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Abstract A particle collector that allows high time resolution monitoring of particulate matter was fabri-

cated and coupled with an ion chromatograph for online analysis of particulate ions in the atmosphere. The

system was applied to the atmospheric observation for over a month in Tokushima, Japan. The average partic-

ulate anion concentrations were 6.42 nmol m * for Cl~, 18.8 nmol m* for NOj;, and 22.1 nmol m " for SO%".

The atmospheric particle collection efficiency was more than 98.4%, and the continuous observations were

successfully achieved without problems.
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C, 5Lmin" (20°C, 1atm) THLHI 3 2% X 9 (2l L
726 YAT7U—2 Y M —F—ORIEIZIE, Kb
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Fig. 1 a) Photograph and b) schematic of particle collector.
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Fig. 2 Instrument schematic of an online monitor for an-

ions in atmospheric particles. AP, air pump; ATC,
anion trap column; CC, concentration column; CD,
conductivity detector; CRD, carbonate removal de-
vice; EG, eluent generator; GC, guard column; IC,
ion chromatograph; LP, liquid pump; MFC, mass
flow controller; PC, particle collector; PP, peristaltic
pump; SC, separation column; SP, suppressor; V,
6-port valve; WD, wet denuder; WT, water trap.

SN TWD, WHISNIZKEADH B, ILERE O K
ERIKBWETADKRD, YTy v TF=a—F—THA
MW TH 5 0.5 mM H,0, I (ZZE FLH L) 124
SN, B E NG, —F, HEURED /NS R KY
Bk, vy b TFoa—F—%i#lBL, BREOR IR
WHER RS CTHEWOMAKICHE SN S, MHHERL
H 1) A& K7 (Rabbit, Rainin) * W T = v k
7= 2 — % — 1213 0.25 mL min~* plate ', KL TR E
AT 05 mL min ! DU E THEWE L 720 R IRWE
L BERE, A IArTAF U N TS
TIZHEE SN Do BB S NWERIL, 6 HNILTH
O—RRTTa Il EBboTwaBMIZ, 657NV
TN HE i X N7z i&Hi 7 5 2 (Ton Pac UTAC-LP2, Thermo
Fisher Scientific) Tigfi SN b. ZDH, 6 5NNV T
BA VT2 MR a Iz EBELL G4AM) 2
& T, KOH VA i 36 A= %€ 1 (EGCII KE&Ab 71 1) 7 A
BHE Y = AL —% —7— N1 v ¥, Dionex) THRK
L7 EBEE DS IBME S T D2 A MBI T — K
Z 2 (IonPac AG20 2-mm, Dionex), Z7BE7 5 2 (IonPac
AS20 2-mm, Dionex), ¥ 7 L v % — (ASRS300 2-mm,
Dionex), % EEFR %5 /%4 A (CRD200 2-mm, Dionex)
DNEIZ N, EREEERLGFTHRIES NS, 14
yrua< NI 7oR#EEsr e XL A 6870 b
75 7 4 —5 —% 3 A5 A (Thermo Fisher Scientific)
TATV, WS, AHEREE 6 mM, AT &
0.25mLmin"!, 7 J AME40°C, 7L v —EiiHE
4mA MW7z,
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Table 1 Collection efficiency of atmospheric particles
using new and used filters for 36 days air sam-
pling at Tokushima, Japan, n=16.

Test filters New Used

Test period  2019/02/28 04 : 45 ~08 : 45 2019/05/17 03 : 15 ~07 : 00

Cocr

0, 0,
CE (%) (nmol m ™) CE (%) (nmol m ™)
Cl” 99.2+3.03 0.59%0.14  100.0=0.00 10.8+1.4
NO; 99.5+1.72 6.43+1.39 99.9+0.03 12.8+2.3
SOi” 98.8+3.44 2.06:0.30 98.4+0.73 14.8+1.4

CE, collection efficiency; Cpe;, anion concentration collected with the
first particle collector. The collection efficiency was measured by con-
necting the second particle collector in series after the first one, and
calculated by using Egs. (1)—(3).

