
-1iJF'.J\:JCu?:t-

scie11ti/ic Papers 

Ji.I* 

Chemical Composition of Atmospheric Aerosol Collected 

at Syowa Station 

Shyu NAKAYA* 

Abstract: Atmospheric aerosol samples were collected at Syowa Station, 
Antarctica, on a 47 mm millipore filter with 0.45 pm pore size, using an air-pump. 
Air sampling volumes ranged from 10 m3 to 30 m3

, which were collected about 
30 m windward of the Laboratory of Environmental Science at Syowa Station. 
After that, all samples were stored for the analysis in laboratory. 

The trace elements such as Al, Fe, Mn, Zn and Cu in these samples were de
termined by the atomic absorption spectrophotometric method with a graphite 
furnace atomizer. 

Enrichment factor, Ecrust, is calculated for the trace elements in atmospheric 
aerosol samples. Enrichment factor is defined as the element/Al ratio in atmo
spheric aerosol samples divided by the element/ Al ratio in crustal rocks based on 
the table of M1YAKE (Elements of Geochemistry, Maruzen, 290 p, 1965). For the 
trace elements such as Mn, Fe, Zn and Cu, enrichment factors at Syowa Station 
are the same order of magnitude as the value at the South Pole in the southern 
hemisphere and over the North Atlantic Ocean in the northern hemisphere reported 
by ZOLLER et al. (Science, 183, 199, 1974) and DuCE et al. (Science, 187, 59, 1975). 

From the results, enrichment factors suggest that Fe and Mn are likely to be 
associated with a source largely derived from crustal rocks. But, Zn and Cu have 
such high values for enrichment factors that a normal crustal weathering source 
for these elements must be ruled out. Oxides of these elements have a high vola
tility, as measured by the elemental boiling point. During the dispersion process, 
a certain fraction of the original source material escapes into atmosphere as parti
cles. If, however, this dispersion process occurs at elevated temperatures, these 
volatile elements of the original source material may be emitted as gases or vapor. 
If this volatilization is anywhere near upon quantitatively, a significant enrichment 
will have occurred. And then, one possible source for these elements in the atmo
sphere may be either volcanic activity or the combustion of fossil fuel. The 
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results suggest that the high enrichment factors may be due to anthropogenic rather 
than natural sources. 

�Ii: m!i1JB;FQ£:tf!!, ffltfU4�tt O):ft* 30 m -c:· � 1J ;r-7 7 ,r /V � - ( � 4 7 mm, 
IL� 0.45 µm) J::tc=- i:t :,,'1v��=7;r-/'7"-C:· l0-30m 3 O):;k��!J.&5IL�l& 
Lt-: . .:.ht::>O).:c.- P :,,'1v�fltc-:>1,,-c, 7 v-A v.7-,00(-=f-!J.&:J't�tcJ:: IJ Al, Fe, 
Mn, Zn, Cu O)�jtJE*�fflUJELt..: . .:.ht::>�Jt*7Alfl(O) Al ?AtflttcJf-.tGJt�, 
MIYAKE (Elements of Geochemistry, Maruzen, 290 p, 1965) O)f:ley:tf!!�ffl.nx;O) -r
� �£tc, :tf!!�0)�5G*7Alfl(O) Al ?AtfltJt-C:·WU '-=> -C?At�f*fi!: (Ecrust) �;1<6b, ZOLLER 

et al. (Science, 183, 199, 1974), DUCE et al. (Science, 187, 59, 1975) O)j¥Jffi,ra, ::ft 
:;kg37$J::'t:'O)fflijJE{l!lcJtfJcLt..:. Fe, Mn, Zn, Cu 0)7Al�f*fi!:U.i¥J�3*0)IJB;ffi£:tf!!, 
mffi,ra, :ft�3*0)::ft:k57$1:-c:-IA'.I*-�--O)!Jl!'*s G*a*�ffl-1-:. •�l*�b� 10 ti
rO) Fe, Mn tc-:>1,,-c�:t, .:c.- i:t /1vi:p0),:.tr,t::>5t*O)��}i:ttl!�¥J)�-C:-SG c� 
.:tt::>hG. Lb, L, ?Attffii*fi!:b� 102-108 (J) Zn, Cu tc-:>1,,-c�:t:ttl!�¥JJ���'t:-vi 
IDiW3mlt-c:-s Q. 1 -:>O)AJ#Jgt.c��c L -c, {t:fi'.1?&f40):Jf&J18tc J:. Q ib (J)-C:·v:tt.c1, ,tJ, 
c�.:tt>hG. 

