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A study of the decontamination procedures used for
chemical analysis of polar deep ice cores

Takayuki Miyakel*, Motohiro Hirabayashi', Ryu Uemura'2,
Kumiko Goto-Azuma' * and Hideaki Motoyama'-*
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Abstract: We investigated the decontamination procedures used on polar deep ice cores
before chemical analyses such as measurements of the concentrations of iron species and
dust (microparticles). We optimized cutting and melting protocols for decontamination
using chemically ultraclean polyethylene bags and simulated ice samples made from
ultrapure water. For dust and ion species including acetate, which represented a high level
of contamination, we were able to decrease contamination to below several ug I for ion
concentrations and below 10000 particles m/™' for the dust concentration. These
concentration levels of ion species and dust are assumed to be present in the Dome Fuji ice
core during interglacial periods. Decontamination of the ice core was achieved by cutting
away approximately 3 mm of the outside of a sample and by melting away approximately
30% of a sample’s weight. Furthermore, we also report the preparation protocols for
chemical analyses of the 2nd Dome Fuji ice core, including measurements of ion and dust
concentrations, pH, electric conductivity (EC), and stable isotope ratios of water (6D and
8'%0), based on the results of the investigation of the decontamination procedures.
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DF—AALKRI T THESND, A4 Vil Hug 7 BT, §A MEET
10000 particles m/~" AT OGEEEFE O 54T & RIS REZ: LNV E T, HRE K
WCTE Do RicEowns, §2 M F— 245 UKIKT 7 oL/ 5r
FrraE (44 VB, A MEBE, pH, \XUREE (EC), KOKE - BEL
SEFAARIL) OB L FIZOWTHHE L7,

1. [ZL®I

MR 7)) — 2T v FOKRICIE, Fe b bICHER L-Eee, ik, HIsiREmE, 25
IERBAREI AL D FHMUC & 0 A L 72 EA%NERE LT, L b 3l LR TR S
TV, JKIRWEEERTIE, R L 723 34 2 R L T aOKkIEd 575, 20T
ZZEDRBE LT AENS. F70kAH S, BEHROKGFOKE - BEREERMAE
HAIRER DA L2 OREZ KL CWd ZEDHLNTWAE, 20X ) IIKRITERSE
REMEDOZALDESE L TR SN TV TH Y, K= ¥ 712X DRI # L 72kR
TT RN A 2 LI E Y, MERBUEREAE L 2 T A 2 LT E S (B, 2005).

BT S NKRa 71, WEN, (b50, AWK 4 & FECTREITPITbILS.
BT A& G REARBLT (A L), KOKFE - BRELEFRVAL DB LT
8"%0) 7 EDALFHST A1, AERLKEAREAHICHET 2 RSB ONDL 2 LMo T
% (Legrand and Mayewski, 1997; EPICA community members, 2004; fifiF}, 2007). MK
DR =25 U (39°42°E, 77°19°S, HiE 3810 m) TITh 728 2 #] F— 45 UIKIKGERE
a7 PEENE, 2007 4FE 1 H 26 H, #S3035.22mICEELCHRT LA ZoFE2F—25
UKREEREHENC L o> THEONIKkKRa 7 (DT, [E2M F—2a5UkKRa 7] LEKL)
DIETBOERNIR 72 HEM EHE SN, ZORMEIZHhz - TBAE T TORME - BiEA
BIEHRSEEN TS EHIFEE NS (Motoyama, 2007).

F—=25 UK 7 ZIELO LT HMBIKKR I 7T HOA A B, IKE—RIKEY 1 2
WIZHEWRELSEHT L2 ERHMOENT VALY, A4 Va2 & - TZEKI % dob 28
ug TPV E L R 2 A B H D (Watanabe et al., 2003; Wolff er al., 2006). F 729KK 2
T, HEIOBIIH A BRI TILE RES (3 34— ay) &b, —#kiZppb L
NPT OGEED A+ GRe&BITHE ik EObs % kR a 7akHax L, #d)
G5 AR ORI 217 o 7 ECEELR M 217) 2 LT, RO TR WEE
DIEH, TV TIEBEEDORMER RABRFEGHREHH 2 LD WHEL %05 (Legrand et al., 1984;
Boutron and Batifol, 1985). Z D728, JKIKI 7 HALZAR T IRIE D & KR K RRELE) > 7
FTVOIEREED 20121, HRORSE - ARBIILHETH L. kR 7 IEEE ]S
No720, MY edf e TELLETEMIGHIMT 2 LEDPH L. 5 1 F— 245 CKK
BRI X o TRLNIkRa 7 (LU, 1 F—a50KKRa 7] L£RL) ofby:
WA AT R (44 VIR, F A MERE, pH, \EXAERE (BEC)) Tli, DTFo L) &k
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PR3 7 BURHRIH O YT & BRI X 2 542 O AT LB AT A7z (Watanabe er al., 1997; Fi-1
H, AE). KIREATEE 7-10cm, FHE 50 g BEICW Y RS hza73EHE, HdkE:
D7D 7 ) =y N FHNTHREFADOLT I v 754 71250 KE% 5 mm FEHIRE L
2. TNEDHOPLOWHEAD T T AF v 7 WERIZAN, Kz LEFESE7- LTl
FL, BYoRAEE TR S, SHHOREL Lz, SoBE7TIAF v 7 BERTI
L ASBMAK CRARET 2L ESH Y, ZIUILEOREORILEOYE TIIB A%
FH 25, FLBHOEEP AT AR EEMET L LHEIRIY, A4 VRER S A b
RIS\ E 5 2 DD D 5.

AWFETIE, WIBOKIREERE T 7 CHREIARIEEE 72 B R O KRG8 3 7 DAL RL 534 F et
(A4 ViR, & A MREEE, pH, EC, /KOKFE - FRREERMAKL L E) 095, FRIA 4
VIEEB XU A MEESH AR O W GEIBTTRE R BT A, S 1 F—-A5 0Kk
IR 7 DAL ST AT B CAT b N2 BT 2 B4 1O L iR Ic X 0, X 0 3hERm o
BRI HE G R - KT 2 HEIC OV THRET L7z, OB, BRI LS
BRAE)IF L VBOEEFHTAI L L, TOMIFIZOVTHITo72. IS XD HERL
WIEo12 T T AT v JBBEOVREERENARRL 20, AILEER OB T I & A +55 70k
FEOBCAE U DHEROTEEEEZ 2T IENTED. FLINLOMEIRRIZED VW, &
2N — 25 UIKIR T 7 DAL G 00T RO BAR ) 7 BT 712DV Th b E Tl
HT 5.

2. ik

21, KB 7 OILZEY TR O

ARWFZE TR L 7KK 2 7B 2 AR 3 2 B0 R ) &%, RV ZF LV EOR)EA (B
Fr 7 vy y—R) 4] AR AEE H 4 X0 8140 mm X # 250 mm X JE & 0.08
mm) THY, 4+ RF A& EFNRTERERABRICIZ 5720, KVEOZHT
RIL T 5720 % EOBHTHILO R ) S S T 2 30N 2 S NG 51 2570
ENTRWHDTHD. FRVEAINZ, RIZFLyEOR)EB B [FEEK
RV (72 LEBICIdEsels [FRER] Tldzy), I blE, 94 X0 # 140 mm
X # 250 mm XJE X 0.1 mm), BLOHROR) ZF L BOR)EC (B [12=/%y
71, 7AT 8, 8200 mm X ffE 280 mm X JE S 0.04 mm) (ZOWTHHEBME Lz, Ih
LRV ) — 2 )v—24 (7T A10000) HTHRBEHAK 40-50 ml 2 A, 2 —F— (K
)Y =5 —=P200, BELA VAR TEY -V I BINEEREL, 7T v 2 R
OFEE L7

AWFFETH A2 2 B3R L L, TYIEI] (B L728T 3 v 74 712X 2KIK
a7 HBREOYNNC & 2 5rE) & [RfE] (WHENC X o THGERE S 7okRa 7
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BH& R, BRI R ORE L 7o ER AR T 5 Z L IC X B TERERE) o 2@) T
fTo7z. YIHIE L ORI X 2755 RE OGN, KUY ZF L rvElFa—7 (RY4EA
EE CEM P ORE S, T RALEE, A 20 1 140 mm X f 800 mm X /& £ 0.08 mm)
(ZHRBAAK 2 AAUCHURS S8, AL I 7ok (DU, B 7 &£ 21ERL,
IREPN T OS2 7 O/VE Z BiFEFAE L ECILEMICH R S/ BT, R X 575
FpEOFFMEITH) S &k Lz, ABFZETIE, RTVLETEORBEFME LT, £10XHI12
UL A =Bl (YD 2 L (Co), B 7 oM 1 mm Y] (C1), B X3 mm )
Hl (C2)), BHfFLEE % =BRE (RURLEEZ: L (MO), B 7TEED 10% % AfEkk: (ML),
BLU30% FRFERT: (M2)) L L, Ihox2MATTRE 2T, F 7290018 L ORRL
HoTbRwdo (NN) &&bETHRET L7 2BWHEHLEIZKES (-200) ICEEL
S s 7= (B —r7 =218, 77 2= b Pure Space PS-100S % fif
B, 7TAT ) NT, BigERO EICHER, BEFEO LT AR-HFT VDR T
LVBIFAE (FRA Y MRS 7TAT V) 2ER LTV, BRI 2 ) — v — AN
Tiro 7.

