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It has been recently reported that the direct emission of nitrous acid (HONO) from soils can be a significant source of HONO

especially during the day when a sufficient HONO source has not been found. In this study, the direct HONO emission from

rice paddy soil was measured in the field during the mid-summer drainage period. To investigate the impact of fertilization, the

system with a traditional amount of fertilization (the chemical nitrogen fertilizer system) and a non-fertilized system (the

control system) were prepared. The maximum flux was 40.4 ng/m*/s which was observed after the soil oxidation reduction

potential (Eh) had increased from negative values to positive values. The flux was higher during the daytime (3.5+0.9 ng/m?s)

than the nighttime (1.0+0.3 ng/m?/s). This cannot be explained only by the shift in the chemical equilibrium. The chemical

nitrogen fertilizer system had a greater HONO flux than the control system on average. The reason could be that the chemical

nitrogen fertilizer system has a lower soil moisture content. It was found that the direct emission amount from rice paddy soils

may have a non-negligible impact on the atmospheric HONO concentrations.
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1. B U®HIC

HAER 7 A (HONO) &, KRRHPICBIT 2 EHBRLYo1
DTH5H. HONOIXNFEEIZ L > TESHIZHHE L. OHT ¥
ANENORAERT B, OHS VA Nz, KEHIZBIT5E
BRBRILAITH 5720, OH T VIV OIFEFE % IERECH 5 &
ERH LD, OIS TED 72D BEFNANEE TH b
HONO!Z. OHT YV A VAR DR KI0%REE TEHELH TS
EHE N TWw A (Kleffmann, 2007, Su et al., 2011), L7
»35 T, HONODZEE 2R3 5 Z & T, LAMICOHT ¥
HNDEERDORED D IZENL 2 EBE s 5,

HONOWXEZ I EHEET A 2 206, — R RA T D
BT MG L R A E BRI H 5 (e.g. Alicke et

al.,, 2002). L22L. HHTH HIREOHONO MBI ST
W5 (e.g. Acker et al., 2006), ZLik., HONO OFEA=ADE
fREESIC X AT AEZE El>oTwd ewnw) a2k, Ih
LOMBEHHTE L L) RHONODFEA I, HETH
KFHOFETH S,

AR, HHooE Rtk o TRAERD LA 2RO
H 5 1HEP L OHONOD E#HE R 25 H S, TiEdR D
NO;IRED EAB L AR TFHORY 2L 2 HEDP LD
HONO DS, BEE R IISHH O D 5 7 W HONO 54 4
% BT & LIRSS STV (Suetal, 2011),

THNTIE, 7Yy EZ Y L2BER (NHy) > HgEREE R
(NOy)—> T MEREZE 3 (NO;) ~ & 2L BALEUG. Al RE
2EFE (NO;) A EERER (NOy)~»—HbEHR (NO)~—



250 J. Jpn. Soc. Atmos. Environ. Vol. 50 No. 6 (2015)

LZEHE N0)>IFIREHE (Ny) ~NEZALT 5 BB A
B2 %o AL - BSOS IE— AN I EITHEMIS L 2 UF
DX (1)~(4) DL THESTT 2 (RS, 1984; i 5,
2007)

fiift: NH;+(3/2) 0,—»NO; +H,O0+H" (1)
NH; +(3/2)0,~NO; +H,0+2H" ()
NO; +(1/2)0,~NO; 3)

(D QOIS E. HEAWICERT 27 v =7 BALM
W (AOB, Nitrosomonas)& 7% &), (3) & i fil§ 1 1% b M &
(Nitrobacter &7 &) 12 & - Tirbii b,

izt CeHi,06 +4NO; —>6CO, + 6H,0 + 2N, 4

BLiE, @0 %S, IFILBRT, 5TREE (0,) =, 7
NOALEDY A TIEb D ICRHEEA + >~ (NO3) ZFIH$ 5
YRR T B ER (Pseudomonas denitrificans)
OEBM OB L VTS 5o KEE 2 DA OENIC
X0, FREPCLBEREETL2HISHFLET L2720, 130
123 Ny N,OL NOOSKRAUISHIL SN G, Zofiffb - BigE
SO CHAEEEA 4~ (NOy) 2VER S5,

WITRT Q)OI D & H 12, TS 4+ >~ (NOy)
AH'EH#ETHZ LT HNOZ AR L, (6)D X H iz, &
DOHNO, %3 5 Z & T, HONOZHT %,

NO: (aq) + H (aq) = HNOx(aq) Q)
HNO,(aq) =HONO(g) (6)

