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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 #m pore size, using an air-pump.
Air sampling volumes ranged from 10 m® 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, E..s:, 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 MivakEe (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 DucEk 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. 1f, 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.

BY: HERML, BENYHOLEIOMTI VAT 7442~ (R47mm,
FLEZ 045 pm) Fiz=—r VARRE =7 H v 7T 10~30m® DASGEY TS| LI
Lz, ohbo=z—e vyABRBRHCoWT, Zrv—AVARETFERNEEIC X b Al Fe,
Mn, Zn, Cu OEBTREXAE L. choR{HTREBED Al BECXTHHY,
Mivake (Elements of Geochemistry, Maruzen, 290 p, 1965) D3R8 D 7 —
g R, WRDZTLEREED ABEH TEl - TRMBEHEI (Eerus) % K, ZOLLER
et al. (Science, 183, 199, 1974), DucE et al. (Science, 187, 59, 1975) DEgHE&, Jt
KAEFE L TORIEM & H#E L7-. Fe, Mn, Zn, Cu D& #R 5T E3R O FEFNEL #y,
MEA, dLFERoOIATEELTRA— ¥ DEED HEEYE . BHRAEN 10 L)
TD Fe, Mn iz 2oWTik, =—r VY AhDZ h bLREROBFRIIMBRHBE THDEE
2 bh3, L»L, BHEEHI 102~10° o Zn, Cu iz oW TItRpEREEcl
FEARETHS. 1 SDORERLERE LT, {EAROBREC X % o TiX /o
LEZIBRA.

L. i UL » =

AZANC IR KT TR LSS ST, KIEEhc X % KUk Y, FERE» L
DEE, EERTF, AMEBEENC X Y KRB ~BH SR FErR=— e Y2 & LTIFET
5. EF, ANEE#SHOERMCHy, chb=—r VAROERNL, AEEEC XX
KGOV L RFEYZ T TR, TOHBOBENLEORBE TH S0, Hh, LTE
HMHEE»LOHRYELRKIPTED X1, BET 2005 OWBREDOER ZED
TWwb., i, =— v yAhOEELBRAICOVGTL, TORIRERD T S DPFFREN
D TUD (o & 2i¥, CHESTER and STONER, 1974; DUCE et al., 1976; GOLDEBERG,
1976; RAHN, 1976).

—7, REP~HHEIh, KRKFGEIRE, [ENLPerbTEEY5E 2, To¥
Zhil UCAMARC L PR RIS TEMBNERED -, 7 757 v FAKFHEROMED
EAIRTETCWS. FOREXIBET 21013, AMEBOBER L HE  Mh, RE
DI HHET HR VY KKGE R OREIFRA Lo WEBRAELBR OS5 & U TFEe
ThbH. 92777 PRIGPXHET H71cHD 3 #EOFKFIBEANIBAEM TLTH
nT&k ((REE, 1980). =— v VYA DOHMELBRZICDVTiT ZOLLER et al. (1974) 735
BOSTEIL 2FT L, Al ZIEELHFE LT =—r VY AFOKTHEE L OMBABIC KT
LB FRE A RS, Zn, Cu, Sb, Pb, Se 22 Z b TAE LB R THELYEL. X KF
PE, KEFELTOBACHLONACERICBL —KLTEhE R AN/ 1 5 (CHESTER and
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STONER, 1974; PEIRSON et al., 1974; DUCE et al., 1975; RAHN, 1976).
AKX T, EBEMEEcHERIN/ c=—e yARIZOWC, BMEEBRTcETH D
Al Fe, Mn, Zn, Cu ##lE L, ZhbMBEBERBR OREFEICDOWTEE L.

2. AB DR, O#T

=—r v AR 16 REBMRERK R ZHRFHK (BRIEKRY) 12Xy, 1975
76 FOBLBEMPCHEI I N, EP O HRPEC 100m B 2B RER O iR
30m, 1k 3m 2 VET7T 7 45— (FLIE 045 pm, £47Tmm) % 4, b LIC AL X —
B L, W1 AT X DEERERICRE L= 7 Hy FIC X DR EI L. SRRHTR
RO FRFNIALH T, FEE (1980) DEEHE LML DOHHRIIFVE L ORI WERETH
50, HRRIOEDRHEAKEH2L 2 HORKMTH D, ZOMORAMEEIELHLND
&, 1,8 FOBEIMCIIERIREL /55 2 EEMORE, BEBIZ X SPERY AR DK
ByE2ZORD., LFEMIMWEITG TR, BF, Fac 12 Ad¥rb2 AR EF i
TR LSBT 5 2 0 n, = O ORER ARSI T R L IR
FORADIEZLOLRD.