1 . ,i L, jJ>- � 

*�i:f=tvcv-.t.Wtf7j("OOj-c-�nlt L�*��h,t..:Wtf:li[firr, Y<l-UmilJtc J:: Q 1<1.111&1±!�, :l:IB*ffib• G 

(!) ±�. ='tfEfil-=f, Arl3imlbvc J:: 1J *�i:f=t�1&1±1 � h t..:�fil-=f�tJ;= - p ·/ JI,, c L -c:rftE'-.t 

Q. :ilr1f., Ar13ifi:sib(!)fi:s9e1t.vcfft,,, .:.:hG=- p :/;t,i:j:i(!)1t�fflt5hi, Arl3imibvCJ: Q7( 

�ffl��(!)9t"tJ:tP Gl'll�•��vt-c:t� 1J, k(!)�•(!)�li'.tJ; c·(!)�li'.-z:·J; QXJ•, mm, I� 

:l:IB1if�b· G (!)ffl���iJ�*�i:f=t-z:· c (!) J: ? tc�flx. if!Ht'-.t Q (!)iJ,� < 0)1iJf��O)tt § ��6b 

-C'-''Q. �vc, =- p :/1vi:f=tO)iW{it�Xinlt5tvc"'::)1,,-ca, kO)t9��:1<6b-C� < 0)1iJf��iJ; 

M���60L\;'Q (t..:c;;Uf, CHESTER and STONER, 1974; DUCE et al., 1976; GOLDBERG, 

1976; RAHN, 1976). 

-11, *'Arf=t�:t&f±I �ht..:, *�t?���i��. 'A�� t 9''ts:.b• Gf�-�4-x.., kO)� 

•�ac-cAOO�mKt�-���'-.t�����--0)/��?Y���r*�ffl�O)MMt 

tt§ �n-c�---c"'Q. k(!)�f*�rem'-t"Qvca, Arl3imibO)m9ets:.��n·GJ1< 1iln, ffl.tE 

(!)*D�b· GtfUE-t- o�H � *-�ffl��0)9e�f'Fffl�:M=t::tJ: '-' ,mffi*-�n;t&iJtU(!)� c L --Cfff�-15-

�J; Q. /��?Y��/�*�ffl��M�'-t"Q�6b0)3�1f.O)�Wt&Ma�®���tfib 

h,"(�f:: (fjF�, 1980) . .:r-- P :/;1,,i:pO)�Jt��nx.;5t�,cv:)\,,-Cvi ZOLLER eta/. (1974) iJ;!fi 

l!Jti-z:·:i*J&, 5ttfr L, Al �t��JC* c L -C = - P :l1vq:t0)4l-JC*IU�l:t(!):l:IB�mn1tvcJ;j'-.t 

Qaaffi•�*�• �.�.�. P�&n;�b6b-C*��ffi��'-.t�*���- .:.:htt*� 

j:¥:, *rtsr¥J:-z:·(!)�iJtU-z:·mGht..:�*vc� < -J.& L, L � IJ � * -/J; :M= t..: .:h Q (CHESTER and 
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STONER, 1974; PEIRSON et al., 1974; DUCE et al., 1975; RAHN, 1976). 

*i�x·-cv'l, !Wffifllnn£ttl!c·1*J& � ht-:.:c. - P :/ 1v�flv.::::. ":)\,, --c, iitia:{iz� 5c * c· i:; 6 

Al, Fe, Mn, Zn, Cu '1:'U!IJ!EL, ch.Gf�lt��/vtn'O)��v.::::.--::::>1.t,--c��Lt..:. 