0.4, 0.5 mLmin" & 2L &8 7 A% 5 W5 W] HE 7 KA
BEAMFALAZLEZA, WINOWHERKREICIBWT
b5Lmin ' CTRAXWEITTRETH D Z L2 L
ol DLEORRE LY, REEHFOMERTE L
0.5 mLmin~', KEWH[FEEIE5 Lmin ' IZHE L 720
Table 1 |2, ARIAHERIC & 2 KREK FIRYE 04
BB L MRS, GHER2 22 EHNIIDO R W THiE
R PEL2E & EOH%ER) THES LA
T UEE R R T HILWBIKET 4 vy —F W
HAEOWEDNEIL ITNOBAF Vb 98.8%
Db EECiEs RS SNz, 72, Table 11214,
T O KSR IR - oo M il 421236 H R L
BT 1 v — % W CHENRZHIE L 724
bHOLETRLTVS, ZOBASIIBWTHIHERNE
1398.4% VL ETH Y, KRIEZRZL 2 H D &g
BEEEMERE Lo F FEBHETRETH S Z L AHERR S
N7ze BB, REKTRYEHEROMENEIL, K
TR LR DR B DS, RIFFETIEERK
AW CTR T IRWE O 5B b T ICHERN Rz &
LTwb, T/, AEHREIVIZY b T=2—-5—D
THRICEHEINTWELD, YTy hFoa—4F—¢&
RGO N TR T-HREA R Z > T A T EE
Hbdb, 4k, RTENOHEDFEL LR THEE
AUETH LT, RMEROMREDS L Y AREIC S 5
TH»)o

Fig. 312, FLWHEKMET 1 vy — LfEETHO KRR
KR o A 42 12 36 H R L 22 Bk 7 4
VE— (HEDEOWEIHEH LD LE—) OE
BAERT . WM HEZEDAK TN TS EFTA
HEINZD, B)I—FKA—b 710 VF—=1ZBLT
1236 o @M EZ b HIBEAS Loz, &
52, ARERY A —KRA—=bT 4 NVF—%FH LD
DKL TETANVY —DIAMEZRAREZ A
(n=2), WIFNOFAKMET 1 V& =12 b BHITBIZE S
g, 122 AL EMEZR CERMEHT L2 E2WEET
Holze T72, Fig. 3b IIRT L2, KifiE#HTlEE
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47 mm

47 mm

Fig. 3 Photos of the sampling filters a) new and b) after air
sampling for 36 days at Tokushima, Japan.

R 77 EOIFKB R T SBKE T 4 vy — RicE
HL T o, KRABIHIOMEITE & O ICBARET «
VE—IIBITBEIEROBMABHEN SN L, Ll
5, #9120 H 0% (n=3) 2BV TiE, W»w§
N FTED KK ES Lmin ' 25HEFE SN TB Y,
JENEROZEIEETE L LR b,

32 FLTA LMY AT LDOMEE

REBEM O ClT, NO;, SOTRAEBH AL T4~
MY AT HIZEAL, HTRWEICEENL A4
DO EMMEVEL L 720 WINORERIZBVTD, Ik
SERREL () 0999 DL o B 22l 25 5 7z, Ml
DEEBLIONA T 20 NTITTDONY T 75
YRV TFVD A X (SIN=10) & Hv TRER 45
BB IcBIT A= PR (LOQ) 2N L& 25,
KA A DOLoQ (KRAM&A R, BB A 50L)
¥, Cl:0.0260 nmol m ™, NOj: 0.0342 nmol m*, SOZ:
0.0315nmol m™ & 2 o720 %k, KON AT A1,
6 5/3)V7 (Fig. 20 V) ’u—FK /A4 xrvar
Ry va iy Ebs I e, REBEHEOEWD
T ANOREHE L BRSO EHE (8 - B 2 Th
NDo REKFIRWEZHME L -FBERIE, 6 AN
WINA Ve varRIvarkroTnbI
b6 NI TITEBE SN D DRI SNV, ZOR
BE5 0 CTH L7720, ROGWN Y AT A% RS HEELS
GTHRB L6, KRB OEREIZS0L (W5
& 5L min"?, WHIKERH : 10min) & 72 5%,
2019F4H1H2»55 A7THET, EEHIZBWT
Fig. 2D F ¥ 54 Vit v A7 A % BE 4R EE 15 45 C
B2, REMFRYWEICEINLEA A+ RE
O R % 4T o 720 BUAETH 2 S 2w B o
IE, ClIETRNTORBTLOQ LETHD, NO; &
SOTIZBWVTY, ZNZFIN99.65% & 99.97% D # T
LOQ % LAl 5 720 — #0912 KA o B [ 45 fift B
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TS L BMWEOBIMEEIZIRT § 225, KoM
AT AL, EETORSK FIRWEICE TN L FEE
A% Vs w WM ERE LS TINS5 ) 2T,
SHEBBEREEAETAE VR D, RO Y AT LD
MR T 2AF 7 0< 75 7 OnHERH
WEOVHESINS, Lo T, EH, &S5 T A
LAy NI T ERHT L LT,
KOG AT LADES R BNA AN —"Tv MEH T HE
Thbo