EHIEYRE L VRS 5720, UHLEOBICREHIERN S R ) = F L B8P
WCAEBL, TROCHBEEDS A: 2388, B 13BTE, 12onwTEn2h, 1) UHlB
L OERREZ L (NN), 2) 1mmElO A& (CIMO), 3) 3 mmYJHIO A (C2MO), 4) 3
mm YJHI +10% @lE (C2M1) @ 4 FEFHOFILIEIZOWTHIE L. %8 4) 3 mm YJHI+
10% FifE (C2M1) (22 TIE, BUEOBROERERETTEIZOWT, TRk z kR (C2M1
+MW) ] & TR EESH (C2M1+RF) ], O 2 FHHHIZOWTH K E 4T 5 7z

R 1 YHIB & ORI S

Table 1. Cutting and melting conditions for decontamination.

Symbol Decontamination method

Cutting

Co No cutting

Cl Cutting away approximately 1 mm of the outside of a sample
C2 Cutting away approximately 3 mm of the outside of a sample
Melting

MO No melting

Mi Melting away approximately 10% of a sample's weight

M2 Melting away approximately 30% of a sample's weight
No treatment

NN No cutting and melting (=COMO)

Suffixes

-W Water wasted on melting

-NP Hold sample by polyethylene bag A on cutting

-MW Melt water removed on melting

-RF Exchange polyethylene bag A on melting
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DLEofE2 47 o 726BHE, A 4 VIRER GBI TIROBEEA (7)) -2 v—2A
TRAMKIESF L 7)) — 28y 2 EN725 D) 100mlRY) Ju L y#argey (77
) 12, A MEESHHSEEHZ SO F S AR LY Y (VAR I2FREFRAR,
OHTH E THHRAE L2tk A4 Vil ¥ A MBEEHIE L7

22. 1FVEBEBLVE X NEEOMTE

KW CTOB A+ >~ (Na*, NH,, K, Mg*, Ca*) EBEB LB+ (F, KM%
(Acetate: CH;COO™ +CH;COOH), FM%# (Formate: HCOO™ +HCOOH), * ¥ » A )V 7k v [
(MSA: CH;S0;7), CI°, NO, , SO2, NO,”, ¥ =7 (Oxalate: C,0,*+ HC,0,” +H,C,0,),
PO,’7) DI PE, 7)) — =24 (75 A 10000) NT, +— b 75— (AS-50,
Dionex #) B X OB Y = AL —% — (Dionex ) 2 LA+ 27 u~x b7 57
(DX-500, Dionex #) 2k ¥, B (HHE S, 1998) % —HckiL L Tiio72.

F A b (BEABRT) L, KRS 0.52 um—-16.00 um % 10 BERE (0.52 um—0.71 ym, 0.71
pm-1.00 pum, 1.00 pm-1.42 um, 1.42 um-2.00 pm, 2.00 um-2.82 um, 2.82 um-4.00 um, 4.00
pm-5.70 um, 5.70 um-8.00 pum, 8.00 pm-11.15 gm, 11.15 um-16.00 um) (251, ZHZhD
AP T OB 1 ml FOBRLTFOMEEE LCHE L. A MOGHTIZIE, 7)) — 2 v—
L (752100000 NT, L—%—=8—F 127 )77 % — (Model-211, MetOne %) (2
VA% 7R>7 (Master Flex L/S, Cole-Parmer Instrument $¢) %/ L, WEIZL DA
FEA FRE BERS) L72Biikic & > THBL 72308 249 50 ml min. ! T L T
Tole. L=Y—= =T 2V ho ¥ —I2X55 A Mg, B (Fujii er al., 2003)
R LTS, ABORTUICHV 2 BHKEZ HERS T2 2 &I2X), ¥FA MBES
WDy 72 7F% REfERD 10550 1 #24  (10-20 particles m/ ™' LUF) 12 F TR & €,
L DEELIANEAT) ZEDREIC R > 7z,

ARBFSE TR L 70BAIKIE, AGERD B EE (Milli-RX45, I UARTE) 12X )RS
N7k E S 512 # (MilliQ SPTOC, I VU ARTHE, KOS 18.2 MQ-cm LB DA H#E
JRFVERE Sppb L) sz b o % fiH L7z,

3. MR EEE
31. RUBDTZ > 7R
RVEA KVEB, R)VECIIOWT, BHUKEZHVIAF VBEBLUT YA MRED
T 0 EBROERE LK 2ITRT. A VIBEBLIUPY A MBEOWTNG, KULEAD,
RVEB RV ECIZHBLTHEL CREPRNZ L9995, Py A bajgE (RE
HiPH 0.52 um-16.00 um DOEFHEE) #ILE$ 5 &, RV AL, 1 3% (789 particles m/ ™)
% Bk & 200 particles ml~' LT CTh o7z, —HKRVEB LRV ECOERER, Fhth
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a. Dust concentration

“EEZS

LT ANBEBLOAF VIEEOT T V7l

Table 2. Blank values of dust and ion concentrations of three types of plastic bags using ultrapure water.

Sample Ultrapure

Dust/Ranges of particle size in um (min.-max.)

