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On the Size Distribution of Submicron Aerosols 

in the Antarctic Atmosphere 

Tomoyuki lTo* 

Abstract: Size distributions of submicron aerosols at Syowa Station 
(69°00'S, 39° 35'E), Antarctica were measured for about 5 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 2x 10-7 cm and 1 x 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 5 x 10-7 cm and 4 x 10-6 cm. The number of aerosol 
particles contained in 1 cm3 air was 450 including 100 particles whose radii 
were smaller than 10-6 cm. The total surface area of the particles was 

1 x 10-8 cm2, and the total volume 1 x 10-13 cm 3. 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 10-4 cm-3s- 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 H2S04) which is 
produced photochemically in the clean Antarctic atmosphere. 

�I§': 1978'¥ 8 JJ iJ, G 12H 'i -ci� s n JJ idl, 11r@.ri;'ff1J1M11:n::::.u 1,, --c, .:c. - µ '/ 1v 

O)fj'[f.£5}1fjO)j[lrJ-l!J�fi-::, t�. 1JAt]xrr 2:. � '7 ,y :7 n 17 Y Y -t, GiJ: .::S [l i!JffiU'. IE �N::ro J: 
ry, J'c'lfi!L�fj'.[-=-f!-t-���ffl1,,--c, ¥{£2x10-7,..._,1Q-4 cm O)firf£f!i:li[IBO) 1 �flP-JifjO) 
fj'.[f.£53-:fn�{l'lUAE Lt:. 

12Jj0)}3f;t{5:Jfj'.[f.£5J'-l'ff (dn/dlogr) vi., ¥§ 5xl0-7 cm c 4xl0-6 cm v::::..�� 
}sf0=�0-m-c;b-::, t-::.. c. 0)71:fJjb, GwJE--t .::Sc, �� 1 cm3 q=tr::::.. �'i n0fi;:-=-f0) 
�{[.fil�v:t450@1-C-�O) 5 t:, lOO@H:t 10-6cm tJTO)¥f.£-C·, � 1J O)::kfiB5.H:t 10-5,..._, 
10-5 cm 0)¥{£-C';b-::, t-::.. f1rO)�ffiH'lfO)i�:ra:::i: 1 X 10-s cm2, tL\ ff :fl{ �:J: 1 X 10-13 

cm3 -C-;b-::,f-::.. C.O)J: 5 t.c=�JJ'"-;ffH:t, �9J0)�1,,v:t0'5iJ\ LO)fH::::..t-�t'!�v::::.. 
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:mnt�. Jn::..J: 0;J;\, 'V:t, �{£ 4x 10-6 cm iEc < O)*vCJo\, ,-c�lHc� G.n, *O)rWJ 
� v:t 813 iJ, Gl2JHCIA1i7•-::> -CrWI < ts:. -::,f�. �{£ 5x 10-7 cm iEc < O)*vtViHf-5£-C 
'&:)-::,k. 

il[ffi!J� ;ht�fiz::f£%1niJ;JE�ITTf.:::.�tE-t 0 t�oovcv:t, '.)?ts:.< c t 10-4 cm-3 s-1 � 

J!t0)3e�$-c�1ir.-=rh;:i!Em L, -c3e� L, -c\,, 0!)6,�iJ;'&:) 0. 4-@0)*li* iJ, G, n1rwts:. 
ffil!*xtg:i-c,-1f:{t.�ITTvcfF G;h0�xt!lw1t (:t-o-t G < H2SQ4) 0) ��JUa-?ifj�� 
*aiJ\ 1¥:f;ffi-l}- 7· � !/ i:: :/ � - i:r :l'1v0)�� c L-C£�"c''&:> 0 ;:_ c n;:Jtt�-C � .o. 

� GvC1ilf��*ob 0t�obv::.Vt, S02 :t-o J: �-t0)9c�B9ts:.xt-f*O)�J!t-?, S02 iJ, G 
H2S04 ""'0)��$ts:. c·O), ffiffitc:t-ovt 0�utun;�"i n.o. 

1. � 

�:t1!(1;5jcs"JtJ:::k�O)/�-;; � f 7? :/ F'flJ�iJ��{�ltC.�--�N.vt--t-=. c iJ����:h, AF1c1JfiSlb 

�iJ. l?--t-5.t�:hk�fflc'O)*�;;r.. - µ �/ JvO)wf§etJ�m:m �:h--C '@"k.. �{�""'-0)�-c \.,'? ft 

�iJ. G� � C' *�;;r.. - µ �/· JV 0)? '0, �ffi 2 X 10-7.-..,2 X 10- 5 cm O):x. -1 r -7"' :/fJLr C �ffi 

2 X 10-5 cm tl,J:O) � -fJLr C iJ. G tJ:: 0 -if" 7'' � � p :/'pj{�0)1JLriJ�i!�c'!> 0. 

:x. - µ '/ ;vO):k�i:pc·O)�ib�1JLrO)�i1*�tifu l:� vc.�t-: 0 --C Lt, :x. - µ �l;vfJLrO)fJLffi 

%:fJH::. "'.:)\., ,--c O)�O�iJ:� 1b �\� C tJ:: 0. -if" 7
"' 

� � µ :/1JLrO)fJLf£?Jlll5£vc.� L --c' � -11-rvc. 

"'.:)\.,,--CU:1c�!L1JAVC.J: 0�1J5E� (4:Jll, 1970) iJ;�0�fftiitftL--C\.,,-C, m�:k�q:tc'O) 

�U5Effetlfl� < � 0. -=.nvc.xt L, m�:k�i:pO):x.-1 "-7" :/fJLrO)�IJ5Ei:* c L -c v:t, +£-iitft 

Ltc.:¥�iJ�tJ::V,. f.iu•fftt'J�:it!!�c-v:t, ion mobility vc.J:0?J!IJ5E� (M1sAKI et al., 1972) 

iJ�-�vc. J: < J:JH,, G:h� iJ\ -=. -=. -c·ri::ii�tc. L --c 1.,, 0 m�:k�i:p-c·O)fflU5El1c.-:. 0)1J���ffl--t 

0 ltc.fl, �ffttJ;�+:5t-c-� 0. Mffl:AO)fJLffi%i&k� (HAAF, 1980) � tJt � Ja;f 'i td:tiltfi1f 

(!KEBE, 1972), �0 \.,,�:t nuclepour filter (SPURNY et al., 1969) �ffl\.,,-CfJLr�fJLffij!jvC.� 

0 \., ·:5.tvttd&, ;;r.. -1 r -7"' :/fk-=f·fft�fflU5E--t � 1JAiJ:, {1£.fftc'O)fJLf£%:WffllJ5El1C. C 0 -c 1'f 

-gtJ::1Ji:*c·�0. fJLffiO)�� 1,,£-vtO);t:1]$, �01.,,,£-vttd&0){1£•fft:x. - µ �l;vO)fflWtJ::• 

fft mu 5£�, mu 5£*5 *n· G f1ffi:5t :m""' 0) ffi:� 0) tc. '° 0) H �� tJ:: c'' vc. � L -cg;. < 0) wF5e tJ � fib:h, 

;f:ik O)fJLf£:5t:WffllJ5E�iJ:�� �:h-C 1.,, 6. LiJ· L��vc.m�:k�O)?J!U5Evc.�ffl L-Cir,i'JJ::*5 

*��LkfflU5Ef7Uv:t'@"bco-C:lrtJ:: <, �:it!!3*B"J:k�O)/�-;; � P�7? :/ Fffl�c'O)-ij--7' � � P 

:/fJLrO)fkffi%11H:t, �vc.:x. -1 i- -7" :/ffi�vc. "'.:)\.,,-c v:t--t-%1itft Ltd�a�vu:t tJ:: 0 -c 1.,, ,tJ::1.,, ,. 

-:. O)!.ia?Zc'vi., W[ffi!JB5¥0£:it!! (69°00'S, 39°35'E) vc.U\., ,-c, 1978�0)���?J!Ui:p (�19?X 

!Wffi:lfu�Wl.?Jl!J�) vc.fi 0 t-:-if" 7'' � � µ :/ :x. - µ �l1v O)fkf£:5.t"iffl O)JlmU*a*vc. "'.:) 1.,,, -c ¥1H�r --t 

0. ��T�KJ:�::r..-1r-7"':/tt-=fO)ttffi:5t�c, 1tti��KJ:0�-ttrO)ttffi:5t:m�*5 

it� -t!--C, IIB5¥0£:lfuvc.Uvt � -if" 7
"' 

� � µ :/ :x. - µ '/ 1v O)fJLffi%:W O)fflJfJ�� L, -:. :h � i c 

vc.lWffi:k�i:pO):x. - µ �l 1vO)tt� c �V*vc. "'.:)\., ,-cg.in 1.:6. 

2. lUllU:il,mia J: �illUJitnr* 

!IB5¥0£:l'fl!O)ris-{±!Ri7·G1¥f�)c. toom Ai:htaJ!tmH�iftO)�t:)f[YifflO) 1 �vc.iu%:���tt� 
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tc.. 5'i-3[v:t:H:JIHI!Utc� � lli L tc.Il[:f£ 45 mm, � � 4 m 0) :x- 7- 1=2 :/ ,,{ _,, 7
°

�Jffi L --c �!*Jvc� 

AL, �M�mK%�L--C���fi�t.::.. 

:x- 7- 1=2 :/ ,,{ 1 7
°
�:t, P3��c ;,-· !J -t: !J :/��::fp L, �7t1Jvc J: G ,J\fJLrO)ffl � � 1W lf: Lt.: 

(NOLAN and KENNY, 1953). 1£k.7l;f.fr-=f-0)/�17° i*J-CO)ttlHcJ: 01'A�v:t, .:f::f£tt �;, 1=2 :/ 

tJr O)i.fl-=t--ev:t�m --e� :o. �lllUft!!}2�0) ,mJ:iZl--c-J�mi=tJvc¥e�-.t :o-= - P y''/t,,vC--:::il, ,--c (t:t, f¥ 

ii ( 1980 a) i9�� L < rff:l t: tc.. -::::. O)tmf5l"C:'vi., -::::. O){iO) !m:i=tt!i¥Jts:l5�0)�WO) ts: t, ,�iffll�*'1-vc 

2.1. � -,ilTq),'.ll�5t�l1J�5:! 

