IREFRMAHEERE (5RF-2102)

Final Research Report of the Environment Research and Technology Development Fund

RIZEMIFURSHEESRE RTMERRRESE

moR K oo 0 EHEMERHE EFR)
%OE MO M o0 2021 (HF3) EE~2024 (FF6) EE
BL. HRERET,
#® @& & % ¢ 5HRF-2102

® % W & 5 : JPMEERF20215R02

Mo R OE & ¢ BOBRIIDIRIPRERBICYOEH R REREEDMHEILL .
RS HMAICE T S BEEGERIC & 2R

Project Title : Development of Measurement System for Individual Components of
Ambient Nitrogen Oxides by Thermal Dissociation Method and
Clarification of Their Behaviors by Year-round Continuous
Observation at Multiple Locations in Kanto Region

moE KRR EF D OBRL R
B R R B ABMERAREERE AR EERER A SERT
W%k o H B

¥ — U — F 1 ZRBIY. HEEAFTEU N BOEE BIRBR N—FFY
TEFINVFA RL—h

I ARSI EEERRTOEDTY, £, SEBEOELMIARESERRRDEDNTT,

&7 (2025) F11A

MIIITBUEN

S BERRRARER ZREBERSEIE

Environment Research and Technology Development Fund ental Restoratio ation Agency



REBMITREGHEE KTMERREREE 1
R B 3
- %N+ 3
5 1 U 3
R S S /D =% - D 4
I D R R B ] > o 5
1. WHFERR 6
) R - — PP 6
) - = I PP 6
L. 3. TR 6
L. 4. BRI - TS . 7
L. 4. L. B o 7
1. 4. 2. BT R R B 9
1. 5. WHERERCE I, . .. 21
1. 5. 1. HWERREOZEMNERZLBEBRESEADEBR. ... 21
1. 5. 2. WERRICEISHEEBZEDESRRIKOBECETME. .. ... 22
1. 6. BRI R DR . 22
1. 6. 1. BRI RO . 22
1. 6. 2. FERIIEAEIR. . 23
1. 6. 3. FEERIEAR R RIEE. .. 23
1. 7. BEBRERIIFGEEE DRI oo 23
L. 8. BB BRI 24
2. MERRERO—E 25
(1) BEEEEAENE . 25
() BT ot 25
() BB 25
(4)  OFEFER - AR A IR 25
(5) ERE DRI - EIRTEE] DM, .. oo 26
(B) N ARAT A T EAND AT - BB . 26
(7)) BB RRRIT L B B 26
(8) B AR T 26
VERIFRR - FEHEELE 26

Abstract




IREFRMAHEERE (5RF-2102)

WFiERE S
<EAREHR>
Hox B 4 EHRSERSE ()

2021 (®FN13) EE~2024 (HF6) FEF

go 5 HE RS

R REMMA BL. 6 BOYMEES &S,

WoE & B 2 TR RAFIS

£ 5 = = (EAEE 6] AR - K THEEOBEEH - KEDO-DONERNOEE
& (LR O - fRERIZ S 2R

7 B = — X

B | & = S5RF-2102

w 2 B B 5 JPMEERF20215R02

W oE omoE e BN REIZ £ b AR P IAE R LY OB RS BERC RO L. BRE
v : Hi I 35 1) 2 B ARSI Kk B 25 BhARAA

WoE R E EEH, =

WOk R E K NS AR N B B BRI AN B SR R T A

Wk S O

Wk W oh K B EIE R ER Y Y X —. BEE IR BRI

D AFEBIIBIIABD TEND - AR DALHINET,

<ARFEAEH] >

BT 7—< 1 [BORIEIC LD KRIIFRERBIY OEFRMRERE RO &, BRSMAIZE T

2 B EGEHNC

K B EHFRA |

<HT5F—xY—&— (81L), MESEE. RCHEHIE>

el PERE & HEZ 3z K4 — RS E AR

D —&— HEHREBEA | [IBEH - RE | F(F (AR
HREARERNZE | T2 VX —H
SRR B

W& HEHREA | JIBEEH - RS | fIEHEYBE | Bt
HEHBRERNZE | T2 VX —H
RS2 ZF}

whE HRAREAN | [JIEZE R | EEMEE RRERR
HREARERNZE | T2 VX —H
2R ZeFt

W& HEERMERE | KKRER FEHEER RRAEER
FRZEFR

W& BERRERNZ | KKREHEY | EF il BB
ERt v &2 —

T AERBHEEIRFEADTENSD - B HERDALEINET,

3




IREFRMAHEERE (5RF-2102)

