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Study on the NMHC Source Fingerprint and it’s Photochemical Reactivity
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Abstract

Hydrocarbon source fingerprint for five major sources, vehicle exhaust, gasoline
vapor, petroleum refinery, petro-chemical, painting solvent are estimated.

Ozone maximum value for these six fingerprint are calculated using CBM-III
chemical reaction model and isopleth of ozone maximum to NO, (0-0.1 ppm) and
NMHC (0-1 ppmC) concentration are plotted. Computational results showed that
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Atmospheric Environment Division, the National Institute for Environmental Studies, Yatabe-machi, Tsukuba, Ibaraki 305,
Japan.
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Visiting Fellow of the National Institute for Environmental Studies, Present Address; University of Illinois at Chicago,
P.0.BOX 6998, Chicago Illinois 60680, U.SA.
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hydrocarbons from petrochemical and vehicle exhaust have a high reactivity.

As a whole when the ratic of NMHC/NO, exceeded 10, ozone maximum
concentration mainly depends on NO, and below it depends on NMHC concentration
but at the low concentration level these tendency is not significant.
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Table 1 Emission of hydrocarbons from the major fixed source®

(BLfI:t)
2 & & 2] I 48 F B B n 53 F .4
o m(H R (% R ® (%)|8 H R/|H E (%) Hik £ (%)
7 3 v} 100 — 100

B - bR 67, 000 {5.2) 42, 400 (3.7)

B MmmowEmm|  saw| 2| 0% DTl an| M) s
[ it il 62, 800 {4.8) 78,500 {6.9)
. 7 3 v b 69, 800 (5.4) 27, 000 12.4)

i v B # R 4,900 0.4) 74,700 (5.8) 3 600 (0.3) 30, 600 (zn
BENE SO+ 2 1,600 (0.1) 1,500 (0.1)
- 2lamEREM 350 (2.9) 45,500 (+.0)

. ) 54,

" % ? 2 & ml T e e B ™ et A R
#l le o #| 56450 143.4) 562,800]  {48.7)
{v3MAaTat+2 200 — 100 -

B aow Mg 7o+ A 109, 600 {8.4) 109,800 (8.4) 99, 100 (8.7 %.200 8.7}
EFEHNREN 42,500 (3.3) 32,800 12.9)
¢ o 1| eRmFBITEEM| 65000 (6.5) 52,800 (4.6)

DR - 7AEA 115,500 ©.0) 295, 200 (22.7) 105000 .45 226, 600 (20.0)
T s ABEHN 51,200 (3.9) 35,000 (3.1)

# # | La301,200] (100.0)| 1,301,200 (100.0)] 1,135,7¢0| {100.0)| 1,135,700]  (100.0)
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BEEL S OR{KERERE, 2ETETLHNRON0%, SHEB IR EED
TV3aY, ABE, 5> ORIKEOHN I, A APISENS LOE, Hot soak &IiZKAF
ZNb, Hotsoak &1, HEH LY Vo HEHANE, ¥V A sr0HERATESH SN TN
BLETECBF VI CORRTH S, 22T, FITHEHF V) L ICEHAZESE, Hot soak
KOWTRAY Y yREDREAFBRIAOR TR,
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EOBMEINHY, TO@RMI, LPC AHEATIRMAELERT LI ERTELY, INH3
HOPMA AMRIE, THENRZHTWVWE, #VY VEORTY, BLEErEE2EELILR
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Table2 Hydrocarbon data from vehicle exhaust™?

) AgfEskHpE SERBLEAE  SOERFIESH SIEMBEAE S3EMbEeH
Component

(1800cc) (1800cc) (1300,1500cc) (400,500cc)  (160Occ) (1600, 1800, 2000x4)
n (&% 1 1 2 2 2 ]
Ethane 16 81 17 15 24 40
Ethylene 179 33 232 103 142 71
Acetylene 1uz 05 168 25 238 L1
Propane 01 05 04 02 02 0.6
Propylene 55 13 30 49! 15 23
i-Butane 0.4 19 09 22" 08 28
r-Butane 1.9 8.1 35 83 32 118
i-Pentane a2 10.7 66 112 43 12.2
n-Pentane 23 7.0 43 11.0 27 95
2-M-Pentane 2.7 5.7 40 98 a7 64
3-M-Pentane 18 39 27 73 47 5.0
n-Hexane 22 54 26 95 35 54
Benzene 1.7 167 167 45 121 109
Toluene 183 102 105 87 233 10.5
E-Benzene 40 6.1 12 16 46 1.7
p-Xylene 81 53 21 38 88 44
m-Xylene 33 24 04 14 33 20
o-Xylene 30 29 03 16 39 22
A3 (AR vt b 1000% 100.0% 99.9% 100.3% 100.0% 100.0%

B, 48FHA 2, SOEBAAB(D b 2ARBAHE), SUFEMZA, SMFHMFE6ET
$0, 1300~2000cc” 7 ADRAETH 5, b, REFAINTOIEORMRLRERER
LTWBELT, MEEHLELOERIRY, —f, TAYASWEF—2 50750
P FEBLZFUE, TAVHOHI MV I Y OSEENREVRRICS 5,

F 4 —ENEIDVTHE, RIKFRROER T~ 73 s ocEREORVWEERTE X
wis, BENBROCAFELEF—FET7 AN A CORER T 2BV THEELZbOER IR
¥, TFLY, TEFLy, 7O0€lLy, 7/ HFBOREEZ-TWVWE,

HUY VBETF A —CNEOKERE 8 1 250LTY, ARULRILARERSHE, BT
AEFRFHRS L HETOEM T — 5P ER U K3 LR,

FIYVEEF L —ENEORATF— 4§ % b & L TERL RIGKERAR S L EZEE
i, TRsty, TEVERVTE, EBLTVWAEVAS, I, REICEDRDIRIL
KFEMRAAA, LPGHAZRLTWVWAVWI LR kEHOTHSI. LD I & n, HHFE
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B AAREORLAREEESTE LTI, JIBICSY 2EE L CcoEMNT— 7 2H0 200
AU THBLBbOhE,

£ 3 FYUUEEF—EIVEI LB RIEKFERBRI &I B T 2E%
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Table3 Fingerprint of gasoline and diesel vehicle'® comparing with environmental
measurement value on the road of Kawasaki City™

AW x0.8

Component VR FA=Trll L0 00 Ko NIRHIGHRE T — &)
Ethane 32 13 2.8 3.1
Ethylene 114 387 168 120
Acetylene 43 10.7 56 b.5
Propane 04 02 03 6.1
Propylene 28 137 5.0 b6
t-Butane 20 109 2.0 46
n-Butane 79 ’ 81 15.1
i-Pentane 94 8.1 82 104
n-Pentane 73 ' 64 6.0
2-M-Pentane b8 48 bo 38
3M-Pentane 46 4.0 23
n-Hexane 5.1 44 4.4
Benzene 114 6.5 104 5.6
Toluene 126 6.1 113 106
E-Benzene 25 20 1.6
p-Xylene 50 41
'm-Xylene 20 10 16 } 24
o-Xylene 23 19 LI
HEt (ERS—t v ) 100.0% 100.0% 99.0% 100.1%

B 4 TAVAEF—RAFIVTIET S EHBEHEH H A G ER R R
Table4  Fingerprint of vehicle exhaust reported from the U.SA. and Australia™"®

TAY D FAVH A—R+2V7
Component (1975-1977) (1977-1979) (1980)
Ethane 5.48 (3.61) 460( 1.66) 202 (0.72)
Ethylene 14.63 (3.85) 10.86 ( 3.60) 16.18 (4.62)
Acetylene 681 (2.86) 3.38( 4.02) 12.57 (3.90)
Propane - 0.14 (0.14)
Propylene 777 (214 4.40( 1.08; 723231
i-Butane 0.61(0.18) 1.62( 094) 145 (0.44)
i-Butane 892(3.03) 13.08( 7.98) 3.03(0.86)
i-Pentane 940 (342) 12.05 ( 2.49) 6.64(1.30)
n-Pentane 7.36(2.62) 540( 2.36) 434(1.01)
2-M-Pentane 108 (0.27) 331( 0.95) 3.32 (0.58)
3-M-Pentane 0.60 (0.19) 1.97( 0.73) 2.31(0.43)
n-Hexane 0.54 (0.20) LI1B( 0.55) 2,75 (0.58)
Benzene 5.25(1.50) 8.81( 343) 723(1.01)
Toluene 22.21(2.71) 20.22 (10.70) 14.74 (1.30)
E-Benzene L73(023) 1.63( 0.58) 2.75 (0.29)
p-Xylene . | 0.39(1.30
- Xylone 5.33 (0.70) 6.16 ( 1.03) (1.30)
o-Xylene 2.28(041) 233( 04T 3.61 (0.58)
B (ER —t ) 100.00% 100.00% 100.00%
() B