Jf:Jl ,tc.�ffv:t-J'c�tL�f.frrHttm (3l':/]£*�t±�) --c·i0G. iitU�O)JJJO�v'i, TI[{£ 1 mm 

0)*'1IJ1, ,fJ1t!xvc�;¥..:t�� t�VlE L, *J't L tc.J't� 2::. O)ViE;h,O)� }�i}Ci0--C, J�3JJtiffi�JHi;@.'j-G-= -

P y··1v:fi[-=f-O)f{!L-:lt� 1 firt:Hc-J'c�,,<:;1,,7-c L--C�lli--t-G <t0)--c·i0:0. ::r--p y··1vO)f.ftffi% 

1!iv'i, J't�r�1v7-0)r%J�O)t]OC%::fnir,G�G-::::. cil�--c-� Q. 

/�/V 7-;%�]0C:53'1fiiJ, Gf1f£5J-::fn"""-O)�j;f�Ci0k. � --C, :tY:IEvcJf:Jl,, 0 ��f.ftr c [AJ r,, Jffim 

* 1.6 O)J;:jOf5��-=f�{&�--j'-.�O)iJ;�3m--c·i0G. LiJ•Lf!B�£ft!!--c·:i:1�U&Lk.-v7· �;, P :/:firr 

Lt, � �J-a &JiHUi!� "c' �t, Lt c !u c·--t � --c WH�·li.11 r c [PJ IE "c' � , �3[ $ "c' fl iloo 0) ;\x�J-e 

f¥tE L--C 1, ,fc. t 0) c .�,b;h:O. Ltc.ii; ·::> --CfJL-rO)JffiiJT$�:t 1.6 J: IJ tr L6 1.4 ���--;-G vst 

5 tJ;, §ig��C;ilr 1, ,tJL:f£5}1fi;a;f� G .:h :0 t 0) c ,�.:b.n 0. 

Jillm¥� 1.4 c L tc.:¥1ffi%1ff�, ,,<:;v 7-rMJ%1fiiJ· G� :0 k.&::ii'C, ��l\L r (Jffim$ l.6, jfi 

1£ 5 X 10-5 cm 0) ;f- !) 7-f- v :/ 7 T Y J' 7-f_ft-=f) vC "JI, ,--c, mU�.O)�lli'j-G ,,�;v 7- � �� 

urn L, JBHfr¥ 1.6 to J: v:: 1.4 VC--::)1,,"'(.ij!ioo-a�vcH� Ltc.-J't-+ffiO)J;G�l±±J� (:BiJIJ, 1970) � 

ffi1,,--c, Jffim�¥ 1.4 O)J;j(;1Jjfi[-=f-O)fJ[:r£c,,�1v7-�0)oof*�itt�Lk. 

ffl t, ,f,:�ffi[--c·(:t, mTI]li:§!jl05}iicijvcW,k �IL tc. 31 0)�5<\q=tfCf¥tE L-c t, ,tc.f1r�, �{£ 1.8 

x 10-s cm iJ, G 10- 3 cm '£ --c·O)f_ft:r£�C "'.:)l, ,--c 15�vc:5} JjlJ�t�--c-� 0 J: 5 vc ts:� --Cl,, 0 ;a:, flB 

f1J�Jtf?.--c·O)iiJtu-c�:tv.l�tJ:1�1,, k.&::i, 1f!lts:�ttt{m[O){� G .ntc. O)ft 9 � § "i --c·, -.ttJ:h 'b.:f: 

1£ l.3x 10-s,..._,1.1 X 10- 4 cm "i--c·0)1i[ffifJif!fflO)fi[·=:HC"'.:)1,,--CO)f_ft:r£5}1fi--c·�,,:dc.. •oc;a:{1£ 

iJ, -::, k.-::::. c iJ;¥1,, L--C, -::::. O)fi[O)alll�mvc�vt-1.,, coincidence loss to J: V� dead time loss 

(GRAE DEL, 1974) vc c1: 0 f.ftf£%::fn 0)�.7,d:t�m --c· � 0 ri c:-,J\ �", c ,�,hn 0. 

�alUv:t.1978.::q:. 2 JI tJ, G 12J.I � --c·�kr1E L --c fi-::> tc.n:, -::::. O)jmif�alll 0)*65iH:tj!J:fflvcvpf 1?, 

-::::. -::::. --c·v:t-=i:.1 r 1r :/*iL-rO)filf£53-1ffmUJE�rr 0 tc. 8 ,..._, 12J.I O)Mi!3J O)mll%fti�ileffl L --c, -ij-f 

�?P/ffi���cL--CO)�ffi5J'�O)�ffi�ffl��:o. 

2.2. I 1 t- 'r :..-fil7q)fil�5t11il1I�5:! 

ileffl L tc.�uiv:t, ;;r.. .f r ,r Y*il�tl!Jt��® cm- 3 �OCO)fg?.tlf!ti: --c·�JE l,--CiffUJE-e� G 

J: :> I::ie L tc. 2 -{$0) ;f- '7 ;/ :!7 7J 17 Y 3l - c, 4 wffi<Vil.tfz1fiJ, G tJ: 0 § ibillU5E�fi:--c·i0 G. 

�fiiO)�:©�lbfr� J: tfalU5Efm[iJ, Gfil1£%1fJ"""-0)��:1Jtt;�0)8+�v:t, ITo (1980) vctc L--C 
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�QO)-C, ;:. ;:.-ev:t�:l:iO)ffi!t�'a::'�""Gvcc c·csbQ. 

it��vi.P3f£ 2 mm, *� 1000 mm 0)92-��tsca*td!h, � c �O)FajO)i°" �Fajvc3'c 

-�'a::'�csb-C, ����-T���K�GJ:5K� 0 ki0)-C�G-

itft�'a::'� t: -C��'a::'9.&.51-t" G c, ��il�$\,,5il.TO)g:1'a::"Ji�-t" Gfsjvc��O)g:1vc-g;"i 

*1,-C\,,Q.::c.- P �/'1vi.:i-=fvi., 7c0)7.=J 9 :/�fbO)f.:csbTO)P3!tHc#�L--C�*�tLG. fir-=f 

il�itftTO)�vc#��fjj iJ tit� GiUir, -t"t.i::h't> penetration vi.tL-=fO)-¥ffi r, ��iJ;T 

'a::'�iJtt�QfC�-t°G!K¥fsj (Ji�IK¥Fsj) t O)M�'°c-�Q. �"i l)fJL-=fiJ�tJ'\:;\,,vic\ �Q\,' 

vi.Jffl��fsjb�*"'v�� penetration vi.11£\,,. �1£ r O)fJI-=ftJ�E:>fJ:G �%ft.::c.-P :/';i, �. 

��!K¥F1c1j t '"c' it'lfiT7a: Ji L, t.:JK¥0) penetration 'la:' P (r, t) c -t" .o c, *'.:iffi5}:;fp f (r) 0) � 

%�.::c.-P �/';vO)�ftO) penetration vi., Ji�IK¥F1c1jO)d,>,.(J)'*1� R(t) vct.i::IJ, 

R(t)= \�f(r)•P(r, t)dr (1) 

O)�-C�-t"t:.c�-C�Q. 1il•TO)*�(J)-�0�ftTc��MA'a::'��-d,>,.ftb�0t:.c 

vcJ:0 -C, @,-ktJ:��IK¥Fsjf::.�\,,-CO) penetration 'a::'?JlU5:E'"t:'�.o. ;:.O)J: 5vcl,-C�t.: R(t) 

C, :l:i�l¥)vc�Gh.o P (r, t) 'a::'ffl\,,-Cffi%:15�A (1) 'a::'m< ::_ cvCJ: 0 -C, fJ'rffi%:;fp f(r) 

'a::";j(csb .o ::. c iJ� -e � 0. 

4-@ (7)�1{:'"t:-v:t 1il•TO) ::zt;:� ii� 100 7-f;:O)iJt'ffiT 1 ::zt;:, 200 ::zt;:(7) t 0) 2 ::zt;:, 400 ::zt;:O) t 0) 1 

* C, ��vft:it 11 min-1, 21 min-1
, 41 min-1 'a::' m d,>,. ft b � -c' Ji�IK¥Fsj'a::' 4. 71 X 2n '.f}} 

(n = o, 1, · · · · · ·, 5) (7) 6 � iJ vc oc1t:; � -c penetration 'a::' ?JtU5:E L-t.:. 

•J3t(7)?JllJ5:£vcv:t 2 ii-0) ;t; =; 'Y � n l7 /�-'la:' ffl\, ,, 1 a�:titftTvcv:t", .o wJO)•.J3t7a:?lllJ5:E 

1-,, ftl!O) 1 a�:tl:B n '"t:'O) • .J3t7a:?llU5:E L-, filu�O)Jtvc J: 0 -c penetration 7a:>l<6bk. Ji�IK¥Fsj 

t 'a::'OC1t :;-tt 0 f.:csb(J)Mit(l)-!t'J iJ ff x. �itiiiT(J)fid,>,.ff x. vi., !J -1 � -tU�Hc J: 0 -c 13 fbl¥J 

�cfibtL, 30 %vc 1 fiOJ penetration ;o�ffl. i?tL 0. 

ffl:9-JJ�A (1) 0) P (r, t) c L--C, INGHAM (1975) O)�ffl�A'a:' ffl \, ', A (1) 'la:' 7 5c 1 t'k 

:i!!ftJJ�Atcocffi: L,, IKEBE (1972) OJ iteration i*vc J: 0 -CtLffi%:;fff'a::';j(csbt.:. 

� 1 vi., 13BfO£.tti!'"t:'(7).:r. -1 f' 'T /i.:i-=f-�O)[&Jf (ITO and IWAI, 1981) iJ��::. 0 t-.:�OJ 

fJ'rffi%:;ffJOJH�is9oc1t'a::', t:. O)JJ�vc J: 0 -C;j(csbtdffU'"t:-� .o. IZl 1 O)J:�vi. 5 %�vc?JtU5:E L-t-.:: 

.:r.-1f''T:/�-=f•.!!t'la:'��-c�L-. t'k-kc6m�KWiJffb.oJi�IK¥�-cDtftT7a:JiL-t.:� 

;f-+��g:10) .:r. -1 f' 'T :.,,fJ'r-=f-�'a::', 6 *(J)ifr�i '"t:'$ L-ts:. .::. O)lll?JlUOO:b� i?ffi:f;: L-t-.::fJ'rffi%;fp 

0) 30:5j-�O)�{l::'a::'� 1 O)r�fC$l.,f,.::. 