<WHERBEDER>

FE EEEE (H) FEEE (M) BEEF (M) &% (BCRLEE)
2021 4,387, 7184 1,001, 216 5,389,000 0
2022 3,530, 156 812, 844 4,343,000 0
2023 3,530, 156 812, 844 4,343,000 0
2024 0 0 0 0

2 A 11, 448, 096 2,626, 904 14,075, 000 0

T REMERGHERDHRE T IMERBOXEREZBAHIZECREFIILLEDTY,




R EHER [5RF-2102]

<HZED EAHRE X >

MAREIC L DRIPHRBRRACY DERIR D BEREEDHEL L,
RRZMRUCE T 2 BFERRAIC L 2FEH

2021~20234FF
ERIPBRIER PR 8h R

m%mﬁiu\gﬁ
AKRBLYE ORI ZVWERBEAFESBELY HIAPICH-2BFEECHEEETHALETF
VEVFEBBLARNILOOH B VVEETHREINATWS
v 03PMasDERICEESE 42 —BLEER (N02) A, L WEFEDBDODRWMLEDEFAR L. &E
énfcﬁ*ﬁ'cﬁzmm%%ﬁwéztc:;o'cigﬁ'ck—u,’é;é%'%E@ﬁ,ﬁkc BELTW3AT

LD B
&5 Fip R
+ RO2 (perowy radical) _, | peroxy Nitrate (PN)
+ RO (alkoxy radical) Alkyl Nitrate (ANs)
+ OH > | HNO3

EEMTORCERTICES FE RS TOHACFERERL

EiGAEFEDOMHL B ICEH 1T 5 EGER
MNREIC K DIREBRBCY DERI K BEAIE

CH1 Room Temperature NOZEE 185 %wﬁﬁ NJ
- e

CH2 150 ~ 250°C BELRENFERL X — |
NO2+PNs (PANZ%) s

CH3 350 ~450°C

NO2 + PNs + ANs

CH3 550°C ~
NO2 + PNs + ANs + HNO3

£F v ALMOEREEBILT PP Il xmenAsERnEORERT
REXBRCYOBRIRSBELZRET B enTES || HEIRFEEZROZTRH X
XN B BREEHT 5

"TonspHR
vV ERMEOEEMELEHORATERADFEIOVWTHLAICT S




IREFRMAHEERE (5RF-2102)

1. 1. WEER

—fgftER (N0) RO ZEBEESR (N0,) THERINZAKTDOEZRRELY (Nitrogen Oxides: NOx) I,
REFOEFRMEEHIEY (Volatile Organic Compounds: VOC) & HHRIZHALZERIEZRZ UKALZEASF
VEVRNDOEDTHBAVY (05) 2ERTEIENMMOENTVS, EENGLFZTOBROKIGIZEDRELU <
YefbZA X XY N THBPAN (Peroxy Acetyl Nitrate) XPMy sDHIERATDH SAHEE (HNO;) ZFAKL. 0
2HERT HEBERIGH SIFE) BRIAINSE, 25 UENOLDELRISIZ LY ER I NS LEWEKIE. N0xz2&
OTHERRRY (N0y) LRI NS, PANIL0; & FRRIZ H X MEOREANDORBCCHEHEN BRI N5 Z
EMG6, BREWRTIRIITVERN S IB0ERITHIT THIENEES S ERMINTE -, UHLRETIIEET
RO MBENEVERBIEENFETE, FL—YEY T 1 OEENINZRIEENE R L TWS0,% 351k
FAXFVEAVNEUTHRELTEY, EARTDEEMNMEL ., ENEEENBDELPANODATIEEIZET S
WEBIRAD U7z, —HF T, KKRFOREZFRIEWD > B, NO,DOBILKIGIZ LY ERK I B Peroxy
Nitrate (PNs, PAN%Z&d) *°Alkyl Nitrate (ANs) . HNOs& Mo ZZNOxEASADFRERIR(EY (NOz: NOz =
NOy - NOx) (. NOXIZHERTAKFIZBII2FGNEL, BEME LIV EEZFTHONGIZOBRI N, 0:04
BRIGIZEES T2 eNEZ6N5, KIFELZNOXOFEETH 2ERBRFTICHNTHEEEPHERT
HALZEA X XY MEBRL ANV (—RREEN120 ppb2 B A2 E D) DOMHIRT HHEENEVMEMIZH
5 MG, FEMSETERL ZEREGONGZVENEINZELTHEERK L TSI LN REBING, Th
SDTEZEHSMNIT IR, KREFOREZMIOERIR D IEERIEE 2 LT 5 L iz, BEEERH
BIZHWTHER U 8002 SV OMEETER T 5 2 L T, Bt 0REER Y DEE) % (5712 f78H
U. #BABACTEREII NS EEEDGIIN T REEMONYIZEGFEEGEZHONITINENDH D,

