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Hydrogen Carbonate in precipitation derived from Asian Dust

gO R-RE BT
Izumi Noguchi *, Hiroshi Hara™

ABSTRACT: In an attempt to identify the ionic imbalance, hydrogen carbonate, HCO; (bicarbonate), was
determined together with the commonly determined nine major ions because the imbalance was frequently
encountered in the chemical analysis of samples with high pHs. Titration method was applied for the
determination to the samples with pH higher than 5.6. These samples amounted to 102 of the 1,536 samples
collected in Hokkaido, Northern Japan, from April 1998 to December 2002. Of the 102 samples, 74 (Group A)
showed an acceptable ion balance without including HCO;". In the other 28 (Group B), however, inclusion of
HCOj successfully improved the ion balance. These results suggested that HCO;™ was a potential candidate for
explaining the imbalance. The hydrogen carbonate concentrations showed a strong correlation with the
corresponding non-sea salt calcium (nss- -Ca® ") concentrations, which implied that HCO; was derived from
calcium carbonate particles 1nc0rporated into falling raindrops or cloud droplets. For Group A, the relat10nsh1p
between HCO; and the nss-Ca®* concentration was very similar to that for commonly suspended particles in
Hokkaido. On the other hand, Group B exhibited a stronger but significantly different correlation. To the
samples of Group B, a back trajectory analysis was applied to demonstrate that the samples were associated with
aerosol travelling from Northern China or Mongolia.
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BET=S ) 7ICB0WTE. T—YORBEEHIIBOTCEETH 5, BKIELZIIBW TR A
VEBATYDINTG VR (AFVINTUR) BERNTWBZER2AN, BIESNEHRDDA 4N
VABEH L, HIEBROBEEZHEZR LT\, L OBFE. BKBADOA L NNT XL 9 DDF
=4y (H (pH), S0, NO,, Cl, ML,M,%%M@&UK*)@&T X3 & B (EANET,
2000; JME, 2001), L2 L. BPY7EEMENE=Y 1) 2y b—2 (EANET) 2817 % 1998-2001
FORRTIX, ARPELINVDYT U=, TLIDREDHBRICBIFZT—YEv b (Th
SO T IVAY RIBIZBDN T pH $8WV) Tk, 14U NNT 0 XOEENEZEINT,
BEMEWTEEEPH 2 & LTER (75 v ) HMFi 5 7= (EANET, 2000; 2001; 2002), Lh L
S DOREHMECIIBEEEERBCLAATHNON TIIRFRERPETWE IS, 413
VND U RIIRT BRBEDHSDEENH B LEZ SN, —F, dLiEE TS pH (pH5.6 DL L)
DK BNV TIZ, BEREA 4> (HC0) Z2MACEHMET 22 LI2E b A 42 INT 2 XDELEN
E&éhéﬁﬁﬁﬁénfmém%mmetu 1995)s LA L. BEZICLZE=FY T2V b
7—72 (JADS) ICRITFB~Y=—a7)VE EANET IZBIFHA~Y =27 NWVICBWTH HCO X h F h BEMH
Ehd, @a@«ﬁﬂﬁlﬁak EEENTWRY (IME, 2001; EANET, 2000).

UEDZeh s, JADS B BANET f& 2 SdcdbifE@E CHE S W=k Ekl 2 &2, HCOy oA 4
NI UANDEE R T2 LI, ZORRZER L=,

St HEREBREERI IR ZE Y9~  Hokkaido Institute of Environmental Sciences, Kita-19 Nishi-12, Kita-ku, Sapporo 060-0819, Japan
“HBE T A% TField Science Centre, Tokyo University of Agriculture and Technology Saiwaicho 3-5-8, Fuchu,
Tokyo 183-8509, Japan