2. ��t0)1*Ifx, 71iffr 

.:c. - P :/1v8itf-H:t� 16 ?kWHi:1:tgt.gxfffl.1J!U�� �tfr9fb.f\: (�MI**�) �=-.l IJ, 1975-

76 �O)��fffl.JUi:pv.::::.1*1& �ht.:. £:lfil!fl,iY€ffiir• G m'f§l:. 100 m ltht-:wmft�;ftO)�tJRt:J 

30 m, :lmJ: 3 m v=. � 9 � 7 7 ,f 1v !;J - (:fLf£ 0.45 µm, f£ 47 mm) � -t 'Y 1' L ts: � ;v !J" -

��Ji{L, ffl.,�1 7'�.:..l lJ�mf4+ftv.:.�ffiLt-:.:c.7�:/7
°
v=..l 1J':&.5l1*l&Lt-:. 8itfl1*1& 

!F.JO)::£.Jsil.(P]l:t�t*c·, W!Ii {1980) O)��iJ, G�ttl!iJ, G O)rj��:t� IJ =_;-x. GllfJ::1.t ,�ftf:1.::::.0 

6 iJ\ %8itfl0)1*J&�rain:*9¥ B /J, G 2 B O)�[F-1:ff'aic· ct> I), k O)ra, 0) Jsil.rh11!:iJJiJ:� x... G h 6 

cc, 7, 8 Ji O)ffi*Jt13v.::::.�:t�J1.ik:Ji� c fJ: 6 cc �£jtg0)9e'l[, R.£.m��=-.l 6tll:�:ii 7. 'tO) Ji':,; 

�t�ic.Gh6. ��idH1tt!ttHJ:.icI(c<fl'H::ih6iJ\ ��. �v.::::. 12 Jiq=t�iJ,G2J3*'ic·::t 

J{i� L t-:jfuffiiJ;�l::H--t 6 C c /J, G, -:. C) 1-Ria9 O)�f4�=-t113B5f11&:lmml:illc·3£� L t..:±��i»fitl 

-=f-O)�J...t�3t..Gh6. 

i*l& L ts: 8itf4v:t 7 ,f 1v !;J - �- c ��� ;.::::. �fr#f 'ti fJ 'J , 7 -r 1v !;J - c c t : =- 450°C --e:-JT<. 

11::, ER'lt� 0.1 mM CH;,COOH #n'i?U.::::.-fz�ul L, &H:i�&� 0.1 µm � 9 ;t;7 7 ,f ;v !;J --c-;s 

3r& L, 6 �� ��ffiirPJm-ffil c L ts:. !J���m-ffila.b t.: t-.: cf 450°C c·ER {t L, ER5}� HF, HNOs 

c·n"-JW�9e1i1z� L, 0.01 N HCl lif�}:.m,w L-JE:fil: c Ltd&, Al, Fe, Mn, Zn, Cu � B * 

:-/ -v v ;v 7 -:; V ;:z. t±� AA-8200 lfJ�*f* � L, -:. ;h,;=. 7 v - -'-'- v 7-. 7 \-- -__,. -1 --i,f- FLA-10 

M�#n.It�-,t. 7 v--'-'- v 7'1*r1:&xit�=-.11JutUJELt-.: . 

.:c. - P :/;v:j{Of;H.:.ffl 1.t ,t::.. � !J � 7 7 -r ;v !;J -1:t, f:J 60°C O)Ifui�c·t9f:?1t L "J"' v 1T - !.l - .:I:1 

--e:-�t�Lt::..tO)��fflLt..:. 'it::., *�i:t*910-30m3 �l:&5IL, jc%,m3 :':13t::..IJO)lH!t 

L'-C� Lt::... 

3. *5 :W: t � � 

llB:.fJJ�:1:tg�.::::.�:t6.:c.- P '/;vq=ic9i!{_iix*¥1:I!t�:1-< 1 f:.�--t. 