��J:5��5:Ei*KJ:.ottffi5}:;fp(J)�ffilt7a:�W-t".okcsb, �TO)J:5����ttf;:'a::'fi 

0 tc.. {&�1¥)t.r:i.::rm%:fJi'a::' '6 "':).:r. - p :;'';v7a::"4'@JO)�fflt-C-?llti� L, k�fttC, 6 ��f�COCbG 

jj��Fsi7cti-FtLvc..:%J-L--C?JlU5:E :;;n,0 penetration �;WHt�h.ofil!'a::'f;:ill l.,, � OJ penetra

tion vcfflU5:E��'a::'1.Hlx. t-.::f&vc, iteration �vc J: 0 -c i.::rffi%m�cffi:J;: L-, jc0){8I�tLffi:5tW 

c lt'-3t L-, -t O):pJ�lt'la:'�""t.:. i&�ttffi:9-:;fp c L--c t'XOJ 3 f!'a::' ffl\, ,f_:. 
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� 1 Ft��;,c .l 9 penetration O)EPsJj'1=1jm::ft (J::�) c, .:: ;h.;a, G�� �;h.t.:fitf?£:5};:fpO)EPsJj'1=1j 

�1t Cf�) 
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). 

dn/dlog r=v'Io 

} dn/d log r= 103,V5 r! (r=2 X 1Q-7,.._,z X 1Q- 5 cm) 

dn/dlog r= 10-3,v'T ,-! 

.::.tLGOJ·=E--7;v:£-:ffHi., *vtlfictnc log(dn/dlogr), �l!ftlivc.. logr�c 0 t::.!f77J:-c·, ffi�iJ� 

-ttL-f'tL-t"'T/V 1 -C'}i.-t::P, -f:-:r'1v 2-c·i:r.1/2, -f:-7';1, 3 -C'vi. -1/2, -c·�0 '°(\,,ftz, t r= 

2 X 1Q-5 cm "'c' dn/d log r= ,VlO �Jffi o@]! -c·� 0. 

5 

IZI 2 vc..v'i, .::. OJ .l 5 tJ: -f:- T ;v H�OJ*a*OJffU�� L ts:. lzJ vev:r.J: iJ, G JI!& vc-f:- -r· 1v 1,...__,3 vc.. 

---:::>\,, --c OJ*'t�tJ�JF L --c � o. [;gJ OJ iwl" ,�t&�xw� vc� x. t::. {li�f.ft1£%1ff ��-t. *" '1nJ&vt, 

fijJlll�ill� J!� � fJ:\, '�it-OJ penetration 0Jill1£:fil!!J, G �ffi: � tL t-:f1f£%:fn-c·� o. 

-f:- 7 JvH.vC�\,, --c�iu��� 32.� � f,r_\, '�-§"l'C.. t,  ffi:. � tL t-:fiffi%:fnwt5cOJ-th c Jt 

.r-::: o c , IZI � L ts: fi ffi ifili lffl OJ WIT Yffij i'i: < -c· � � tt iJ � � o .::. c iJ � % iJ • o . .::. n v'i A, @J OJ tl!U 1£: $: -c· 

�5ELt-=��(7_)Ji:@l�rf'cljo_)�1r:OJ$i <� 5......,160 �) n�-;:;r:+:£-tJ:.::. en�. �1zs12:: tJ:.-:,'"(\,,o . 

.::.;n,tJJ:J1fl:@l�raiOJ$i�*� <co c, iWllnlPlOJ!Jtf{OJ��. �0"'vXV!EtLiJ;�1£:-t0 �-c

OJW]�file�iJ;�m-c� t.r. < tJ:: "? --c L � 5 OJ-c·, ttVN'a"Jvcv'i, ..1::i2.0J$itJ;�1tw.-c-�0 5 c ,�h 

no. 

lAJ C < IZI 2 v:::.�i.,, --c, �j;tl=IH'i 6 �vc..%vtt::. penetration iU1£:{if!iJ�. iaiU�illOJ t-:cti 5 % 
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f.ftf£5J-;fJiil!U5£t.*O)M�M:'a:'�Wi"" Q t::.66 0) -:i:
f 1v!t•*6-*· t,IHI. 'UU;abj; -:i:- .:y 1v;f_ftf£5J-;fp. 
::;t(\, ,11f�vt.il!Un:��'a:''Ei"i tJ.: \, ,  penetration 
iJ, G �- �.nt::.;f.ftf£5}:fff. s JL, �JL�t.. -t 
n-t.n +5%, - 5% 0) mu 5£ � � 'a:'  'Ei tr 
penetration iJ, G�� � ;ht::.;f.ftf£5]-;fp. 
Numerical simulation to test the iteration 
procedure for obtaining a size distribution by 
the diffusion decay technique. Thin line: 
Model size distribution used for the simula
tion. Thick line: Size distribution obtained 
by inversion of penetrations numerically cal
culated for the given size distribution. Closed 
(or open) circles: Size distribution obtained 
for penetrations multiplied by factor 0.95 
(or 1. 05) to simulate observational error. 

f�\, , fJ c L --e mu� � nt-=�fi v;:Ja* c L --cm Gn G fJLffi53'-:w, s :n vt. jqj  c < s % rWJ \, ,�mu� 

t� J:: G i1ffi5J-1fi'"(·� G .  ;:: ;h, � �  G c ,  :¥ffi 4 x 1 0-7,..,,_,7 x 10-s cm 0Jfgfffl V3 '"(·vi., nmu�� c 

L "C +5% OJ�i{fii::$ii z- mU�Afnc�;t -c ib ,  flJ:m � n t-:i1ffi5J-:W vc.* � t.c �fIB�t.ol;,,. G :h tJ.: t.  ' ·  

;:: O)� OJt{rffi5J-:WmU��tt, i-r- 7 o/ !l 7J 17 '/ � - OJt&l!tmU�OJ fflxtfii c L -C OJffi!t ma� 

OJ 5]-J,'f(31§:to J:: �fIJ� 11:) tJ�+5J-*6 'It '  c c tJt, )tl ib It� --C-� G .  .ffl \, ,  t-: 2 ii' OJ i-r- 7 ';I (/ -JJ ? :,,

!7 - �t.,  ¥.f vc. 1000 m cm-3 tJr OJt&l!t t�xt L -C�5J-M� OJ�� L t-:��tJ�� G .:h .7;,  J:: ? , � 

k OJI�tJtofii � :h -C :to I) ,  lf7t"c'O) fm,fflU vc :to t.  , -c  <b .!tOJ ;f:llxt�� v'i + 3 % t) l*J c J!lt <b G 

ti, "C \, , G (ITO, 1976 ; {Jtffi, 1979). L, t-:tJt '0 "C , 4-@flH�· � ;h, G tlffi5J-1fj0) 5 � 4 x 10-7 ......,7 
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® 1 Lt, 30 5t4fH=-� 0 ;h,tc..::c. -1 r 1r :./fil-r vC--::> \, , -C O) penetration 0) -''f - !7  1 m .::.� l � .  

l1§5t;ffrvc:fjjf L 1-:m*--r,� 6 .  c. O){JUO) J: 5 vcf1§5t;fpO)�fMj�{tiJ�J:t�ffl��iJ,tJ:�'El 

vut., -l O) �{t'a'..'+5t IE L < �IJ5E--c � 6 ib 0) l �,:b;h, 6 n� , �Ff39�ftO)!p\. '�'El �ca, ffi:ll 

� ;hJ:.l1§5J-:ffr�t. * t tJ:��'a::"�tf t 0) c ,9ctbh 6 .  lZI 3 vc v:t ,  30 5t �, c vc� 1::>h t \. , 6 

penetration O)?JIJJ5Efil[�, Jffl��f13j 0) !Pl 1.: ib 0) ]qJ ± 24 �f13j5}J�Jt L ,  1 B 5t O)f�fiti l Lt-: 

�. f1�5t::f1nc..ffi:ll L -c  1 7J J3 5t.mh-c� L -c � 6 .  � Ji c t rH+�ul7'.0) t-:ob�ffl --r, � t.t " '  

amU-M!iJ� � 0 --c.  ��1L!:: tJ: 0 --c" ,  6 s ;6� � 6 .  

L'Z] ffi  � ht-: B f  :f-eyfi[§:5}:ffi 0) vi c Iv c�*ffil5tvi, � §  10-6 cm J£r < VC-fr �fit":> bimodal 5t 

ifff� L --C \, ,  6 .  C. 0) J: 5 ts:. bimodal b\ ?JIJJ5Efillb•  0f1§5}ifp"°"O)��iltJf O) g=t--C'1:. C t-: {i 0) 

--r,ts:. 1,, ,  c. c vi . --t--r, vc..l.ZI 2 vc� L tc. -=t- y· 1v it�n • G 00 G h· --r, � 6 .  'i 0 t-=. < fA1 c �ii: c tt� 

tt'a::"J=!jl,, ,-(*c;bfdti(SJZ7$J:--C'O) .::c. -{  1' 1T :,,�-=fO)fil1£ 5} :fff  O) �Ij 5E {Jij (ITO, 1980) --c· /t. , 

bimodal -5)-;fp�itPJ�iJ�Pts:.iJ•  0 k 0) l lt,,..z 6 l :xt�E8--C'� 6 .  

1... 10 0 'tl-Hf---W\-\--ffhf"-T---i 
Ol 
0 

tJ 
"-.. 
C 

v 

RAD I US ( cm )  

� 3 = -1 1- 1T Y fir-f-0) E :,P-fjfJI1£% ;fp (1978:¥ 8 Ji 23 E "'12 Ji 31  E , IJB'.f!l£:i'!E) 
Fig. 3. Daily mean size distribution of Aitken particles (23 August-31 December 

1978, at Syowa Station). 

l.Zl 4 v:t ��£tt!rC-0)*'1§5tiffJO)f�fflfs:.*r15&��,,..z .:5  t.=.ob vc, .::c. -{ 1- 1r :,,fJL-rO) 30 5t4i 

O)fil@5J-:ffi'a'.:" . ��ffi4avc 8'"'"'12  Ji 5t--tr.::t vc ":>\. ,--c�tt L --C>J<obt-:f��f£5t1/J'a:.'ffi-t. 