FH0 7 - $8¥FMRE - R A WADDEN

2.2 HUYOERT[OBICKFMRE ST

F) yEEOEaRERE, FV) v EER, HHER, RCB#HHE 5O Hot soak T
Bho B CHE)RAEYY ¥ - CHAARESEICBY AT YY) VERY, RUF-A b
SYTOET A AW COMBRERATU L, BEHE S EO—BETRLTOE, 6K,

i 5 HUY ‘/UJJ"J)%‘ftI’Kﬁ%ﬂﬁi]s‘w—z”

Table5 Fingerprint of gasoline'* '%-2"
c AE F—ALINT T AR
omponent Regular Premium Weighted Mix Regular
Ethane — —_ — _
Ethylene — — — —
Acetylene — — — —
Propane 0.08 (0.08) .06 (0.08) 0.18 (0.18) 0.13(0.09)
Propylene _— — — —_
i Butane 1.76 {0.61) 1.76.(0.76) 2.18(0.54) 990 (190
n-Butane 377 (1.30) 347 (094) 527 (0.73) 50 (1.90)
i-Pentane 13.36 (367) 1067(2.36) 1928 (0.81) 2675 (3.59)
n-Pentane 10.87 (2.75) 747(0.14) 1081 (1.09) 75 (34
2.M-Pentane 10.05 (134) 8,50 (150) 8.91 (0.28)
3M-Pentane 5.79 (0.60) 5.06 (0.78) 5.82(0.18) } 2162 (4.29)
n-Hexane 10.08 (153) 7.04(L10) 6.36 (054)
Benzene 429 (0.59) 465 (0.69) 4.73(0.36) 298(17T)
Toluene 1647 (2.09) 20.38 (1.79) 1745 (1.08) 1668 (3.20)
E-Benzene 4.11 (0.56) 523 (0.61) 2,91 (0.18
p-Xylene 22,64 (5.51)
o yiome 14.42 (2.08) } 19.02 (161) 10.16 (0.62)
o-Xylene 4.95 (0.70) 6.69 (0AL) 3.79(033)
&at (RS- ) 10000% 100.00% 100-00% 100.00%
() EHEE
£ 6 AV VESHHORIKERER ™
Table 6 Fingerprint of gasoline vapor 2%
EEN F—ZFFUTF TAYA
Component 20°C 30°C 25°C 27°C
Ethanpe — — — —
Ethylene — — — —
Acetylene — — — —
Propane 206 167 194 0.40 (0.76)
Propylene - —_ —_ —
i-Butaiie 16.78 14.77 1436
n-Butane 1944 1853 24.19 } 4299 (630
i-Pentane 35.11 36.16 32.86
n-Pentane 1294 13.26 1384 } 4539 (9.09)
2 M-Pentane 606 6.52 453
3M-Pertane 208 3.15 285 } 0.62 (1.20)
n-Hexane 315 321 246
Benzene 0.95 0.93 116 054(027)
Toluens 102 101 129 094 (0.12)
E-Benzene 0.10 011 0.13
pXylene 027 027 026 } 0.1 (0.09)
m-Xylene
o-Xylene 0.14 0.11 0.13
o (ERS—w b)) 10000% 100.00% 100.00% 100.00%
( ) D EEWE
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BLCohsot ) yORSERERUL. EOT—4%, 7V EERY 5 VEIT80% %24
BTWD, Cp, CHENNDEL, i-Ry it 2B oNb0N, I/ YR, HOR
{EAZHEBEITORFETH S,

2.3 TRy S OR{LKFEB ST

Sexton 52213, BEKEREREDIZET BRILKERTORELET-1. I TRIDT—
FELCRAL, BILAKEERSTERL2IT A,

CriERIEE O TS RIEARERS L, DTOFEF— 7 2E B LTVS, (1) F
HEAERCR T S kmic B AR L - HD 6 WO EBAT—-4, (2) @—HICHT 5 AH
BRSSO R T 0 ~3.5km&, 8 ~1lkmizH it 2 E35omTE Ah 1z 2 MORA OGRS,

LGSO 4 OHERD b OFRILKFEBEIHICOVTE, 74 HDEPASHEKL
v aTAM R L EILREETo . BAOEHRE LT, /A TRAVTREEFF LD
Bh, BV TY—Ahs0b®, FLAvhs0ERE, BEHRUFY) v OREOATEE/E
ELTVE, ChODEREEEHTRTIZRT, Sexton HOT-FEHLIZLTKRH TS
W RIEKRBRATE, B2 OlEDS > ORIEKEARSIBEE, -7 Y HUADHDT
ST, BEEERSOREIIA-T VA, UALAMS, total-~Y & ¥ IZDOVTIiRIZEFNE
BECRHBIENTELR), TOTEPD, Sexton DT —F £H L0 U TR L I RILAGER
BAHRSHEOZEERLTHALEbNS, —F, 8 IR ORILAZRABSHLENLT,

X 7 OB b ORILKRM

Table7 Fingerprint of oil refinery plant '’

Component Source Pipe & Valve Pump Process Crude Oil Gasoline
Fingerprint Flanges Seals Drains Storage Storage

Ethane 4.89( 548) 9.01 227 227 322 —
Ethylene 0.74( 07D — —_ —_ — —
Acetylene 0.11( 012) — — — — —
Propane 21.65 (17.36) 17.85 7.01 7.87 19.22 0.18
Propylene 0.81( 1.18) 0.16 — — —_ —
i-Butane 482 ( 14B) 11.49 1.52 6.00 11.10 0.88
n-Butane 17.89( 6.89) 2841 1534 19.06 24.83 3.87
i-Pentane 17.13( 546) 12.11 1250 1347 1336 —
n-Pentane 745( 1.84) 11.96 2102 16.00 1205 2143
2-M-Pentane 734( 711 248 10.42 16.26 6.08 —
3-M-Pentane 440( 4.62) —_ — — —
n-Hexane 3.67( 262) 5.28 2083 15.87 5.61 2864
Benzene 141 ( 1.10) 0.16 0.95 3.20 2.86 422
Toluene 4.77( 2.86) - 0.78 5.68 — 1.67 17.06
E-Benzene 0.60( 0.35} — —_ —_ —_ —
p-Xylene -— —
mXylene } 146 0.77) 031 246 - - }23.73
0-Xylene 0.86( 0.78) — —

HEHER S — 4 2 F)100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

() RS
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Table8 Environmental data at near the oil refinery plant in Kawasaki City™ and data
from the US.A 2.
Component FAVA JI1 i (BERT)

Ethane 49 3.0
Ethylene 0.7 29
Acetylene 0.1 1.6
Propane 217 203
Fropylene 08 28
i-Butane 48 6.7
n-Butane 179 16.1
i-Pentane 171 144
n-Pentane 75 69

' 2-M-Pentane 73 37
FM-Pentane 44 21
n-Hexane 3.7 B.0
Benzene 14 4.3
Toluene 48 7.1
E-Benzene [1X:} 10
p-Xylene }1.5 }1,3
m-Xylene
a-Xylene 0.9 0.8
ARF(RE S~ M) 100.1% 100.1%

BUEOER T — 5 ERLUEZ, A, JIGHAEHRISRIEL ERTH LY, JIGTHRE
DT HENERENTOTENEATH 5",

TEEIER L —HUL TV B, o7, BEAFEOABBRERORILKEAEIALE LT,
NBTFRECOBRAF—- 72 AT 5L @BYTHY, z0FEELEYV. 7a8vEn-7
§v, i~y v HREOON, RnERERS 5> OREARMEITORFRTH S,

2.4 THL¥HERD S OBHMEXFBRKR ST

BfbFHER > > ORIERBRMBIT >V THABNEEENTE LB LET - OERSIV,
OHREFERORTLIF LYy OEETS v b, BYECREBELBS 2L L1100, JIIHH
FREESVTIBHOAERRTSRELL, 2F V&7 Y FRAOFSES 2BV
BIERULEW. FORERRERINCTYT. ZRO L, TFLYRKEZY 7%
L, ROTi -y HERBWVMAL STV S,

2.5 @& -GBS ORIEKFERIE

Wl R, BERRERY SO AEHFHROWESEEH L L HEETH S, KKRHA
EEEyy 0SB, FRruv 797 AL TEERBHOBERIBS M LI
CoTH, CORBOHMY S, SEORITEEET AR CEYT IRECHEHVT, RIL
KEERSTEE RN B, FHLLF -7 325OEAMETH 5. BH - IEHAORIEAKFEMNT /O
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Table9 Environmental data at near the petro-chemical plant (Chidoricho, Kawasaki

Cigy)™®
Component NIkgiti (T-EL80)
Ethane 30
Ethylene 499
Acetylene 13
Propane 4.3
Fropylene 39
i-Butane 26
n-Butane LY}
i-Pentane 4.0
n-Pentane 28
2-M-Pentane 15
3-M-Pentane 1.1
n-Hexane 43
Benzene 34
Toluene 76
E-Benzene 16
p-Xylene L7
m-Xylene ’
o-Xylene 11
aEt (HR/ -2y b)) 100.0%

