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Instrument schematic of a water-soluble acid

Fig. 1
gas/PM, 5 monitor

AP, air pump; FM, flow meter; WT, water trap; MC,
mist chamber; WD, parallel-plate wet denuder; C,
cyclone; ATC, - ATC;, anion trap column; PP, - PP,
peristaltic pump; V;, 3-port valve; V,, 6-port valve; LP,
liquid pump; EG, eluent (KOH) generator; GC, guard
column; SC, separation column; SP, suppressor; CRD,
carbonate removal device; CD, conductivity detector;
S, and S,, sample bottle; v, vent; w, waste.
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Fig. 2 Typical instrument outputs for a 30 min cycle,
sampled February 13, 2015 and 83.3 nmol m™
standard (liquid-phase calibration)
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Table 1 Concentrations of water-soluble acidic gases
and anions in PM,; sampled from February
12 to March 2, 2015 in Tokushima, n = 844
Ave.) +S.D.” Med.” Min.? Max.®
HCl 4.85+3.08 4.36 <LOQ" 16.48
HONO  22.19%18.47 16.13 <LOQ" 164.42
HNO; 9.54+2.52 9.39 <LOQ" 23.87
SO, 101.57 £71.99 93.36 <LOQ" 303.62
cr 3.78+6.48 2.09 <LOQ" 64.53
NO, $.37+1.99 2.75 <LOQ" 12.06
NO;” 25.16 £ 31.49 14.48 <LOQ" $10.01
SO,* 92.61 +55.33 92.89 <LOQ" 429.39

All units are in nmol m™. a) average, b) standard
deviation, ¢) median, d) minimum, e) maximum, f) below
limit of quantitation.

L7z 25, KA T HCL 0.78 nmol m™, HONO:
0.14 nmol m™®, HNO, : 0.04 nmol m™>, SO, : 1.23 nmol
m™, CI': 0.73 nmol m™, NO,=: 0.13 nmol m™, NO,™: 0.04
nmol m™, SO,”: 1.14 nmol m™ & 7z 5 7-.

Fig. 2 12, MmO O BEHER B OV FEBRIC KR & 5047
L7zt &0r7u~ NI 0%RF. 7ux b7 7 AI101,
3050% 1A 7 Ve LT, ArPIOREHRET R, %I
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DHMES D 15 TOFMBETHEEIGHEIN TS, &
B, HClE Cr ¥— 7 ORHCHB LY — 7 1355MmE s B
b sD, FHEICIEES Twawy, B PcEs I
HEDH B, HCLIE 7.4 %, CI 1 26.3 % A5LOQ % Flal-
7275, ZOMo HIK 51 97.1 % U EASLOQ UL ETH -
7. WHEROTBIIH T2 RAERIINKEOH A BL
min"/0.5 mL min)Z X 5ICKELFTHZLT LOQ Ve

#L, BRI ENT 2 L Ebhb. 72, #
WHIR R, IA T v v N— 8B T LBKMET 4V

% — (3 Y RTH, Fluoropore Membrane Filter 0.45 pm
FH) OZcH% 1 (2 A 16 H 12:00~17:00), {1 >~ 1
< NI T OB T A MK E 2| (2 A 17
H 16:00, 21 H 16:30) 7> 72. T 5 OEAMEE % O EH
F—=F IEERICRTLEEDbNAL®, 2 A 16 H 12:00
~18:00, 17 H 16:00~17:00, 21 H 16:30 ~17:30 ® 41}
Mix “F—ral” L7 ZOMoUEIZMER L F—
FENHETELZ LD, RFETHEELF VT4 V455
Wiy A7 2%, EBMMEO 979 % (77— % 844 %4
W) RAVTFF VAT —THBBLI-Z LIRS,
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Table 112, 20154E 2 H 12 HA*5H 3 H 2 HF TIZEII S
NI KB TR & PMos \CE T NDEA F ViREDF
g, U, RAMERORRIEZRY. %8, LOQ & T
[l5725—%1Z0nmol m™> & L CHKEELZER L7 KE
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Table 2 Correlation between the concentrations of
water-soluble acidic gases and anions in PMy5

HClI HONO HNO; SO, CI'  NOy NO;
HONO 0.098
HNO;  0.590 0.221
SO, 0.460 0.091 0.223
ar 0.104 0.055 0.094 0.168
NO,~ 0.097 0.579 0.104 -0.041 0.118
NO;~ 0.303 0.148 0.120 0.384 0.537 0.385
SO,* 0.358 0.097 0.106 0.536 0.453 0.223 0.680

Correlation coefficients above 0.5 are shown in bold.