®g=i�:;l;tv'i median f@:, 1* 0)  J: T}ljffi�'!. -t h 7c· h �,ffi;JJ;JU[ 80 % :to J:: U 20 % o.:>-5)-1/JW�--c'� 

6 . 1PJ�vot., 2'"'"'12 Ji O)Jt,§F13iO)wffiJ:vcmUJE Lt-: � -�rO)fjey�f£5t::fn t � L t � 6 .  B 

:JtiJ� median --C', �O) jjlijYffij�i.J:icvc!P] C '1:'� 6 .  

l.Zl 4 'a:' ,7;.. Q c , ;i:. -{ 1- 1r / 11 -=r 0) t1ffift1 lffi 0) jjla }ljffiJD: < --r· v:t �iv $i ti:* � \, ,  t. c , ¥:1£ 2 x 

10-5 cm ili: < --C' � - fi[-=f0)-5)-;:fpKJ:t,,..z , ;i:. -{ 1' 1T :,,fi[-=f O) 5}::fnnt* � < v'ifh --C \. ,  6 c. c iJ� 

1!13�'1:'� Q .  
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1gJ 4 -+r 7· � (7 i:t :/tl-=fO)f1f£5J-;fJJ. �:naDAM:l'f;r- '7 'Y (7 n ? / pl -vc. J: � {1978:¥ s 
Ji 23 B "-' l2J.1 3l  13 0)3¥:ley:5},(p). B :nvi.J'tM:l!iL��T�tlU!vC J: � {1978:¥ 2 Ji 1 
e ""1213 31 s 0)3:JZ:1$J5J-;;(p). JHttO)J:: r)[ffijvt.-l-n-t n so%,  20% O) ,,{ - -iz  / pl -1 1v 

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 (1 February-
31 December 1978). Virtical line: Range which covers 60% of observed values. 
Dash line: Size distribution representative of the present observation. 

f}if.£5}:;fp � �o 0 1-: co v;:::.�UJE L k, t. ,  b t. ,  ,:dJ:5m��f139 -C'<7-> penetration <7-> �UJE{@)C vi ,  + 

�% ��<7-> ��iJ�� 0 c �x. tJ:: vtn f! tJ:: G tJ: t.  '· .:t <D �ir. fc_ c ;;Uif.ftffi%::fn <D i@ vc � fc_ 0  

$%�<7-> J: 5 vc , dn/ d log r <DmiiJ�1J, � t. , $5} <7-> %::fn <7->�rfi ,  1 ffi.<D penetration <7-> �UJEmi 

J:: "c'vi, ��fr!IHIK!ffin --C L  'i --=> --C t. ,  0 .  L fc_ t,{ --=> --C ,  .:t <7-> J: 5 tJ: penetration <7-> ffi_iJ .  G H 

. vc J: --=>  --C :it co fc_f}if.£5}:;fpJ: "c', dn/d log r <D {W[<D1J, � \.. ,$5}vc vi �  < <7-> ��t,� * '£  n --C \.. ,  

0 c .7;. tJ:vtnvitJ: G tJ: lt ' ·  lt '  I. '  j'J •;{_ 0 c ,  mi 4 <7-> ::c. -1 1-- 'r :/i.1-r filuiqfijjlr < <7->5}:fnWirvi, �t 

-1:��vc{� < mntc_ 1b <7-> "c'� --=> --C , � - 11-r c ::c. .-f  r 'r :/i.1r<DJl*5$-c-<D %:fn <Dttt. ,� 

t. ,  �i. .:. <D f1ffiim% -c- <D  ::c. -1 1-- 'r :/ *JL-r <D %:fnWtr vc r.mtgt,{ � 0 .  

::c. -1 1-- 'r :/ � r <7-> �ffi 4 x 10-7
'"" 5 x 1 0-6 cm <7-> f1ffifr! IHI, � - f1-=f <7-> 11 ffi fr! IHl vc --? \, ' --C 
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�t.. nm;E � .tL t::..�filffi'c'0):5J-·;f!Hf ocOJ:5J-�O) ocitvt. v1�£-�'c-Jo 0 --c ,  JJ1Hcfi 0 t-: :r..  -1 1- 1r 

/fir-=f���OCO)J1fl4-0)if!?RU�0):5}� c (� c Iv C:IR]�oc--r:Jb Q .  t. h G OJ t. c ��ll:--t 0 c ,  

� 4 'c' iH& "c'M:i Iv ts.:� OJ 5J-1n iJ: .  a;g %0 £:ttl! "(· OJ -tr 7· � !7 1=1 / fi1 -=f OJ filf.£5} 1n � f<: � --t o t OJ 

c Jstb.tL 0 .  

i1ffi:5J-1n a. i1-=r�t-= � -ctce < 11-=f�ITfiffl�iilri$:ffl vc ":)\, , --c OJ5}1ff "(·�m--t o c ,  iilffi 

m�0)4=!i�iJ:-m ��v:.mn o .  � 5 vc vt.Ji f�i1 ffi :5} :;(p � fJI-=f �  (N :  dn/dlogr), �ITfi 

ffl (S : ds/dlog r), i$:ffl ( V : dv/dlog r) ,c":> \, , '""( [m�vcjf- l.,f::.. . � 4 0) c � c Im CWEEiJ, 

G ,  :r.. ,1  r 'T /*1-=f OJ:5}:;(pOJ ? '0 , 5 x 10- 6 cm J: iJ * � \, ,fi_1ffifffi5}tt.�t.i l, '""( � -11-=f OJ:5} 

1n r:. � *5 L --c Jo o . 

4.1. *ll�5t;mCl)�ffi c *llTCI)��� 

4. � � 

� 5 �.lJ.. o c -tr 7· � !7 1=1 /fil-=ftt.,  filffi:5}:;(pl:�t.c 0 t::..4=!f��N"J 3 ":> OJiilffiiiililffliJ, G t.c 

'? 1'l. 0 '""C \, ' o c J! o t. c il: -e � o .  -th G vi, �� 10-6 cm tJr, �ffi 10-6,__,10-5 cm, �ffi 

10-5cm ,[:JJ:O) 3 ":> OJ*1�fglffl "('� Q .  

:¥ffi 10-5 cm tJ.rOJlirffiir!!ffl 'c'vi, fiI-=f� OJ*1ffi:5}:;(pvc.7J,. G h o  2 ":>O) mode OJ 5 'tJ 1 ":> 

� FJrif L. --c � iJ .  -tJ- 7· � !7 P /*ilr OJ�@�v:.:xt--t o ��t;:* � \, ' · L. n, L.��ffiiffl�iii$: 

ffi-.0)-'tW�vt. �'l: c Iv c tce \, ' ·  t. OJ@:[PJ vi ,  8 JI ,......,  12  JI OJ;MF1=1j* c OJ JI �:.":) \, ' '""C t t, 'x.. 0 t. c 

"(-Jo o . 1:&�--t o J: 5 �:.. t. OJfiiffiffilffl OJfiI-=f ti ,  FWffi*�* OJJt{t¥&)t. v:. J: 0 --cmt::.. vc 

9€1:. L t::..lil-=f c � x.. G h o OJ "(-, ;:. O)J@:*'c' 10-6 cm Ur OJf1ffiffi lffl �  new particle sub

range c J: �.  

-::n�ffi 10-5 cm tJJ:O)iJiffiffilffl O)iJir ti,  new particle subrange c 'i 0 t::.. < x;J-�1¥) "(-, 

-tJ- 7·· � !7 P / fiirOJiioo�vc:xt--t o �f� :t.a c Iv c· tce\,  , t;: ,  �ffiffl��i$:ffi-.OJ���t.* @" 

1., , . ;:. OJfilffiitilffl OJfil-=fiJ::i!lr'@J�OCK.tce 0 t::.. 9 JI v:. vt., aB%0£ttl!vi#ar$1i.OJ� 0 t::..'!I!.�� t 

t::.. G--t{fi:�EEii.OJ Jitv:.tJ>l�vcJH¥bn t::.. . w�ft.O)��O)*vut., #a7-kq:i O)��il:?iff� L t::.. 

c � 9B 1:. --t o film drop iJ: � < 1s 'i n -c t, , -c , -t OJ :¥1 ffi vi 4-F1=1i Jm vc L --c t, , o fiI ffi iim lffl �:. � --t 

o ;:.  c il:�o Gh -C \, , o .  L. t::..n: 0 -c ,  PB%0£t!f!"(·��JJ L f::.. 10-5 cm tJJ:OJ*JfrOJ*tIB5tvimi 

t'&fiir c �x.. o ;:. c il: "(- @" ,  ;:. OJfl*"(· ;:. OJ*'1ffiitilffl �  maritime subrange c J: �.  

New particle subrange c maritime subrange 0) jr=Jj v:. tt.  � 'i ht::.. 10-6,..._,I0-5 cm OJf1H�ftilffl 

OJfiI-=fa, --1:r 7· � !/ µ / �Jt�O)�ffl�. ii�wHt, �i$:fflOJ "  ,ftt. vcxt L --c t  .m�ts:%� 7J:' 

ff --:,  -C t, , o .  Lil •  L. -t OJ-'tW� OJ&it(J, 8 JI ,cJ::t.r('""C l2JI OJ1,t;:7( @" \, ' . --ttJ: b 'tJ 12JI fC 'i*'.1 

-=f � :5} :;(p, ITfiffi :5} 1n, i$:ffl :5} :;(p c t tt t %� 0) * � \, '± � mode � ;:. 0) *1 ffifti lffl :c ff "? '""C t ' 

o 0) vcxt l, , 8 JI v:. v:tfiI-=f�fiiff5}:;fp OJ±� mode vi. new particle subrange t,:ff'0, rfilffi� 

i$:ffiOJ�Jiffi5}:;(pOJ±� mode �;t maritime subrange t;:ff 0 '""( t , o . 1 0-6,..._,10-5 cm OJ fJiffifir 
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Fig. 5. Monthly average size distribution of submicron aerosols. 
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Iffl O)t'lr v:t*�r:pc·O) �f6p·U.� < ,  ¥6�1&+%�ra9��t::..f1-r c i!tb:h Q . :B-t G < wfmi* 

�q:ivc�N Gf-l- O)fm0)*�9: rt'3'tfr:�1¥J vc.1:. c t-:1.ftriJ;, � '£ �- '£ tJ:�f!����--c 15 t::.. t 

0) c·� 6 5 .  t. O)f_jO)f.1Lrv:t3t:itgP,Kl¥] f::.�tE L -c :t� l'J ,  t. O)'.i;*c' ::.  0) liL f£ iJrr Jffl � back

ground subrange c .l .,,� . 