B#, vy, TFLRCYEYRUEFVLAIHD, ChoT2EOFIFIN0%EH9H5,
INHSROER - BRZIZBIECOEL, FAFhORBOEERKE2HOCmMENSL,
RAEAKFERE I E Lice PVT v, TFMRVE Yy, £ 30V IiCBE U565 RME L O 5SHER)
HEEY LSEHRE LR I2RE (1) AL EARBISRE O, FBALLLD) OEER
HE, BRUHEERELZEI0 ), (b)ITRT. B L <REI0(b)IT, #as)EEh Kk ABRARY
BAC L2 ABEBEER, BCREMERIC Y 2ERBERLEY, WFhb, ThH3
MOKIHB o EEEHTNEZO¥DLS, IBUAOMERBE L, ERAVOBERELERLS
halsh, ChoDY)HBECBRALTT - Y ABELEEZRL CERIO-(D)IKFLZ. 38
DRILKRFRD O, HEMEEMEE TEE—RLULEERLTVE, CNHD I EnS,
ZOHER SO RO RICKAFARS T EREOH 2ETHIE VAL,

2.6 TOMOREE,SOREAFEREIH

BALKFORERR, LBEITFCbrs0, ChFEF TR 5 BOTERERL S,
HRl, 7V —=v 7 7REH, SEEFMRERSACE»SOREEESRTILENSHS, b
ORI ECHOBRERLTE D, ALE—F-BOHBBRED > 5 8 EIL L, ER23K
MR LT LAY, UL, Thbfsom@s > ORIKEERE, 2305 TR
NTLAERNALZL, JZTRERENI, Ch>0REERUHFHERBCBWTIRETLEE
DB RIKEO TG TEARO —FE LT, HHBAETRT & 0 filE 3 n™, WHEE
L8, KH, o7 - F 2KINIRE, '
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£ 10 (a) BHOREINEESY, (b) BEHEMAERRDOBENFEREY & (a)
DF— 5 &, 4 OERERREE & b &0 U TIEE L RbAREER T

o Kot

Table 10 (a) Production rate of solvents®
(b) Environmental data at near the painting facilities® and estimated
fingerprint from (a) and individual paint’s hydrocarbon fingerprint.®

(a)

HCORAERE 228 5ERGEERBL)

(bvEy, TFA~RWE Y, L IRE) ty %
Fyuh— (ryt-) 17,000 23

(x4 AN} 36,000
BRiER TR 26,000 35
BB
T ILF PR
F=A, TS AN 69,000 923
H@Er4 v b 92,000 125
T3/ T F FEIER 124,000 16.8
Y = LRSS 44,000 6.0
T VKRR 102,000 138
THEF LHIER 70,500 96
VRS - =F 49,500 6.7
Y T2 F LIRS 21,000 28
SRS AL v 93,000 12.6
BT AT 30,000 41
SRS F Ot 98,000 100.0%
5% . 872,000
{b)
Com . HENEE et AT
orponen MEh ERA IEIEiE EE TR

Ethane 0 0.3 ] 6.7 0
Ethylene 0 1.0 0 1.0 0
Acetylene 0 0.6 0 12 0

Propane 0 0.7 0 12 0
Propylene 0 0.4 0 04 0

i-Butane 0 0.7 0 06 0
n-Butane 0 0.7 ) 11 0
i-Pentane 0 0.5 0 i1 G
n-Pentane 0 0.4 0 08 0
2-M-Pentane 0 02 0 05 0
3-M-Pentane 0 0.1 0 0.2 0
n-Hexane 1] 0.4 0 0.7 )

Benzene 0 03 0 07 0

Toluene 25.7 6.2 66 188 209
E-Benzene 326 26.3 28.0 325 362
pXylene 124§ 939 143 B7 © 808 97
m-Xylene } 03 g0 326 [ % 109 20 ( 518
o-Xylene 115 174 185 9.9 110

BE(HER -t b)) 1000%  1002% 100.0% 100.0% 100.0%
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Table 11  Environmental data measured in Tokyo ®

c . RS
omponen NG A TN R

Ethane 25 23 3.0 24
Ethylene 6.9 58 4.7 6.1
Acetylene 33 30 b.0 3.4
Propane 48 6.7 6.4 5.5
Propylene 1.6 34 0.1 22
i-Butane 2.8 24 32 26
n-Butane 6.6 5.7 76 6.2
i-Pentane 6.7 64 10.0 6.7
n-Pentane 4.0 3.7 4.7 38
2-M-Pentane 38 32 23 35
3M-Pentane 2.3 29 08 25
n-Hexane 42 4.7 3.5 45
Benzene 5.9 63 29 59
Toluene 244 25.6 248 252
E-Benzene 2.8 5.0 4.6 39
p-Xylene .

m-Xylene } 66 } 9.0 }12.1 } 80
o-Xylene 107 37 43 7.5

At (ER/ - M) 009% 99.8% 100.0% 90.9%

2.7 BERLEH,SORLKFEARIBTOELY

2.17562. 6 CERBLULSHEOREAKFZRHRSHZI8NAIC>VWTELY, b v 7 RE
LTRIZIIRUE, CORMEABEBRABEHVAZEICED, RAREBERE - OREMFR
EWoEMIzE A EHAREE T 0T,

* 12 RICKFREFEHBS
Table 12 Hydrocarbon Source fingerprint (weight %)

Vehicle Gasoline Petroleum Petro Solvent?
Component Exhaust Vapor* Refinery Chemical
Ethane 3.1(1.18) 0.0 (0.00) 3.0(L186) 3.0 (1.63) 0.0
Ethylene 12.0 (0.55) 0.0 (0.00) 20(0.73) 499 (L73) 0.0
Acetylene 55 (0.39) 0.0 (0.00) 16064} 18(0.79) 00
Propane 6.1 {0.76) 1.8(061) 20.3(2.60) 437111 0.0
Propylene 5.6 (0:54) 0.0 (0.00) 28(1.38) 39(149) 0.0
i-Butane 46 (0.42) 152 (045) 6.7(1.05) 26(1.38) 0.0
n-Butane 15.1 (087 19.1(0.17) 16.1 (L17T) 5.4 (1.18) 0.0
i-Pentane 104 (05T 35.7(0.20) 144 (L69) 4.0 (0.87) 0.0
n-Pentane 6.0 (0.55) 13.1 (030} .9 (1.39) 2.8 (1.05) 0.0
2.M-Pentane 38(053) 6.3 (0.18) 37(196) 15 (0.74) a0
3-M-Pentane 2.3(0.54) 3.1(0.21) 2.1(187) 1.1(0.83) 0.0
n-Hexane 44(0.74) 32(0.17) 5.0 (L56) 43(1.20) 00
Benzene 5.6 (0.49) 09(0.32) 43(1.54) 34(0.64) 0.0
Toluene 105 (041) 1.0(0.35) 7.1(149) 76(0.74) 267
E-Benzene 1.6 (0.56) 0.1 {0.50) 1.0(082) 16(1.06) 326
p,m-Xylene 24(0.71) 0.3{0.44) 13 (087 1.7 (0.88) 30.3
o-Xylene 11073) 0.1 (100) 09 (100} 110127 115
Total 100.1% 99.9% 100.1% 100.0% 100.1%

Note: * evaluated at 25°C.
$ estirnated value from several painting solvent
parenthesis means the coefficient of variation (s/X).
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3. ACERIGHERE

3.1 XEPEIIaLb—-Y3EFN

BALABREORERE I Y bO—A2TH520, ZAFAORERMLEERIGICRITT
EErWor LTBBENS S, 405, RMMEERGHEORENsIhREL 20,
BERORIEARORLEREHEOBRRICIR, —#{ET 7NV (Generalized model ) W@ T H
%, COFDETNELTIE, Whitten 5°%12 £ 0% & hfz CBM(Carbon Bond Methanism)
EFNVNHD. CBM B EDK, CBM-T~LHBSh, B CBM-I®pR&Es L,
CBM~ I Tk, B{LATEMS % RELSESVELsHEDO 7V — T HEL, ETVEET N —
TERETHIFERISEMER/ >RIGA ¥ — AB» oBRIh TV S, RILKFRUEKFRMORES
oL, (1) —ERKERERT(PAR), (2) BRIGHO " ERESRFERT(OLE), (3) &
RISHO - BRHAREFT(ETH), (4) KSEOB57 0~ 7 4 v 7B(ARO), (5) HWFK
ZOVE(CARBIZHE x5, CBM-M, FLIv&EF YL YO explicit B RIGE#EZ R0 A
hatw, ARO CTRESNARIGRERESLINT VS, £, RREHOEW dicarbonyl
() % 1S methyl glyoxal }DRIE 2B 0 AN, BBRICERMN—KEE 3, HONO ORIEAHMN
ABNTAH, CBM-1WE30RGH, 65KIGR, CBM-MMiZ, 365G, 7TSRIGAL oK &
hs,

SOEFNEHNT, SEREEY P S A5 RICKERSONCERIGE 2RI LTH S
L&Y A, EEORITICET - T, ¥ CBM TP VOREASMF 2y 7 %, Ay I F v v 13—
F-FERANTITI,

3.2 CBMEFILOEESHF T v Y

BHRYI2L-YavyOHEELT, SAPRC® LofiEsnnF v v KRY -5 AL
tro EBZNZHMICHRT L1280, Fyr o/ —AOY L 7)) » 7L 5FREEERELI
CBM- 1 ¢it O;DBEHHR S %5 2, HONO OREHREIE R 2 -7, £ CBM-TTH,
O: DMz NO,OBRERBF2ERMLZ. CHHDT A —F —2RIGEH, BVBEEHITAT
BEBE->TREL .