INFET, BNERICX S TIEL S OHONO DA MR
i F CHEBIHE SN TWw B (Maljanen et al., 2013;
Oswald et al., 2013; Wu et al., 2014), — /T, 74— F
BIANC X 5 13EH 5 OHONO O S A B % fEZR L 72611
B 74—V FBlNZEBELC, LEIASOHONOT I v 7
ADER, BLO, THEPSOHONO 7 5 v 7 ZADKRARNE
ANDUHG ST B LIED D B AFGETIZ, Fox (2B
ELTKMERERA, Fhid, KATIHMLAERZEE LT
T, BEENLVWI E, T2 KEIZHKIE RSN
THbio, BRIIT VEZTETHET S5, KHOKE
HOdI bR LI, HREMTICR 20, —
SUTHAL S ASEANO, DFFFERE DK L. HONOJ A &
AHRT L LHNEINLDTH L, BEAWMEOREZ R
WDz, AL ZiTh e VwKH (2> ba—LR) &,
AL2A AR %2 AT - 72K (FiER) D2 RSO W THM % 1T -
7oo BUEHHE LT P LOBARA L, $FIC, 84
DRFH I N TR WHRIZBU ARUEEAEICEH L,

2. % %

HONO 7 5 v 7 ZDAIE
20134F7H12H 257 H 16 H £ THIM, KA H A

AEEOKH (36°7'N, 140°23'E) (2T, @l #2175 720 AKH
WEBH/AXE (1mXx3m) L, thoRE@EEL -
(Fig. 1(a))o RCIE, BRI AT o7z a v bu—)b
S AT 2 KM C 3 5 100 kg-N/ha Db 24 28 0 %
fio M % D2 %% HE L7 (Riya et al., 2014), AUEHZ,
B 2R 8885 ((BR) 29 LX) & Mlvi7z. MERHIEAE X T
L D49 HETICAT 5 720 KRICIETF v ¥ 8= % 3D FOftiE
LT 2475720 b, TAx OFEBRXEEMIL. BT
(80~100 kg-N/ha) # il L 7z 7K TdH - 72 (Fig. 1(a)). &
AKi&7 H 10 HIZBIMG L 72 (Fig. 2)o

HONO7 7 v 7 ZQWENEZTAFIv 7 F v N —
% (Hayashi et al., 2006) & 7 4 V& — %y 7 ikEE vz
(Fig. 1(b))e ¥4 F I v 2 F v o n—fkid, IEROF v
UON—Z R, EI-EROFHRER Y ED.
B EN7ZHONO & & H 2R I THFI L, ET 2 HE
Thb, 77 v 7 AOEMIE, HiESN/2HONOZS, 7l
BERIHICTF ¥ YN— 2 5 T B HIEN SN L 2R o4& F
THHDOT, TNEEEHY, —BH0ICHETLZ L
THIH L%,

F v YN—ZEE20 cm FEEOEN e ASH AT 7 e vy a—
FAVTENTZATFT YV ARAF—IVTHER SR, 10 cm B FE
OB FTHHITELAAL, KAWKHIENLSL2mOE
EPLMPL, ELF25—v—7LiGMREZERSEE 2
ET, BRI E KRG EREL, BHRERE L. TOX
7 I N—DBRFERRBREIT 728 2 A 12T~ 7
Y% 3HMY T v % OHONO K £ #FE1297%.
95% & . KEAHDHONO., NO B EIZELY BT
B I EHHER S NIz, WEHERIL. F4FIv 7 F v 3=
DOFIIEASINTze FAF I v 7 F v = d RS
HRTHY ., RO % B L 22 RS R OIR b % i
AT 5 L TRLVABREZITV, EA SRR
ROBADB LW LR EINTZe FA4F I v 7 F v U N—
DOEFHPS, T4V F =8y 7% LT, 4.0 L/min TKA
ZWEHIUIE Lz WEIHE L F v YN — DA SR L
72v Ty NN —ORERIZFY I /min Th o720 74NV T —
2%y 713 Noguchi 5 (2007) O Ex Hwiz25 2BHO
TANE—DHR1%NaCl+2% 7)) &) v ER = &R L
)b — 2 5 H (ADVANTEC, 51A) (228 L 7z (Forrest et
al., 1980)c ¥ Y N—=DLT ANV =Ny I NDTFT TV
Fa—7, 74NVF =3y 73R L. HONO O 55 % Bl
W7E, T4 VE =L L4 4+ ¥ (NOs, NOy) &, 7
U—AvYz2var7F74%— (FIA, 7277 KH)
ZHWTHM L7z MIIBRAIENO,. NO; ® & h & h,
2.5png/L. 5.5ug/L(S/N=3) Tdh o7,