1975 � 2 ,A iJ, G 1976 � 1 JJ � -c·0)*9 1 �rl39�3m L --Ci*l& �Jtt::..{rJI· 17 �flO)iJllJJE 

*6*c·t50. 5, 6, 9, 10J=j0)4.::h}=Jt:tfQU!IJ{iffiJ;tJ:\.'1J:, �J=lC:-cO)f;l:5-J�m:��1 �=-n�--t. 
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Sample 
No. 

1 
2 
3 
4 

5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 

17 

ng=10-o g 

r-p :G )i>J 

•1 IJB�£:J&K .. tutt o ::r..- i:i :/1v1-�0)�fc�x*1/Fktlit 
Table I. Concentrations of trace elements in atmospheric aerosols 

collected at Syowa Station. 

Sampling date Ar -

in 1975 
1100h 21-1400h 23 Feb. 73.8 
1445h 26-0900h 28 Feb. 910 
0920h 3-1625h 4Mar. 218 
0930h 6-1615h 8 Mar. 143 
0900h 12-1930h 13 Mar. 392 
11 OOh 16-0900h 18 Mar. 275 
1030h 9-0630h 10 Apr. 1580 
0910h 16-1720h 17 Apr. 114 
1400h 26-lOOOh 27 Apr. 380 
1500h 6-1700h 7 July 1450 
1720h 8-1700h 9 July 213 
1200h 19-lSOOh 20 Ju1y 203 
1010h 6-1030h 7 Aug. 171 
1630h 16-0820h 18 Aug. 1000 
1755h 23-1750h 24 Nov. 215 
2038h 2-1506h 3 Dec. 332 
in 1976 
0930h 13-0830h 14 Jan. 242 

---
Mean 465 

. .  ---· . - - --

-·-�------
Mn 

4.65 
7.79 
4.69 
1.56 
4.25 
4.01 

11.1 
9.49 
6.12 
3.30 
5.31 
1.65 
2.87 
8.98 
3.65 
5.06 

21.8 

5.66 

- --�---.--'-------.....-

Concentration 
Fe Cu 

(ng/m8) 

87.2 11.3 
620 26.2 
66.7 12.4 
33.1 7.65 

465 36.9 
460 9.36 
137 9.04 
554 7.39 

1430 60.3 
1280 70.7 
737 30.9 
860 35.5 
368 11. 7 
277 11.5 
794 53.9 

1360 108 

6550 49.3 

946 32.5 

cmm�tl 

Zn 

5.88 
47.0 
69.7 
16.8 
2.60 

10.4 
9.23 

61.8 
41.6 
21.0 
28.4 
42.8 
18.9 
14.8 
19.9 

146 

74.9 

37.2 

.:c- 2:. -e*.ui'iEBtJ:�1t'a:'��-t o t-:_N:J, 117n1:r1ittt!Hc:t-;)t,t o ���fttP G 4,__, 1 0  fl, 11,_,3 J3 ,,c 

5}�,Jf:L5J�fi('a:';j(N:J� 2 �C:-,1"-t. Al 'a:'�� Mn, Fe, Cu, Zn �t,�c��/J;�;f:: J: 1:) t �:Jrr@ite: 

I:€t-c� '6. �Ui5B''.1t.tfil!l'iHximutvcf.t�n --c" ,t.t" ,iJ;, zl:��x��vc.lttx: L--CM ,/� O)�f:4� t 

0) �lllt T££ {t /J; * � " , . 2:. h Ix, PBfll £:itf! 0) .a; '6 * * / 3,-· 1v Jzi �t!j�fE 1¥-�� ii1J:. t-J J: c v, h n 

6 ti°" ,:{EfMUl·Jfl(�'a:'±1* c -t 6:itf!j'l-c:-�fi0)::k$5tn;�1t±$-c:· Mnn--c t-o �, 1{�0) 12 

A q:tg'!/.), G 2 Jj * £ -c:· O);Mr1=1, v'!., ¥z� L f.::.j(gffi/J;D t±l-t '6 f.::.N:J, JJ;-c:·5e1:_ L f-:_±�1':9Mtfilr 

O)�)\ -t '6�*1,/J;� 0 (ffrlli, 1980) c � :rt --Ct,, '6 iJ\ *M1i: O)�flv'l. Ye O)�,r���-:r--c \.' 