4-@JaB:flJ�.tfu c·1JllJJ£ L t::..�:f£%1ff O)Jtt t it� tJ:��vt , ¥-:f£ 1 0-5 cm .L:J r 0) new particle 

subrange c ,  -='¥:ff 10-6,...._.,l0-5 cm 0) background subrange v::::..-th-t'nJ$.l[ l, t::.. mode z'fij' 

"'J bimodal �?£1!t%1J=f b; ,  :i:��O) � G :ttl:lFi=iJ (8,...._, 12J D VCJE'MITT �c fftE l, -C \, 'k,B c· � G . 

snAw 09so) ft , ffi,12, vc:B vt Q s MO)flzft�rJ��!*�:H .1 rF1(1@�ffl 0)%�muJEz'fi 0  t::... 

-t 0)*5:5't ffi�-:k�ffl®:5<1.ttr:I O)i7-:itffirf£.%::{pt :t-='F:ffi 5 x 1 0-7 cm .tJT 0)11Jt� c ,  1 .4 x 10- 5cm 

c vC-t;rt,t'.h, mode Z'f�---=> bimodal %::{pc·� � ::.  c Z'JU:fJ L t::.. . L t::..n: 0 -c aBfiltltrfuc·� 

mtJ � :hf'2 bimodal %1J=f t:t ,  m�*�q:ii,::_�Ji--t G �!'lz c ,lc!. tbtL G .  

1¥Jtiit!!.t.!lxtJ� "('O)*JJ:f£%1ff �c "'J \, ,  -C �t. . t::.. c xJf JUNG E ( 1953) : t  ioil mobility ?JlUJE� ,b 

c ,re , �J::c·O) f��Ef·JfJ:%1J=f c L -C ,  -='Ff£ 5 x 10-6 cm Jli: < (background subrange v::::..t§�) 

vc mode z'fij'"J monomodal %1J=fz- �:f -c 1,, ,  Q . $m-:k�z' rp,() c -t' G -t 0) 1;� 0) � < O) �JtUJE 

{JIJ a ,  2::. 0)  monomodal %1fi�i!f;E L --C v:t\, , fJ: \, '  (MISAKI et al. , 1 972 ; WHITBY, 1 978). -l

L --C �it!!fjci¥J fJ: ,,, � ';I !1 !f 7 17 :/ F 7(3<\ tj=t c· t '£ t::.. , J: g°c 0) Junge model v::. :iii\, , monomodal 

Jl;5.L{£5)-:;fp;o:�tJjff 0 ;h -C t , f_: (JUNG E ,  1 963). 1 970��vC [i, \, , --::, "( ,  7(�0) ,, -:; ,;; !J !f =j 9 :/ F 

�'5 � 0) 1*J, c., b; fEl1 -! 0 -c , �i'H¥ * � * c· 0) lit ffi 5t :(ff 0) � ?JlJJ f7U h: £ tJ: 0 -c < 0 �c ":> n -c , 'if 0 t::. 

t�t=r-ti:J! G h �  1 5 v::. tJ: 0 --c 15 t::.. . 

JUNGE and JAENICKE ( 197 1 )  vtxr§f$J:O)fJJ::�jJlU:%s* c  L -C ,  -='Ff£ 10-6 cm tJT c ¥ffi 

1 0-r. cm c ('C mode z'ff"'J bimodal %:;ffrh;, t��-:k�r:p ;c:;, G :h G .:. c �¥fl'f5 L, t::... WALTE R 

( 1973) G9�{!1l�!i vc .l tL vf, .:. 2::. c· \i ,  5 new particle subrange ( C :}.; \, , -cf1-riJ:j;;:A*1 c·JE 

·#'�El'J �c % � L, -C \, , G :f:��, J:: �r. 0) .l 5 ts:. bimodal % :;ffr iJ: J£ 'M i¥J vC +? tE L 14 G . L /J ,  L, ,  

JUNG E and JAENICKE (197 1 )  O)�JU v'!. 15 1:)6=) L ffl/!tO) r�J 1,, , jJlJJ1£�C t /).iJ,b G f ,  m* O)IB"lj!J'i 

t'l: ic "J " ,  -c +5J tJ: Jfrajzt;o; ts:. � n -c :t� G f. ts L 0 r"i tmm� t L -c 0) frffifi 0) :7-;.. � �,z.6=) Q � � --c· 

� G - FLYGER et al. (1976) v:t !f 1J - './ =J :/ FJ::�c·f_ftf£5t:fti � ill.U JE l, , monomodal, bi

modal, trimodal c \i ,  6 1,, ,  6 0)5J-1J=fti:fftE--t 0 .:. c � J! " ,  tB L t::.. . .:. O)fa:* vC. t c ---:51,, , -C 1lz� 

a, �tD :/ :J - './ 7 :/ F� 1 u'-l- O)P£Jill.tm�J:�O)x111t!mr:i --c·i:r.,  .:.� < � IJ �:nt::..m* c L 

-c �tf: lBzrc:: vc .l 0 f1-r%1:.h:� ::. 0 -c 1,, , G ::. c z-t�1r§i L t::... i t::.. !To ( 1 980) vi.A:fi$J::O)ffli 

1$11:� BfJO)q:t O) .:r:. - 1=1 '/ 1H::."'J1,, , -c ,  � ;h,�c bimodal 5t1J=fh;:J-;.. G:h G t. c z'¥IH5 L "C \, ' Q .  

HAAF and JAE NICKE ( 1 980) ii  1 250 m 0) WJ: c·O)�iWJq:i }c , B !}j-0) �1.m c c t }::. , 2 x 10-1 

cm O)*iL-rn:f@,�-t G t.  c Z' J! \, , !:B L , "i t'2 ,  w�l: c· vi.3t*irr� c L -C v:t §}j�tJ: B �fl::n: 

:J-;.. G :hfJ: \, ,;o: , ¥1£ 10-6 tJTO)f5.L-rtnt %. L -C :7-;.. Q  C B �fr;o: �/:B"c' t! G ::. c �J[\, , /:B  

Lt::... .:. 0) c 15 O)l$J:O)iJJ:f£%1ff K .. !i, monomodal, bimodal \, ,f;tt t iJ:�?iU � ;h --C \, ,  o .  
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.:: .n G OJi!lillUfJU v:t i... ,f.ti, t ,  W€J:-c·je� L f-:.::i:. - p 'f /1,,, nt ,  :ft?t�rj:3,��t..:ff vct-: c lJ --:>  

< c ,�b.hG mNttJ.:*�µl�vc..toi... ,-c , *�i:f:l-C:OJ�J.fifijOJ,tt�l¥Jmi... , new particle subrange 

OJfJL-=f;a�� < f?:{E L,, L vi L �i bimodal Jt:;fp-JJ�J! G .h G  t. c �� L -c i... , Q . t. OJ t. c v:t, � 

mt:r!OJ/� -;, !7 !7• 7 '7 :.,,  F*3<ti:f:l vc, 3<tffloc.ttvc J: G t'lT��;ot FLYGER et al. (1976) OJ ffim 

-t- Q c to lJ , il" t.c iJ -�1¥J tJ.:m* c L -c !{£ � -c " ,  Q t. c � �-t" t OJ c ,�,b.n Q .  4@ OJ �mu 

�*OJ�ij&-c:-� Q bimodal Jt:;fp t -!  t..:5E'M'l¥JtJ.:f.ft-=fje�;atmffi*�i:f:l-c·, ftl!OJ:111!� J: lJ � G 

vcgJf� t.cm,� c L -c !{£ � -c "  ... G t. c OJ B�):k: c ,�b.n G . t. OJ iHc..--:> i... ,  -c v:t f& vc.. � L < !it 1.: G .  

�t..:t..:0:-® 5 � � G  c ,  A c..  .. c OJ;fi1ffi%:;fffOJ �11::ffirPJ c l,-C,  new particle subrange O)� 

-=ff{v:t� 'i lJ �{l::'/Jt�c;b G.nt.r: t, ,;at, background subrange OJf.ft-=ff{v:t , 8 YJ iP  G 12 A vc..n" 

vt-C J3 .:.· c tc�;fJll L -C " ,  Q .::. c tJtniJ" G .  8 A iJ" G 12 J3 K .. tJ,.vt-C vi..:i:. 1 r 'T :,,,tl-=f�f:t�1Jll 

ffirPJvC� G (ONO et al. , 1981) ;ot, c. 0)�{2js:0)�1JI Hif.ftffiBIJ vc� G c ,  background subrange 

0Jf.ft-=f OJ�:b1 nc J: -::>  -Cf{£ � -C " , G t.  c vc.. tJ.: G .  rzI 5 OJfJiffi5t:;fff OJ �11::0J�f;l. -t"t.d-:> 'b new 

particle subrange �i. vi Vif-JE-C: background subrange O)�-=f�;ot 9 YJ Jy, G 12 YJ vc..n,. vt-C� 

* L -C '-' ' Q  t. l: ,  ��ll-t° G l: 9 A n,. G 12A vc..n, vt-C .:i:. 1  r 1r :,,,f1-=fOJ 5f:Ieyf1ffivi�*ffirPJ 

-c·tJ.: vt.niitJ.: G tJ.: \.. , .  � 6 vc.., �t¥f�3<t� 1 ;;fs: OJiJt'/tlc�vc-�vfEJfil-C:'V!E L , iJt'/tlc�OJ A P  to 

J: 0:-lli P -c·OJ .:r. 1  r 'T :.,, f1-rill!t��1DcillU� L -C>](6bt..:, 5¥:teyi1@0Jjm��1l: ��-t-. 9 

A iP G 12A vc..b, vt-c vi., � 5 OJfJL@5tifff OJ �1l: c :;t}§ tJ.: < ,  5f:Ieyf1f.£v:t.Jt11.mffi[P] vc..� Q .  