75y 7 ABNE, BENIZ4ARERTE THI3H~16H®
6RF~10ME, 10MF~14FE, 14FF~188F) ., & MIZ 128/ &
E(THRHD21IK~%9K, 7THI13H~16H D 18K~ 6
) ORI E 21T o 720

TR, BRI, SIE. 12, 16WRICEHIIL. 4RI
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(a) Layout of experimental rice paddies. (b) Experimental setup used to measure direct HONO emission from the rice

paddies. MS: Molecular Sieve, ACC: active charcoal, DC: dynamic chamber, FP: filter pack, V: flow control valve, IF:

integrating flowmeter, P: pump.
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Fig. 2 Water Level at the two systems of rice paddies.

DWTIE, FHIZ4RE, KO H A5 0RICEHI L 72, T3
BRI, 2 S B ES em o 138 BB K 2 K SEICERICL .
NOz. NO3iE. Sl D FIAZ AT H 1L HA 52 HIZ1EEEHN
L. NHiiZFs 4 + > % 5 2 (IonPac® CSI2A. HAY A+ %27
) ®EH LA a7 44— (1CS-90. HAY A
F Ao A) B HCTHH L7ze NH; ORI FBRIZS3 ng/L 725
72(SIN=3), THEDOMALZICEN (Eh) OFHMNII L7z Tid,
F oy YON— AT DOEES cm WL L 72 1 4B (EP-
201, BERBAME) 12, R—% 7IVEh A — % — (PRN-41.
WHLT ¢ — 7 —4—) 28k L. Ag/AgCIEMM (4400, HL
T4 —r—r—) *ZREmE LTEHIL 72,

3. BEREEE

3.1 BRABZR

THI2HOEIKEAD 57 H 16 H D6 IS T T RKEEILHE L
Ty B SR O RKIR ISR 7 X ¥ AROERLE T — F 12 &
e, KRRDORBOFYREIX25.8C. & M o F 3 i1k
218CTH o 720 TH14H22:00120.5 mm, 23:00(22.5 mm
DOREWA D > 72 (KEIF, 2013)0 THI2HOE WA 5T H
16 HOW6WE T, £R3DTODFAFIv s F ¥ vN—
& 72 B 0 & 5 % Fig. 3(a). (D)ISRTe 2> ha—i
H MERE L, BT 9y 7 20WMABRONE, TV
Fa—SRiE, THISHI0KE~14FEIZF ¥ o N— 125D
75y 7 ADVBWITHK L, BRMH40.4ng/ms L 7o 7,
ZOWE, Ty N=207Fv 7 ALWML b, T~ b
00— V%, SRR & 232DF ¥ Y N—DFH 5L &,
Z D ARMEIZ16.3+12.2 ng/m¥s (N=3) T, 7H15H 10k~
4RO Y PE— VRN TH-7,

6MF~ 18z B, 18FF~6Mi & & & L CENZTh OBl
WK OV 7 T v 7 A %R L7 R % Table 112R$ . W
REGDbELRBHO 75y 7 201, 3.510.9 ng/m?/s
(N=46). KD 75 v 7 ZDOFHE, 1.5£0.3 ng/m*/s (N=
19) THo7z0 WIZ, T ba— VR ERERZR] % IR L
7z (Table 1)o 24WH DOV EWS &, MR A 5O HONO
7Ty 7 RE, Ay b=V REDEL —HbHA)IT]RE
3% &, 7000 ng/m*/day K & o 72



252 J. Jpn. Soc. Atmos. Environ. Vol. 50 No. 6 (2015)

Table 1 Diurnal variation of HONO fluxes from the fertilized and control systems.
All samples Fertilization Control
Time of day
Average" n” Average" n? Average" n”
8 32+1.0 10 2.7£0.9 5 3.8t1.5 5
12 51+1.2 18 4.0£0.9 9 6.2+t4.4 9
16 2.1£0.5 18 3.4+£1.1 9 0.8+0.2 9
24 1.6£0.4 14 1.8£04 7 1.4£0.7 7
4 1.0£0.5 5 1.1£0.4 2 1.0£0.7 3
All day average® x 10° All day average® x 10° All day average® x 10°
0-24 2.2+0.3 22+0.3 2.1£0.7

" The unit is [ng/m?/s]. Errors represent standard errors.
? Number of measurements.