'6 0)-C:·vxtct 1.., ,iJ, c � *- Gh '6. 

LUDWIG et al. (1971) O)�m::k:5<tO)iJ{lj�*�1f* c Jt�-t '6 c Fe, Cu, Mn v'!. 0.6-0.07 ft§-0) 
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ng/m3 
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1 U8�£:tm,=..tot,t0=- P ·/11,,q=tO)if{:fl5i::;�O)JP¥:lt:J�JJ£ 

Fig. 1. The monthly mean concentrations of trace elements in 
atmospheric aerosols collected at Syowa Station. 

� 2 UB�t£:tmr:::.t-;;t,t 0 =- P /11,,q=i0)�:l:5c*O)�zf=:to.t '(}{fz}::O)�:ft:Jil� 
Table 2. Mean concentrations of trace elements during summer and winter in atmo

spheric aerosols collected at Syowa Station. 

I 
Al Mn Fe Cu 

(ng/m 3) 

5 

Zn 

·- - - - - -- - - --�------ -�--� �- - - - - - --�-�� 

Winter 639±610 4.85±3.18 705±467 2 9.6±24.6 29.8±17.6 
(A pr.-Oct.) 
Summer 311 ±243 6.38±6.00 1160±2065 35.0±32 .5 43.7±47.0 
(Nov.-Mar.) 
Mean of all sam ples 465±470 5.66±4.80 946±1510 32.5±28.3 37 .2±35.9 

ng=to-g g 
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� 3 ffi�i;u;:. :tovt .'Q .:r. - µ '/ Jvtj=i O)�:S:5c�-!3t 
Table 3. Concentrations and concentration ranges of trace elements 

at the South Pole. 

Concentration 

Element Mean Range 
(ng/SCM) 

Al 0.57 0.32 -0.81 

Mn 0.010 0.0044-0.019 

Fe 0.84 0.51 -1.20 

Cu 0.036 0.025 -0.064 

Zn 0.030 0.018 -0.051 

After ZOLLER et al. (1974). ng= 10-9 g. SCM: Standard cubic meter . 

• J!t"c'J;6iJt, �3v;:.7.J'-j'- ZOLLER eta/. (1974) O)J¥fffi}�"c'O)fflij5E*'5*c_lt�-j'-6c, 1t� 

O)fflUJE*a*v'i}!(sffiiJ, G.:::PftiO)�-J!t-c'J; 6. '£ t.::.., KOIDE et al. (1981) v:t 1978-79 �O) 

1 if: rl3,, aBw £:i1!! "c'3Mi�d4� 'ia:'-r :B-� !I L try� 0) tJ: 1., , � rl3, * tc. vt gj.\� 'a: !*1&. :B-flr 'a: rr "? 

t.::.. -'f:-0)*5*, Cu v:t��!Cv:t�lli�.nf, sff:v;:.O)d;,>..�lli�;h6::.c'ia:'¥iH�rL--C1.,,6. -'f:-

0).J!t'ia:' J::t®c-t" 6 c Al t,tf{-rffi, Cu 11t*9 2 ffi��O)fflU5:i:*5*iJtr@:i.I!t"c' ;i; 6. t.::. t!. L, 

KOIDE et al. (1981) O)*a='=vi Cu iJ; Al 0)*9 2 fii0)1Jl�"c'J; IJ, ;:. ;h '£ "c'O)}p < O)?i}f��v=

.t 6ffH�rv;:.i,xJ! GntJ: t '*5*"c' £> IJ :!}l!�tJq,:;j:t.::..n 6. *M� O).::i:. - P :/11,,�;JSH:t 0.45 µm 0) 

� !J ;f- 7 7 ,{ 1L-- 3r -J:v;:.1'�. :51'-flr L --ct, 6. f.ftfft,; 0.45 µm tJJ:: 0) .::i:. - P :/11,, 'ia:'� x.. 6 c 

i)�iJ. G :1ft*-t-6 i)� O)f.ftffiJ; 0.1 µm <r<20 µm "c' t5 I), ::. ;h.,v::.ffl �-t-6. -'f:-::. "c', �� 

�¥,o�O)���'ia:'<k�v=- .t IJ >1<2!bt.::.. 

