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Airborne measurement of ionic components
in aerosol particles during AAMP 98

Sadamu Yamagata*, Katsuhiro Shoji*, Naoto Murao* and Sachio Ohta*

Abstract: During the Arctic Airborne Measurement Program 1998 (AAMP
98), atmospheric aerosols were collected onto PTFE filters from the inlet of
Gulfstream II through a diffuser installed in the cabin. During the sampling the
number concentrations of aerosol particles with diameters larger than 0.3 xm were
continuously monitored with an optical particle counter (OPC) connected to the
diffuser in parallel to the filter sampling line. The data from the OPC were
transferred by serial communication to a computer and recorded. The filter
samples were brought back to the laboratory, then extracted with ion exchanged
water and the concentrations of anions and cations were analyzed by ion chromato-
graphy. Detected ions were as follows: Cl=, NO,~, NO;~, SO4~, Na*, NH,*, K,
Mgt, Ca’*. Even at high altitudes Cl~ and Ca’* were frequently detected, in
addition to SOs*~, which is known as a major ionic component in the stratosphere.
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INSHEAKTEDSEZEE L T T & SRR, o o & & B S TR O KIEENC
o TR S W AR, VRO BERYIK T2 EBH T ons, S 0IKRAHFIKBWLT
EREEDOA A5, I & > TERT 2 ZRKFLFEET 2. J0 X Sk HREER 712
iz, ABHEENC &> TRRUCERE L 725 S 2RiT, £ L TABRIEON AL TAER,
THRNFPREGINIRETRA 7 0 VIVITFFEEL Th b,

INSOTT a Y VR, HER EOVETERO—EHD & &b, RROBETRE 2
G55, L CBREOBA TR, HEREE(L & OBIE TITERBERIEE L TR 2L 2R
nTw3 (IPCC, 1996). —7, WHEIERNSHSA TORBRE T, =7 0y L 57548
BOWENRERT —<ThHs, WINOREERMEICB LT H 7 0V IV O5Mh % BRI T
BT 5 EBBETHHD, CO:7%EDRBELA A LESTT Y )VOREREIZR 72D
IZ7aYNVOEBREE ST HICIIHAIMTE=5 ) > 7T 5 EBTRIRTH 5,k
F, ANTHEC L2277 ayVvDE=y ) 7RERICHT THREL TB D, A HER
roxT7TaNGHED, BET -5 L LTELSNAARESEV, # EB LU EETERSE
P T L, FOMEEEESMICT D EIL, BIET —F ORIELTT S 72912 b HERA]
RThH5.

JEBIRTIZ, 1950 T HEZ~FBIHO THEMEL 27— 7 4 v 7~ XL
NAZBRPHOSN TS, ZORROE A FERIITERED SR S NIERJBETH D, X
IR O 72 WA ZERRIE TRSD I TRIEEIMIE] S K EK D , K SHiRADO L oY)
VIR T 572D EHZ 5N TWw5 (Shaw and Khalil, 1989), RIS T3k IC &
D HZR, WRIMORATFREDTH 25 L FEZEbY S &, R TRRAL T 1 VIVEEL
KL b FETREEETHBAEEMENE V. 7 2 CIURRER 2o HEEDE 98 (LT AAMP 98)
¥ 4 >X— (Shiobara ef al., 1999) Ti3, bR FZEO 7oV VEESME bl T o
VIR FICEENILEMBE RS PICTHZERANEL, =70V VDS 7Y v 7, K
EHEA A YOS RIT>72, %8B, =7 0V VKTORESMIC OV TIhO®RE Lo
2002) THERINTWVEDOTI Z Tl o,
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2. Y7 IRk

iy 7)) v 7y 27 AMERZRT. BRHARKEA V7 A MY —4 BN
Yy M (G RHEERC DT o hte, EITAANCHEOEARFDERZE 9.52mm A 7 > L A%
DHALTEALL DENICEAR, EEE (W) 100mm D7 1 72— —THEL, KT =
) THNR—=T 4 ZNVH T F (MetOne 237B) 8 X MEESMR 7 4 vy — kL 5 — 108
YA

=T 4 INH T FF—ERE T LT 4 7 2= —PICIFAET % 03, 05, 1.0, 30, 50
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Fig. 1. Aerosol sampling system during AAMP 98. The particle number concentration was
monitored continuously by optical particle counter; filters in holders were changed
manually according to the flight schedule.