HBUAEy 7 Fr v/ 3 =T -5 b T HoORILABRAREZ11F VBIL, 4009287 -
LAtER AR KR T, ERELHEMEEEE TS 6, BA O0:BE [Olmax, BK 03
BB T[0sl max, O:FERAHMB(A0:]/dImax%HEE L, ZhEhicBLERMEL
HEMOBREEREE<T, [0maxicBL T, CBM-TIOAFBENEFT, b 1R
CHRUMS IV, TO:naxTHEHEE SHEBFED TEL, BREDS LV, (d0:]/dnaxic
SV TE, CBM-MC L AM&0. 813 L, CBM-Nic k5HEE0.6T&5 D, CBM-MOAH
BERECELEATL, ChboMFEER2 ~ 4 I2RY,

—F NOB KB [NO2) max, NOEABEHBEKS TINOmax, KOLWTOHEMEEEER
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HEOHEEES, 6 kRLEA, CBMI, M, MEFNEBITRFIERELZ 2TV D,

0.80 T T T T T T

o
@
E3

Concentration { ppm }

=]
p-%
=)

v &0 20 180 240 300 IO
TIME (min)

1 CBM-MEFA® B F v v 3—57—5 & O HE(EC-237)%)
Fig.1 Comparison between the calculated value using CBM III model ®* and smog

Fig.2

chamber data (EC-237)™
1. 0 bbbt
"é‘ - O CBMI ¥=0.52x + 0.35 (r =0.71) .
g 0.9 ®CBME J=088x + 0.14 {5 =0.96)
N E °
O.BJE g
—~ v [ )
S o1 LTy
m . © © o 3
O 0,61 ]
~ + 1
. 0.53 . A 3
é 0.4 )
r [ )
o 031
02}
0.1}

O 0.1020304050607080910
O, max. (Obs) (ppm)

CBM-1I, MEFNMEL2RK ORMERFRRE F v v/ —RRITEBRK

O34 DHBER
Comparison between the calculated value of O max. Using CBM II, Il models
and smog chamber data
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500 T ———
—_ O CBMD ¥=0.055-2.39 (*=0.98)
E ¢ CBMI ¥=0.91x+47.73 (r=0.97)
400 - g
L o 1
= ]
o - ]
L 300 E
N [ ]
E i
hed -
¥ 200} e -
E L o
S L
100+ E
O— T T N T
0 100 200 300 400
O, max. time {Obs) (min)

B 3 CBM-I, DEFAKEZEX OGBEHRIAEF » 3 —7— 7 L OHE

Fig.3 Comparison between the calculated value of the time Oj 5, using CBMII, III
models and smog chamber data

—I’-: 20 T T
‘g | O CBMIl y=0.521 +1.60 (r=0.95)
-E | e CBMM y=0.80r +1.76 (r=0.92)
a
e F
= 15t 1
=
x | .
o o
= -
T o .
¢ o7 o
i | [«]
E 1 .
7 .
= 5t o J
o 1
=}
0’..;1_....]...-1_.;.-
o L] 10 15 20

{dlOs ldt} max(Obs) > 10~*(ppm- mir™")

Bl 4 CBM-I, BEFNMZEBHELREF ¥ v A-FEBRI L5 O BERAE
gD 8

Fig.4 Comparison between the calculated value of (d[O3)/dt} max. using CBMII, INI
models and smog chamber data




FA & RAVKEDRERHEK 2 L RACER B OB R

1.0 A RAsanat S
r O CBME ¥=i 13X -00 {r= 100}
0.9f @ CBME y=101X-007 (re f09)

{ppm)

0.8}
0.74
0.6
0.5}
0.4}

NO, max (CBM)

0.3f (0
0.2¢
0.3

0 010203040506070.80910
NOj; max (Obs.) (ppm)

5 CBMI, MEFaist sBANOBELF v 1—EEBRIIL 5HANO,
1 O ok

Fig. 5 Comparison between the calculated value of NO; max using CBM-
II, I models and smog chamber data

200 - T T v A
—~ } O CBME § =3.02X+070 (T~0.08)
=1 ® COMN =15z =612 (r=09}
E .
— o (+]
150 .
i L
= b
[&]
o 1007
= .
P .
¥ [ H
€ 5ol .
C‘; F o
= v}
o . A S o
0 50 100 150 200

NO , max time (Obs.> (min)

B 6 CBM-II, lEFrits 3 RANOBESKEAL Frr—F—R LD
Yoz

Fig. 6 Comparison between the calculated value of the time NO,max using
CBM-1I, Il models and smog chamber data



FR A FFHEE - R A WADDEN

Ptodds, CBM-TEFAMEHSHBELEREEsH->TOEIEMWPELNITE ST
DT, REREEES 5O (EERIEBBREO - HORIFEREE TV E LTERT S &gy
THa,

3.3 BBEREERND S ORLKERSOXACER ST

HEEREEE, PR SN HRIEKRFER SO CERIEEZRF T 2001, CBM-IIE 70
ERAVWTRIGY 32—V 3 v 2T, RIGRHEIZ S 29IHREROFHE T 4 —F —dld
FToEBOTH S,

X B ® F n . CBMIO=EFnV
¥ B ® & ; NMHC 0.0~1. 0ppmC
NO, 0.0~0. 1ppm
(NO:NO:=9 1 1)
HCHO 0. 0lppm
HNO; 0. 00185ppm™*

NODHNMEEES  K=04min~"
i B A B, GEARE
FtE & KB B ; 1200min

* BT, BES0% (1941-197MEDHEIC S Y & 7 A OF194H) 1251 5 NO(0.09ppm), NO2
{0.01ppm), H,0 GFERMEDL/3EERM VI,

CBM-M 7 NVEFERT 5 i, RICGKERKRSHIZHO 18RS O RICAERS %,
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Table 13 Method of hydrocarbon data summing up for CBM-III model
Carbon Species Profiles by Bond Group
Component  nymber ~ OLE _ PAR ___ARO __ CARB___ETH __ UNR
Fthane 2 2
Ethylene 2 1
Acetylene 2 L}
Propane 3 15 L5
Propylene 3 1 1
i-Butane 4 4
n-Butane 4 4
i-Pentane 5 5
n-Pentape 5 5
2-M-Pentane [ 8
3-M-Pentane 6 6
n-Hexane 6 6
Benzene 6 [
Toluene T 1 1
E-Benzene 8 2 1
p-Xylene 8 2 1
m-Xylene 8 2 1
o-Xylene 8 2 1
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Evaluation of Hydrocarbon Reactivity Measured Aloft over Tokyo
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Abstract

An reactivity study of ambient hydrocarbon data is described. The aim of the
investigation was to evaluate the potential usefulness of reactivity measures, In this
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paper, we used the measure of reactivity, such as OH-hydrocarbon reaction constant
}}nH., the effective ozone formation rate constant ke and the simulated ozone maximum
O3(max). The determination of ke and Oy{max) was conducted by CBM-III photoche-
mical reaction model. The evaluation was performed using the ambient hydrocarbon
sample aloft over Tokyo in 1980 and 1981 using aircraft.

Six flights (runs) usually covering the same flight pattern, were spaced at
approximately 3 hour intervals throughout each day starting at sunrise. In essence, this
provided six chemical “snapshots” of the air over Tokyo for each day of sampling. Both
koy and % based on these “snapshots” data are strongly correlated to the ineremental
ozone formation [Os(max)-05*], where O3* is observed value. The results show the
potential usefulness of reactivity for predicting the ozone formation potential.