TEWETE 7 A DI EE X SO, > HONO >HNO, > HCl ®
MEICE , SN o oFHHRER, 5T 2012 F4F|C
BT AHBE=Z 2L D HE S/ (HCL: 2.47+3.29
nmol m™, HONO: 22.55+19.14 nmol m~, HNOs: 7.30 +
6.51 nmol m™, SO,: 79.76+49.63 nmol m™>)'¥ & [/ L X)L
THolz. —T, PMos ICEHINBEA F ¥ DOFEIGIRER,
SO,” >NO; >ClI >NO, DJEIZE L, SO~ & NO, 134
A+ VREOIHLEEZ EOTnW F2, 2T0LH%
L, Mo BHHE THRE SN TV S S0V L Rk
Tholz.

HIBMREOHBE AN 2175728 25 (Table 2), F
WCABRFETH B NO,” & SO, MOMBERE (r) $70.680
ERDEWIEER L7 RICEWHBEZ R L7251
HNO, & HC1 [ (r=0.590) TH Y, ZhdDBEN 212
SIS 5 PMy; OO NOy & CI ITH BWHHBEBEG (r=
0.537) HAHSN Zhd, ROPITRTEIIE, K
LW D HNO; 28 NaCl & s LT HCI & NaNO, & 45k L
Pl Bbng (X)) ORTglpld, ThERFA
E RTRTHLZIEERT).

HNO;, + NaCl,, —> HCl, + NaNOs, (1

F72, 2011 SEEFICHET TBI S 7z HNO; & HC
B OMBIREIE 0874 EHEE S TWR"Y. KR THS
N724Z® HNO,; & HCl B O BIRENIZ 2011 FEF LY
DEL o T B2DS, T (1) AR ITEIRKSE
HrE L, RIBOBOEFICKEAL VfREIh720L
Bbhb Zofoks Tid, HONO & NO, B (r=
0.579), SO, & SO, [ (r=0.536) THIMEHRE 0.5 LD
IEOMHEDRD ST, THIEHTAEDLD PMy, N, $72
X PMy; 225 W ATEN L E OB L HER T (LS ¢
B BERSIRE OB E L2 2n e Bbh b,

3:3 HAZXE
B R ORI 07— % 2P LT, HES O
HHNZEBNZOWTHES L7z, Fig. 312, BRI RO
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Fig. 3 Circadian variations of average water-soluble
acidic gases concentration, anions concentration in
PM,;, abundance ratio of gaseous compound, and
meteorological data during winter (February 12 -
March 2 in 2015) in Tokushima

The average times of sunrise and sunset were 6:40 and
17:50, respectively.
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IR & iR A R L7z (9 REE 17 BF) 1, RO
A & R Z R L7z 6 22 2 REfEN T
Wi FCIT, 2O F 4 A5 7 ZHIE LT HCL g &
RO MBEOW 21T o2 A, MIER (r=0557) X1
bEWHHE (r=0.835) 25 b7z —JF, CIREI,
M TRELCEH LTS, AR HNERIZA S
Nhholz. &£Cl (HCI+CI) ©95 5, HAREE L THE
LTWBEEOEEEIZ 571 % THY, FHEEAIX 325
~75.4 % DHEPFATRKESEH L T 7.

HONO X, OB 0BRICY — 2 28¢5 1%
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Fig. 4 Average concentrations of water-soluble acidic
gases and anions in PM,; classified according to the
pattern of air parcel trajectory

Arrow A, via northeastern China and northern part of
the Korean Peninsula; B, Russia; C, the Pacific; D,
southern China; E, southern part of the Korean
Peninsula and northern China. The line width of
the arrows shows the relative frequency of total air
parcel trajectory. The numerical values below the
circular graphs show the sum of the concentrations of
water-soluble acidic gases (HCI, HONO, HNO;, SO,)
or anions in PM,; (CI', NOs, NO;’, SO42_). The size
of circular graphs is proportional to the numerical
values.