(Al).:r._ u '/ 1v X (X/ Al).li?J� 
X 102. 

(X).:r.-u '/11, 

;:. ;:. "c', (Al), (X) vi .::c. - µ :,t ;i,, :i1!!�i:f:l 0) Al c JG� X 0)-'f:-;h..f ;h O)t.,l�"c-&> 6. Mn, Fe 

0)��$vi��;:: c ve:k � < �1t-t 6 iJ;�ifPl¥JtJ:�1tv:ttJ: <, Cu, Zn v:t�fr)®tJ:�{t t, if: 

rl3,'ia:'Jffl L--C O)�{t t � IJ tJ: t '· if:il3i'ia:'Ji L--C �5[;�0)���!fmj{O)f:1$J��$vi Mn 52.3%, 

Fe 52.5%, Cu 0.611 %, Zn 1.46% "c' ;i; 6. Lt.::./.1;-> --C, ::. 0)*'5*iJ· G ��O)ffiUJE*a*O)�lt 

1Jt 0) 1* ltsl vi' IJBW £:i1!! mHll 0) :tt!!�ffii iJ. G 0) ± �� � ¥,o � 0) im AK. J: Q t 0) C ' £:tt!! "c' 0) iliib 

ve J: 6 try�!f},g�O)�A c �e J: 6 t O)"c·v:t fct 1., ,iJ, c � x.. G;h 6. Lb• L, :i1!!�ffiit,t�"c-tlnh 

--c 1.,, 6 �*re"'.)", --c vj_-f-"'.JttJ:�OOtJ; "c' � tct" ,. ::. .n G O)*a*i:t, rn�::k�ve:}-;\,, --c vj_.::r:. - p 

:/iv 0)9e�fpffl a-Wt.::. tJ:: t ,iJ. G, :;k�O)::k�i:f:lve�i]t 6f.ftr�¥,o�v:tvf c A., c·::k�tJ1He� 

�'ia:'W"'.)c�x..G:h6iJt, -'f:-;hv:tffi,i�O)J: 5 fct��O);:_ C"c'J; �. !3B;¥i:1£:i1f!O)J: :> fJ:-�ITT 
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tiJtJJraJvC L6i!£:tti!�b;tftE--t 6 c.:. 6 --eu:, 11£:tti!�IJ. G$fti]lt.IH=:.±��j�O)*-.\'.lr�fg'fl 

b�{�U€i" � h 6.:. c ��--t t 0) c � :z. G h 6. 

±�. �fEJl.1t4efzJO)�-'J:.�5;0 6 t-.:ob m�o) ±�O)f�;rJlnlt� J:th ,f-:jjb;N 1,, ,iJ;, f:tq:ttg;& 

fflnlt 0) 8% .L;Ll::� J:i ob 6 Al �1�ffi5c* c L --C, .:r.. - µ :/1vrp 0)-'&5c*O):f:tM�'.;rJlnltltK:.x;J---t 

6il1Hm1*� (Ecrust) �?x�vc J: tJ )J(obt-.:. 

Ecrust =(X/Alh- Cl'/ ;i,/(X/Al)ftJ!.� . 