D i 0.52- 0.52-  0.71- 1.00- 1.42- 2.00- 2.82- 4.00- 5.70- 8.00- 11.15-
water/m/

16.00 _ 0.71 1.00 142 200 282 400 570 8.00 11.15 16.00
A) Polyethylene bag A (140 mm X 250 mm X 0.08 mm)
NPO7 543 674 42.0 148 748 174 0.18 0.18 054 030 0.12 0.06
NP08 478 789 417 210 117 259 479 240 725 395 030 084
NP09 41.7 156 889 402 197 439 067 027 107 047 027 0.00
NP10 45.4 84.7 554 193 742 1.68 0.12 0.12 048 0.12 0.00 0.06
NP11 483 66.1  43.0 144 666 1.13 027 0.07 027 020 0.00 0.07
NP12 44.0 62.7 42.8 11.7 689 0.78 0.06 0.12 024 0.12 0.00 0.00
Mean 46.9 204 115 51,6 275 594 1.0 053 1.64 086 0.I1 0.17
S.D. 4.4 288 149 78.0 441 987 186 092 276 152 0.14 033
B) Polyethylene bag B (140 mm x 250 mm x 0.1 mm)
NPG-1 45.6 7090 2540 2350 1580 323 424 329 109 946 122 559
NPG-2 49.1 1240 558 394 219 364 431 371 103 114 108 1.08
NPG-3 48.2 2500 1140 823 418 663 898 659 193 162 252 0.72
NPG-4 46.9 12700 7060 3740 1510 245 302 21.6 726 548 677 3.69
NPG-5 50.5 1040 500 323 168 275 292 232 801 7.04 060 0.60
NPG-6 47.1 8170 3580 2550 1500 289 350 31.0 96.6 80.6 103  6.60
Mean 47.9 5470 2560 1700 899 165 206 164 527 441 557 3.05
S.D. 1.7 4670 2510 1390 696 136 173 139 457 38.0 493 264
C) Polyethylene bag C (200 mm x 280 mm x 0.04 mm)
14-1 46.1 60400 40300 15400 4000 450 504 422 944 664 6.18 721
14-2 469 39800 25500 11300 2660 222 225 172 542 568 16.1 12.9
14-3 51,5 34800 22300 9460 2610 267 305 210 651 48.6 842 105
14-4 502 55800 35500 15800 3850 371 355 33.0 819 845 125 214
14-5 47.0 37500 24100 10600 2380 216 192 166 487 703 115 128
14-6 454 40600 26200 11400 2660 190 289 7.70 386 289 963 775
Mean 47.9 44800 29000 12300 3030 286 31.2 229 638 593 107 121
S.D. 2.4 10600 7190 2620 705 103 11.1 125 21.1 193 346 5.15
b. lon concentrations
Sa?];ple :];::52:? F~ Acetate Formate MSA  CI"  NO, SO42' Oxalate NO5 PO43' Na* NHA,Jr K Mngr ca*”
A) Polyethylene bag A (140 mm x 250 mm x 0.08 mm)
NP-13 40.8 N.D.  N.D. N.D. N.D. 20 ND. ND. ND. ND. ND. ND. 03 ND. ND. ND.
NP-14 54.6 N.D.  N.D. N.D. N.D. 04 ND. ND. ND. ND. ND. 03 ND. ND. ND. ND.
NP-15 49.6 N.D. N.D. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
NP-16 434 N.D. N.D. ND. ND. ND. ND. ND. ND. ND. ND. ND.  ND. ND. ND. ND.
NP-17 46.7 N.D.  N.D. N.D. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
NP-18 44.9 N.D. N.D. N.D. N.D. 04 N.D. 1.7 ND. ND. ND. ND. ND. ND. ND. ND.
Mean* 46.6 N.D. N.D. N.D. N.D. 05 N.D. 03 ND. ND. ND. 006 0.04 ND. ND. ND.
S.D.x 4.9 N.D. N.D. N.D. N.D. 0.8 N.D. 0.7 ND. ND. ND. 0.1 0.1 ND. ND. ND.
B) Polyethylene bag B (140 mm x 250 mm x 0.1 mm)
NPG-7 49.7 N.D. N.D. N.D. N.D. 0.5 N.D. 45 ND. ND. ND. ND. ND. ND. ND. 21.5
NPG-8 46.8 N.D.  N.D. N.D. N.D. 04 ND. ND. ND. ND. ND. ND. ND. ND. ND. 22.1
NPG-9 47.7 N.D.  N.D. N.D. N.D. 05 ND. ND. ND. ND. ND. ND. ND. ND. ND. 259
NPG-10 452 N.D. N.D. N.D. N.D. 04 ND. ND. ND. ND. ND. ND. ND. ND. ND. 21.2
NPG-11 443 N.D. N.D. N.D. N.D. 05 ND. ND. ND. ND. ND. ND. ND. ND. ND. 23.0
NPG-12 49.2 N.D. N.D. N.D.  N.D. 05 ND. ND. ND. ND. ND. N.D. 0.3 N.D. N.D. 30.2
Mean* 47.1 N.D. N.D. N.D. N.D. 0.5 N.D. 0.8 ND. ND. ND. ND. 0.04 N.D. N.D. 24.0
S.D.* 2.1 N.D.  N.D. N.D. ND. 0.03 ND. 1.9 ND. ND. ND. ND. 011 ND. ND. 35
C) Polyethylene bag C (200 mm x 280 mm x 0.04 mm)
14-7 494 N.D. N.D. N.D. ND. ND. ND. 1470 ND. ND. ND. ND. ND. ND. ND. 758
14-8 445 N.D. N.D. N.D. ND. ND. ND. 1748 ND. ND. ND. N.D. 02 N.D. ND. 97.8
14-9 51.0 N.D. N.D. N.D. ND. ND. ND. 1655 ND. ND. ND. ND. ND. ND. ND. 91l
14-10 494 N.D. N.D. N.D. ND. ND. ND. 1455 ND. ND. ND. ND. 0.3 N.D. ND. 76.4
14-11 46.7 N.D.  N.D. N.D. ND. ND. D. 1556 ND. ND. ND. ND. ND. ND. ND. 833
14-12 423 N.D. 34 ND. ND ND ND 1738 ND. ND. ND. ND. 03 ND. ND. 96.3
Mean* 472 N.D. 06 ND. ND. ND. ND. 1604 ND. ND. ND. ND. 028 ND. ND. 868
S.D.* 3.3 N.D. 1.4 ND. ND. ND. N.D. 13.0 N.D. ND. ND. N.D. 0.03 N.D. N.D. 9.7

Units: Dust concentration/particles m/™', Ton concentrations/ug / '](ppb).

N.D .: Not detected.
*: N.D. was set to zero for calculation.



TRIBOR R TR 2 7 OALAIB 55 04T T BV 0 15 G b R BT B O RET 265

5470 particles m/~!, 44800 particles m/~" & R 4 A 0 20-200 fELLFE <, F 2RISR T
CRIf%E 8.00 um LI_F) DUEE D 4 8 particles mi ™' DLk &, 34 0.3 particles mI™! Td - 727K

JEEA LD LD ER-T. THHIREISRYBNEIAE LT 5 EnH sk o ik 7
LEDLND. BEFTIE I F—25UKKITORETIE, KKITHOS A bR
CRIAEHERE © 0.52 um-5.04 pm) (ZHFICHDKETI TR, B < TO W WEDT particles mi ™' LA
TTHA (Fujii etal.,2003). TNOHDOZEEEET D E, KIKRGER T OLFEKS 50T
FORFLII IR ) EADPIRBEL SR 5.

FAT VEEIZOWTIE, RUEAEL, RUVEBSLRVECITHBKLT, K14+ i
BIEE L KL, RO A+ vl o0 D ECHEE TOREFBRIBIIRALT Th
D, FHREIRLE,PS72CIT T 05ugl™" (= ppbw) 1EET, FHRET 1wl %
B2 boE ol —JlRVAEB T Ca* D240 ug 17!, RULECTIE, Ca A
9 86.8 ug 7!, SO AV 1604 ug 7' bR SNz, INSHIEEIR L7257 A N RIS

VENBIOMA THEEEZ SNL, SRR 4 C T, Ca™ & SO 2SHFICHEE TR
HENTWDL70, INEDENMEbN TSR H L. FE1HF—250KRIT7TD
MRTYH, aT7HOAF VEEIEICEKII TR, A3 US> Td S ug 17 LLTRR
FETdH 5 (Watanabe et al., 2003). T D7z, 44 VIEFEOMHA S bIKRGERE T 7 30 0 Rl
WUERIZ5H 9 5 R 481E, SIEBRE T 72 3FHHEOR)V DI ER)VEBADATH D,

DEDFERN S, A4 VRSB LY 2 MRS A OB I 13K ) 48 A O
WL TBY, RUEPLOFEGILS A Mg T 200 particles ml~ ' F2HE, 1 4 VBT
pg 7" LU (7 ppb LX)V FREEIZHIHIAT R & AR O 7.

3.2. YHElH SUBBRIEOEIC & 2 BTRES EOWHRE
3.2.1. YIHILEE B X ORI O Beat

AF VIREL A MBEICELT, B 7 2 L0 B L CRIFLIEORIET T ~
JEEOME 2 To 7. INOORKEREEIITRT. UHB X OBEVCFIOMEL L 47 7
WEEE (NN) 13, BEfiR & & CORETRIBIRF LT o722 & & 20k YR (MSA) 2B &,
UKL B L OB ALEE 2 17 o 725 URHC B L C A oF VIR, F A MBEL IR OED -
72 B TH F A (F 29700 particles ml~'), NO,”™ (309 ug I7'), Ca** (81.8 ug!™') %
FEIZOWTIE, MBI R L THE» S s d o 7e.