um PLEORFEEFL, 207 =% 2/NS—Y Va2 Ea—F (Epson, 286 Book) 12
BEgk, SgRL7:. FPETRSEETICED, =T 4 VA7 VY ORETRENRD T2, %
T, 74N =% 7Y TORBHECH WA 70— X —%— (STEC, SEF-51) T,
HAREOEE (JF) KEEEZEEL, T XTOV > 7Y v 7 TIOREE» SFEEER
Dz, LI, HRIZTXTIEE, 25C TOETH 5.
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7w JHPESIA) BURERE, KBS M) Y LARERIEL DRV, BATEEAZELR LY
OBEHRIZIGL, A by TN TR ENF T T T %R T 4 72—V —noyDEEL 7288
W, LW T 4 VY —2hH o UDERLIROEIA 7 A VY — RV —y NZh T T —
(HE T2, BC3PH « 3SH) AW THRHRL 7., "R SR L ThHEERO LT 0/ IV hiy
T =SV T ORINBAL, A by PNV T RERLIEET 4 72— —RNicz 7 a Y )v
DR T 728, N—T 4 7 NVh I —DRIEENRE S B AR, £IT,
LWIZ 4 NY—FEADZTaVI Ny ) 3R —F 4 7V Hh 7> Y OIREN > T
POfToT, TV AR IA YT I LR T (HZERET, DAI20D) % v,
TANY—F ) TORREIRZ T AN — RV — FHRICEE LR O <~ A 70—
A—FTHIE LTz, =7 aY VAT 4 vy —ERITHREN L, EEE=E CREEEESR T v,
A4 YEBKTHE 55T > L:, iU\ A%, (A 27u~x b7 o7
(Dionex DX500, 454 7 . TAC-LP1 (a1 4 >), TCC-LP1 (351 & ), 5385 7 4 ASI2A
(A A >), CSRRA (BaA A ) THHTLT:, SRS OBRERRIE, 777 7408 —5
(EDERRZED 3fE L Lz, AT 4 VY —13EBR K FEARER THitE L, SO Bk
Wwr7aYWERRRA Ay aw N T T THNT L.
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BHBARRY > 7)) PR T T RTD T 4 VY =220, ZDH > 7Y v 7 X%
YTV TEEBEU03 um BEUO0S um AL EORER FEBE & H IR 2.1-2310R7 .
BENIZRBLIT 4 7 2a—F—PRERASRE D bEL A>T a 0, HSHEBESET
LTw3, L7s-TOPCIZ & - Tl kiR, ASICEEEL T ARETOER
7OV VRFSEEORE L D B/NEL BoTwB EEZ OND, ZOMEELIZKSDOEFIZ
XB2HONETHY, {LEMTOBRICIKELRFELSZ TunweFHzZohb, 2L,
WEER 7 > =7 BFAEL TO B HREIEEETE LWL, LEedi> TZ 2 TR LA 4 VR
DFORERIZT 4 7 a—F—NTEHHSNIRTFIBET 2 0THY, EXRHTEI TH- T2

[X] 2.1 (opposite) =¥, RFEEE (0 >03 um; &1 >05ym) B L MEESTH 7 4 v
¥ —4 7)) iR, 5NP(a), 6 PA(b), 6 AB(c), 6 BL(d). & U O FHHFHEH
(UT) %, D 2DOD7 V7 7~y b HSHFEH, BFlEE2RT. BECELUTOED N:
R, P R buXTOTRAY, A TYAVY, B NO—, L oy S - —,
Fig. 2.1 (opposite). Altitude (— ), aerosol number concentration (5: >0.3 ym; 40 >0.5
um), and aerosol sampling periods on filters for chemical analyses during 5 NP(a),
6 PA®B), 6 AB(c), 6 BL(d) March 98. The first figure indicates the date of
departure (UT) and the succeeding two letters indicate the places of departure and
arrival respectively as follows: N: Nagoya, P: Petropavlovsk, A: Anchorage, B:

Barrow, L: Longyearbyen.
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Fig. 2.2,