1. BLHIC

WABIZ B3 03 MONILF R € WIS, FRE - B4 - REBEFROSEM 2 IEHEM
HERC L0EREN S, HAL¥E 1 RERE L L TOBRHREY (N0, )& RILKFE S AIEFE R
Ty FOREES LTHETS 4, BEPCHE IS Th o ORI, BHRAHYASOR
W ICERME - BRI RERE R > B CHBED 0,8 EERST 5, £N0A, BiE
KAPOHELESFRD 0,4k (ozone formation potential) PIALER I 2 BHCHB SIS
DEEFHD, KEPIEHHESIh A4 ORIEARRAL, B -l T 0:0ERKFESL,
RBIZ, BRABERTATE F2E0 oganic RHORBILEES h, RIEAFZEERLELTOR
HASAOHERIGHEOBA G, RICKEIEORMMAE LT LEETH S,

ERMY-RIAFERERORICH #ERT 5HEE LT NOBEEEY S 0H 7 VAL
BHEAT O RIGEE T E ko™ ROER A Y IS ke 72 EHBRES ATV S, ThED
T7A-FRINRT OEREE I HEEE TV o, EF v v - THIBEORMNTF
THEBRENBRK ORE Oymaxy b, AL - BEAGORISMCEDTH S LHFREIRT
L\64'B'7}°

CMoDORIERBEOARBTEIAEY 7 - Fr v/ -OF— I L THRE- B3N TH
D, FROBRBART —§ ~OBHETHERER LV, FHROFNIE, ERFHKcBOT
BEBIC L0 Y 7Y v F IR RIUKBE T~ 5 2R L Z 0 ORIGHORIE kon» ke BT
Qsmax) DEAERHTAILIEZ 2, B RAELLERE, 198147 B16H ~17H (s
WIEO FETHEBIC EDRESRIIREBDRIEKRT—5TH 5, 435, 1980FESH6 H
~ TR hEBD T — F o7 L3, BHET- 10,
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vRIEAES(DUF NMHC 3t ; BEEEF LV HCM-3AS)&, #AZOv 574 —8BUTF
GC ; BEBRETF NV GC-4CM)R L BEA MV EN -1, GCIREVAES MRS,
19804 IT47/RSY, 198LFICIBA T H 0, F ¥ TLRKIEE hENe6, 1924 TLTHH. &
1HECHS L, £7— 7 2FA L F9RE (ppb)  BEHREET . SHHDIN%OE
R, Cotrd Coiz W T RHIEMD 5%, CLlbOmAT 20 TIREN%TH D,

£ 1 Hrruw 7574 -HTRESNEREEICE T B RIEKRRE
Table1  Average hydrocarbon concentrations alfot over Tokyo identified by gas

chromatography

Component 1980+ 1981+

1 Ethane* 2,65 {2.10) 241 (29D
2 Ethylene* 3.96 (3.89) 2.20 (349)
3 Propane* 261 (224 540 (13.6)
4 Propylene* 0.67 (0.88) 032 (0.70)
5 iso-Butane* 1.06 (0.81) 1.25 (142)
6 n-Butane* 1.92 (1.60) 242 (3.03)
7 Acetylene® 203 (167 204 (1.23)
8 I-Butene 0.06 (0.15)

9 iso-Butane 0.26 (0.34)

10 iso-Pentane® 1.55 (1.46) 2.13 (2.68)
11 1-Pentane 0.20 (0.30)

12 n-Pentane” 1.10 (1.21) 1.72 (2.38)
13 cis, trans-2-Pentane 036 (0.38)

14 3, 3-DM-1-Butene 0.03 (0.07)

15 2,2-DM-Butane 020 (021)

16 2-M-Pentane* 0.81 (051) 0.81 (0.86)
17 3-M-Pentane* 0.44 (031 041 (046)
18 n-Hexane* 1.04 (0.71) 1.52 (258)
19 3,3-DM-Pentane 0.41 {0.38)

20 cyclo-Hexane 0.09 (0.19)

21 3-M-Hexane 0.64 (0.72)

22 3-E-Pentane 0.01 (0.04)

23 n-Heptahe 046 (0.44)

24 2,2,4-TM-Pentane 0.16 {0.24)

25 Benzene* 1.16 (0.75) 1.82 (1.15)
26 M-cyclo-Hexane 023 (0.27)

27 2,2-DM-Hexane 029 (0.30)

28 2,3, 4 TM-Pentane 0.08 (0.12)

20 3-M-Heptane ’ 0.09 (0.15)

30 2-M-Heptane 0.03 (0.09)

31 3-E-Hexane 0064 (0.13)

32 cis-1, 3DM-c-Hexane 0.03 10.06)

33 n-Octane 0.25 (0.18)

34 trans-1, 3-DM-c-Hexane 0,03 (0.05)

35 Toluene™ 4,91 (3.78) 527 (3.86)
36 E-cyclo-Hexane 0.09 (0.18)

37 3,3-DM-Heptane 0.02 {0.07)

38 2, 3-DM-Heptane 0.04 {0.09)

39 c-cyclo-Oetene 0.02 (0.07)

40 1,3,5-TM-c-Hexane 0.09 (0.14)

41 t-cyclo-Octene 0.03 (0.06)

42 cyclo-Octane 0.15 (0.19)

43 E-Benzene® 095 (0.77) 132 (L13)
44 p-Xylene* 0.37 (0.35) 0.65 (0.681)
45 m-Xylene* 0.75 (0.70) 0.88 (090)
46 a-Xylene* 046 {0.40) 0.79 (0.75)
47 Styrene 0.00 (n.14)

Note: * indicates GC components determined in both years.
+ Study period mean (standard deviation); 66 samples collected in 1880, 192 in 1981, (unit ppb}
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Ll NMHC SR UL ppmC THB)D 70y b &RT, NMHC & CALC OMISEfFR IS T
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CALC{18)=0. 76NMHC—0.17 (r=0.94) {1)

T, WWEGF—FIio0nT

CALC(18)=0. 76NMHC—0.08 (r =0.94) (2.1)
CALC(47)=0. 93NMHC—0.08 (r =0.89) (2.2)
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CITCALC A v apqoEF &, CALC OHEIIHOHIRIAZEOBIHERT. CORS
iz k2 CALC OHRI0ER F— #1200 T

CALC(18)=0. 80CALC(47) (3)

Z2ED, r=09ThH%,

3. BERFE

(1) RibEORE
AN TR RIS ORE R, koy BRU, HBEORETFTORIERIGEF VT L nEE
ahike, Oymax;P=2TH 5, EOH i,

kon=Zkons y; /CALC (4)

RENVEREND, 22T, how SEAOREARZRGE OH 7V W VEOREHEEEH
(ppm ™ *min "), N2 GC R LVRAEIRIBSH, » SBEIEAFORE (ppm), CALC &
GCHAIEVHEandEA & VBB (ppmC) ZFEK L, koy 4 ppmCT - min T OB %
2, CALC & NMHC IR (1)~ (2 TR LA &) B, B0, GCImkVEEE NI
ST OEMNE NMHC K—B2x b L2 I BSh R LT,

OHREAC= kg « NMHC (5)

%8BAT 5, T OHREAC, NMHC R FN, min~!, ppmC ODBAIZHF>, BbkE
& OH 7 VA VOIS HEETER koy, V& Atkinson ef al "N LB, 12720, A F L v IE Bigozai
BB, Fin, ERIIRINTOVEVIT T 4 VRO kop, FRERY L OBEL 12, ¥
ARV M5 Y A-20 042 F 2D kog W10*(ppm * min) " £V,

ERhA S R, ke, WR{IEAFRESROERBNZREHORETH D

(6)

ke 1 (d{Oa]

~ {OH], INMHC], \” & )max

CEDERINDY, 2 C 0]/ d) max WRKA VY MERRNORKA Vv R
(ppm - min "), [OH}av 1275 OH 7 ¥ # VEE (ppm), [NMHClo ¥ NMHC #5
(ppmC) & WL, ke if ppmC ™"+ min ' OB & F>, BAOBRILAERT T >V TRH SN
12 ke & koy, PRI, kon, <ke, <2kon, &£ BEARN S5 2 & BEEINTENY, MPIOBE
KT B EBRIED ke & TR o - |
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B N ki
ke = El kf_‘iyi/zl ¥i

ORIIZ EVEASKY T 2 2 EABE ST VDY,

LFED ke £0simaxy REE L L F & v - F2HALEBNCRD SN ZREHORETH
B, —H, KBETHIRIEARFT— 73 TLEPERETEY, ¥ 7B 1EDbE,
THAILHF + v - FRIZEEI LV, Fr oy EBDLLILOELT, REERGEFLE
FIFL T ke, Osmax)ERET B KALERISEETNELT, —RIETFLELTHE S 24
% Carbon-Bond Mechanism(CBM) E # AT 2 HHT 5, CBM T 713, RECKESRE
OEICHTRAU LD IIREEST D EOVHIREDH EINREEISN RGBS ERGHEER %1
DEFNTHY, NW<OMOD version HIREIN T A, ERXTHE, FFLWRTHS CBM-
D7 nvuRIHT 5, 2O CBM-MEF NI, £k CBM EFMEHLTTaOw T4 9 2
Uy FORGERBEBELL T, Bl HONO ORISASUEIKECRE>T VD,

CBM-MIiC & o BMEHE 2 RIELAKFET -7 DELITDVTITFHITEL, NO, NO,, 0 BT
IR IRIEKFE DY 7)) v FEEDRIE 7 — & OFEE (£93080/) & Bz, NO, DR
BEEH L, FEEOAHEEFEL h=0.4min"' O—EFEFMA L, —BLRE CO 1219825
DEROBAAE DOV, 35ppm % AU 2, & 12, FWHMOMBRE L, FAYIE HONO{eq)"
DY3EFAL,

L

HONO (eq) = 4.18 x 10™Y/ TNOTLNO,I[H,07 exp (2385, (7)