YA - AR T OMEE L 1T 2 VIR (NN) & IETLEE O 7 W Rl ILERL % 17 > 72 30k
(CoM1 B LY CcoM2) #IE$ 2 &, A MREIIAEIAO X9 12 NN OFH 29700 particles
ml~ I L, COML: -} 5670 particles ml ™!, COM2: FIJ4 3672 particles ml~" & $55D—12
WA L7z, F72AF V09 L F, ¥l NO,~, SO, ¥ = wEElE, NN TIZFHo0s
ug 171 (F7)~309 ug 7' (NO; ™) MBS CTwiz2s, B A (COMI B £ UF CoM2)
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TR RPLLLT (ND.) 1S F TgEERA L7, —7F, WEEE Cl17, Na', Ca®* i, NN Tl
P48 ugl™' (Na*) ~81.8 ugl ' (Ca®) & ILERAYEIEEE TR S 7285, S L
AR LR D & (COML B & IFCOM2) 2B W T, BHBEALT Wp) b L<1EFH03
ug 7' (Na*, COM2) ~5.7 ugl™' (Ca*, COM1) &, E5O—h 515 0—LF OEEIZHK
ALTBY, BRI L ZHEBREORRIRKENC EDPHE DI h o7z, F7-RlERSE
w (ML BEEE O 10%, M2: [ 30%) 12X 27#1E, COTDY A bR TIXRFER
FERORKZVWM2AVNE WML L) SREPRNEADS RSN DD, A4 VRETIIH
BECH N R oz, IR EPLEFILEIZE Y, 14 BT A DOFHREIHHR L
CBrFeaia Z RSNz, F7-00HVLIOF A i3 5 L, YIHPLELO 7 v gL
H2AT o 7258 (CoML B L U CoM2) D P % A MiEd, Aid @) (COML: 5670
particles m/~!, COM2: 3670 particles m/~') T, — FUJHILILE L O @RI % 1T - 72 30K
(CIM1, CIM2, C2MI1, C2M2) D& A N 1L 545-881 particles ml~' & D —» 5
T O—FE, NN BT 22 =Z150—UTIEL Zodz. —hA4 4 ViBEIE, Bl
HOATT TIPS ug T T EEBETLHY) , FAMEED LS 2UELEIZHE S
SHEIREELER O N e olzb oo, FEfRE C17, Ca® ZBREFH 1 ug 17 UIT £ 7213
MR LUN &, BERRDAHIRE LB O ADFE L ) b BB G AMRIREZ 572, C1 (&7
1.8-23 ug 17" LY D 2 Wil Bt L D R E o720 00, Ca 1T FIHND-1.0 ug 17!
EHGO—DFE R o L L, FEERIZEURLEL O A TlX, CoM2 THH32ug i),
COM1 TIEMEBR R LT 72 5 7278, TIHILEL 21T > 72 DIZ W F IS FIET 10 pg 17 D AR
HENTBY, FIZCM2 TEMEO A + R 7 A MIMRRETH 5120 b 5T, B
3431 pg 17 EEGIBE TR E N, 20 X D ICHERIZEEILEL O A TR ThH -
7200, YHILEZNZ 5 & IBRERE TR SN2 L0, FIZRIRE TOUEIRL
HOMEREPICHERRIC X 21555205 2 LAl S e,

CRERRZE U250 (DU, TREK] &R 12oWwT, & A ML, YIEILe
B X ORI (COMI-w~C2M2-w) D&k, A 4 VgL, COMI-w & C2M1-w D A
G RAT 072 EOER, BFKO S A MEEE, A4 VIEEL LREIORE L) QS
BHmRE L, HREPRRKE & DICHRESIND 2 EDPMRIN. ¥ A MNEEIZOWTIE,
YIHIALEL 2 1T 72 s COMI-w & COM2-w 13 Z 121133 95300 particles ml ™', 49300 particles
ml/ ' THY, WEILHE AT 5 72 CIMl-w, CIM2-w, C2Ml-w, C2M2-w O F3iEEE (8600~
14900 particles m/ ") & 0 & Fifs & FREARE S Ao 72, [F) UEIHILER 2 47 o 7508 (CoM1-w
& COM2-w, CIMIl-w & CIM2-w, C2Ml-w & C2M2-w) Tli, @A EORE VM2 OJF
AMIL &0 LEEMENEAS RSN 00, [ UREBLEZT- 2588 Tidcr & 2o
FAMBEICKRERBENIRON Loz, —HA 4 ViIRECTIIFICREOE D - 72 Ca®t ik
FEMSUIHIALEL % 4T > 72 0 o 72 COM1 CF39 302 ug 7', YIHILHE % 1T > 72 CIM1 T 47.3
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pg 17 EYTHLEE % 4T o 7B OREN RGO —RE L oz, TOENICHF, T,
Cl7, SO/27, NO;~, Na', K'Y, Mg*d, GIHII AT & CTREIHS O—IZHA L7
INOAF VgEDEDL, YHLEOFMIGER TS LEZ N5, Dol Lot
HIZX o CREIFRE DS A B LA F > OFRDS, BT %2479 L0 b X DR &
{BFEEINTVDLZEN DD o7,

FACTRARIZE D IC R =25 UKEaT7THOF 2 MEES X O F VL, BRI I3
W<, Z L1 10000 particles ml ™!, £ ug I LT OBIEEE & #Hiis ST % (Fujii e al.,
2003; Watanabe ez al., 2003). L5 D T & h ALK G5 B OB YR F O R & L
TYHILEL S X OB & A b B 2 LT, 79 0 7iBEIFR Y RV TA v TR
DED-72Cl T2 ug 17, oA 4 VI L ug 17 LF O 7 ppb LU,
A MEETIEE < TH 900 particles mi ™' FETH 0, FelR % BV C RRLIRE L VI
TR LTIT) S EDHRETH B L 3h o7z,

SIZHEROMBALDS U D &) DA RES T 572, CIMI & C2M2 DRILIEED 9 B 4§IC
IRZE COYHILE OB, RUSA ZMHH L T 1T 572 SR E o UL o
B, @ETA ARV TNOR) ZF L BFLE (TRA Y MRS TAT V) 25HL
THEHERENCN L L A%, HEE2RVEA TOPATHEE L 2O WHIE 2475723
DTHhAH. LHNHELRRVEA THEHENRZHH 2 LT, YEHRHETORY) =57 L 2 P4
PODOHRE L DHHIT L LN TE L LRSS, FEa 7HEOTE S 2 Mg,
RULEA ZHHL 2 WATE QLR & g L TR W EIMIZH D, CIMI-NP T 400 particles
m/~!, C2M2-NP T 370 particles m/ "' 72572, SNOHDMEITR) LA ZHHL 2 CIMI B
LU C2M2 DS A MBED=Z50— b 5 0—RETH ), »OREREL NIV
EDPLEETLEDIREDE LS, MHHMICEE L CHREMHITE /L E2 5. F24
T VIRETIE, BEMLIAN R S A o Y AE, U AR D B T 12 pg 17 FRIE T,
FOEPIHE SN Na* BEONH 13 02 ug T P EGEBETH D, o1 4+ Vi
SRR LT Ch o7z, THHDA F REIIAR ) A 2 L2l OB & i
FThHE, LU PTT L DVERGIEELNVTH L. T2 FoBEKIZOWT, CIMI-
NP-w L, 14 VEEB LS A MNERE, C2M2-NP-w (X5 A MEFEOGIT ATV, EDOHHT
RERAL, AR L72R VS A 2 bR VI L AR 2 7R L7z, 372 b BRI A
b5, BEKD S A MEEIE, CIMI-NP-w, C2M2-NP-w DWW b SEAK L ) b —HF
BEEPo7. A4 VREDS, FEiE (P 525 ug ") #E8HIZ, CI7, NO;~, PO/,
Na*, NH,, K'Y, Ca** 7% PO/ W& 33ugl 'UTOKEECTHLVHmEESNTEDY,
WENOA T UL EARR L ) miRESZ o7z IhbiE, FAURETRETRYEA 28
LWL ORIFEK (CIMI-w, C2M2-w) & 1 & 50— b8 o—REC, Y
B TOHE MR & AE S 7
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INHDZ EDLYHIERTOR ) LA OMHIZLY, FEREZER A+ ViREB LU
ANBEE ST T v 7 EMEL, BOKIOKIK T 7 OMLFR A REICH LT, KDZEL
72 G DA RE T B L 3o 7z,

F - OIHILEE & 47 72 v COMI DA O & CTOE T 03Uk A 6, BEEE AV R K1 40
pg TP DL s iz o, RVEAZBHLCORMELZ 72 F2@fKr 5 1
COM1-w % CIMI-NP-w ® X 912, F¥ 50 ug I ERE SNHB O H 72, ZDLH I
WERRIREE DS D A A > YR 12 i L Cid T W EIANESEE LT 7228, anl L7z & 912t
BRI 2 AT o 723 EMT D 2 WEE L D b MO oMz b oo, FEHREDOY)
BB X ORLRE L OBGEIIHBE TR 2 o7, TRHDZ RS, FERRIZUINIE X ORlRL
HOWTNOWETH I RESNTE ST, FRICUHILEIZ B W CEMOFEMK R &
SIEYR 2T C VLU EREAE 2 S
3.2.2. WEMRIGALRIAL OGS

WIS, BiIaR L 72 WEBRTG G ORI & it 3§ % 720, BdgE o 7 U C Al Ui LBER/E (NN,
CIMO, C2M0 B LU C2M1) D9 b—HD#IEZ LT L7z, T 72 b LEREER OV G A ) ALE]
OBO RO FHAHEO RN E 2 b rzizo, EHIEEMN L FRIZOVWTHEH
L, BEFEOLIZT A AR—FTNVOR) ZF L VEFE (FTRAV MFRE 77 V#)
RTHEICERL, ZLTA 2R BTL, B AR TL, L aCHEE AL 2 CRILEL A TV
AT VIREBLOF A MEELEIE LB L2, BEER4IRT. 72 C2M1 OFILETT
FZBWTC, AR OBOMKOREFEE LT, (1) KL Z0F R K058k
W3 % h3: ([MW: Melted water wasted ), (2) KO I 7B 2 BIOR)EIIBLIET LR
#4277 ([RF: Refilled]), ?2#) OFEIZOWTHEL, BbETEIITIRLE &
B A EBOBRMEZF— A TE LV, FRIIEAELE TN,