[gj 6 -c:- �t, ti�;tf"Jj (6�7 A )  fl'- G 9 A vc.. [P] vt-c ,  :ijZ:teyf1ffivtifgxj.,'O)@l[P] vc � G .  t. O)Jt'3rj:3, 

a;.f;Ji-r�tt�1Jwffi [P] VC�Q (ONo et al. , 1981). C. O) C. c vi, 6"-'7 A n• G 9 }J �c.. (P] vt-C,  new 

particle subrange OJfJI-rOJ�:fJll�:t�Hi � -i:t G .  --:> 'i IJ ,  mffi*�i:f:l t·J!clt) ul�O)j.,'tJ.: < fJ.: G 

-r-l O .  7 
ro 

b 0 . 6  
.µ 

t,:J 

� 0 . 5 
·r-1 
res 

.:::. 0 . 4  
0 

� 0 .  3 

2 3 4 5 6 7 8 9 1 0  11  12 
MONTH 

3 . 0  

1 . 2  

1 . 0  
� 0 . 9  

0 . 8  

� 6 .:r..1  r 1r :,,,f.ft-=fO) YJ �!JSf-:Jeyf.ft:f£. tc:fnlliWtlfirtia 18.84 r})O):iiJ@ilf�=Fsi-r:·M:fdi� :ii L 

t.::..:r.. - µ ·/ 1'v 0) penetration. :tifnlljf:l!iil!vtlm I.: penetration ��'"':>�5flv:= - µ '/ 

1v O)f.ftffi. �1U:t. 1977�0)fflilllJ. 131Lvt 1978�0)fflilllf 
Fig. 6. Variation of monthly mean of equivalent radius of Aitken particles. The scale 

of the left ordinate is the penetration of 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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ffitZJJH;::.ttfi.::'.lf£%:;ffH:t , IZl 5 0) 8 }3 0 �Ull!tf.s'rf£% :;fp /J >· G ,  new particle subrange v;::.� 6  

mode �I& fJ r,,�I. ,k_:Jf}0 monomodal :5}:;fp-e� 6 �tl§tt;o: �bco-C 5i'- ' ·  

4.2. ffi ti :k 5n i:p "C Q) ffi;ffl T §E 1:. 

ffi"ffi*�q=i --e:·0�f.s'r-r:Je1:., !f.fv;::.J1c1t�Iz�v;::. J:: 6 -t".:rt, '1:'��--t 6 m* ::t, bimodal fil 

f£%:;ffr U7'i- �;::. t rmmu � n -c 1. ,  6 .  

aBt1J�:t-t!n::·fi 0 k =  1 r 1r :/f.s'rr01:f¥8*1ftt0��tl::'5l�,��H;::. J:: h�i. soo
0
c i: --e:·01.m� 

-en�*:-t 6 f.ftr0iUi:r �:t� v;::.Jt""-c :t);::. � tr· 0 t.::. (ffilli, 1980 b). w:l;f[fJI-=f-y±�f.ftr�:ttn 

�vcxt Ll:l::�ITT�JE-c::-� IJ , �:t§oc�--e:-1=.nt-t 6 fil-=f �:t-rutv;::.:JJoMv;::.M L7-G � A£ --e:· � 6 tJ, 

G, ]H;::.1t;fr.�f.s'rriJ: �1., , .:. c �7f-�-t 6 .  

aBt!J�:l:tl!-c::-1*1& Lt.::.= - p :/1v f.ft-=f0)1l-=fwl!Utv;:. J:: 6 fm�v;::. J:: h�i. 1.i,t�f1-=fv;::.*1f�O) 

-+r T  7 1 1' -:©:�ffv::>f.s'rr�:t. ]lvU:t��d;,I. G;h,f.::.iJ:::t,. v::. �:t i: 0 t.::. < d;,I. G;h,t� iJ > -0 t.::. (Wlffi, 

1 980 b). ,-�-=flrm!HJrF O)Jf}JiJHi�l�b· G�J1{�;E�§'§t�f1rf£�mH:t-¥f� 5 X 1 0-6Cm ;@�--e:-� 6 

iJ:, :ro,l- G < .:. tt J:: 1) ,J , �  1., ,f.s'[-=f t }iv:twtrtttJ: � < t� 6 c HUJl.U-c· � 6 .  -z !7 -z - F£:L112.c·� 

K�l& L kttr0m-=.r�•-K J:: 6 ft�; X •@�. �:Je*1flt�'1:'md;,l.ii'b�k�R�JEK 

J:: ;h tf ,  ±nX:%�:tfint��"c-� 6 c I. ' '.) (CA DLE e t  al. , 1968). MAENH AUT et al. (1979) �:t ,  

,fi!iL� v::.:ro1.  ,-c � ,c�I& L f-.:.::c.. - i:z :/ 1vf1r05c*%tfr�fi1,, , ,  �W �;h, t.::.365c* 0$c·wfEJi 

tJ:�Jti:0)90% JLL < � 2:i e:o, .:. 0{i,t� 0*fm%�:t-¥f£ 4 x 10-5 cm U � O) w[��f.s'r-=fc·� 0 t.::. 

c ¥IH5 L -C l. , 6  . .:. O)ftg �;::. t PARUNGO et al. (1979), SHAW (1980), BIGG (1980) �v;:. J:: 6 

f1r 1 fj[4lt0)5}tJT cL ,  WJ�O) JiJC v:t�t�{t'E'"!J&Jht&[�-t 6 c c -:rlf. L -C I. , 6 .  at3fO�:tmtJJi-

0 W[�U v:t-t ""-c :tJIJ3Fa".ltC: v:t LiJ •fibtt -c 1. ,  tJ: 1, , tJ; ,  -t".:rt G l :t�ji L -c , � 0 wfi�c·v:tti,lftt{r. 

ii'!Wh;.::c.. - i:z :/' 1v 0::tnt%v::.tJ: 0 -C 1. , ;;.s ::. c '1:'7f- L -c 1. , 6 . �B;fiJ�:tm--e:·0&JlJH::.:ro1. , -c5!1,, , 

lli �nt.::.w¥MHi.5<. 1t-=f£J�il-c'J�. t.::.f1-=fO)MJl.avc v::>1. , -c 0) Jt�O) 'bh:1. , ��rl-t 6 c ,  

ffi;@i�'CX�160 � 6MFa'J iC �:t. 161l:�Bzft- �;:. J:: 0 -Cw[�iJ;(fp Gn. .:. ;hb;Wrf1-=f�fp i') W-t 

.:. c tJ::tillifu 2' n6 . 

.::c.. 1  I- 1T :/f1-=ft,J:�0 B ,,,_ O)�ifJ'z'� L < �"" 6 c ,  ::t,.t.J,7'}0*if'i v::. }:tw¥ettvc�A, t-:� 

1£ 5 X 1 0-7 cm �IJ,t 01.s'rrtJ;, �leylJ=JJ0 5 'G �::. 100 @l cm-3 ;@� 0.)!tiJ, G 1000 {le! cm-3 t),J:: 

i: c·f@JW-t 6 m*i):d;,I. Gn 6 (!To and Iw A I, 198 1 ). �f*O"Jm* }:t,@i,12, c· t fmiltU � ;h -C I. ,  6 

(HOGAN and BARNARD, 1978) . ::_ O)m�i=p (::.f@,�-j"- 0 W:JBi:11.:0 f;;&fV:-y /:t, ��tJ;m1. , 0 -c·, 

*ffiliifUfi6z:s 2' ;h, 6 C ti.�-*.. v::. < < ' tr L 6 ]¥J,@i7(�q:t0) X1i1§Bz]Z:v::. J:: 0 -c 1:: L t.::.ffi11I-=f C ti 

mu �n6 .  

�t!J�:im� 2 �00&� L f-:.::c.. � t- � :/a-=futJ.!t0 J3 ��ffi�. ffl� 0 �*Efl�X���� 

c � be:o-c & 1. ,ffi1*J'z'7f- L,  -l-hvf tJ. VJ tJ, .:. O)t§fUJO)�*J::vc, ffi,� c'O)it§ fUJMf*tJ: J:: 1. 'JLL 

fJ;J.--e:·v:>t�il; 6 .:. c n: Et� � ht.::. (1¥�, 1982) . .:. 0 ::.  c �:t. ffiffi*�i=p-c·O)*iw-?tl�v;:. J:: 

6 .::c.. 1  r � :/f1-=f�O)�I. ,  � ,  161L�ITTt�f.ft-=f�1:.$0)J4'- , v;::. J:: 0 -Cfil?. 00 --e:· � 6 ::. c ��� 
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l, -C \i ' Q. 

U�K� L-kaBffi£:Lm� J: �� (J) @ (J) fflffi�:tm�W Ghk&�$� K J: 0 -C, fflffi*�* 

·-ev:t161t+&)t. vc J: IJ ,  wlt�1a.::±.st5t c --t o  ffit}l-=f (J)¥e�iJ;�fHc� c "'.) --c \i ,  o c c  iM:�mfa 

··c � o. '! t::. , tl{£5t-;fffil; bimodal 5t"i(ff1a.:ffe--tm(tzs! 1b C C itC ?mi°" o c �tJ:-it o. C tL '! -C:· 

T$nlt}l!m(J) Junge JI�. A�pj�(J)�\i ,�m*�*-C:·:=t:.vcwf� � tL -C  � t::. 1611::+&)t.vc 

J: o wlt�t'l-=f (J)�n\til;, r$�tvrr:im(J) mt$*� *(J) ,.� 'Y !7 !f 7 17 / r .:J:. - i=z 'f11,, (J)��c 1-., 

-C t  li�-c:-� o c c  7a.:, c tL G (})*5:!fJ;tffe L- -C \i ' o .  