FANRSLNTWS (K(3) D My & M, 13, FNENETT
B LA D R 74 T— & — % F3) 27,

QNO?(g) + HQO(mrfacc) — HONO(g) + HNO;(g) (2)
NOg(g) + HoO + Micasurtace)y —
HONO(g) + MOX'OH(surfacc) (3)

ZH SO THE SN HONO OZE)E, Bl
JL S A 4 km B 728 5 BRERT THIE S 7z NOy, O
BEABEEMLTWEZ RS, R(2) £R(3) TRL
PREROFGIIREVWERDbND, NO, BEDOLE
X HONO BELFBLTEBY, WiRERTEHVHE (r=
0.666) D OLNTz. T2, NOy & LTHELELTWSE
HHE L, £ NO, (HONO+NOy,) D9 5, 82.0~90.7 %
(P31t - 86.3 %) A5 HONO & L THAEL T Wz,

KEH O HNO; 13 NO, OBRALIZ & ) kAT 52,
Hix, 4) ONO, & OH I VI VOSHIBIZ L Y
R L, OH 9 ¥ # VIBEOKRWIRRIZ, X6)~=X(7) T
AN L 72 {00 R R IR B R 1 THE T 5 NyO; DAY

—IEAS HNO, D FE 5 AEEfE L 7 5.

NOy + OHyy + M —> HNOs + M (4)
NOgg + Oz = NOs (g + Oy (5)
NOs g + NOyy —> NyO; (6)
NoOs g + HoO (urtace) —> 2HNOs (7

AR TR S 7z HNOs DZEENE, NO, DI FEZEE)
EHIBT B & BbNA, HNO, 1 7HRED S 1288 T ©
WHAKHREE, 18 A S 2 U F CTIXERECHE L, NO,
LR ERLE. K@) WWRT LI, Adho
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VOBEEE b, ABIBHIIATETHY, HEET
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11.6~42.4 % (CFHfE:28.0 %) VI &h5, K&
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LTHELTW 2 LI 5.
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WITAER SN2 TR, REERXICE > TRALZ
WHEEZRIB L TWwWA. 4S80, (S0,+S0,7) D95, SO,
ELTHEAEL TS EA1340.7~59.4 % (CF 31 :
522 %) Thotz. 72, 24REIIBIT BEEE G DL
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ICHART/NHEL81% Thote.
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M8 H D 7278, ABFETIE 30 45 L AZHH 77— % 78
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BWORAF M EIHET A EDPNETH - 7.

Fig. 4 12, ki 5 HMORILT &I H IR 51 %
L7 R %2 Rs. BT AR PM,, FREA + » O
Eid, WIFhb A A 53D TEil, R C TR B
7z, ZHLCIRIRFEPSHRAL TV A2, KENPS DK
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Table 3 Ratios of SO, to total acid gas concentrations,
SO42_ to total anion concentrations, and SO4Z_
to SO, concentration

Air parcel [0:1/ [s0,"1/ [50,”1/
S[acid gas]”, % S[anion]", % [SO,]
A 76.9 71.4 0.74
B 62.3 80.6 1.28
C 56.9 65.1 1.19
D 79.9 76.9 0.89
E 76.5 82.5 1.22

a) [HCl] + [HONO] + [HNOs] + [SOs], b) [CI'] + [NOy ] +
[NOs] + [SO.™ 1.

BHEROEBIIIIEAEZITI T RVwWEEDNE, 22
T, HWNEBOMHHER LD, RE#ERZEO TRV R
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This paper describes a simultaneous analytical system used for atmospheric water-soluble
acidic gases and anions in PM,y;. The analytical system, consisting mainly of a parallel-plate
wet denuder, mist chamber-hydrophobic filter based particle collector, and ion chromatograph
provides automatically two acidic gas and two PM,; data with in one hour. We applied the
system to the continuous measurement of air pollutants at Tokushima, Japan in the winter of
2015, and obtained meaningful data in 97.9 % of the sampling period. The average acidic gas
concentration and anion concentration in the PM,; were, respectively, 4.85 % 3.08 nmol m™ for
HCI, 22.19%18.47 nmol m™ for HONO, 9.54+2.52 nmol m " for HNOj, 101.57 % 71.99 nmol
m™ for SO, 3.78 %6.48 nmol m™ for CI', 3.37+1.99 nmol m™ for NO,", 25.16 + 31.49 nmol m™
for NOg~, and 92.61 £55.33 nmol m”™ for SO42_. Characteristic diurnal patterns were observed
in several gases. The concentration of HCI fluctuated with changes in the temperature with a
2-hour time-lag. The concentration of HONO peaked in the morning and middle of the
night, and its behavior showed a similar pattern of NO, concentration. Backward trajectory
analysis suggested that a high concentration of SO, that was emitted from China was
transported to the sampling site, Tokushima, Japan.

Keywords: online analysis; acidic gas; PM,5; anion; Tokushima.