FFRY) ZF L EFEOZEIEIZOWTIE, FEREROHRBREIC OV THE 2 EFRS
Nc. ZPEBEDORL: 2 A L BOWHE L EHILEDOA (CIMO B & U C2M0) TIIFEERRIE
TEAEIHEESNT, FIZAOUHILHEDAOFETIE, Wb BERRIEEIZ IS 10 ug 17!
DR L Tz, F72013 A O COML I B HFERRIE 1L, MW IEMHRAL T 725728
DO, REIZFIH193 ug 7' TSN, —FH B O C2MI IS B HFEBEIEEE L, BUfFK OB
FORLDTEOCTNOPUBARUT E o7, INHOTERNS, T4 AKR=FT)I
DR T L WFROHHEEPHERR OGRS B 2 5 2 TV A R RIZ S, F#IC
EHEREHC NS R) 2F L Y EFEOTICER L T2 BEFEHYIFEO—D O i
ML EHEH SN FL C2ML IZBWTEERRDAFTIZ A, BT, ClI7, SO/, Y= vk
Na’, NH,, Ca®* 2t & /= 0D, Cl17 DALOFIEEE T3 d 03 ug 17! DUF &K
ETMEHICHERZIR SN L o7, SHICFAMEETIZA BWTFholiktd, F
¥ 1000 particles m{ ™' LR SRR EE 72 o 72, IRIZRIRE K OB k& i3 2 &, Jelcam



=EEZS

270

“UOIIRNO[BD 10J 0IIZ 0 J3S SBM “ (TN 4
‘PARRP ION TN

“paInsBoW JON i-

'(qdd), 7 Srjsuonenusouod uof *_pur sa[orred/uonenUsIU0d ISN( SHU

‘anN
‘anN
‘anN
‘anN

‘anN
an

‘anN

aN  dN anN Ll 661 L4 $T €L 8¢ 601 9L 6Ll «*d'S ¢ TN
a ‘an anN 91 £Cs £1T 8'TC S8 £0¢ €Ly Lot 9PST  sUBSN "
‘a ‘an anN 91 €T L'TT o611 4! T 09 T8 I'el +#ds

a an AN 67T we T (354 oL 6'8C 9Ty SYOo1 'Lyl U m LAARIALR
a an AN 61 £9¢ - - - 6'¢ (49 el 8¢l +d'S c OO
a an ‘aN 0t 0L9 - - - (434 see ST €SPl «UBN

a ‘an anN 91 oL - - - ST (4% L01 96 *d’'S ¢ ONID
a ‘an anN L1 0€TI - - - 691 1'9¢ 6'8C1 ['SST  «UBON

aN  dN anN ¥o 066€ - - - - - - 9l «d'S N NN
AN dnN AN 1l 0090¢ - - - - - - 9981 4UBN

ajdwes e L2140 $9A0]3 o[qesiodsip oSueyoxy g

0 s ca vl sw 6 P Gm tse s S REIAD
M*_\ MM_\ mw. No_ %o_m %omm__ Mo_ I hm, nm_ %omm__ m». an__ *H.uhu_% S MIN-TINTD
”QH,)H W.W omw_om_ : : : %M %% @.MM w.m_m_ *H,dm% 5 ONCO
1 = . . o3R8 EE.
v .

sojdures om) £a1A9 s240[3 oqesiodsip agueyoxy 1y

%0

SN PHN BN fod

q/)=3 9-9=) J-9=° ©/0=p Q-8=0
(Cl 9/3unpow 3/3unpw J8unpw 9/8umnd  FZumno  3/8umno  3/3umno (u) a1 poyruw
SON deexQ .m.,Om SON 1D VS druuogaedy . d go9p-wrl £q £q ye £q £q Iayye 210J2q Jequmu uoneu
T€°0)ISn(  poAowds  poAowdl  JYSIOM  POAOWDI  paAowAl  JySTom JyStom odwreg  -rweiu0oa(

W31 (3) 1yBM(Q) d1dwes(d) WEem(p) 1B (0) adureg(q) odweg(e)

“sajdus pagjaut fo spoyiau 21spm Y1 4of pup sa40]8 aua){y1akjod 21qusodsip wioif 28uvyoxa ayj 4of Suijaus pun SuIIND L0f SUOHDAIUIIUOD JSNP PUD U0 JO SaNIDA YUD] "t ]GV

WL L LOHF L LT F 2K ) QI T F /G S T VAT QLM 2 FEWR OFEANLfe—3k L b L ¥ E



TRIBOR R TR 2 7 OALAIB 55 04T T BV 0 15 G b R BT B O RET 271

72 &) ICHEBEIC DWW TIE MW O DSZKHSHEE I b H TR AL T & o 72, 7240
HEFOFAEMEIZ D W T, REICHEL TMW Ol 05— KOR) LTS 5 2 L )5TXE,
DO R EHGEF TOREE T OWREMED 2, S OICAARICHRAERY L VAESIIH,
DIEFEICHIBT 2 2 LA HEZR 7200 BT WA EF A A, LLEORES SRR OILE I,
HEDOAS TVLRVEA TS L2 LR, RVEAPSHHT 2005 L v &l S
nr.

T A AR=F TNV PFEOLHIAE O 6, BEROHRIEO—D> O felkh d 5 & il
ENZZHEFEIZOVWTE S IR 21T o 72, Btk SEEa 732K L, 1) X<
S NBFEFE (Db 10mP MR LA-d o) CEEEEa 7 28 20 BERE, Z
DAV EAIZANS (UG), 2) #HrandDPEFRTESRE T 7 24 20 WRREE Z0%EK)
FTAWLLANS (NG), 3) IKHAINAHEFEITAAR-—FTVOR) 5L v #8F
B (TRAV MNP, TAT VHE) RTEISE, BT 28020 BERE, oK
LAICAND (UGHPG), D3O xR ihiz. TN OBIEL T 7ot a7 %K
VEAPTZOEEMML, (14 ViREZGITLA. BREESITIRT. UG OLBETOA
F VUEEEE, BEEE Cl1T, Na', Ca® 2850 ug "' D EMH SN, Ihonf + v liagss, &
CHHH ENZHETEDP S HFHNET B LD o7, —) NG &£ UG+PG DTl
WM ORE D FERREE SRR DT TH ), Mo A F VBRI, & D IRENE
WGP Th 10pg T PLF2 o7z DLEOEED SRR O] - BfFLIECHRETE 2o
HERR DTG FeE, SEHIEHMIN S 74 AR —F TN OF) TF L VTR E R T L1258
g nz b, HEHERHETRZHHTLIET, HMERTETH L2 LWL
7z.

INHDOZ LS, KKEEIT DA+ VIREB L UY A MREGHTHBEEOH R LR

K5 BEFEIIIAFTVREOTT V21H.

Table 5. Blank values of ion concentrations on warm gloves.

Sample  Sample F~ Acetate Formate MSA  CI” NOj 5042- Oxalate NO;* PO43- Na' NH,

ID  volume/m/
UGl 119.9 N.D. 71.6 N.D. N.D. 71.1  N.D. 23.4 24 42 ND. 52.5 33 20.7 6.3 97.2
uG2 116.7 N.D. 67.7 N.D. ND. 714 ND. 230 1.5 55 ND. 524 32 19.0 58 73.6
UG3 1193 N.D. 54.3 N.D. N.D. 59.0 N.D. 184 N.D. 4.0 N.D. 42.6 24 14.7 43 63.3
NGI 99.8 N.D. N.D. N.D. N.D. 1.5 N.D. 1.3 N.D. N.D. N.D. 12 N.D. 1.4 N.D. 5.0
NG2 1272 N.D. ND. N.D. N.D. 1.1 ND. ND. ND. ND. N.D. 0.9 03 ND. ND. 3.9
UG+PGl1 133.8 N.D. N.D. N.D. N.D. 1.4 ND. ND. ND. ND. ND. 0.6 ND. N.D. N.D. 6.3
UG+PG2 1155 N.D. N.D. N.D. N.D. 1.2 ND. ND. ND. ND. ND. 05 ND. ND. N.D. 6.3
UG+PG3 110.7 N.D. N.D. N.D. N.D. 3.1 N.D. ND. ND. ND. ND. 1.1 ND. N.D. N.D. 7.5

Unit: ug l'l(ppb).