.::. c. --e (X/Alh-o '/,v, (X/Al)lt!!Jtll: f:t.:r.. - µ :/ 1v, :tt!H'Btr:f::l0)5c* X c Al 0).7c ;h.,'f ;hO)i,_lfJtlt 

"(·£> 6. Ecrust {min: 1, iU5E�tz���fl--t 6 c 10 tl-r"(-;i);ht:f, �0)5G*�:t:tt!!'iW:t,0��� 

"c' ;J; 6 l: � ;t Gn 6. MIYAKE (1965) O)f�:tt!!'iW:i%linlt�£vc aBtU£:ttgc· 0) = - µ :/1:,, i=f:t o) 

--&�;fSf-.::..' l: vctJH:@1*��:t5£iiJ--t 6. -.:t.::. "(·-'& J3 .::..' c vcf:tq{rn[�* ob !ZI 2 vc�--t. c. O)f,;!L* 

�:t Al, Mn, Fe l: Zn, Cu 0) 2 !f1v- 7°

vc}HtG;h6. Al, Mn, Fe t:t:if:f:q:f:tg�i%linlt��v::::.� 

�4 

Table 4. 

- - - -- -- ------ -

Sample 
No. 
----- -- ----- - - . 

1 
2 
3 

4 
5 

6 
7 

8 
9 

10 

11 
12 
13 

14 
15 
16 
17 

Mean 
Range 

llH5flJ�:lfilv::.t,vt 6 =- P �··1vq:i0)�5G�O):lfil�iElJiX:i=-M-t 61#tt1af*� 
Enrichment factors of atmospheric aerosols at Syowa Station relative 
to crustal values of MIYAKE (1965). 

I Mn 

Enrichment factors (£crust) 

Zn Fe Cu 

11.0 186 3.92 680 
1.50 120 2.26 128 
3.77 746 1.02 253 
1.91 273 0.767 238 
1.89 15.5 3.95 418 
2.56 88.1 5.55 151 
1.23 13.6 0.288 25.4 

14.6 1260 16.1 288 
2.82 254 12.5 707 
0.399 473 2.93 217 
4.36 310 11. 5 644 
1.42 492 14.1 778 
2.94 258 7 .15 304 
1.57 34.5 0.920 51. 1 
2.98 216 12.3 1120 
2.66 1030 13.6 1440 

15.8 723 90.0 907 
------- ---- - --------

4.32 382 11. 7 491 
0.399-15.8 0.288-90.0 13.6-1260 25 .4,.._, 1440 

--------------- -�--- ---
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J F M A M J J A S O N D 
M o n t h  

� 2 IIB*1£:tt!H:. :t-ovt -0 ;::J:. - P ·/ 11,, i::f:i 0) Jl fjeyO)i&Umf*I{( 
Fig. 2. The monthly mean enrichment factors for atmospheric aerosols 

collected at Syowa Station. 

*mffi�'a:'>.i<� --C '-' '  '6 t�cro • .:c. - P :l 1vi=p0)�5G*O)®� c t£. '6 EEffl-Jvt, )!fd.1t�tl:t0)�1, , t£. 

c'' vc J: 9 3f:i$J:l=li!W(ffl.nlt c O);ffi�iJ;:1:. C,�ff0)¥£!f]J�:t J!J '6 t O) O)Jtl!�iJ. G O)E::fi, ±�fllr� 

�c®vJJl'a:'ff"? t 0) c � x.. G}L Q .  Lil· L ,  Zn, Cu O)::k � t£.1&U@1*inx , �®iliiUlt:ru'.O)�-§'.

�iiJ; 1 % 1ru�-c J!J 9 !t!!�J:i" G O)�·E, ±�f5Lr�:t1M1�4mf!t-: t,t-r:, �ximoom,m-r:,J!J '6 .  1 YI 

0) Fe vc--::> l. , --C v:t£:1:ff!-r:·O)t2irefJiJqr59evc tJ: fJ l!Jig�4f!JO)}l!�. ���vc J: fJ #U€'i � JL 0  t O)  

-r:· (:t t£. t , iJ. c l!thJ'L 0 .  

rilffl):J};:L'tgO)?JltlJE*a.!.f!: c c t vc ZOLLER et al. (1974) O)rWffi i.(, DUCE et al. (1975) O)�t::kr§ 

rf l:: -r:, 0) nl*m ffif:I. 'a:' � 3 vc iJ� i"". PB flJ �:l:ff!, 1¥:i Ii,�,, �t::k r§ rl 1:: c fnJ * - Ji' - 0) f,,b t , 1r'.!'H@ 1* 

f;I.iJ� Zn, Cu -r:,%} G h "C \. ,  0 .  -:. ht:t ,  Zn, Cu iJ�:111.!fixt'0f1J(Q�tJ!t\-O)�{]JRiJ, G :5;J!lff�J<(1'JtJ: 
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Ecrust 