1. 2. #HEEWN

AWFETIE, FITRERRRIMOERI KD & EREENTEET, ZE L -BEENE SN ERIEEEIE
FIZEDDHRIE T2 FEEMLT S, BRD 20T S2FEL UTIIRORIEERFT L, BENELZ
EU-BEEL 185 - O DIEEAR OEE R OB AEERET U, REAEZEEHIL TS, MESEE LTI
FEDEWCAPS (Cavity Attenuated Phase Shift) ExEFHWS & & E1Z, &V ZMARIEZEFNIEIC X BNOxET
HIZEEZ A LU TRV, (EZEFREEIC X 2 EIERE RIS OB TEE M 2 ME5T - 5Hiid 5,

Bz U7~ 8HIFE 2 VT, BEISOMSIC B WTERI 2 EMT 5, JHIE S I3 E s EBER 2R
At GHEEIHRK) . HEEBENZERY Y & — (BEEMAT) . HEEASBIEMEr (BEEE
) DOMEEL TS, IhSDOHIEIZHEEBIREDH, S DZESIENEM L ZEAIC L D EE X SR LI
BV, MEINIERYENLEEL R L L CRELMATH R LE 2D, ARFEIIEFEMADOREIICEE
LIS DHIFIZEWTERIZ1TS 2 L TREMOEEFITRERBIEMMNED & S RKISBEREERE TV
NEBOEBOMRETEN T I 2HIEBL TV, TRAZFNOEAIEEIZE VT, ZToMBOAKEE
DIFEWMF %18 5 AGBRER R OMEEIHERLE BEME - EREREREMER, Mt HER
ERIRIER RS, H)IE 28  BERBRENZERY V4 —, BAEENR  BEEEEBREMSEHR) L
TEMUTERENY 77 T35&K0 L5, BEITERELZT—XIIODWTEREERL. RERRBRL
YOI EBEDHAZECEHEENCOVWTEREBDI L LEHIZ0 L DERITOVTHOMNITEII L
=HWE T 5,