N.D .: Not detected.

Test methods:

UG: Simulated sample held by used warm gloves for approximately 20 sec., moved to a polyethylene bag A, and then sampled.

NG: Simulated sample held by new warm gloves for approximately 20 sec., moved to a polyethylene bag A, and then sampled.

UG+PG: Simulated sample held by used warm gloves and new double disporsable polyethylene gloves for approximately 20 sec.,
moved to a polyethylene bag A, and then sampled.
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ERE LC, YIHPREE S L CRE A 3 mm BRE L, BUFLEL L L TR 30% FKiE g S %
RVEOZWRThb R WEFHHT LI E L ITNHIIAT, Bk L7zl oR
) IF Ly FROE L FEEREFEOBAT, B a4 VIBEL S A MBEDOF
BV, B L72HOKIIO F— 25 UKIKRI 7 TRESND, A4 ViRETHug ™' D
T, & A MEEET 10000 particles m/ ™' LUF OAREEE VRN C & R BB % L~V F TGRS
LT LENTET.

SIS & o THERROH R SNz L Bb b 00, EBICZOHEZ BT L TH2
W F—25UKET7 OB Z B L2825, REBIHREBDLNLEREORRE (&
WHDT50ug I ' UE) P ENDL L) I2h o7z, ZOEROERIE, (1) HEBE & FERRLL
POMD A & VR, ¥ A MBELIFICHEPR O 2w L, 2) /14 7u~x T T
THNEDOHRETIE AW &, 3) BIBEORMBAEINLHBTHRAEDRVWA L2 EH
5, KR 7THRHIEE OWINE & L TR 2 HERR 7 7 VIR & HER S iz, KR a 7 obE
WEI DY, HREIECE CHEIPIATHEM S b 2 & 2B 720, JHIBTIOKOEEIZ T
WARZ ANTHEI 2179 2 L DWETH A, F— 25 LI TORKEBIE T, HHH
ELCHEER 7 F V2 LT\ % (Fujita er al., 1994; BEF 5, 1999). HHELZM IS HERE 7
FVIET AT VLEW EMEN, HRBEETH 2 25—EBKICE T (0.83 g/100 ml, 25C),
WA LCHEBRE 74 ) — Vv EAL D LSS Ak T ¥R 4, 2001). FEREE 77
AL, BEHITRI KR 2 7AME 7210 T2 <, UIEILERIE ISR 12 & D AT £ 1T > T 5%
MMEMNIZH IR L, UIHILE TR OFAO TS, S DHEGIRE 70> TW5EHZ LR S 1L
7o, ZDD, AF VREB XUV R MREST B ORTLE 2 AT L, SIHLEIE
(1) HEY, ) HETHY, oZBRE LT, SIEREOBRIZA L 223E 0 5 0 E A I1X
TECKRE L, TR0k SMHTLEFRIE, HRGERE L TRBER)EAICA
n, HHERICEPSHUCTHHTL I L1272 SOICHHILEL 24T - 7221, R L
i) — v 7= ADFALE ZVEOB O ERIRE 2 S L, WHlAZEKRT (1 8—TT
BICHEN S S L2 L7 SO L) ITIHGBRE R UK L 72U EAEE L 722 & T, il
FTERTIIRT L IIHERRD 7 T » ZEIIBBRA LT & 72 0, BERR O SR 0 15 44 % #i]
TAHIENREE o7,

3.3. HE2HF— LS UKEKIA7ZDILZRA TR ORI LIES &

331, FE22ir—2asUkKRaToarhy N TIrECcaTodh L

32. FCTOMETRHRICESE, DTOXHIZHE 28 F— 25 LB a7 ofbFms 54 H
B ORI AT 2L L7z, MlalZE2H P25 LBEaT7TOK A B, CIATOKE
25 WX 2R, 209 BALFERS IS 5s C a7 OWEEOEH &I,
18% (123 cm®) Thb. ZDH) LAKOKE - BRFELERMAEL (0D B LU 6%0) 5 b
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a) b)

Cross sections of A, B and C cores

Total cross section: 69.4 cm?

A core: 50% (34.7 cm?)

B core: 32% (22.4 cm?)

C core: 18%—{C-1:5% (3.1 cm?)
C-2:13% (9.2 cm?)

1 %2 F—25CEEa7OaT7HEN. £37OHEOHAE, AT 150% BIT :
32%, CAT 1 18% CTH%. b)C2IAT %5 A MEEN (C2a) BEUA T VER (C-2b)
(253 E L7z W] .

Fig. 1. a) The cross section of the 2nd Dome Fuji ice core. Cross section ratios of the cores are: 50% for the A
core, 32% for the B core, and 18% for the C core. b) The cross section of the C-2 core divided into
subsamples C-2a for dust concentration and C-2b for ion concentration.

F(C1) 295% Blem?), 414 ViREBLOY A MEESHTHAR (C2) 2513% (92
cm?) TH5H.

EoM F—2a5UKEa 7L, FUBEHEF—25 0T 1 WEE THE L 7 2503 m K
R 7 OFRGEERK 100 m 47 & EH S, 2006 4F 4 H 12 S 2399.50 m-3028.43 m & LH DR
RBTHARIZELIFD, 2006 4 5-7 HI2AGiEE R ARIRFHARIZERTICTB 27, Ca7 oY)
Wiz 17> 72, F 722007 4F 4 A 12 2126 < 3028.43 m A B iR 303522 m DIKIR 3 7 %,
a7 OIRETHRICEELIRYD, 2007 4F 7 H1ZdbilEE R ERIEA FHF%EFT €, 3028.43 m-
303426 mDIATH AITEB+CIATOPEHBLIUBITECIATOYMEITo/. YD
L7 Cca7id, iRz (-20C) (S THIMLEZ4T) £ CRE L7,

FE&fs50emod Ccaryyrs, Ny FY— (BEURO 260, INCA #) T 7 ORESHIx L
FEICESHI0mOIa 720 B LA (K2a). SAEOFRERSHNOESZ 10ecm & L7720
1%, millennium A 7 — )V OB EDFENT T X LM FEREEZ R D (B S 10 cm T 50-100 {F42
FEDREH 3 HRE), 2 ORIR D C I 7 OWITHRE? 5 A 4 VIRER ¥ A Mg & OfL5#r
B EHE (50-60 m) ZFEIRTE B, LI 2005 %iT0THE. D&
YIRS N CcaTiE, IT7ORSFHEIEDBIAIL, -a, -b, <, -d, - EEFLM L7
BNV FY =T, KOLEFRMALSHHEE (C-1) &, A+ VREBIVY A Mg
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Fig. 2.

=EEZS

z

n w w200

" CoreNo.: Al 25 - 125  Remarksdepth |item|thckness
TOP - 256200 + -
BOTTOM : 2562.50 + - .

B2 B — 25 CERRE 3 7 OALERST AT FIEVE O 5 Bl LB ED TR L a) C 2 7 H 5
D10em ATOYYHL, b) /N FY—THESNIKOZERMAKILA (C-1:4) & 44
VIS LU A MR (C-2 1 7E) BB o) ARFAGAILAFE OWEILE, d) 1+ Vs
LT A MREHFE ORI (THE D 1), o) 14 VilRES LU A MREHFEEOHE L
O RTEID D R EATHEZRIEL T0d, O A+ VRES LU A MRERRE
DFRE - LR
Photographs of the decontamination procedures of the 2nd Dome Fuji ice core: a) cutting a 10cm core
sample from the C core of the 2nd Dome Fuji ice core using a band saw; b) dividing core samples for
measuring stable isotope ratios of water (C-1: right), and ion and dust concentrations (C-2: left) using a
band saw; c) cutting a sample for measuring isotope ratios; d) Ist cutting a sample for measuring ion
and dust concentrations; e) 2nd cutting a sample for ion and dust concentrations while holding with a
plastic bag A; and f) melting and dispensing a sample for ion and dust concentration measurements.
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X2 oo%

BE AT BUEE (C2) LIZ#EwI Do L7z (2b). TN 6 1dR) 4B ( 140 mm x ffE 250
mm XJE S 0.1 mm) AN, B —TF— (R ¥—F—pP200, ELA y/OVAH) T —
VL, UIHIALEE F O E TRE L 7.
3.3.2. LB AT FEEL O 43 5 1

852 W N — A 5 UIKIR 2 7 OALE 5 AT SR O 23 AT H I,

C-1a7:
1) KOKRFE - R G ERMARL (0D b £ V¥ 6°0)
C23a7:

2) A4 viEEE (K31 4 > Na*, NH,, K', Mg* Ca® FaA4>: F, Befk Rk 2
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K2 oo%

& v AVEVEE ClT, NO,”, SO7, NO;~, POS7)
3) ¥ A MR CRIEFER: 0.52 um-5.04 yum % 10 B¢H5: 0.52 pm-0.63 um, 0.63 pm-0.79 um,
0.79 um-1.00 gm, 1.00 um~1.26 gm, 1.26 ym~1.59 gm, 1.59 um-2.00 gm, 2.00 um-2.52 um, 2.52
um-3.17 um, 3.17 pm-4.00 um, 4.00 um-5.04 um)
4) pH
5) \HAILEE (BC)
Th5b.