-5-

-S-

-N-

-Sp- -N-

-5-
-S-

-N-
-N-

-Sp-

-Sp-

-<>- . . . . . . . . . . . .  · - · · · · · ·-· ·  · · · • · · ·  . . . . . .  - - -- - . - -· - - . . . . . .  -

Al Mn Fe 

Eleme n t  
Zn Cu 

(gJ 3 118;fa£it!!., ZOLLER et al. (1974) O)wl�/.( , DUCE et al. ( 1975) O)�t;-j;:jfil 

���<7) � - P ���O)��--ffift 

Fig. 3. The mean enrichment factors (Ecrust) for atmospheric aerosols collected 

at Syowa Station (S), at the South Pole (Sp) by ZOLLER et al. (1974) and 

over the North Atlantic Ocean (N) by DUCE et al. (1975). 

9 

5ci�O)� lKiJ• G ;J<6b f-.:ji:;J� o) f41¥eI!Ul Br> Se> Zn> Pb> Mn>Al> Cu> Fe O)Jlf.l'lfJ> "Cci) 

I) , ;: h G5cftO) �WHtB4tr O):fip.j'efft t jqJ C. /i[H}i>C z!:) � (BERTINE and GOLDBERG, 1971). 

ZOLLER et al. (1974) t i ffJ�,r:J-c Br 44000, Se 1 8000, Pb 2500 O);fj0\�\ t.::.j,: � tJ::�*1°JH,;1&�illU 

;L L --C t ,  6 .  Br, Se t :tfrTI36t15c�-c 2t IJ , Pb : :tJJi'Jf)(,: (irr tJ�jc�f9�:f7J.J c L --C $ < :ttl!f.:iU:::. 



10 

v:t. , {t::f::i":t��fl O) t&�vc J:: 9 ::k'Ai=f=t""'-till:ili � ,11., 6 ,:_ c b�t�� � h --c :i5 iJ (BERTINE and GOLD

BERG, 1971), {tEt&f40)t&���vC J:: 6 t O) b��xJ::i h 6 .  Lir• L ,  Cu vC "".:>\, > --C v:tiiJ;e,l!t 

0)11W{ffiJ; Al c Fe O)r1c1i ·-e� 9 ,  {tEt&fl O)t&�iJ; 1 "".:> O)�� c a� 9t.. G h  6 /J�,  Zn J: rJ t 

* � t.dAU@i*���-t .:. c � �ffnc� � -t  6 .:.  c v:t �fflt-e �  6 .  

IJBflJ�!t!HC ::};5 \, ' L  O) �:ft5c*1Jl)!t, �mif*�/J��'�' it7(ifflr$J::c· O) f@)CJ:t� L, ��J!t 

-c·iJ·"".:>neo" ,7&Ufeif*j){��i"" 0) v:t, �:il!!il ·  G O)tjJ:'A :Ji .A �ftEt&f40) t&� vc J:: 6 �- t '.3l:t,t --c 

t, ,f.::.. 0) -C:· �:t t.r. 1,, , iJ .  c � x.. G h  6 . 

4-�v:t, :!ltE-= - P :/ 1v1*Jf:Hc�ffi � h --c l ,  6 -��fPJ O) � O) ��f4� 13 lb1*l&-t 6 -tr Y 

7
° 
"3 - � ffl t, ,  6 t.c c' , -t--5tvc �;fSf-r+U& vca:��:tL '? t::..?iff��itg� 6 ,:_ c f.l�-JZ,� c � ic. --c t, ,  

6 . 

*ffl:5 0)i{{-b IJ vc , IJB;¥1)£:tfilc· O)�fl1*I& � �nf!i L --c� � '? t::.. �1*-f-Wl.Etvc ��J\, ,t::.. L "i 
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