1. 3. #HEERE
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1. 4. 1. HEAR
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1. 4. 1. 1. HIEREEDOREKRTKIE
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X% X1-4-112RT, BORORIGEIZIZEXI00 cndAZEE (AMZ12 mm, AZL0 mmE U < 138mm) % Fw
7zo RISEDLEFANZIZST Y Ml —& — 28 1), PIDHIGEHEEEN DW= BREFRER (7 A7V TR-
KNK) 12k ViEEE Y ba—ib U7, CHR2RUCHIDY Y Ml —& —(1Z13P-23 (MRt B mHiiiif g
) 2RV, REBRTEEENEL R S5CH4IZIFERADPE-23 (MRS EEFEMHERR) L5 3y 78R
fF (ARF-30MC, 7 ¥ vI{bE8ERr) &AWz, REBOTIVEZIX3IBFY LV A4 K27 (FSS-0306N, 71
T#) IZEoTEF Y U AINEIEFICHETE S E5HIIL/Z, MBOTIDEZIZZA— VL —2Y ]
A RNNVTIERETLHI LTI IV EZ- (K1-4-2) . Fy oAU BEZ RIS EDT—XI%
BB UTEHNL, B¥20DT—Z2FAL X,
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UBERMGEIZOVTIXL. 4. 2. HEERKUEEDEETRY ., CHUIXZERIZERE UN0DIRE % 5HH
UZzo CH2TIZARZR R FDNOIEBE IZIIZPNs DY S DB HRIZ L V) AR U 72N0.DIEE % EHEI U /=, CH3 KU
CH4ATE [EIRRIZPNs, HNOsh SEADER U Z=NOSINE X NN IBEZEHBIL -, EF ¥ VR IVEDES 2L D
T XIZk > TPNs, ANs, HNO;DBE ZRET DL Uk, HliEEE IZEER A OB S ToORIE % £
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FHEEEEANEBIIRUIINERETANE—RE, B TTFyaAUN—2EL2HOTAREEABFD
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— & TIINO LA DPNsPANs, HNO3® FRRIZNOIZETT LT U E 5 /20, RIFEOBHIZILEX W, TIZTAH
RETITHR I N—2E2ER L. NO,DAEBIRIIINOITEBTLT A2 LT NO,DEEL FHEICHIETX 5 X
SUCEEFEL /2, KTV N—RIZIZKESIS nmDLEDZ BV =, N0 K& CHONODIRIN I 12 DWW T X 1-4-312
AT, KVIEENEOAMNODINERIZE LT SH, HONOAS & BIREICNOMER X WD -, NOJEE ZiBA
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FRRCARE L CTWAINGDNN—I = —Y a vV F a— T RUOBFEHEE SEIZ, PTFEF 2 — 7 KR UOPFAF o —
TERAWEN—IT—VavyFa—TEERLE (K1-4-5) .
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PNsDRBEEERENZ X7 b 7IVTk R (EL 7 4 W AFEHMEHRR S, 015-09576) #XN—IT—Y a3 v
Fa—TIZHALTE b T7INT ROERE T 2 % 54 X8, NOAZES 2 (9.8 ppm, EEEILGERSHE) £
TR TEMAN (SP-5-2H, & UREHAFEMRASHE) 295 L I12L > TPAN (Peroxy Acetyl Nitrate)
AU, AW, ANsOREHEEFRZIZButhyl Nitrate (Bt 7 « )V ARG S4E, 353-18832) %%
RU, N=IZ—VarvFa—TIZHAL, EEHTAERKE XL, INO;DOELE H 22 IFHIROIN0/ S — 3
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T—YavFa—7 (KINTEK, HRT-006.60-2022/60) %{HfE UIBMEN X &5 b X/, /-, DEBD
Efi M % 5ER 9 5728, N0, PNs, ANs, HNO;D4FEZIEE U /- 1ZHE A Ak % 38 DHEIEE %fjtﬁéﬁﬁ%i
L 7=,

1. 4. 1. 2. ERKJERDOEN

ERRIZE T B3EDEBEDFMM 2R T 5720, 2022FFITHIHERERZMERN, 2023FEEITHE
BELREMEM CERQOLATERRZ ER L /2, RAERERIZEMEAIZE T 2 WATERRITIZ202286 7
14876202286 A21 H DM, 3EDEEBETERML /2, HEREEREMAAN TOERIDOUATEE132023
F6HENS2023E8HTHDHAM, HEAR—ZDHE L2ETOEMEL 72,

R R RO = T DBRAZ RIS 5 DGR SEAT D 5 b R HBRE R EAT (REEIRK1-T-
5 . BWERBREMZERY Y Z— (BERMATLERIL) | HEREEREMERR (FERIEH Lk
HT378) D3MRT2022E6H29H2 520228 11810H, 2023FE8FIB» 520241 H1TH OHIFERK U 72,

1. 4. 2. RABRROEE

1. 4. 2. 1. HIREBEOREKRUKIE

N—:I—ya/%: THEERAOCTHBUEES 22X, %?v/iwwhﬁémmbt(llk
6) o I Z CHEENIZEFIEDNOxGETE AWV THEIE I NZNXDEESFE U, KISERON,DEE 5T
o/ EERLTWVWS, MI-4-6DFERE2E LIZ, BF ¥ U AIVDERERE S L BB RITFK]-4- 10)150
L U7,