—207—



#£1 BEARUVCEPTVEBEERTY Y VT2 VI—2I2k B4 F 235 2 ZFEEND 28 HE

s : Collection | Collection [ Collection| Precipitation] R1 | pH [ HCO; [ Noy [so ] o | na* | Mg | K [NH | e [ HY]
ample Site .
Start Date | Finish Date| days mm| 9, neq ml
BulkT | Hidaka 18-Sep-08| 22-Oct-98 34 291.6| 132] 373 3077 NDJ 1437 7291 7151 831 1777 03] 134] 19
Bulk2 [ Otaru 29-Sep-98| 16-Oct-98 17 53.8| 24.8] 696] 97.7] 109] 30.8| 764| 641 158} 1.7 6.2| 108.2( 0.1
Bulk3| Otaru 16-Oct-98| 30-Oct-98 14 55.6| 8.8 6.65 593| 6.1f 354| 195.8{ 166.6| 35.1f 39| 65| 70.7] 0.2
Bulk4 | Otaru 30-Oct-98| 12-Nov-98 13 773] 16.4} 654 111.0] 155} 57.7| 152.0f 128.4{ 31.9| 44| 150 133.3| 03
Biilk5] Otaru 24-Apr-99| 28-Apr-99 4 491 197 717} 176.0] 30.6| 101.5| 170.0| 158.5] 42.0| 6.4| 39.9] 203.1; 0.1
Otaru 02-May-01{ 09-May-01 7 7.1 41.8( 7.29] 236.9] 419 90.0/ 13.7] 110} 12.6] 3.9/ 44.3] 28321 0.1
Rishiri | 22-May-01| 19-Jun-01 28 120.5] 94| 6.88 94.11 287| 142.6] 210.2| 176.6| 65.4| 12.6] 31.5| 1742| 0.1
Rishiri 19-Jun-01| 17-Jul-01 28 95.6] 11.4| 7.12| 146.8; 189] 161.8| 299.5| 280.2| 71.6f 24.0f 18.8| 208.8( 0.1
| Sapporo | 06-Aug-01]| 13-Aug-01 7 22| 11.2{ 636] 325| 142 325 251] 169 79| 25 3.0 59.0( 04
Sapporo | 18-Mar-02| 25-Mar-02 7 13.5] 19.1] 6.521 130.2| 23.7f 99.1] 171.0] 156.8| 53.5| 13.6| 19.5] 188.6| 0.3
Sapporo | 04-Mar-02| 01-Apr-02 28 349| 143 638] 110.1] 38.0] 124.3| 173.8| 148.4] 50.5| 9.8 51.3; 188.4] 0.4
Bilk12] Sapporo | 22 Apr 02| 30 Apr02 8 16.7 1 11.5] ¢.00] 272 22.8] 383| 464| 33.0f 125 32| 65 792| 1.0
Sapporo | 26-Apr- 30-Apr-99 4 20 94| 639 843 20.3| 100.6] 165.1] 1412 364| 55 343 107.1] 03
Sapporo | 18-Mar-02] 25-Mar-02 7 18.0] 24.2| 6.34| 1085] 14.8| 54.5| 99.2| 87.2| 349} 7.7] 14.3] 1311 05
Sapporo 15 Apr 02| 22 Apr 02 7 481 87| 617| 35.1| 342 89.1| 909 81.1f 29.7} 6.5} 405 96.7( 0.7
Sapporo ' | 06 May 02] 13 May 02 7 27| 81§ 5.86 59| 15.1) 527| 117.0| 124.6] 224| 5.2f 382] 25.6( 1.4
Sapporo 24 Jun 02| 01 Jul 02 7 1.9 108 5.97 14.0] 184] 386 268 238] 69| 28 503] 191} 1.1
Rishiri 01 Apr 02| 02 Apr 02 1 23| 99| 6.54] 192.1| 91.0f 413.1| 305.3] 475.3] 89.2| 27.0| 134.0} 261.6{ 0.3
Rishiri 08 Apr 02| 09 Apr 02 1 1.7| 9.8} 6.76] 115.7| 89.6f 214.1 193.9] 1522 73.2| 14.5| 1004 264.9| 0.2
Rishiri 16 Apr 02] 17 Apr 02 1 152 | 15.9] 6.65 16.9] 97| 248 108} 112} 72| 1.2 115 31.0] 02
il 07-Jan-02{ 14-Jan-02 7 6.3] 88| 594 147) 121 190 161 19.6] 45| 3.2 31| 2438 11
‘omakomai| 25-Feb-02} 04-Mar-02 7 5.1 10.0] 6.15 25.0| 309| s52.1] 350| 55.8| 174] 62| 214| 428| 0.7
'omakomai| 11-Mar-02| 18-Mar-02 7 16.1} 10.4| 6.10| 26.1} 23.3| 524f 67.7] 69.9| 221} 45| 260] 536} 08
il 15Jul 02| -22Jul 02 7 18.6 | 129] 620 352 269 416| 159 108 74| 107[ 757} 41| 06
11 Mar 02| 18 Mar 02 7 159 | 88| 586 46.6| 42.0| 94.3| 132.3| 135.6{ 33.7] 8.0 664 750 1.4
Moshiri | 18 Mar 02| 25 Mar 02 7 9.6 | 19.1] 658 281.2] 654 175.7| 321.2] 321.3} 94.0| 239| 54.5| 3342| 0.3
Moshiri 01 Apr 02| 08 Apr 02 7 8.0 | 11.0f 6.12( 45.7| 483 1113 204} 356; 21.8] 50| 747 86.6( 0.8
4 Moshiri 08 Apr 02{ 15 Apr 02 7 11.1 | 18.5] 6.13] 108.0{ 558 1147 87.9] 84.4] 428/ 9.7 60.2] 177.5| 0.7
"RT: (Cation sum-Anion sum)/Ton sum (Jon balance of 9 major fons) 7777777 Short term sampling (<weekly sampling)

