRTFORNES
FOREXTote. AVEERRZ, HE om BEOCKEE X CHEMOLLHENTES
IORTRLIE2EDHET vy 27hvvi—t, AEHOIEHE LIS sRNESHAEER
ThBH ZOEBYHAVC 0510 —r v AREIBSET 22800, T h %
iteration method 12 X O BIR AT E L 7-.

FABR 7RI RS TRC 2T OB E T A iz T hul, SEIOFHERL X > THB LR BRR
AL, EE 2x107~2x 107 cm ORREHE O HvmL < THETAEEE e % 25, 4x107
~7x10 cm ORREFETIL, 5% OPWERZEXRRAATHTHERTESZ L ARE
nic. FROBEICIX, THOE - 27{EDIZE S % LT OEEBEORFRHECIERK IR
523 EBBELT, SHROFHEAITIE, BORTERRSMAD 5 4x107~7x 10~ cm DHkf
RBEAOKERETLEA L. ZoRNR&EALUNO I R TFORRSAML, FICETLTT
st I-RFL=g bty VRFOBAKRYEHLET, 7 12 VRTONBRER D
WCaR L.

MR SIT% 8~12 BD= A t & vRIFOFEEIN KRS AL LT, $E 10°cm D
Hic D I % o bimodal i 5AE ohi. RUAEEEZHAV TERCT - K FEET
DREFNT, =D X 57z bimodal 5t LAETNTH > LDITHNTHBHI TS S.

H 77w VEBROKNRES Y, BT NFEER RFEEC OWTRRLELOY
Rz &, BAEMTOY 7 37 v vEBRONTIL, KESHD 52T, ThThEIR -7k
BEEHOI ODNREBHICHBEL TELSHENTES. Tihbb, FE10°%cm LT,
10-5~10-5cm, 10°cm LA LD 3 >R EBETH 5.

10%cm LT ORREBEOKI T, V7 37 » VEIROBERCHTHESIZKE V2,
BEBCRBERCST A2 Zh b T1 TS, Th b0 T, MBEBASTORERIET
ER L DTH T, ZDORZFEFH% new particle subrange & X .30.
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10°°~103cm DORFRFAOKIT (2, +7 : 7 v vRTORME, HREKE BEBRCTH
RLTHRESHFHEL T 2. TOFHEOEEIT8ACESRTIZ ALkE. ZORED
Bk, REBTSEBZELRT LRI L2, EEAKF R IR0 KRRPTHE
fLFERIETTE RS, OFE, B, Tofll, ORREBAYETE AL 0T, &R
XDy 777 FPELTRORENILK T LA—DIDOTHS. ZOFKRT, ZORE
FaP1T background subrange & X .50

10°cm L) Eok REFE ORI, new particle subrange & 13 & - 7o { HRANT, w7 3
7 e VRIFORERCH L THEDFE XL TV, BEREBERCIAEIFSL
T, BAPOREAEAL - EIeFET % filmdrop (2= ORIFEHMic 22 &, i
DR - BV EK AR AR SN TE 9 AT, ZOREOBEI D ML
bl btaeEx2 AL, TOREHEAONTFOLEL IBENTEEZDLZENTES. Z0D
bk ¢ = ORI £2E PR o maritime subrange & X 5.

SEOHMTE ORI EEAERE, FHayDFL new particle subrange D ¥ F 25 &
WHICSEFFEL TS5 H8ThHS. SEIOEHNMFERED X 512, new particle subrange i & —
7 FFOREG AN, T —RANCHAET B 7odicid, KEDORL THbic X 2 Fki T 78 n
TN TN DL EYR 5D,

DSy, 7 75y v FHIBICEWThE D —fBM Tlels =4 + & v fr T bimodal 5375
By, D THECHM IR ok FERFHEL, oSy 775 v v FHECHSRT, B
BAGFDO= —r VL OBEAMBEIV RN EEBITHIENTE S, BUARPOBRFR
FOERMBIVINZ EORRE LT, RIEFERIGIC L » THE U LR TEHE 0TS, BE
FRFOEERRICHTBE IS E VL, FRTERAERCTD L&, R INIH
WFVBEFR TNOE L - THL2EEGE DL, HTHEDINELRDZ2OT, 55-F4E
FETLIWEBEXHEIRET 220 TELFOMEIE LR D.

==
=
ol

E i i
AW H FETTHICHD, BABEX WK, gERYHs Tuhiciivi, AHE
RF/KBERZEB RN R 203% 5 X CEN R 0 35 Baic Sl 3.
K[EMAFYEL SR REMSE S | MREERE O TERELESARELTF T,
RN OWTHE R CHREY e &, BOREEL =1
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