? The unit is [ng/m*day]. Sum of fluxes for 24 h. It is calculated by summing up the multiplication of flux [ng/m?/s], period of
measurement [h], and 3600 [s/h] for each average flux at the time of day.
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Fig. 3 (a) HONO fluxes measured by the each chamber at
the control system. (b) HONO fluxes measured by the each
chamber at the fertilization system. (c¢) Soil HONO emission
(Pyi1) and atmospheric HONO concentrations. (d) Soil pH of
the rice paddies. (e) Soil Moisture Content in the rice paddies.
(f) Oxidation-reduction potential (Eh) in the rice paddies.

Table 2 NO, and NOj concentrations in the pore water at
5 cm depth [pg/L].

Date of NO, NO;

2013 Control Fertilization Control Fertilization
July 11 10.9 9.5 76.3 81.1
July 13 7.9 5.8 69.7 89.9
July 15 8.9 10.1 72.3 88.6
KEHHONOEE, HHEOpH, HiEE&KE, Ehokk

5125 4L % Fig. 3(c)~(H) 2. NO;. NO; il I A5 21k
% Table 21277 L7zo KA HONOMEE X, 260~350 ppt T
F5E LT W2 THI15H6ME~108121400 ppt % T L5
L. ZOROHPERH S 300 pptiZifd Lz, TiEpHIZS5.2~
6.7. TEEEIKFEIX, 23.5~363% &% E L C\wizo Ehid,
JE A% X510 mV 22 5 680 mV NFER AU EH L722s, 3~
ba—v R, FERGD S - 180 mV LKW EATHEE, 7TH
14 H 8HFLARE460 mV F TEWUZ EFH- L72c NO;. NOs i3 =
Yha—LFR, IR E S 5.8~10.9 g/l & AKHEEE TR L
TWw/zo NOsika v b u—nRIiE, 69.7~76.3 pg/L. il
F1281.1~89.9 pg/L & %58 LT/,

3.2 ZRITHEEOER

COKHETBMENZ7 Iy 7 ADKR&ES L, HEOWY
% #3481 % Oswald et al. (2013) @%Jﬁﬁﬁ%%‘%Maljanen 5
(2013) OFAAE R L RS % (Table 3). 5 D 13EHIC
KeoT8ES TV EREPTXTHEUT 29~ 7 ite
Moteds, TAOBIML/ZHONO 7 7 v 7 ADfHiL, 5
O L 7AEOHBHTH - 726

Hayashi et al. (2012) (&, KHIZB VT, HONO O KA #
£ L HONODOKRW 7 5 v 7 A % A AL 2 WV CRHI L
720 BT T v 7 ZE, KRG ORIZAOfE GLA&E ) T
B o7z h KIS0 ng/m/sFEDOIEDME GEATiI) & 7% b
Z L H% -7z, Hayashi et al. (2012) OB L 72ffid, T3
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PHOBEEBAELZ T TE L ZERETONO E K2 b
HONO s 4 B 3 % B #% 56 4 (2NO, + H,O0—~HNO, + HNO;
(aq)s F7o. LERWMAOEERGIC L H2HREOT T
EEOMETHY . AUROMEEHLBIITE LV, L

2L LTHKT S L, TAolllwE LE#®ET T v
7 23, B OFH B3 S5ngmsTH Y, S OB L7
5.0ng/mYsDEET 5 v 7 ADS50% L Ly, HHTX
BRWHEHTHAHZ VDD 5,