B T A H Lok T IR B AR (H,0) ol 78 BLAt
W ER BRI CHEfaT§562 L TE 2, 7272
L, RMMEOEGBIZAT ) HEE, MFIRWE L
BRI 4 SN 72 &S BURIAG e 2B % J2
WREMEDSD 5 720, HIBS O M2 H O R % 5
% 9 2 CRENF- IR B4 75 0 WY 70 P i 1 3078
Thbo T/, SEOBH TGN FIRY EHE
EPICERE LT L 72A%, Il s <o 2845 ¢ i
M 2961%, HEBROEMEIEREDPLETH L, &
B, RKRLIH EO23FBETH Y, KimlL10°C =T
%2 &0 E LINTHTARMES T H 7S gl 2
127225, MO N7 7 )V b 7 < 10 H [ o 8 e il A
THETH - 726

201944 H1HA2S5 A7 H F TSR TEI
ENFRERTIRWE CEETNLEA 4~ OFEiE
FE (n=3451) (X, Cl:6.42+6.67 nmolm °, NO;: 18.8+
18.1nmolm™®, SO?:221+21.0nmolm > CT&H » 720 7%
B, AHEROFHEDFITNILOL F VgD
100%, LOQ % Nl - 727 — % i30nmolm™® & L T4
BEEAEB L, 72, &7 — 7 OFHMED10 15 L
L POBEET 2007 -5 D) bSO 4
DEofEzREEE L, WEFRLDA F v S REHE
LR, FOBMOT—% ¢ _NTEHL L (FEH
L7 OE A 1 0.26%) 0 M RWHEICEEINDEA
I 2 OFEEEIL, SOTSNO;>ClI ThY, Zhbo
I EEE, BRI X R TENREL L0 TH
I TE R VDS, 20194FE5 HS HA 55 A2 H
B SRR ERER Y v 4 — (fEETH) THlE S
NIZPMy ICEENBEA F > OFIERE (C: 216
+3.15nmol m®, NO;,: 7.67x4.78 nmol m ?, SO : 32.2+
140nmolm™, n=14) & It ClI & NO, TZNZEN
3fEL 25 E L, SOV IRTEHDL ARV TH -T2, F
7o, RGP ATLATIS I eIl nizastr
BEOH D1 (Cy i ugm > & BBEE KRG
Qe EIREN Y A7 4 (AHEEE) O SPM gD
1 EERIE (Copy, wgm ™) (ZIEAE 75 72 IE DAY B4R 25 5E
5 3 (Fig. 4, r=0.697, p<0.001), C's ion 1& Cspn P K
20% % 158 T 72 (Cy grion= (0.19820.007) Copy+0.390+
0.128) o KAHL T IR E D 30% % & 40% 2 EE I3 AR
Y TH Y, FTOERIIMMBIE L MMBIETHL &
MY, T TD Cy i/ Copn (SRBRETH S LB D
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30 —

cZanion / Hg m3

Cspy / Hg m*

Fig. 4 Relationship between the sum of hourly average
anion concentrations (C's ,,,,) Obtained from the on-
line monitor and SPM concentrations (Cgpy) at the
roadside air pollution monitoring station, Tokushi-
ma, Japan, provided by Atmospheric Environmental
Regional Observation System, n=_864.

Nhe LRI, Ry A7 4 THELNH
EMILX, EBRORGHTIRWEIRE % & 5 R IR
WL TWA DD EHEER S N A,

4. #%
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B 72D\, Fl kIR B R R R BUE - B L
Too RIHELIEHEOT Ty b F o2 —F— LA
bETHEHTAIENTE, T RWEORERE
X, 984% UL E B RE R L. £/, 12/
Db odEfEHATETH D, WMAKIIBNTH 5
LHREEA L TV, AiREEZHWALZ LT, Y
MIZH ) REMTFIRME I CZENEAL V%S
e 0 AR T X 5 2 A7 A ORESEIZEIN L 726

Ei| B

PMy; I ENDAF VGIREDT— % % TIRE 72

WE LSRRI Y vy — [ L E T
¥ 72, AWEge o —E6i, ISPS #HFE (FRE T 5 17K00521,
17KK0011), i HEANT7 b 7V — 7T R B X
OE B RSB (SHRREEAN T =% v — 4 (iTEX) &
b FER T 8 U BN RERE) oL iThi g
L7
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