B UGN 7 4 v 2 = T ERBECRIEEFED I D, 7 4 x =L L Lo 450°C TIK
{t, K/ * 0.1 mM CH,COOH %#HiZ—HEE L, BIliKxX 0l pm I VET7 7 4 A X —THh
B\L, HWHEEEAIESE L, SETETILS 727207450°C TR L, K/ % HF, HNO,
THORAAFRZIE L, 0.01 N HCl B L—a s & L7o#, Al Fe, Mn, Zn, Cu » g A&
Ty LT oy v o fEB AA-8200 Bl KA L, ZhIZTV L —2a VAT =1 % — FLA-10
BB, 7v—a v ARTFREEC X hE L.

z—w VAFICHVIC IV RET 7 s 2 =13, ) 60°C OB THRIFLT v — 22—
TR LICLDORMERA L. T, KK 10~30 m® 25| L, Kia m® 7o b Dyt -
LCFEL.

KPrgeTix Al Fe, Mn, Zn, Cu (355 nT i il S ivfahs o 7e.

3. R L B &
R BT 2 =—r v AHDHBETREE YL 11257
1975 4 2 finn 1976 48 1 J] T 1 Filzil L RS ezl 17 Ao #iE
FRTHD. 56,9, 10 AD 4 2 JJIxBAEL V2, £ H T & OFHEEYK 1IZ/RT.
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Table 1. Concentrations of trace elements in atmospheric aerosols
collected at Syowa Station.

J Concentration

SaNn:)p.]e ‘ Sampling date . “A’l’ o Mﬁ— o 7\.F‘eh“'7—-m ACG o T Zn T
R (ng/m®) o
. in1975

1 1100h 21-1400h 23 Feb. 73.8  4.65 87.2  11.3 5.88
2 1445h 26-0900h 28 Feb. 910 7.79 620 262 47.0
3 0920h 3-1625h 4 Mar. 218 4.69 66.7  12.4  69.7
4 | 0930h 6-1615h 8 Mar. 143 1.56 33.1 7.65 168
5 |  0900h12-1930h 13 Mar. 392 4.25 465 36.9 2.60
6 |  1100h 16-0900h 18 Mar. 275 4.01 460 9.36  10.4
7 1030h 9-0630h 10 Apr. 1580  11.1 137 9.04  9.23
8 0910h 16-1720h 17 Apr. 114 9.49 554 739 61.8
9 1400h 26-1000h 27 Apr. 380 6.12 1430 60.3  41.6
10 | 1500h 6-1700n 7July 1450 3.30 1280 707 21.0
11 1720h 8-1700h 9 July 213 531 737 3.9  28.4
12 1200h 19-1500h 20 July 203 1.65 860 355 42.8
13 1010h 6-1030h 7 Aug. 171 2.87 368 1.7 18.9
14 1630h 16-0820h 18 Aug. 1000 8.98 277 1.5 14.3
15 1755h 23-1750h 24 Nov. 215 3.65 794 3.9 19.9
16 2038h 2-1506h 3 Dec. 332 5.06 1360 108 146

in 1976

17 0930h 13-0830h 14 Jan. 242 218 6550 493 74.9

Mean 465 5.66 946 2.5 372
ng=10"°g

£ )12 L AT AR, B, 12, 1 AXEIBEE TAH 2 EANER X RS,
T CEMNE B EZFET 00, BRI ST 2544005 4~10 J, 11~3 Aic
DOPEEE R RDFE 2 1R T, Al ZER& Mn, Fe, Cu, Zn M KENRLF L b b L0 &8
EEThDH. BEERERIBEC IR TRV, BREILAFRCHE L (xRS L
DN E . Zhid, BRSO BH WA v 7 v BB HERBIEED L vbh
LB G 2 2R E T A TLEoXBoarRET BEbh Ttk Y, HEED 12
A s 2 AR E ORI, ¥ LOmysEgHT 2700, T4 LicBREN T
DWAT 2BhA DD (FHE, 1980) L ShTW52, ABEOREHL EOPHLZT T

LTI\ W EFE2IbRS.
LubwiG er al. (1971) O#E T AL O MsE R & Hig-+ 2% & Fe, Cu, Mn 2 0.6~0.07 {70
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Fig. 1.