2 WEH® ‘ S

HCO, Bl R RHE, dbiEEICR T 1998 £ 4 H~2002 &£ 12 BIZEERE = 1536 Rt o
102 &kl (pH5.6 U LT, BEOOWHE. 30nl U EDOHLDIHE-7=bD) TH b BEAGRIZREK
FEBR MR B E H 5 WL BRI EEREEEE Z AV, BEAL, BEAH 2 WA BEATERRE W,
REEIETEERBE D EPLICAF 2T o TV AM, 2B/ RVWESRRBBEHD Z2NE I —F—FKy
7 2ZRICEARZHERELT WS, pH i pH A—%F— (EBR=EA HS-30S, DKK TOA Co.)T, BREER

BEREERET (EERZEA (M-30V, DKK TOA Co.)THIE L. EREEA A > (805, NO; ROt C17) Rer
B 4> (NH, Na', Ca*, Mg®RO* KX, A%, 14> 271~ s> 7% (nodel DX-500, Dionex
Co.) ICLDHEZITORZ. BB, TOBRI HEEL 6 R4 0f#z (C: Cation sum) &, 3 &
g4 4> DfM%Z (A: Anion sum)&RT I & & T B,

HCO, DMEICH = >TidpH 4.8 7V A ) BEOREICAHWS W HEE (FiER 0.005 mol II{E
H) 2RW\WE, ZOfIcd HO, REAEIF. VIV R4 rn~ bME Bh) D LEE
% (Granat, 2001), #RBEER(L-FRALRIGE (Noguchi et al., 1995) ROk D S LIC X Bk 7
< NS 7 KB (Fukuzaki, 2003)E0H 20, AMETCEI IV R4AF 707 bE
EDIEBMREHERP S, KERETHRKICAHWS N, EANET 2B 2 KERAEY =2 7NVIZHRE
NTWB7IVA Y EERERAWE(EANET, 2000). KAEIMBOTHERTHSHH, 0nl L EOHAMNES
MY 9 5 (Noguchi and Hara, 2001). 7I)VhVERIZKL S HCO, OPEIZBR LU CIZEHEIWHEEE
(HIRANUMA Reporting Titrator COMTITE-101)ZF T3,

HCO, EEIZ LA T DA 53Kk 515 (Noguchi and Hara, 2001; 2002).

[HCO,"] = f*a/V+[H']-15.85(V + a)/V
[HCO,] : HCO, 3B (neq ml™), f: BREBIEEE (neq ml™?), a: MEEFEEE(n]), V: BkFEEE (nl), [H] : BkEHOWIH I
¥ (neq ml™)
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HCO, BEZHIZE L= 102 EH$tD
M. HO RS ERVEE § 44>
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Backward trajectories (72h) using FNL Meteorological Data at NOAA web site

6 JIN—7 B IZBITBEH REEEAT
(NOAA @ Hybrid Single-Particle Lagrangian-Integrated Trajectory Model R 7® FAL
meteorological data {2k 3) [http://www.arl.noaa.gov/ss/models/hysplit.html ]
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(C-A) EEZED HCO, BEICHY T LBMEIhTWSZ LIk 3 (Noguchi et al.,
BIFBEEIZEL. V)Vv—7 A ORI, ﬁW@m —Hh)v

COEREHROEEIIFRO 7NV —T A
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