NS DGMTEIIOWT, KOKE - BeFRLERNVAEIE, KFE - BREFRVARTPERKE
(hHETH) TN L7z (Uemura et al,, 2007). 7K & FRARFMHIZE L 72k - 2k
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LRFRDEGARIZ T 27V 4 > Ly MEIEG R E =545 (Finnigan Delta Plus, Thermo
Electron #) 12X > THIE L7z, % 2 ml OKEFE HWT, KZRMCAKLOEZER, F—
B OBERMAKLOMELIT o7z, T4 F VIBEE A MEEIZOWTIE, Al L 726
W EOBE L AkICZ e, A4+ 2u<x 2757 (DX-500, Dionex %) &L —+—
IN—=TF A4 7 NH v F— (Model 211, MetOne #) TH#r%4T->72. pH & EC IZDW T,
SIHERDBEZH I Z THBUC TSR 2 B A L7z (RMF: MM-60R, pH i (i) :
GST-5720C, EC t ¥ (Ji#ifl): CT-87101B (S), WINdHIE T+ — 47— —#), pH
EEC OB VORI EREIZZNZN025m, 2ml THY, ERL ) LR viEkE (5-6
ml #EE) THMAUREL %o 7z,

3.3.3. KOZLERN AL HE O R LR

G0 WS N 7K DZERAMAR S FEE (C-1) 1%, RIRZEIC THIEZ X BIKOLIER
AR O ERHE R RIT 5720, a7RBORAEZ LTI v 7714 7 ThELZ (K20).
CIHI OB U IR R 2 Y B 7212, [N 2 L V@0 5720 =728 -7 —-Tv—
VL7248 B (B 140 mm X #ff 250 mm X JE & 0.1 mm) ([ZAN, #P—F—CTHH L.
IKFSEAR LM AR, A+ VGRS A N OFE R ERT L85 % L, RO
IR BN TOREADIAY OFEELY TEXL727WHl3 572012, RUEB 2L
7z, F 72KV 4B OBIEUA O ZIUIRIRIRE T COMEERIIIHIES A LR 3w iz,
HANZBY — T —THY— VLA SHIAMORYEBICANULZE#Y —F —THEE L
PR, Yy Tay s 7)==y 7 (T A 7 & VY 7B A X fE 268 mm
X#E 279 mm XJE & 0.068 mm) ([ZAN, RYTFL U (70D ICANTHZHLE. %B
Ty Ty s BIOR) IF L AR, BUERISETEOKDR ) BREHAOHEZCZ L&
HiyE LTw5. KROLERNVAKILGHT HEEO%E A 4+ ViREB LU X MRS AR
FHERRY, IS OMRIRE CTOMEEILEH O ERO ATV, BIERIIMHER L 25572
AEORIFIL, =i (20-25C) THARBMRIZL Y, YWHIEEEZITo7-HOS HhbHF
T& L7z B U723, ) BREORTEKIZ L 2HREDP LV E ) ITEREZINLHS
Oml AT AR Y (7TA7 ) 2 5Lz, BRBKRKOBREEILICEY 7T 2E
VIR T B xPiCTD, BRPE Y OFIIOTRREIERAT S L) EEE Lo R
BEhoORBOREE 20, HIACYOFEIL, T4V —CHEICH D, 5102
%737 7 4 )V 2 (American National Can %) % & W CHEE L7z, 3eHE, —D2 0¥ v 25 H,
b)—OFEEMEL, BERTHRELL. LALIOX) IHEE LAY, 15U LE0E
MR ORISR O AR ILEB SR S 72720, RETHOKREORMALESZ L
PRI 572012, BRI AKFMAARENL 20 ml 7T AENF 2 — 2N 7TV E Y ()T
L8 2 I AIUEHRIRAE L, ST OBRICEES 522 L& L.
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334, AFVIEEB IS A M EERSRE ORI

LIy s nizA F VIREB LY A MRESHTHBEE (C2) &, RIREICHKE L -/f5
7)) = 7= ANICT, BRI RGFFAOLT I v 774 7 CTUHI LG L L7
v 3Iv 7 A 7IZEAUEEE, ORI OWT 2 T2 T%&b 5 1 BEDY)
HILECRE AL (PRI D 1D (K 2d), 2 B H OY)EI LR C BT O YIHIE & &%
ThFEEITo72 (HELETEID ) (M2e). 728 BoHEEZ P <720 OWEY 217\,
g E Rz, IS OUELELL, AR EOPEE, TEEIEENENIMEICR, ML
TR 4T 72, UIEVILEL % 47 5 7250, A& A (B 140 mm X ffE 250 mm x J£ & 0.08
mm) (AN — WV ERA TS 720, HREZ DS HITR )4 A (1 180 mm X {ff 250 mm
XJEX0.08 mm) [ZAN, B F CEEECRE L. I ofEEdiL, BigkRo L
ZPEERRZ A L, #rim £ 7213088 L2 TR0 LIZT 1 AR —F T VoR) 251 A #L
FLE (FRAV TS, TAU V) 2 ZEICEA LAY 528 T, Bk K
ANBRIZHIZ 72, F7o—HOVERER T 1%, YHIBICHER L2652 ) — v 77— 2odfifte =
VOB ZURELSBONH L, WRIZAY 4 X—CTT 8IS ORI E % 11,
2R EF 1) 28T, WML NG LB RO —2 L E 2 SN A MR T2 R L 7.
BHLZZETIv A 71, 70— V— AN TRSIETEEERIC XD 5 5Bk L, &
SE7ot% RVEACANEHE CHRE L FUHMEOBICHER LML — GBEE
J—27 bL—, TATUE) 1L, KU — b — APRTRMAKIC XY RS L2 ol
7.

HRbR D 720 OFUR R IH & BRI 2§ 2 R ILIE, 3T ) — Y )b—ANTIT-
7. EEERZOEIEIE, B L Z2ET LB ORGSR SRS 20% £ L, RUEADPD
P L7z, ZOBAVEA B -V EIT, R OBE 2 S TRl S S/, B sEke
TolZ@EHE, MEBRETRVEAOETHOWSHOLOREE B mlIET, 20% A+~
TR (DR, T4 4 VAR &R0 & LT, BARICEBICHRES L TW
5100ml R) 7oL yEALOCY (74 K—ALHE Y SCCI00ml, 7 A7 ) |2
40ml, ¥ A MEESHABRE (DT, [7 A MEEAGR] LrER0) (ISEE MRS (60 471)
L72B5ml A7 ARAQLAE Y (7 AT X)) 2 22 EhAy 5-6 mi FEEERE 2 57 L
7o (K216, HELZZEEN, A 4 VIREHBEN 20 30 G 2 R VECITAN, ST E
THHAE L7z, A MBEAGENE, RUBAZZHICLTCodbly (FyA®RQLOY
Y 12M85) AN, BHEEEBOWIBEE oI A Y B LICLT, O TR
L7z BFAMBEHNREIN I ABALOCIELTBY, EromdEzi<s
%, BRI — S SR A S EE IS AR ORZE 2 b 51 T bl B o &FR 217 -
7o, DEOfEETEEZ 7o—F vy — b LT3 ICTE &7

F 6122007 4E 8 H 22 HHAETO C-1 itk & Cc2 BN, BRI c L 2 EREZ
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A 2nd Dome Fuji C core ﬂ
(50 cm) 50 cm——>»>

-a -b -C -d -e
Cutting using
N Top / ( ( [ [ ﬂBottom
Y oo
10 cm
| A 10 cm C core | [ ﬂ

Dividing
NN
DY v [
C-1 sample C-2 sample
(for water isotopes (8D and 8'80)) (for ion and dust concentrations)

Ist cutting
2nd cutting

L—B( Cutting

Melting Melting
Z~Plastic bag A
T a——
o ot
Polyeglayglene bag 9 ml glass bottle x2 ]EST;V;SOIE}gelr?eObrgtltle x1 g{::;atf:;]de ])(325 ml

--->20 m/ glass bottle x2

1) Ion sample:
cations (Na*, NH,*, K*, Mg?*, Ca?*),
anions (CI', NO3, SO, F, formate, acetate, MSA, NO,", PO4>),
pH and electrical conductivity (EC).