The monthly mean concentrations of trace elements in

atmospheric aerosols collected at Syowa Station.

x 2 BiEckd s =—r Y AFOHUBILHEOEF R I ULXFEOLEERE

Table 2. Mean concentrations of trace elements during summer and winter in atmo-

spheric aerosols collected at Syowa Station.

Winter
(Apr.-Oct.)

Summer
(Nov.-Mar.)

Mean of all samples

(
i
A‘iA

ng=10"°g

Al

6391610
3114243

4654470

Mn

%e 7 Cu 7
(ng/m?)

Zn

4.85+3.18
6.384+6.00

5.661+4.80

7054467 29.6+24.6 29.8417.6
11602065 35.0+32.5 43.7+47.0

946 +£1510 32.5428.3 37.2435.9
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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"% g. SCM: Standard cubic meter.

BETHDHH, 3R T ZoLLER eral. (1974) OB ETORERE L T 2 &, &5
DEIEHERIEERENOTREROBDEECTHSH. %7, KobE er al. (1981) % 1978-79 D
1 £/, BAXM TREEHFLTHEZERELEROLCRET TR 2R, 2Haxfio
7o, TR, Cu RELAFCRIRHINT, BEFCoAZREIh2 & xHEL TS, £
DEREET T 5L Al 2 50HE, Cu 22 fEBOUEHRISRRETHS. LIEL,
KoIDE ef al. (1981) DfERIL Cu Al DY 2FORETH Y, ThETDE L DK
IBZHETRR ORI ERTH b B Foh 5. AFRO=— = v AFEEHL 045 pm D
IYVHET 7 v x—LCHE, AL TS, REN0ASum L D= —r YA REL D E
WE»LREKT ZWEORIEN 0.1 pm<r<20 pm ThH, ZIVHYST 5. F2C, [Ek
BEWHEOFHFR LKA X hRDI.

(ADz— s X OX/ADsn
(X)I.— =g

o, A, X)) ix=—r UL, RGO Al LTEEX OFMFROEETHS. Mn, Fe
DHEERIFAH T LK E L ET 203FHB e EMI L, Cu, Zn IFHRLEL D, F
MlzBLTOELL KRR, FHZHEL CELEOERENH O FHEFLFERILI MnS523%,
Fe 52.5%, Cu 0.611%, Zn 1.46% TH 5. L1choT, ZOEE»OLEEZOREHROEIE
EORRIL, MBMXMEIOMERDOLERENEOBAC IS DL, KM TOIEH
CXLERYWEDOPBALC IS LD TRV EEZDLRS. L, MEAXFSTEHLIL
TV AEFROWTULTAFARFENTE V. bR, BHBARBCEWTI=—2=
SADRREFER TRV 1D, KEOKXKFCAES LR FRYE RIZE A EKRELSNCE
BarFo:E2bh 50, THRBEDO L Y TcHEDCZ LThh, BRIZEMD X 5 Is—FFHY

(Ecrust)_l (%) = 102-
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NS U AR AR FEAET 2 L & A TIL, BaEES OIATMIC ZEER O FIRW I
DR EIN DL ERRTIDEEZLRS.

T, BAEAOFL ZMBICHFEO RO EHH LY V2 H ARV, SE
M D 8% LLAEx DD Al #IEEETTFE L LT, =—r VAdORLHEOMBHER I
B P 1 FR I (Berua) R RFIC X D RD .

Eerase =(X/ADz— a v [(X/ADsgsz.
22T X/ADz—avr, X/ADgsm tt=—r v, HBRPOTLFEX & Al DZThThOBEEL
TH5DH. Eepusw D 1, MEBREHXEZEETSH L 10 LT ThHRIZE, TOXKRTHBWEEE
THHEELOND. MiYaRe (1965) D-FIih MR % i AL TD =—» v oD
Mn, Zn, Fe, Cu @ E, ., fEZxRDFZ 4 1TRT.