1¥fffi*�tj:t (J) .:J:.  - i:z '/ ;i,, iJ; bimodal -c:·m.tt o :±.�tJ:rn(tzsl(J) 1 v:> v:t , .:J:. - i:z �/ ;!,, (J) �ji (� 

vc �oofl (J) �.s:) ii; � h 60 -c 9? tJ:"' , c c vc � o c ,� hn o .  aBffi�:tm-c:· (J) -if- 7'' � !7 i=z / 11 -=f 

(J)�rfil{l(J)�jU;t, 10-s cm2 cm-3 �� ""C� o .  �rfil{l(J) j?tJ: \i '  C c  (J)�IH:t, 1611::+&)t 

-c:·� t.t::.*'.1-=f1t L- W o ��¥JJ�il;, �frf1-=f�(J)?JUtnc J: "'.) -cm• � n o .S:1a.:j;-tJ: < :r!lJx.,  

J: IJ � < (J).:Ji�ffitt-=f(J)ffi�K � � Gh o C c c , ¥e� L- kffitl-=f(})Hfrtt-=f�(J)--7a_:� 

*-· {J&\, ' 9£1:.$-C:·� o�gr(J)Jitm-•��mtUif"c' � Q J: ?  vc--t o C C , tJ: c vcmn--c < Q .  

ffi*'.1-=f (�ffi ; ro) il;Hfri1-r (f1ffi5t;fff ; dn/dr=f(r)) �(J)afflvc J: "'.) -c 'Xbh o -! -c:·(J) 

nil5- r v:t ,  f(r) (J)ffiJF1=19¥£1t� ro IAJ±(J)affl3ti*� �t! L- -Cffi�1t--th�f. 

r- 1 = ('' K(ro, r)f(r)dr ( 2 )  
Jro 

-c:·Jf,i:-C:· � o. K(ro, rH:t, :¥ff ro, r (J)f1-=ft§][(J) 7'' ::; 17 :,,-JiifJ vc J: o ffi�ut$ -c:·, ·-1*� 

c J: vftL o. )t (J)�fwH:t , t::. c x. vi FucKs (1964) (J)��-vc�-c:-�x. Gh-C\i ' Q .  4- f(r) c 

l, "( � 5 VC$ Lt::. 12 JJ (J)�fflUf1ffi%1fi� ffi lt '  Q C ' ro = 5 X 10-7 cm vex! l, "( -r= 73 ffifrs,� 

W o .  12 JJ (J)f1{£5t-;fffv:t�M� 450 M cm-3 (J) 5 'b r< I0-6 cm (J) new particle subrange vc 

N= lOO flgj cm-3, background subrang vc� IJ (J) Vil c ,Z, ci""-""-C (J) f1-=f'7a:'f¥ 0 -C  bimodal 5t 

;fp c tJ: 0 -C \, ,  o .  C (J) new particle subrange (J) mode '7a:'$:J£vcmlt¥--t o t::.60 vc �,�tJ:ltrf1 

-=f¥e�$ (J) v:t , J�Nr-1 (IC J: IJ '  3. 8 x  10-4 M cm-3 s-1 ;ffil� c tt�-c:- � o. 

MIRABEL and KATZ (1974) (J) monomer model vc J: o H•*5*vc J: tL�f. 11rr:gr 50 % -c:·Wit; 

���(J)5}£Eil� PH2so,--2 x  10-7 mmHg (J) c � J6,...._, 1 0-4 M cm-3 s-1 (J) embryo 9£�¥i1;� 

Gh o. SUZUKI and MOHNEN (1981) (IC J: hvf, wlt���v:tJffi� H2S04 • nH20 (}) hydration 

(J)M-C:·frtE L- -c � IJ ,  .:. (J) c c '7a:'�ll--t o c ,  Je,...._, 1 0-4 00 cm-3 s- 1 (J) ¥81:.$'7a:'W o  t::. 60 vc 

vi , �� 50 % -c:· PH2so,""'5 x 10-1 mm Hg c ���\., ,:5}£E'7a:'�i°" o c " ' 5 . v,f;h,(J) -'f:- 7'1v 

-c:· t ,  t'filgril;� < t.r. o c ,  Lta J: iJ {J£\.- ,wit�5t.EE-c:· J--10-4 ffi cm-3 s- 1 iJ;W Gh, t::. c x. 

�i monomer model -c:·t'filgril; 100 % JLi: < tJ: o c 1 :Mr J.:JL fl£" ,5t IE-c:· .Et\.- , c tJ: 0 -c \.- , o. 

*�tj:t(J) H2S04 Lt S02 (J) �ft "t:·1:_ t. o. 1¥fffi*� tj:t (J)  S02 .f!,t(J)?Jltl5EfffU vt 1 fffUt-.: � J:> -o. 

-11 S02 ir• G H2S04 �(J) �ffi:$�C"?lt ,"( vt, 1¥fffi:k�r::p(J)fil[vi�OO -c:·� o. CADLE et al. 

( 1968) vc J: o ffltlJE-C:·vt, S02 (})-� c L- -C 1 .  5 tJT ""'5µg m-3 il;f±i � tL -c \.- , o .  4- S02 ti: 

�'a:' 5 µg m-3 c L-�tl$'7a:'{Btvc 1 % h- 1 
c ,  -ttL--FtL* � " ' 60 VC c  0 -C  H2S04 (J) ffi1:_� 
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(CH2S04) �Jlffi ch Q C  CH2S04'"'-' l . 3 x 1 03 5tr cm-3 s- 1 C ts:. o . .:. niJ;-t"""" -C embryo 3£� 

fC�b;rt, o O Y·c- vi.tJ: < , Vit: c Iv c� -:kf$£-�i. J;ttf'.f}'[rtc�*5 l,-C l, 'i 5 (STAUFFER et al. ,  

1973). 1-,JJ ,  1-, , H2so4 OJJ!i!�Et9tJ::;e�JJ;� o:f:�ii"��Et9tJ: H2so4 OJ5tEE PH2S04 ti;tFtE-t" 

o .  .:. n vtret1ff}'[-rOJ�oom� s c 1..., -c , 

PH2S04 ,..._,76o x  CH2soJS·S ·NR (mmHg) 

vc J: "'.) -c m•--c-� Q .  .:. .:. --C' NR = 2. 7 X 1019 5tr cm-3 ( p '/ =1-. � ';/ l- �), s = ,v' kT /2 nm'"'-' 

6 x 1 03 cm-3 s-1 (k t :L-t� 1v :;, � :/��. T Vitlm.}lt, m vi H2S04 5trOJJ{:ID --c- � o. S c L, 

-C�?JlUm[ 1 0-s cm2 cm-3 
� m \, ' Q C pB..--....,6 X 10-s mm Hg C ts:. "'.) -c ' 6 � vc monomer model 

--? hydration model --c-m� 6 tiJ: , 1 0- 4 @ cm-3 s- 1 0) embryo %:�£J 'C�,�ts:.5tEEK-l.t"""-c 

{!£-t � o c a\, , *-.  ts:. " , . 

f.flr{r.vi 'i fl�JtW-=¥ff r* OJ embryo il;:1t%lt 6 n. .:. nil;-t OJf;&W::R: 1..., -c�fil.-rOJ-=¥1£ ro 

.......,5 X 1 0-7 cm r=-:i1-t Q .  r* (,i_ 5 X 1 0-s cm �}lt-c:-;t 1'.) '  fiX:;R:vi H2S04 5tr 1 vcx;f L, H20 5t 

r 9 OJ�JtOJiU�c-iHt-t" o .:. c vc J: 0 -C fibh o c �'.iE-t" o c r* 7J '  G ro j: c·OJW::R:vi , 

dr/dt,...__,10  x vf3Nrr2so4 

�OCO)J!: 6 c'�fi -t"  Q .  .:. .:. c' V ii. H20 5t-rOJ 5t-r�c' 3 X 1 0- 23 cm3 �oc. NH2S04 fl 

H2S04 5'rrOJ�--c- NH 2So,.
..--...., CH 2 SO./ S ·S -c-:-s '6 !J,  G r* 1J> G ro 'i --C' O) J$tffe;v=-�--t '6 ffifFa9 't"g fl , 

'l"g"--'(ro- r*) ·S/lO · v · Crr2so,1 

!J,  G 't"g..--...., 150 � c ts:. o .  -1J, 'Ft£ 5 x 1 0-s cm OJ embryo OJ};ttff}'[r�OJ?JJUtvc J: '6 �1fp 

ii. ,  5-'\ ( 2 )  OJ H�c' K(r*, r) �C..7f.w L, t�m[� ffl \, ,  o c iY0 3000 f:];O) ::r - !i' - c ts:. I) , -x.O) 'l"g 

�i .:. n,c..J:t"""-c 1 11r tJ r c-;t o .  L t�iJ; 0 -c r* iJ ,  G ro �::. ,� ffe.:-t" o r�10J f.:v:r}j*:tij," ts:. < , 

J::i3Gc'rtf� 6 ht� embryo OJ :Jfi�$(i t;i: ( :f��rOJ¥i§�$ c J;,,. ts:.-t" .:.  c p; --c �  o .  

tJJ::OJ J: 5 �c.. l, -C , S02 O)�&!J; 5 µg m-3
, S02 !J ,  G H2S04 �0) ��$/J; 1 %h- 1 OJ c � , 

� lJlU 6 n k bim odal 5t ::ftLo; PJ m§ --c-;t 6 .:. c ii;� 6 n o . L iJ ,  1..., , .:. .:. --c-�m 1..., t� so 2 0) i:l 

OC-'(:::iN:��l:t-th-t'.:h 1 ID/:t c·* � < .J!ffi t  -0 -C \, ' o :t�-th ch 0 '? , HzS04 OJ5tEEti. 1 0-10 

mm Hg 0) ::r - 37" - vc.. 'i c'ril; o PJ"fj§t1Ji-t-5J-vc..;t  o . -:1HJL-r{r.O) ..:.f:- ·:f' 11-, v:::.. "'.)\, , -c t, ,  9 Uf, 

.:. .:. --c- �H�l� c 7lc c "' ,  5 2 nx:5J-O) .J;..  z-� *-. t�il; , x�tj::tO) @OJ�iinx:5tn;, 1iil®O):¥.fl-rft vc.. 

M-9'.- L, -C til.r{t���* 6 -1± 6 PJi§tt ch �5Ec' � ts:. " ' ·  ;t 6 \, , i :t , 7(%q:t OJ�tffil.rOJ�iaj 

a"J tJ::7GA- (rain out 'i t� ix wash out c·.::c. - P :/11,, e;i�n;fibntd��vc..� C o  J: 5 tJ..) �::. 