3.3 HONOMHICHEEZS5 A2 32 ER
REITIE BATHZETIHRMBL TV 2 ERAHONO 7 J v
A E G Z TR aELE Lz, g TihiLs
D, HONOJKIBZIE. NO, »EFRE. HNO, »EH, HNO,»
S5HONOBH D3O T at And b I Libh b, T
HONO, DEFREIE. NHy . NO; DEAE . EARENMK L,
pHA S < THEREEAMLWSAET, 22 ) 23 v (Cleemput
and Samater, 1996; Su et al., 2011), +3EFIZB1F % HNO,
OERNE, pHy NO; OEICAELG SN A, RiZIC, TR
5 HONO O il fEiE, SAHICAEAE$ 5 HONO 3 B AR AT
T 5, 2F 0., KEWEH OHNOBEE & KA H o HONO
FEDIAN V) — OFEHNHI o 72 F il R AR 2 2 £ ¢, i
éh% P RARIREE L D %)ﬁ;\EP@HONOo%F"F%P Wi
i, KA OHONO S AKEE A IZIEAE T % (Su et
agmno
SHOBHITIE. BMOT7IY 7 20E)PHKE) b KRE
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Holze HISIK (5) OTFHEEIE, BB T (7 aE
0.5% 2R % (Bell, 1972; Su et al., 2011; Kotz et al., 2014).
BDT7 5y 7 2. BMO24fETH-720T. 7592
ADBRDFNL, (5) DAL DU DTV O ) 721F TN
T&EZRWV, 72, AOBANO; 25 EFEHONO # 564X 5
Z & 20swald et al. (2013) 12L& o> THEEI Nz Lizdto
T BRI HERENS T o722 8 ) MEWOIEEIATE
Bl o722 8, HONO7 7 v 7 ZDHKIZKE { HHE
ELTWwWAEEz N5 (BAEE 1990, Oswald et al., 2013) o
T2 ZLOBMIZBVT, T2, AP ERET S L
HiER D) A33 >~ b a— W RIZHXTHONOFE AR ATK &
Motze THEMBUKONO,. NOFHEEIX, 2RETIFEAL
W3 2o 72 (Table 2)o NOZ #EEEIX. WEMICH B2 21
<. NOJIBEDXAIZb TN T, BERDITH 2520 ng/L##
oy ta—LREDEPoZ NHEWREDIFLAL
M TRUT THhotze 2DI I, THREEFEOEN L
WZEPDh 57D T, RGO FEIZ OV TIERAETE
Lo lze pHIZDWTIL, Fig. 3(d) IR EBY ., iR
DIFI DT NIE N 2D LN S, NH; ANO5 AR 5
HMETHALEZ Y, BboBMBETH 2T 20T, i
EZDOpHAME L . NOJESH W RS ZEZ b b, —
J Ty ALEREIE L 72 R O B IS HREE T B = A L)
VAR EEN TV Z E RN T, pHAYE A - 72 1] fE
HHHFEAET S, Lol fBERE Iy P a—VROpHDE
FIREE DT T, W E bEELEETH Y. HONO 7

o fze TR O THMHEIZER269C, K H25.8C T T 7 ANIRKREGEEELD EIFEZIT W,
Table 3 HONO flux and soil properties of this study and previous studies.
- Oswald et al.?
Thlsl) Maljanen et al.”

study Low pH samples Mid pH samples High pH samples
pH [-] 5.2-6.7 3.7-4.8 5.4-6.9 7.2-8.8 3.65-5.05
# of samples 1 4 7 6 11
Maximum HONO flux 40.4 1.0-3.3 1.3-34.0 5.9-282.0 <0.1-5.7

[ng/m?/s]

NO;? [ug/L] 6—-11 <LODY-3.3x10° <LODY-52x10° <LOD”-3.6x10° <33-0.1x10°
NO; ¥ [ug/L] 70-90 16 X10°-54x10°  0.4x10°-110x10° 19Xx10°-3000X10° <44-980x 10°
NH; ¥ [ug/L] <LOD?, 1.7x10°-110x10° 1.0x10°-25x10*° 1.0x10°*~110x10° <13-18x10°

-205
C/N7 [-] 22.5 18.9-39.2 5.4-14.6 10.5-98.0 17-54
Soil moisture content® [%]  23.5-36.3 68.8-577.1 35.0-116.1 24.0-63.5 35-2010

! Concentrations of NO;, NO5, NH; in pore water were measured [ug/L].

? Concentrations of NO;, NO3, NH; in the soil were measured according to ISO/TS 14256-1 (Oswald et al., 2013).

) Maljanen et al., 2013. Unit conversion is as follows.

Y NO;/NO;/NH; concentrations in pore water were measured for this study. As for Oswald et al. and Maljanen et al.,
extracting solution was poured in the soil samples and the NO,/NO;/NH;, concentrations in the extracting solutions were
measured.

% Detection limit is 5.0 X 10? ug/L.

¢ Detection limit is 53 pg/L.