T#9, NO, NO;z, N0 U HONO i3 (ppm), BE TREHEE K TH5, CBM OILFEAF—
LDOBEMS I, Gear BV D—2T3 5 LSODES /¢y 7 — V2 & A\, HERE(TH5,
JERRHEEE) X —HITT2057 & Uiz, SMESERIET ALKV LI EDFIET, Fy v -8
LRIBRICA[Os]/dt, [OHIMEREKHHN, R(6)ICEV ke 2KRDBZ L HTHRETH B,

{2) RIGHEREORBY

RICKEZOH » T3, FEHHROR TAARAL T 2HEBOXIRCMTI— A LTLbN,
FBARICHTDOIIROORUNDE L DF— 7 OFYERIT S5 LT, HHEREOKEHERK
DIERMREHED “A+ 7" 2L 0280 ENAREER D,

—FH, FRLCHEIRICHEORE boy, ke THVAIET, CBMEFTNOFYEERET
Fh, TADS, AX Y S F vy Al BEAATKANEERAGIC L2 ERICLOBEEIN
LBAfRA, CBM TFMICE DR DAL ke KHETHAEPERTTLETHY, FO—
D, Fr v -EREERL RN ke Loy KEET PO TH 5,

— NS, Rou( ik OHREAC) B RILAFZORE 7 ¥ OBB o REHFETH LN, OB
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BB ARTH A5, O;0ERIILEENBEEF > T /aL, JAIEHLT, Oxmaxnid,
DGR TAEOBRRERYADOERO—DEELLN, FOERIIHRETEHETH S, T 1,
EA VBT b ATy 7 F Yy v A—RBRIOBONLLOTHN, O:DERREIE
EAICEEL TV B, £ OMAE Oymax & ARICHEBEETH Y, Oymax)PEHERLTR

BETEun,

ChLOESORE AEOORICHORER, LT IRAZ L2 K, REAICE . OHERET—

yEREmTAI LI LD, FOEBATRELEEMASNIITE S,

4. BRLEE

£ 2 - BHEO NMHC &R (EERSEOREOFSHE, Rb - BXEERT, COXRLVHA
LR LS, 18IECEERDOHH NMUEC, Oiymax 3BVWEAERY . —H, kon & ke &

19804ED 7 — ¥ DA A ENER T A, Chid, 1980F0RKHRST D GC REENE <,
Z2ORSHITIE, CBM OB THANVA LSBT 2000560, ChHDEET Iy,

ke WELFHBEIN T L S,
E 2 FAERIEH ko, koo 0 (max) OFIH
Table 2 Daily average measures of photochemical reactivity
Date NMHC OHREAC  kon k. Oyfmax)  Ou(ip)
ppmC min! {ppmC'min]! ppb ppb

6 August, 1680 mean 0.25 540 2216  [1700}* 5158 135 71
s.d. 0.08 141 452 [ 363) 875 a7 38

(N=32) rin. 0.15 306 1575 [1193] 3613 65 22
fmax. 0.35 962 3436 [2816] 6686 190 303

7 August, 1980 mean 028 596 2182 [1842] 5641 161 107
sd. 0.13 269 638 [ 440] 966 58 62

{N=34) min. 0.12 162 1347 [1338] 4306 55 1
max. 0.63 1240 4358  [3273] 7630 200 263

16 July, 1981 mean 036 570 1588 4764 182 63
s 0.12 206 305 622 56 40

(N=95) min. 0.19 228 90 2007 76 18
max. 1.00 1623 2360 7510 330 246

17 July, 1981 mean 042 630 1462 2851 193 65
sd. 020 333 212 768 57 53

(N=97) mmin. 020 239 885 2302 84 16
max. 142 1904 2085 8158 324 269

*+ ko in 1980 were caleulated based on 47 hydrocarbon components, the value in [ ] based on 18 hydrocarbon components of
1981 measurement. k ¢y in 1981 were calculated based on 18 hydrocarbon components.

E 371k, OHREAC & NMHC @72y FERT, MEOBOEE IRE WAL LI,

fop PRI L, 2oHEEE, BrOREL L NMHAC OREBETCURS LR LH 5
Nz, cOIELY, MEOFSNERE, RIKREL NMIC OBETIE, £ORSHERLTE
iz ks LEHOZVWI Ebh D,
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Fig.3  OHREAC and NMHC for 1981 data. The slope of regression line indicates the
average value of kon

B 47id, 4[0s)/dimaxy & [OH],, [INMHCl 702y b 2TR$, MBEBORIE, BEERR
r=0.900EHELH Y, BlE (TN ke 12H24)4290(ppmC * min) ' ZRL TN B,

B S5iid, BATYTNIEDI2VTO by & ke DEFETERK OOy ETRT, HBOE
AR,

log ke = @ log kog + log B (8)

DTy TATOERTHO, HX a =0.951F, OPEITRIAEAEIICL—HLT
Wa, Lrl, ke DEGTFEHWICAT, y® 3 ERBEOEEE-TED, RTEy FF v vii-
THADOKRICKFE P SBONL T 775 -1 ~20BFREVLESNEIIZ 2T 5,

ke DL, 2Ty 7 F 4 v 3-CREARKERA LI b=0.29min ™" TfTbh 12 ke 5000~
6000{ppmC * min) ™' D2/IROMWERL TV B, 1981F A S h iz RILKFET A 185
TET, MR MEEPER< ST L, 36, R(1)IREhi &5 NMHC #iIFE
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data

OB UBREERAL THITELNCLLONHT DL, S-HTHELEAS. LIEOH
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BF—713, KENCEFEROEIZIE—-0T7 74t I-ARXBITLERAOREERTLER
HA, BIBRO kop, ke BUO3max) £ O BEOEHMEOHEFRZHRT S LEERTH S,

#£3, 4IZENFNI8IFE, 1980FE O RUN FHOHEERERT. K6 I12131981FE BRI
BitaRIcH, CBM OB THE S h A EZMoRIEKERE, RV, O:RECRELE, K7
1980 BT A AELETR T,
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Fig. 5 ke versus ko determined by CBM-IT on 1881 data set

SO RS EREE UL (B, M6, TOOLE OBER). ORMSRICAESH
5 ko OBLPO—2OREATH .

RiZR S Mz CBM EF VI & % Oymaxy DEHEEIE, FROOMELIT, 0" &8I
ECPRERERLTWS, ZOZ20E [Dymaxy~0s " TEHEHIT L 5 OERFTY v 0
O—oaEEZ LN, BUNLREEOREL XS, 8T, 198150 RUN FHERAL L,
[Os(max)-0s*1 & ko, ke DRRETRY . @iEOHOMMESR,

[O3(max;-03%]=0.026k —48 (r=0.83) {9)
[Oa(max)-03*] =0. 084 ko —64 {r=0.74) (10)

Y, ZORBI, ke & koy 15 0sDERET v vy MVEBEMSH S EERLTVS,
B ke OFNEN, SHid ke DFHN hon L0 BB LDAN(NO,, 03%, RICKFERDT) %
FIFLTWA b eEA s, BIRES(10)E, KEHNHEORR S koy 5 02 ERAT ¥ ¥ v
NOTFRICENTH B EERLT NS,

Zoms ke & 0s*, Osmax) & ORIIE, K6, 745 3HELBEFREROVETOREAHBTH S,
UL, OH 3 Y A NEORIGHDORE TS5 OHREAC % 1RUN 3 {(# 3 Mff) 4 6 L84,
O:* COMEAL NS, 20T, JOMBMBROPHRIOVT, KOLI BB ET1,
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% 3 19814FEOBRAICE Y BRUNE & OFIER & RIGHEDESH
Table3  (a) Average data of each run 16 July, 1981

*

RUN N  NMHC NO, uv. 0, AO5 AL OHREAC % ou k. Osmax)
Time(JST)* ppmGC ppb mw/cm®  ppb ppb/min 1/min H $ ppb
11( 529- 716) 23 0.28 14 09 6 0237 527 1898 5476 115
12( 852-1037) 19 0.35 18 32 0.479 593 1663 4843 166
13(1155-1208) 19 0.46 18 36 164 0.051 06 1521 3834 213
14(1435-1543) 11 0.41 19 2.1 172 —0.000 582 1431 3800 220
15(1721-1831) 11 0.37 14 0.4 157 Z0.102 537 1409 3566 195
16(2010-2127) 12 0.32 18 0.0 124 : 423 1283 4070 185

(b) Average data of each run 17 July, 1981

RUN N NMHC NO, uv. Oy A5 /AL OHREAC Lk on Kk . Oa(max)

Time(JST)* ppmi ppb mw/cm®  ppb ppb/min 1/min $ H ppb
21( 520- 653} 23 044 22 0.65 51 0208 738 1661 4592 147
22( 824- 955) 19 0.33 20 29 89 0458 633 1645 4487 172
23(1131-1241) 20 0.54 21 36 170 0‘106 761 1399 3641 226
24(1420-1531) 12 042 23 20 188 —D.l 16 572 1342 3509 241
25(1718-1818) 12 0.34 12 0456 168 _0'229 427 1248 3048 197
26(2008-2107) 11 0.33 12 0.0 129 ) 461 1378 3829 169