J: -0 -c '  :f}Lrit�TI'fifflO) � bco -C j,"ts:. \, '�1aJ"c'1'Eu I., '  H2S04 5tEEll�� L- t� 1) • -t" 0) J: 5 tJ:� 

�O)J::Hlc.. J: o �tp--c-filocn� rEJ < tct 0 t�i*VGc', f.:v:r1t$iJ;:Lf--t.:. c ch �*-. G:h o .  t, ,fn 

r: .. 1..., -c t :!:flffi3:,� --c-a, 1¥H�--c-0Jmf-\lr¥E� �'.iE�Ers vc..ftIDE;t o \, ' vi�'.iEc' � o -t-5ttct��!¥J 

:ttl:J9lL It� 0 -C t, , tct t, , c J;,,. o """ � c' � 6 • � iJ!.U OJ ,mu fl, G 6 G vc.. .:. n � ui iJ ,  ts:. ch 0) vc.. -t" o t� co, 

4-f&j,'ts:. < c ch S02 �OCO)�U'.iE-Y, H2S04 � OJ �ffi:$ OJ-�ts:. i!:ii;�,ii;nhiits:. G ts:. t, ' ·  

H2S04 OJ:5t;.�4?o:'i):: L, -C OJ S02 OJj(�q:tc·OJniµvt..::r:. - t=2 :l1v r1-r0),l .n c fP]��-c:-;t 
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tJ ,  Wiffi*%.$ -c'�Jt � .h G  S02 O)fil3*3-�ffe:file!�Ulitr�vc t:: J: Q � c a, �tJIJJ � .h tc.tLg:fr 

::(pO)�� vcffifJl.r9e�O)&r�1t�ffob G C c  C T.@"-t° G - C O),rf\UC� l, -C  SHAW (1980) �'1, 

S02 0)1i:,1m.!lm� c l, -C,  *�tj:t -c-O)�fATJO) � hob -C ffe:'- '  CS2 � COS t.i:: c·O)riJt!§lt��"""-C 

t, -. ,'6 .  

•• � c O)�•�a���a L -c ,  fflffiO) � � � ? P Y*1Lra, ffittr � ��ob-cRM� 

;t1trE L --c �Mn�Ji2io --c � ts.:n; , fJI.-=fO)ffifflt c L --c ,  WENT (1966) � JAENICKE (1978) �0)±. 

5!-t o 1f�nlt%�i!fJE-t G ttf-H:tffl. G.h -c :t:o Gf, ¥1JJHlEl.nltvc "".)\. , -c �:t 1 "".)O){R�O)��Jfil. 

L -C \, ' t.i:: \. ' ·  L f::_;a: --::> -CfJLr1r.$0):IJ.�B9JJJEtC�:t. C C -c·�"""f::_ t 0) c �t.i:: G ;i1[f11 t � i'J 

ffl. G /J • t L .h t.i:: t- " • 

5.  -s: c ch 

1 91s if. s JI /J. G 12 JI � "('0)*9 s n JI Fsc11 , mffim�£tt!Hc� "  -. --c  .:r. ,,  1- ?"" Y*irrO)firg:fr 

:fpO)?Jltl5:E�fi "::> t-.: . ffl t- ,t::_�fi':a, �M cm-3 �J!tO) f.1:£.l!t "i -c·::;:rHJ!ltO) � G mUJEiJ; -c· � o 

J: 5 vcI* L,f::_ 2 ir O) ;t; 3 v ? :h ?  Y � - c ,  4 fiffiO)iJt�� c iJ .  G f.i:: G �11£%:fffmUJE�fi': 

'c'� G .  C O)�fi':� ffl \,  -. -c ,  30 :frmvc 1 ffi_O).:r. - 1=2 '/1v 1Jt�t��T - � t,;m G .h,, c .h � 

iteration method vc J: i'J firffi:fr:fp vc�JJ L, t-.: .  

W:�8"J t.i::*1Lf£%:fffvc "".)\, ,-c  O)�{tiHJJ -r 7-. 1- vc J: .h�f. A,@] O)jJ�vc J: "::> -Cffl. G.h G firffi 

%:fff�i, �g 2 x 10-1 "-'2 x 10-s cm 0)*1Lffiffilffl 0) filffYffiiili: < 'c'�=f�Iit5E c t.i:: G /J: , 4 x 10-7 

"-'1 X 10-5 cm O)ttffiffilffl-C'�'i. + 5 % O)?Jl,tl;E��� J!�A, 'c' t +:frmffi-c' � Q C C /J; � � 

ht-:. �muO)�ifvc (:t, 7t;fp0) e.° - ? {@:O)�jj£ 5 % .tJ:rO) {�-,!!tO)fir:f£ffilffl-c'�'imffiltvc.x 

vto c c  cb �!I L, -C ,  A,@JO)j[?Jl,U -c·�'l. ffl. Ght-.:filffi:fr;fpO) 5 't> 4 x  10-1,.___,7 x 10-6 cm O)fj'[_ 

ffiffilffl 0)*5*t-=vt�1*ffl L, t::. .  c 0)�1f£ffilffl.tJ3i-O) � -�1-=fO)firffi:fr41H'i, 5JrJ vc�f.r L, -C f.r  

"::> f::_. � -ttr C .:r. -1' f' ?"" YfJL-=fO)j[fJlU*5*�ir b-tt-C ,  � -f � ? p Y fJLrO)tLffi•nx:ic "".) 

1.., , -c � C k. 

aB�£:lt!HC:f:o v:}- Q g,.___,12 JI 0).:-r. -{ r ?"" Y�1r O)f:lf:JA9 t.i::ttffi%:fff C l, -C , �g 10-5 cm 0) 

� t:: tJ vc� �fif"".) bimodal t.i::%:fffn;m G.h t-.: . fRJ C?JI.U5E�� ffl " ,  -c 1cvcf.r "::> t::::t:fi'tl: -C' 

O) mUJE{JU vc, c 0) J: 5 t.r. bimodal :fr:fp,a;tf L, .6 � h -c·� --::>  f::_O) vcJ::t;"""-Cxf�B9 -c'� G .  

� 7-· � ?  p Y�Jl�O)fJI.ffi:fr:fff�. fJI.r�. trr:1Hifilfl, fJI.rf*ffnc"".)\, , -c �� 1-., t:: t O) � 

J! G c ,  l!B�£�� 0)� � � ? 1=2 Yffl•O)mra, ttffi:fr:fff0) 5 x. �. �h�h�� --::> t::.� 

t/&�fif"".) 3 "".)O)fJLffiffi lffl vc:fr� l, -C�x. G c c  t,;-c, �  G .  -t t.r. b 't> , �g 10- 5 cm .tJT, 

1 0-6,..__,to-5 cm, 10-5 cm t),J:O) 3 "".) O)ttffiiffilffl-c·� G -

10-6 cm .tJT0)�1ffiffilfflO)fJ'rr�'i, � 7· � ? p Y�J{�O)ifffi;{lgj�vc:M-t G %�v'i* � \, '  iJ;, 

ifffi;ffijfl�ifffi;f*flvc:x-t--t G �hv't:bfiJ•'c'� G .  C .h G O)fJLrv'i , Wlffi*�tj=tO) J't1r.¥lz�-c, 

�nit Lt:: t 0) --(·� --::> --C, C 0)*1Lffiffilffl� new particle subrange c J: S: . 
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10-5
,-.__, 1 0- 5 cm O)fir:f£ii'Ilffl 0) firrv:t, -tJ- 7· � !7 p / fir-f-0) �ffl�, tirn:iffl, t%:f*ffl\, ,f ;h, 

f::::. L -C t -.k. � < '!f;-1§- L, -C \, , o . -l- 0) '!f;-1¥-0) 1!t 'El i :t 8 J3 v;:::. J:t""" -C 12 J3 K. -.k � 1, , • ::. 0) 11 :f£ 0) 

firr�:t . ¥E� r�+%�r�,z-�t-.:fJL-r c ttLbn 6 tl· , ffi�*�r=pt-o J:: O:-'t:-tttJ7f-O)*�.:f:1--c-1c 

11::�X>ZJG"C'"c' � t-.=.fir-ril;, m-�. WE%t, ,l- O) {m, 0) m;J!b@H� Z"t,E-C � t-.=. t O) ""C:·, �:tm:fts':r:k 

� 0)/� ';/ !7 f 7 17 / F' C L, -CJ'rl t R�s�t.dirr C fql-0) t O) ""C:\t Q . .:. O)'.i:*--C', ::. 0)1irf£ 

if{ri lffl �t. background subrange c J: � .  

10-5 cm tJJ::O)fir:f£¥!! 1ffl  O)firr�t. . new particle subrange C It. "! "? t-.=. < xt�ITTVC, -tJ- 7'' � 

!7 p :,,, fir-f-O) �ooincxt L -c � "! IJ %1¥- �t. L -c 1, ,  tJ:" , iJ\ t%:OO:fiU:: �1*:ffHc it.-.k. � < %1§- L 

--c 1, , o . w 7]( .:f:1 0) � fcg iJ: i'ia �1 L t: c � r::.¥81::. --t o film drop f! ::. 0) fir ttfffi lffl ('C � o ::. c , mi 

ntt O)� 0 t-.=.a£\, \��n:zt]��caBfO�:i:tl!lC� Gn -C � t-.=. 9 }3 ;c , :::. O);j;il:f£0)iurn:i& t � < 

fJ: Q .:.  C :a:�*- Q C ' ::. O)firfIJililffl O)�.:L-yO) 1f < it.wtiKfirr C � *- Q ::. C n:--r:- � Q .  ::. O)'.i: 

*--r:· ::. O);j;i[f£ifilffl �  maritime subrange c J:: �-

4'@] 0)�7JllJ""C:·� G ;h, t-.:Jfl t Ji�tJ:t'5:5'Ht., �rfp-O)fil\, ' new particle subrange O) tiI -r il� JE  

rM'ITT vC ��tftE L -c 1., ,  o };� --r:·ib 0 .  A,@]O)�{lllJttHJO) J: 5 r::. , new particle subrange r:::. � -

!7 :a:'ffv:Jfir:f£5t1riiJ;, ::..·· < -�ITTtCtftE--t o t-.=.d:> vc i,t. , �f*O)fir-f-11:: vc J:: o �;fiI-=f§'e1::.iJ�Jl 

ifm:B"J �crr:bh 6 J?:,�iJ;ib 6 .  

fm 0) /� ,;1 !7 !f '7 17 :,,, F' tfiltglZ vc t� \, ,  -C ib "! i) -rut:ITT --r:·tJ: \, ,  .:r.. -1 J-- 7r :,,, ;fir -=f 0) bimodal 5t1fi 

iJ�, � bd:>-CtP}�vc�{llU � ;h,t-=.:l& t :±.�tJ:DR!zsl tt. ,  {mO)/� ,y !7 !f' '7 17 :,,, F:tm�vcj:t.r(-C ,  m 
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