7 Ratio of total carbon to total nitrogen.

® Gravimetric soil water content relative to the mass of dry soil at water holding capacity. Some soils are able to hold much
more water than the soils in mass.
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RICEKRETH B0, GAEIZa Y v a— VR TIE3IT~
45%. Jti iR TI1E23~36% & % E L T w72 (Fig. 3(e))o
Oswald et al. (2013) &, &KZEI WA T %#F T, HONO
T7I 9 I ABERTLEIEEZFUL. KEIS0%LLT
THONO DA FERINTEBY, KELRDLDIT. &K
M5 %IEE TH - 72 (Oswald et al., 2013), SO~ D
BITIE, HERO KA, EREIE 728, HONOFEAE
BERRKEDPS>TRELD 5.

SEOEM T, HONO7 J v 7 A D KAz Bl L= o
2. THISAD 10K S 1403 = VR TH - 72
WA TIREAMOKRE ZE—27ER SN %h - 72 (Fig. 3(a),
(b)) ZOHHIZIK, LHOEhOZEALYE 2 5N b (Fig.
3(D). Eh& i, TIEFORRLEMOD 2WHE L ET/EMO
HELWEDOWRELTHRE Y, LD X)) HMAL - EITS A
CoTVEPDIETH L. BMICEONH AR . BB
(05, NO3, NO7, Mn?**, SO3") &N 2 5 &, EhdsEATh
RYL b, TP U—IVRTIE, JEBIIARR IR TCIRRE
T, THEEhZATH 7205 HAKICE Y O, s s &
A%, THIAHDBZIEICHE U, 1 X ) BRILiic %
DHABSER I NPT ho T2 ERNEZLNL,
EhASIEIZ7%: 5 & NH; O L TTE 2 MbsEE (N,0) 28
HHELRL T RAZENRESIN TS (Yu et al., 2004;
Riya et al., 2012), —7. MR TIX. KMA0cmili b ¥
A X VTR TR - 783 (Fig. 2). W2 FIER2 & Eh
PIEDIRETH > 72720, T TIZHONOAMZ L i s T
W REEAE 2 B b,

Ehid, B#ERBOMFLEEZRI LT WERBEORE L 2
LT THRL, MAEWEEOEBEE S %25, +500~600
mV Pl E OIS Tk, AOBAEHEIL L, 0% v T
NH; % NO; ~EE1L T & % (Eldor, 2007) # X5 cm®Ehix
+470mVTH o 7275 EBIF LY B EHENsh S
(EBES, 1986)s L72255 THEBTIZAOBIHMED L.
AOBIZ & A NO; A1 & NO3 20 5 HONO O TH #5653t &
RTVIRRIZH o 2R DZEZ 5N 5,

3.4 KHHIPSDHONO7 7 v I ADKREEANDEE

HONO 7 7 v 7 AW KRIMENG- 2 %5082 Wb 5 7:
DI, Py [ppt (vv)/h] &9 $515% v 72 (Su et al., 2011),
Pl S ZOREAR v 7 212 E N7z HONO 25—k 121’
ETHE LD, 1R OREOELE [ppt/h] %
KLELDOTH S,

Psoil =3600 F/(aZ) (7)

Ty Flngm¥s] RSN TS5 v 7 A, alZHfLOZE
42 % T, HONO D H; £5a=572X10"° ng/m*/ppt T & %
RARORS (Z) 1. Zhang b (2009) A1 HONO 0
EHMOuEEEEZ~350mE LZ2RAFED Y Z2Hwv,. Z=
300m & L7o Fig. 3(c) 12 Puy & Bl X 417= K41 &) HONO
BEZR L7,

BB O HONO O G dE i BE & L3 % Blill Sz K&
FRIREE SR 72 B 12 1E. HONO O A 1 BE & Sl fift e 3ok F6E 70
BN EoTVBLEND L, S OB Z ML 72 KKIRED
WL 320 ppt. AR BE 25 K = 0.0007 s (Wall et al.,
2006) D4, FefREEEE X, 810 ppt/h & 7 ) — Y 7 Mt
JEZ AT 5 T B JEMER D Py D H 4B 58 ppt/hid, SGFHEELS
X % HONO D53 E > 7% FLE D HE TH - 720