8 LL(a), 9 LL(b), 10 LL(c), 12 LB(d) March 98 #& & fthixX 2.1 i@ L.
Same as Fig. 2.1 except 8 LL(a), 9 LL(b), 10 LL(c), 12 LB(d) March 98.
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DDV T RIS ERE L ERK[EH T TR F 28I L Tw 2 FSSP 72 £ OFER & HHEay
TLIEDULETHS,

BRI S EEB L CEEL FE T 5 ERFEA L TE Y, 10000 m DL EDOERE T
0.3 pm PAEDREZFE ORI FHIZIE L A £ 1000 [{E/L] AR CH -7z, HE—OFIsME 3 A 12
H® Anchorage-Petropavlovsk il ¢, = ZTlZ 0.3 pm A EOR 5% 4 Bz b7z 0 1000 [#E/
L] ##z 7. AAMP98 ORI A A F + v A 3 E Tl Shivelunch, Kliuchevskoi, Bezymianny,
Karymsky 7% EOKIUSEK LTS, ZasD XKl ot anizo7 o VRiT, HAH
REE E TRIE L -7- 0, fioiiE L 0 b EREO T u VR FEEREEICB W THERS
nizalgEEDF 2 o b,

32. 70 /R F oS

B74NE—TRHENITXTOA A VBEEE | ITRT,

B 2 2B A 4 13 Nat, NHe', K+, Mg, Ca* D 6 TH 5, ZhoDA 4 I3,
RN, AVERIR, TR EPERETHL EFZONT WD, T2k 21X, #KPO Nat 1 4
IR B REGA A EBEIEEREOR F Tl Mg, Cat A 4 v OERITZAEN
3.69/30.61, 1.16/30.61 TH 5, Mg* JEFEIZ 2 D DY > 7V 2R T OB THIFRFET
Hb, Lrl, Cat BREIHEEICL > T Nat B LD b EL, wEhkTiE, SHHTER
otz BN U IEESI0km LD b EWI EREET S L, LT LS RREEEIE 2
shsd, O KU K% L 28 EEME D & FRIGEIEN SR T, @ ey At
WCEENLEHYE (Twohy and Grandrud, 1998), @ REMFEEVE L VR EIN TV 5E
HE 80 km T2 OB TEL, SRS T L 2YE (Brownlee, 1985),

EER O ROKBEE T OATH Y, ZOREIZTHS Cal DIEIFES LDV
RO 5 I LR TH 5, SERFERROBENCIEL TR, icd 7 3 DORREME 27
THOLERERE LT, KESBITTROST, 3 5 RNEIRRENE R £ 21T 5 LEE
BHLEEZOSND,

Bt A > Tix Cloy, NOy-, NOs-, SO& D 4fEntii S lz, 2D 55 Cl- A 4 »id SO
44 v EFEIRENLF N EOBETH -7, Nat LDA & 2T U AR L, EERTF L HEE
TEX5HDIF 12BA3 DA T, FHUADY > 7L Tld Nat A 4 > HEFNCH 2355 L Cl- 4
I VN B DA DO D H - 1z, BIEITEEERRO =7 0 VL HEEE 2 X b X L RIG
LCAAYHBHCIHRAELTRILL T L E» 7728, H 5 W0idduicl~y: B Ry e
DOER LT Na W F MRS NI 7cD EF XD I ENTE S, —FH, BHEIHERD S#iKk X
Nizzuau7)Viah—RyH ABEBETA > L KIE L TER L 2 EROTREME S % 2
Y (R
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K1 AAMPOSHUZ 7 4 V¥ — FICHEI NIz 7 u Vb4 ot o ¥R,
Table I. The concentrations of ionic components in aerosol particles collected on filters
during AAMP 98.

Filter Date® Flight™ Altitude[m] Atmospheric concentration[ ¢ g/mj]