FAB S L CBEFRIEH TS, LI CTEHEAZLICFHERYROH2ITRT. ZDEE
i ALMn,Fe & Zn, Cu ©2 71— A3 bhb. Al Mn, Fe (2R s & S i

#x 4 BMEMC T 5 =— a Vb O R ITROHBABIA T2 B REEGAHK

Table 4. Enrichment factors of atmospheric aerosols at Syowa Station relative
to crustal values of MiYAKE (1965).

Enrichment factors (E¢ ust)

Sample e Ve S
No. | Mn Zn Fe Cu
1 : 11.0 186 3.92 680
2 ‘ 1.50 120 2.26 128
3 3.77 746 1.02 253
4 1.91 273 0.767 238
5 1.89 15.5 3.95 418
6 2.56 88.1 5.55 151

7 1.23 13.6 0.288 25.4
8 14.6 1260 16.1 288
9 2.82 254 12.5 707
10 0.399 473 2.93 217
11 4.36 310 11.5 644
12 1.42 492 14.1 778
13 2.94 258 7.15 304

14 1.57 34.5 0.920 51.1
15 2.98 216 12.3 1120
16 2.66 1030 13.6 1440
17 15.8 723 90.0 907
Mean 4.32 382 11.7 491

i

Range 0.399~15.8 0.288~90.0 13.6~1260 25.4~1440
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Fig. 2. The monthly mean enrichment factors for atmospheric aerosols
collected at Syowa Station.

FEBEERD T B, =—r VYARDETLKEOERIIRE 7 D5 AMRK, BALER OEL g
EW X DR & MR E URIEDEENLH % & 0 OHFE) b OEA, HERTE
wilRER oL nEELLRS. LML, Zn, Cu OKEEHRERIL, BEREWHOFS
1% Wi TH v #FE EH b oEA, HENFHMEHEE cCBtHBECcH L. 1 A
D Fe 1o W Tkt T OIS EFRIC 7o » JEMAM O/, EF X v Ih a3 0
T/ nE Bbhbh s,

BRI OMERETE & & 312 ZOLLER et al. (1974) DOk i, DUCE et al. (1975) D4t APE
¥ EToBRMREE X 3133, PR, B, JLKPEELRE A — X — 0o iES
s Zn, Cu CHELILTUVL 5. Zhik, Zn, Cu 2% TURIE L O IED b4 BRI s
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Fig. 3. The mean enrichment factors (Ecrqsi) 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).

BIBLCRGR S, AL TUu 2 2 e TR THh L EFEALLN S, Lo, Zn, Cu i
JCHPEEE ORBIRENT 060 TH D, WILHEORN, FEiEF-—zH 005 OIEETH D
P h A,

TCHFOP D Kb T HKD HiIFEES L Br>Se>Zn>Pb>Mn>Al>Cu>Fe Dliijy:CH
D, ZMOHIEHOEBALGYOMREL R U545 2 (BERTINE and GOLDBERG, 1971).
ZOLLER et al. (1974) 117 ki,5 T Br 44000, Se 18000, Pb 2500 o IJlgiis A & 7ok th B0 Jl
L\ %, Br, Se iXHiRVEILHTH D, Pb NGRS LTAHIEKE
i E R LB T (MurozuMt et al., 1969). —h b0z EHEET S L,
Zn 3R OB R N TREHRA~EGE B2 W T ORETS S hicoTidkun e #
oD, L, OSBRSS TORINGEIFEC X DL Dhy, AL ARG

BB X2 0brbisv. 1 DOHEEEE LT, 20X 5 iR L&k

.
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W, {LRRRIOBRBEC X b AKF~KHB IS - 23Tk » (BERTINE and GOLD-
BERG, 1971), {LGREIOBRBEHBEIC L 2L 0 ELBND. LaL, Cu i oWTITHERE
DIEFFH Al & Fe OEITH b, {LAEREIOREEN 1 SORFELEIEZOI 2, Zn X hHh
REMBERAREATRT L UBCHAT I LXEETHS.

BRI B\ COBBITHREE, BHEGE EBE, EREELTOMCILE L, MRtk
THDECBRERE LR T 0, FEHA S OPER T A SRR ORI X 2B LZ T T
WD TR EE LR S.

SHIL, Bt — v VARICHER I T 5 —ERAE DR O XA~ BEERINT 54 v
75 —=%RVBin L, P EHEICIER Y o R R ED B EABE L E 2 T
%.

AHREOKI Dz, BB TORMFREZER L CTFE > e RHRTHRCEH LT
3.
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