+: HC sampling period in each run. On the calculation of AQ5*/At, t was evaluated at midpoint of interval,
$: in {ppmC » min] -1

x 4 1980 EOBANT X ARUNZ & OFIENE & RIGHEOEEE
Table4  (a) Average data of each run 6 August, 1980

RUN N NMHC NO, uv. 0y AOg /AL OHREAC & on % . Ogfmax)
Time(J5T)* ppmC ppb mw/em®  ppb ppb/min 1/min $ .8 ppb
3( 415- 506) 4 024 10 0.0 19 0.0% 669 2669 5894 115
4( 721- 823) 6 0.19 10 19 24 0142 479 2445 5019 98
S(1011-1111} i 028 16 33 48 0348 576 2038 5340 143
6(1317-1413) 8 0.31 14 32 112 —0.029 580 1889 4439 174
7(1614-1704) 6 0.22 9 0.74 107 0269 448 2103 4395 148
8(2024-2050) 4 0.23 13 0.0 43 : 530 2412 5236 116
(b} Average data of each run 7 August, 1980
RUN N NMHC NO, wv. 0y AO' AL OHREAC Fow ke Os(max)
Time(JST)* ppmC ppb mw/cm®  ppb ppb/min Vrnin H $ ppb
9( 021- 126) 6 0.18 1n 0.0 29 —0.044 502 2623 5881 103
10( 617- £35) 4 0.21 29 0.0 17 0.030 570 2525 6703 147
11( 804- 821) 6 025 26 11 22 0.102 609 2500 6385 158
12(1051-1109) 6 0.38 38 24 39 0,596 734 1968 5733 197
13(1316-1348) 6 0.34 20 27 100 0.035 624 1848 4896 186
14(1609-1638) 6 0.30 16 0.88 106 : 528 1738 4604 171

+ and $: same as Table 3.
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*x
-A-EQ%—(ppb/min)=9.45X10_4£0H(1ag)—1.33 (r=0.71) {11)
AOa* . —4

~ (ppb/min)=2.74X10 *ke(lag) —1. 03 (r=0.80) (12)
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Abstract

To understand the photochemical smog formation mechanism it is necessary to
know the photochemical reaction processes in the atmosphere, For this purpose a
Lagrangian observational system was developed. This system is consists of (1) ground
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level monitoring station of wind and air pollution concentration, (2) upper wind
measurement station, (3) aircraft measurement and (4) data analyzing computer
system.

In this paper we introduce the details of this observational system and analyze the
observed data obtained by using this system. In the case of 6 August 1980 urban
polluted air mass was transported to the sea area and high concentration of ozone was
observed in it. Dilution factor was estimated using decay rate of hydrocarbon
concentration in the trajectory and simlation was made. Estimated dilution factor was
approximately 20%/h. ‘

Computational results using CBM-III chemical reaction model showed good
agreement with the aircraft data when the outside concentration of this urban plume
was assumed to be a half of the inside concentration.
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Table 1  Aircraft specifications used for this study

Cessna (404-TITAN) Aero Commander (BR5)
Instrument payload: 900kg 550kg
Available instrument power: 4.2KVA at 28VDC 98 KVA at 28 VDO
2,7 KVA at100 VAC 6.3 KVA at 100 VAC
Sampling speed: 85m/s 85nv/s
Navigation system: LORAN-C, VOR, DME LORAN-C, VOR

Bl 27013, MEEERY AT L(VATLO)ZEy b &, MEYAFL(VATLLE
VATAZ)ZEy FBIRY, YATAQOEVATALIBATSL v TERIATVWS, Zh
HBRYATAERWEZ I vV aBlolEE2HR2, 3R,

MESERAO Y AT L0007 — F0BHEE, 3EovIsuava—droBlants



ERWT - SFRE - Bk B - PN B - HFRER - BRI - SR

1) 138 139 140 141

A=

o
*
o

5 oA

16 M
Pn - AtaR
A

B 1 19EBAICB T a5 {ay b~ &, BV Y PEEMA
(KR » BNass4 @y b/b— v BRHA. (23008)@EI/ 4 0y b
— v EWFFV Y BRI (4 ) AR, )

Fig.1 The arrangement of the pilot-balloon stations
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Table 2 Data procn_essing system
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Table 3 Outlines of Lagrangian observation system

Aircraft Data Meteorological Data

System O

AC685
C-404

Pilot Balloon Drata {23 points)
Sonde Data (4 points)
Monitoring Station Data
(100 points)
Fax. Data (JMA)
Upper Data Observatory

{5 min After Landing)

r System 1 [ System 2 —l

¥

Out put Ground Level Weather Map
Upper Weather Map
Vertical Temperature Profile

System 1

Vertical and Horizontal Air Pollution Map
Flight Course and Altitude

{30 min. After Landing)

System 2

Vertical and Horjzontal Wind Distribution
Vertical Temperature Profile (lower than 2000m)
Upper Air Flow Pattern

Ground Level Air Flow Pattern

Ground Level Air Pollution Pattern

(40 min. After Landing)

r Decision Making I
Flight Course for the Next Flight
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Table4  Instrumentation used on the aircraft
Parameter Analysis Manufacture Measurement Time Approximate
Technique and Model Ranges Response Resolution
Qzone Chemilutminescence  KIMOTO 1-2000 ppb <3s. 1 ppb
MCSAM-F (dynamic) {90%)
NO Chemiluminescence  KIMOTO 12000 ppb <3s. 1ppb
MCSAM-F (dynamic) (90%)
NOy Chemiluminescence KIMOTO 1-2000 ppb <3s. 1ppb
MCSAM-F {dynamic) (90%)
50, Fluorescene Monitor Labs 2-500 ppb 5s. 2 ppb
8850 (90%)
Condensation  Light- E/one 100k CN/ce 3s. 1000 CN/ee
Nuclei atténuation Rich 100 <0.1 (90%)
Aerosol Size Light- Royeo 0.12-13.0m dia. 30s. -
Distribution scattering 226 {16 Range) (periodic)
Temperature Platinurm Deggussa +50.0°C 1s. 0.1deg
Resistance (90%)
Humidity Electronic National 20-90% RH 3s. 3%
Capacity Weather Service (90%)
Ultraviolet Photocell Eppley 0-5mW/em? 2s, 0,002mW/cm?
Radiation UV Radiometer (90%)
Altitude Bellows Tolgyo Koku- 760-380mmHg 2s. ImmHg
(Barometer} Keiki ATP-20-1 {05400 gpm) (90%) 0.03min
Position Loran-C FURUNO - 2s, 0.03 min
LC-30 (periodic) (50m)
Pitching and Gyro compass Tokyo Koku- P: £15 deg - P: 0.1 deg
Rolling Keiki 230 R: £90 deg R: 0.5 deg
Parameter Sampling Manufacture Analysis Manufacture Approximate
Technique and Model Technique and Model Resolution
Sulfate High volume KIMOTO 191 Ion-chromatograph  Dionex 10 0.25 peg/m’
Nitrate Sarmnpling
on Teflon Filter
Hydrocarbon B
non-Methan Compressed Anal Shimadzu 0.02 ppmC
Hydrocarbon  Sampling in nalyzer HCM-3AS
(Glass Vessel
Hydrocarbon  Compressed Gas-chromatograph Shimadzu
Species Sampling in GC-4CM
Glass Vessel
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Fig. 2

Sampling air flow pattern on the aircraft
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Fig.3  Electric power supply on the aircraft

2.2.2 %88

BiEIT I, BREREREN, S5 SMGEERL, S2TROERNTERT- 1. £
LRITEEE, SEFOT-F2HVTHEL, RFMELTS Y COF— 5 2V, —A,
MECBEOTEH0MREB0T, A4y RV v O 1 R & OEEERI(EE3000m %
TIRY, 2~4#RICBOTEEY Y FEHAV:, SEEBEOREDHRNE, 3REIE

ERHEL 7, 54Ty b - ORI, RS ORBRR A RET



HEME] - s - Sk B NI o - HERERES - B E6 - AR

FDEIILEOEEIEINT VS,
REAROTHEORBELITER, 773 ValBRIY AFLOBELLZLE HDTH D, /3
40y b —yEAT— 5, B EicBY A REFEREHRBARBO 7~ 53, BRERX
EICEEER I N, B IHEBOESTTDOR,

2.2.3 HASH

IR L A VA S BRI R, COBROrORFICEREINILOTHS,
WENBIERAEIC LB DT, WBIEET IBUNDOEREERE > T 5, WEMEDET,
FUSERIIEC £ A0SO R, FREERSLTEHL L, '
BULARBRS 20T, BLioBNTEE0Y Y 7)) v 7 OEHE2{TY, BEERESIIERE
ERLUOWEERB L, Y 7 vy SICHGWEERE, 2oy T I 7OOLF LY
(PTFE)DOA LT BN H T AVAT, BRANIIOLOTHS, @BE7 70y ~o—-X
Ay FEBOTNERR L 3atm)} S h Y, JNECE T 2 85810~15BTH 0, ZhER
1 km OERGFRRHEIHNT 5,