D ®°  fom  to highest lowest CI NO, NO; SO2 Na© NH, K Mg Ca®
5NP1  5-Mar N — P 11311 10214 023 056 041 018 025 016 007 004 061
5NP2 6-Mar N — P 12152 11304 0.18 064 223 012 0.9 = 119 002 037
5NP3  6-Mar N — P 12158 12156 085 259 822 077  1.06 - - 010 186
6PAT  6-Mar P — A 11114 11110 027 687 241 045 0.20 - - 043 062
6PA2 6-Mar P — A 11112 11110 0.18 - - - 046 008 006 - 0.14
6AB1 6-Mar A — B 11939 11930 0.13 - - - 0.18 - - - 0.15
6AB2 6-Mar A — B 6753 6130 024 352 233 016 032 - - - 0.09
6AB3 6-Mar A — B 3287 3283 009 - - - 0.15 - - - 0.10
6AB4 6-Mar A — B 2712 698 0.14 - - 015 024 - - - 0.34
6BL1 6-Mar B — L 11929 11928 - - - - - - - - -
6BL2 6-Mar B — L 11929 11918 - - - - - - - - -
8LL1 8-Mar L — L 11911 8949 - - - 0.30 - - - - -
8LL2 8Mar L — L 8936 6277 008 - - - - - - - -
8LL3 8Mar L — L 6101 3730 0.10 - - - - - - - 0.14
8LL4 8-Mar L — L 3536 1839 - - - 0.37 - - - - -
8LL5 8-Mar L — L 1384 624 - - - 0.98 - 0.47 - - -
8LL6 8-Mar L — L 2900 1950 019 068 026 011 019 - 008 001 0.17
9LL1  9-Mar L — L 11931 11927 0.14 - - - - - - - 0.26
9LL2 9-Mar L — L 9197 9150 0.30 - - - - - - - 0.23
9LL3 9-Mar L — L 5199 3739 030 - - 0.62 - - - - 0.49
9LLl4 9-Mar L — L 3061 456 011 - - 0.19 - 0.10 - - 0.04
9LL5 9-Mar L — L 11342 10845 023 - - - - - - 0.11 1.42
9LL6 9-Mar L — L 10193 7515 0.11 - - - - - - - 0.42
10LL1 10-Mar L — L 13133 9850 040 206 064 049 050 - - 100 092
10LL2 10-Mar L — L 9407 4346 040 814 317 067 058 - - 006 094
10LL3 10-Mar L — L 1991 969 046 393 302 117 087 - - 016 221
10LL4 10-Mar L — L 1247 179 010 369 177 071 012 036 - - 0.20
12LB1 12-Mar L — B 11996 11925 - - - - - - - - 0.27
12BA1 12-Mar B — A 2415 1513 086  2.39 0.57 - - - - 1.25
12BA2 12-Mar B — A 4709 2446 0.3 - - - - - - - 0.14
12BA3 12-Mar B — A 5463 4992 280 - - - 1.88 - 0.79 - -
12BA4 12-Mar B — A 6952 5779  0.55 - - - - - - - -
12BA5 12-Mar B — A 9160 7585 - - - - - - - - -
12BA6 12-Mar B — A 11927 10324 043 - - - - - - - 0.65
12BA7 12-Mar B — A 11922 9365 - - - 0.10 - - - - 0.14
13AP1 13-Mar A — P 10653 10650 0.15 - - - 0.25 - - - 0.14
13AP2 13-Mar A — P 10652 10631 008 046 - - 0.11 - - - 0.13
13AP3 13-Mar A — P 5975 1482 - - - - - - - - -
14PN1 14-Mar P — N 11597 11596 - - - - - - - - 0.16
14PN2 14-Mar P — N 11936 11604 - - - - 0.26 - 0.04 - -

*: according to Universal Time
**: abbreviated as follows N:Nagoya; P: Petropavlovsk; A: Anchorage; B: Barrow,
“~” indicates “not detected”

ok

; L: Longyearbyen
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33. SO, HR

7 aY NV ERRHC SO, A ADY > 7Y > Z&iTo T, BENPHE TEXLOILITO 4
Yo INTHDL, 74 VvF—ID, HEMERE &b CKKIEERTT. 6PA4 34 ppby (62%),
6PAS: ca 2 ppbv (20%), 6AB4: ca 0.4 ppbv (35%), 13API: ca 0.4 ppbv (36%). FZETHEEN
BEAET T ) 7 L b OREEEBIENTY ) 7 LT b OIXHEED 80% LU
Hotz, TOZEMOSKT SO HAVEIETE R > T-DIE, BEMENT L2z, shxs
HENT 4 72—V —REENPKE CHBRTUBES TR, IR MET L270 £ F 2
SND. DL D EGEOHTERLOY > 7T SO H AWEETE 1201, Lz x 9
ZH bF vy HEETKUNEHDER TH > 127280, SO W ABKHEINESBRETCH -2/
EEZOND,
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