3 B2 N— A5 URE a7 DL RS (f A Vi, 52X NREE, pH, HAIREE
(BC), KOKFE - BRFLEFMRLL) OGREEFIFILHEEFO 70 —F v — b .

Fig. 3. Flow chart showing decontamination procedures used on the 2nd Dome Fuji ice core before chemical
analyses, including ion and dust concentrations, pH, electric conductivity (EC) and stable isotope ratios
of water (8D and 6 '%0).

K 6 TEERMG 1 FEMOE 2 F— 25 DKKI7ORMVAGHHB LA+ VREBL YA Mg
FE AT SR ORTALEL 2 & D Py
Table 6. Mean sample weights for determining the stable isotope ratios of water (C-1) and ion and dust
concentrations (C-2) of the 2nd Dome Fuji ice core during a year from starting the preparation work.

C-1: Water isotopes sample (n =2959) C-2: Ton and dust concentrations sample (7 =2095)
(2::'1:1 ® San;;f)ll:rwelghl Ratio of (Cs)a:;l:l \ii)lgs; 2[;11; Ratio of (e) Melted Ratio of ® Sarl‘;;;:rwelghl Ratio of
weight/g  decomtamination/g b2 /% weight/g  cutting/g dic /% weight/g  (d-e)d /% decomtamination/g 3
Mean 24.1 20.9 86.9 77.6 63.7 82.1 12.7 80.1 51.0 65.6
S.D. 1.9 1.8 4.6 4.8 3.8 - 1.8 - 35 4.3
Sample
number 812 705 655 1858 2050 - 2081 - 2048 1856

(n)
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KT F2HF—L50KRITOAF ViEL L UY A MNRESH A OFLERIEIC X 5 1 4
VIREDT T v o .
Table 7. Blank values of ion concentrations in simulated ice samples using the preparation protocols for
determining ion and dust concentrations of the 2nd Dome Fuji ice core.

Sagl)ple F Acetate Formate MSA CI' NO, SO,” Oxalate NO; PO,” Na' NH,” K' Mg Ca®
Mgl 3.7 N.D. 2.8 N.D. 3.7 1.6 3.7 N.D. 469 N.D. N.D. 03 ND. ND. ND.
Mg2 N.D. N.D. N.D. N.D. 0.6 0.7 N.D. N.D. 164 N.D. N.D. 03 ND. ND. N.D.
MIl-sl N.D. N.D. N.D. N.D. 0.6 N.D. N.D. N.D. ND. ND. N.D. 06 ND. ND. N.D.
MI1-s2 N.D. N.D. N.D. N.D. 0.5 N.D. N.D. N.D. 1.2 ND. ND. 03 ND. ND. ND.
MI-ml N.D. N.D. N.D. N.D. 1.4 0.7 N.D. N.D. 1.9 N.D. 0.4 0.8 09 N.D. 1.0
M1-m2 N.D. 2.5 0.9 N.D. 1.3 0.8 N.D. N.D. 29 N.D. 0.4 0.7 N.D. N.D. 33

Unit: z2g I (ppb).
N.D. : Not detected.
Mg: Simulated sample made from ultrapure water.

M1-s: Simulated sample made from ultrapure water decontaminated as well as ion and
dust concentrations samples in accordance with Fig.3.

MI-m: Melted portion of samples from M1-s samples.

T w7z B2 N— 45 UKIRa 7 oLyt HEUE O RHALEESE DS B AG S 7z oid, #i
F£D20064F 8 H22 HTH L7280, 36 OFBEUINEIEREFBGN S H & 9 & 1 FEHOULHE
HEEIC R D, ZNTNOLBNGE Z L OREEUIR % 5%, W T E OEERZLOHRIZ
BHIENTESD., C1LEBHIIOWTE, BB OFER 13% 2SUHLELC X 1 B STwn
5T 8% B, T2 C2HAHIOWTIE, 2 RO UIHIALEE TRLERFT O T3 18%, R@lfFuLEE
TR LI O399 20% O FAE D FRE S, FE ORI % & b8 CHILE R O F58
34% OFEDBEEEIN T L. FT2ET7I2E, ORI TR > ClBMKOBE 27 %
WL 7-AEET T v o DA F VIREERT. Mgl B &0 M2 135 T 7 TRILERED %
Wb O, Ml-sl & M1-s2 (& ERCATALEE T4 2 47 o 728#7KoK, Ml-ml 8 & O MI-m2 132
FN ORI OB OBUFEK % R T, Mgl & Mg21d, NO, F N2 469 ug ™', 164
pg IV E BRI EINTWED, ZOBEKNIZIE-> &) Lawv. LA LNOy Uit A+ >~
TEREIE S g T DU SRR 72 572, F - ERERTLEE A 4T o 223 RHE, €17, NO;~, NH,' 7%
Lpg 7 BT SN0 HR T, OBV TIBH ALY & #8175 4 h3 %
ENTWEZ EDGholz. F2RARKICIEEREER NO,~, Ca™ 2%k ug 17" & UIHIALEE L 72
B 7B AR L D OEIRECTEEINTE D, AIRLILIC X > THENRE SN TRE S
LIRS N
335 B2 F—A5KUKKITEBTOA F VIREB LU A MEESHT R o fi L
B2 F—LA50KKEI 7O B (2900 m PLE) O3 7 O -b~-e kL, 14~
BEBLIOSA MEERME (C237) 230104+ VIREREZ A MBERIZST, &
AR BURHIER & AR ICUIEI 3 & ORI 2 1T\, A o & FRUEHIUIHI LB o A %
192 & & L7z, ZTHUTFRISEIC BT, UHl - B ER ORI, sk s b oL Ebh
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5 O ENR BN O — 8RR E RS N0 TH D, BRIz c2 a7 2 aTht
A5 15mm D& A TYWTL, SMill% A MEER (C2a), Wl A 4 2 EEM (C-2b)
L7z (RO L), A4 CREHREHIREEEZAT) 2 & 2 SUHITEED A TH %
Brde L, UIHWEEA A B L EHEEHEAD 250ml R 70 L Y BALHOY Y (74 K-
AIRHE Y 250ml, 7 A7 8) ([ZAN, GHRICRIFET 22 & L7z, ¥ A MRERBE
(&, PER & FIBRIC 2 FEOUIHIALE & gL 24T o 7o BCAEL, BEE L7

4. T

RUSIKIRIERE 2 7 DAL AT I DWW T, BRI A F ViR L & DB EE D75 iR
FD72O ORI LEOWME 21T o 72, @MUK SAER L7845 2 7 % V¢, EIHIB & Rl
fRALER D 8] 2 3 E S 2 WSS L 7. BAKIC X B 75 ¥ 7 3Bih S ) 48 A O % 527
L, YIS & ORUR LB O 21T > 72, ZOREE, THLEIC X b e E o/ 3
mm , BUFLIRIC L) B ER O 30% 2 ERET S 2 LT, UMEREOHLDH S T
RaGte A4 G E Y A NOHE, BKBO F—A250KKRa 7T THRESND, 14>
WERECEL ug 17V LT, # A M T 10000 particles mi ™' PUF Of&GREHURC b RIS A BEZ L
NIZE TR T 5 S EHWREL o7z, FLLEOMEHGERICEDS W, FE2ll F—2a5
UIKIR 2 7 OALF R AT B ORI oW T GhETHE L7z, o oRi
B2, E2HM P25 UKRITIZBWTHREOEPHBII/NE L, BREE PO EEE
DALF I AT RE & 72 o 7.

@

5 1R — &5 UIKIR 2 7 DAL 54T SR O 15 G Br A LB B L€, BALA ISR
FrOLTRME LS TE LI A L FEWZLZWAZ EIESV LTS 200y - Bl
WHEDOF OBEEZ 1T T2 & F L7z, BB O ILHEST S A & 45itiE S
A, B= 25 UKED 7 OGO T TR 727207z, BRI O/ T &
Ao (A PIREEGHT), B S A ORFNARLGHT), BT S A - KBETREA (¥
A NEEGH) IEH - LET. ZoigEo—iix, BHEige it WieiEE e
15101001 3 £ U8 20710012) 5 L OVKIK I 7 RFEMEEFEE 2 JHWCiThbitE L7z,
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