Kleffmann (2007) &, 5[ 5k EE O HONO 238Ul S 7z
Mgz 2w T, BB OHONOA K & 1x. i i #5200~
500 ppt/h. ZB4+500 ppt/h. #R T EE2000 ppt/h T 5 & L7z,
ZL T, BHOHONOA K ML LT, dbLmonT
\»% OH +NO (25~35 ppt/h) %, NO, + HO, (<18 ppt/h) 72
JTRIDEREREFIHITERVE LTS, RAOBIIL
72 Py D)8 D31, 77 ppt/the 42 O 3FE31329 ppt/h T
Y, HEHTELVWRESTHDLEZ 5o

4. ¥ &

TEPLRHETLIHONO 7 7 v 7 ADERE & RAMBEN
DRBEFEMAEHYE LT, KHLELARBEFT LD
HONOZ L& % §i~7z, % HONO 7 7 v 7 A D KH
3y bE—= VR T404ngmYs. 7T v 7 ADFHIE, &
#13.5£0.9 ng/m*s (N=46), %M 1.5£0.3 ng/m*s (N=19)
Thole ThiF, HEY V7)) VRV RENERDg
THFE L EDMETH - 720 BREKBOT T v 7 ADKE
BOEIT, THREOEIILZEENPKEVEEZ LN,
FNELC & 2 MBS RIRE OIS L 2 M BIIMETE 2 d o
7o HONO7 7 v 7 AR R D i a y bu— LR & D
REPo 2D, T, EAREOENHAHONOT 7 v 7 A
DRESIIEEBLZFZTwDEEz20N05, T/ 3V b
T — )V RIZB W TEhA R EA L 7220 K 1 # 12 HONO
7Ty 7 ADPHERIICE L ol AN oKETEN Sz
TS OHONODOEEA T 5 v 7 ADKE S, EH
TELRWHETHLZ ENDbhr o7,

CHE

AWEFEE, HARPRIRE AR 2T 7e 24 Tl 7B GRER
524710003), ZE#EMNTZEC GRERE525502005). B L O
WrgEB GREH 526281034) iz 2 £ Lz 7=,
(EIWF) B SEBRBEFAT A SE AT O MAE K EBECICIE A4 F 3 v 7
F X UN—=IZOWTDOT KN4 A%, (Hh) JeiEE s ss
WFRBERE DI TR IZIZ 7 A VW F — 2%y Z 12OV TDT KN
LA AFNEEF L0 STITELSHEERLE T,
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AKHTIEH & OHAEE A A (HONO) E#FET T v 7 ZOWEB LT
KA EN D255l

RS AR PRl ARLL R SRR, Fia P
e Y, K AESES, W WEL MK RN

1 BERURTORY: TEELE Y A7 A TR 184-8588 HULUHR/N ek T 2-24-16

2 ERSISBHORY: AR HRBETS— R A v b 181-8585 HEER=E HikiIN3-10-2
3WEET RS Za—)vf ) RX—=2 a3 JHf5eiE  183-8509 HURUARNF =AMy 3-5-8

4 7ITREGGMEE > ¥ —  950-2144 HEIRHB I IX S 11182

5 RKBRRE S ASBAERFSERT 537-0025 KBt S0 X il 1-3-69

T3 & OHRER A A (HONO) D EHEIEEAVEMIAAET 2 RHEHOHONOJEER & 72 ) 4 2 BRI S LT %,
Fxid, KHOBTFLMIEIZ, 4 F3Iv 7 F vy vN—=he T4V =y 72w THONO O EFEIEREZ T L 72,
B sN727 9y 7 ZF, BATRGE L FBOME T, IRAMEIZ40.4 ng/m*/s TH 1), TIEOBALRICEN (Eh) 25- O RICIRED
SIEDBALIRBICEIL L 2B TH o7 T/2n 75 v 7 2 HHICE L (3.5£0.9 ng/m¥s). HHIZA b o 72h (1.5+
0.3 ng/m’/s). 77 v 7 AOBKIE TIEIRE OB X 2EFFHEHOM D L KRR 7200 TIEHIITE Lo 72, ERHE D
WHEERRL 72012, b¥FEFER 2 BT ERE L 72% GEER) & EHEEOR (¥ ba—VR) O2FR% L7262,
HRRAD AT bE—=VRELYDHONO 7 7 v 7 AASEH L TRE P -7z, T, THEPONO;. NOSIZENZh o722
Lo, RO R IEOEGEKEPEr o722 EFHEE LTEZLNDL, SR EINZT T v 7 ZOKKFHONOE
JEANOREBIIEHTELVWREETHLI DDA T,