Butylnitrate
--O--PAN

K1-4-6 ERRU/ZN—IT—YarvFa—TIL> THIR U ZIEE T ADIRE & D ERDBER

Fl-4-1 BF v VR INVDEHEEE N0 A\DEHRNR

| PNs | _ANs | _HNO, |
A HRE 180°C 320°C 620 °C
Zigh 95 % 99 % 78 %

AIFF TR U N0 R D N — B D ER 2 X 1-4-TIZR T, NO.DFESERIZLELT IR (1) Rdid@
V. NOLOIZHfEd 5, —AHT. SRRICEVERLZIXTAPNI0ERET S I L ThEREL (K
(2)) « 0:&NOEDRIGTHUNEZFET 25720 (K(3)) . WHNLBRENEHEIIRG) DRIGEES R
BRBIENEZOND,

NO, + hv » NO + 0 (1)
0+0,+M—-0,+M (2)
0; + NO - NO, + 0, (3)

SeorfRa V/f—&'G@NOZQQﬁEb\%EEJZi'CO)‘EF IHTHANO RS, LEDODJEiRE, MHEE CTORFMEIZ &
TED->TLBH, EEITLIZHHNGEEZ L ONMBRE2ERTIHNENH S, KFEIZEOTHIE
UZ=NOEE D RR % K 1-4-TIZR T, NOJEEAY250 ppb FE THMRIIERINZEA U, 100 ppbFE TIX80 %

EDDREE Rz, ERKERNIZE O TIIRI-4-TOHERE VT IEMERNEE ZEH U -,
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395 nm LED (2 & A NO2# R
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B HLCAPS v.s. B [E CAPS HRACAPS v.s. FEECL
10 + 12 +
s oo 10 A 8
' ® NO2 y=0.9578x+0.4893 . e NO2 y=1.0022x+0.2787
i 8 Dd
g 6 & PNs o > PNs
2 ) & 671 Y
% sl /.ﬁ ANs ‘5 /'/’ o ANs
y 41
i"f , y ® HNO3 y=1.0376x+0.2498 g,j‘ yd e HNO3 y=10003x+0.251
Ra T 4
P + t t t | / I s n ' y
2 2 a4 6 g 10 2 2 4 6 g 10
-2 -2

E5ICAPS [ppb) E5CAPS [ppb)

X1-4-9  NO,. PNs. ANs, HNO;DIEATEHEN 2 & R\ /- I B ER DUATHERR
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4. 2. 2. ERKERDENR
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[Abstract]

In recent decades, Nitrogen Oxide (NOx) and Non-Methane Hydrocarbon (NMHC), which are
precursors of photochemical oxidants (Ox), have been decreasing gradually in Japan; however,
environmental standards of Ox have not yet been achieved. Particularly in the Kanto region, the Ox
concentration tends to be high inland areas, suggesting that air masses from the Tokyo Bay coastal
area emit high concentrations of air pollutants, which react photochemically during transportation.
Nitrogen dioxide plays an important role in photochemical reactions by forming Ox via
photodissociation, while forming peroxy nitrate (PNs), alkyl nitrate (ANs), and HNO3s; as NOx
reservoirs. PNs, ANs, and HNOs form NO:z via thermal dissociation, suggesting that they may form
NO: in inland areas and contribute to the formation of Ox. In this study, PNs, ANs, and HNO3
concentrations were measured at several sites in cooperation with a regional environmental
laboratory in the Kanto region. The thermal dissociation method was used for the measurements,
while the CAPS and chemiluminescence methods with an optical converter were used to detect NO..
The instruments were calibrated using the permeation tube method. Observations were conducted
at the Tokyo Metropolitan Research Institute for Environmental Protection (TMRIEP), Center for
Environmental Science in Saitama (CESS), and Gunma Prefectural Institute of Public Health and
Environmental Sciences (GPIPHES) for the periods 2022/06/29-2022/11/10 and 2023/08/09-
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2024/01/17. There were clear daily variations in NOz, PNs, and ANs in GPIPHES, and HNOs in TMRIEP
and GPIPHES. Although the concentration of compounds at GPIPHES tended to be lower than that
at the other two sites, the ratio of PNs, ANs, and HNOs in the total nitrogen oxides concentration
was highest at the three sites, suggesting that the farther the air mass was transported, the more
oxidants were produced by the NO2 supply through thermal dissociation from PNs, ANs, and HNOs.