MMEEE I N 7 2ACAR, ERFIHNTES, JEA ¥ vRIDKFEFCERSH, A5,
X ¥y ORESTON, ROTERRBEOR, FA7us /571 —&HWT, 18~4TH57
Kbk B RIEKEERSRA T ah Y,

2.2.4 TTFusuiydm

IOV ARSOS 65, BF0.1pm IFO O, BREEMESECHIEL, 0.12-13.6 4m @
BT, T 2A Ty F—ICED16L v VISR LBIEL ., BEBRET -5, 3~ 418/
RTEAT—7EHL, 242272 7 -0F -7 S0PHARBcREERIC 7V sy vihLe,
—h, Y7 —bFA - PEOREETILHBIT, 77074 NMF—lEbITOY
N OEEEER AT b, OB S 2 Th 5. Foh sk, RiITETRESIC,
WA 4 v EBAZRANTERSE D Lok, KRS Z300MmBL, /+v27uv 75 7%H
WTH L7,

2.2.5 FxUTv—var

AEE 2 BOFERE ZTEHWT L7 AQOBRI R T2, COF—-F2RALTERNES
oo £ 17 fonioid, MRIEY AT AOHEESRIESALTREE LRV, CORDET 74
b ORI, SUEREI & ARIERTY, YO, ASVEOEERY, BRRTRT -S5O
fIExfT2 12,

1z, AV UEH, ERREOIFORNER, FEOELXPEREAROEMLICLVEEERY
B ENMeENTVA W 1w, BROMBIIHEF v ¥ -2V T A FETL, RAER




ML B ERANS 25 L Y ARRE
Tl ROEFERAERANWT, F-SOBELETo R,

3. BRRER LR
SEFYY LB AT AEMWTIT 74 — v FBHIOHH» 519805 8 B 6 RDFIE 210
THN 7Y, CORWREL StEo—BAFSEEL, RREHEEME, 5 OFRERS,
SR BT 2 AOBIR & 7 - TEIE S N, 0 5 AR DRI L » TREXBREFCHER L,
Eﬁgm*ﬁyﬁ%ibtaH4&6@mbtof$mbmﬁ§wﬁmﬁ%®mmemaNm
DESEEIS0~400m 1= B B EESAH T 4. PO NOOFHROHIIRL KRALE, Bl
OXRMHETH 5, 6 MOBA(RUN3 ~ 8 )oRiTa— 2, RUBLAE, 170V LOEH
HER S ~HI0ERT,

HEBEME D » OERIE, )6, METEZEAL THES LI, ZEEENICRXIR
TWiztew, St BIETOEELE(350m) T, &7 74 MRCERERNL, RILARR
FOET 72, RUN3 S RUNS 2T TOH ¥ 7Y v i, BENELE S 2 o RIL0ICR
&Rtz No. 303, No.401, No.501, No.60Z, No.702, No.803RENEFNUWT S, Chb6
BORBONEREES IRT. #h0 03, NO, N0z, CNC U, MIZEBLCORERRT
B0, HOWOTH-TH 5, RICKFERSRU A v, 257 vRILKERER, LTETHY
TN UEEER, ERBVTHT AT b7V, FEx v RIEKRH Y ERVT
S UIERBONIETS 5, RIKBROMTE, 4IRS0 TT- 7228, ZhosDm
5% CBM-IEFAPIciib s g C 6 O SV —TIieE LB TRLE, CBM EFNVTE, B
KBRS LR EESVEL L EEO SN —TiEane 0Rkbh b, T4abb (1) —Hi
BRFFTF (PAR), (2) SRIEEOZFEEKEGRER T (OLE), (3) KRGO “EFESR
#FET (ETH), (4) REMos5T7u<w74 v 78 (ARO), (5) h K=& (CARB)
RU (6) RIGUZWIRERT (UNREAC) TH %, PO CALC W, FAZ0&zBWTH

WLty % SE U ppmC L AT H 5. 1980EDBRIE T, (1)ROMEFRELZ-T
AT AR

CALC=0.93XNMHC—0.08 {1}
{(r=0.89, n=66)

FRFRI2)ATERINSWTH S,
F=NMHC/CALC (2)

#Z 50 NMHC BROCEREE, FEARAWTHELRETH S, 75, KEEORETH % koy,
OHREAC dzh#h0(3), (4)RTEZLND, -



ERE  WFIHEY - Sk BE- AN o - HEERKES - BN Ed - %

kou= 3 kon, yi / CALC (3)
kom; ;. HC; & OH LORIGHEEEH (ppm™' « min™!)
¥ ; HC, OBE (ppm)
n ; HC ORGH
OHREAC= koy + NMHC (4}

IhHORHENEENRY. CORE, BihgrsBRHInERYEL TR, SO
LOENEEINEEROL SR BREROBAE(LEEA LI LM TES, NO W, 10ME
I10pph DA — & — D ¥ — 2 ZRL 1248, FiEP O F IO T TRHBREBITE T L, NO,
W, BH320pph BETH - i AFRICLVEA L, WHEET0ppb T TER L1z, 054,
RUN 6 @5 — # (1326 JST)$%95. 4ppb THRRTH > 12s

NMHC B4 2T id, PAR & ARO Mz — v TRAMIZY -7 2 RTOIINRL, ETH,
OLE i, #HICEHRIREMETRL 7. konldk, BEENMNIER/ Y- EL-2 TV,
ZO k3 NMHC BRIE(L Ny — » Of#IE, 19804, RU, 1BIEKLBTEE7 1 J&OF
HEORTICBLTHMD 3 S RRIATHEY,

5 8 2R L 12 RUN 6 1251 5 No. 602, No. 603Kk UNo. 6054, E—HMME LD THAL
HEEBHID, FOEENY -V EE6ICRULE, 030 ERICH->T, NO RURILKRLS
HEDLTOLBTHRORINTVS, RILKERSLOMHELT—s 2HWTOL F ¥
N DT % T 72 & 2 A2.1£0.9X10 Tppm A 5 h 121,




HLZEM 2 B oIS 75 o Y R

6 AUG1980
0400-0600)5T

ALT=250-400
m

AUN T ‘

ND,

6 AUG 1980
Q4000600 15T
ALT«150-500m

[ fy \
. 1
1 | t )
. H L
) L Mg e 20Km { JALLa350m 20Km
) e —_—
RUN 7 RUN &
04 0 10’ppb
6 AUG 1980 5AUG 1980
1600 -1710 51 2010-212005T

ALTa &00m

RUNE AUN 7 « RUN B
NO NG
NO, ? 1
6AUG1980 6 AUG 1930 6 AUG 1980
2010-2120)57

1300-1220 1600-1710157

19804E 8 H 6 AOHIEE L2 1c #5505 & NO IS (350 ~400m ) DB

B 4
221k
R oERIRFERREERY .
Fig.4  Horizontal distribution of O3 and NO; at the altitude of 350-400m at Sagami

Bay, 6 August 1980
Arrows in the figure show wind direction.
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Flight course
RUN 3

6 August 1980
0400~0600 J5T

X : Hydrocarbon sampling point
Y @ Aerosol saepling point

5 RUN3IDRITZ—A
Fig.5 Flight pattern for Run 3

Flight course
UN 4

R
& August 1980 {
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£
i
o]
Ko. 401 b.sd] g
;i
7.40
1, 5 (1)

X : Hydrocarbon sampling point
Y : Aercsol sampling point

6 RUN4ODOR{TI—Z
Fig. 6 Flight pattern for Run 4
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Flight course
RN 5

6 August 1980
1000-1205 JST

X

) : Hydrocarbon sampling point

i Aeroscl sampling point
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Fig.7 Flight pattern for Run 5

Flight course
RUN 6

6 August 1980
1300-1506 JST

X : Hydrocarbon sampling pelnt
Y : Aeroso! samplting point
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Fig.8 Flight pattern for Run 6
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Fig.9  Flight pattern for Run 7

Flight courte =~
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X : Hydrocarbon sampling point
Y : Aerosol sampling point

[ 10 RUNBORfT2—A
Fig. 10  Flight pattern for Run 8
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Table 5 Diumnal variation of pollutants concentration measured at the same point
(Sampling point is shown in Fig. 5 to Fig.10)

RUN &% RUN3 RUN4 RUNG RUN6 RUNT RUNS
+u g (303) (401) (501, (602) (702) (803)
270 v S {@sn 0438 0722 1012 1326 1621 2031
Oy (ppb) 70 223 376 95.4 576 74
NO (ppb) 26 9.4 12.7 19 03 06
NO, (ppb) 228 180 186 148 8.1 206
CNC (kicc) 335 336 4238 4.0 77 24.7
OLE (ppb) 6.4 70 25 23 14 82
& Ppar (ppb) 169.1 1107 174.1 1937 803 1288
’5 ARO (ppb) 5.0 5.3 121 13.1 113 9.3
§ CARB (ppb) 6.0 04 58 34 34 38
"'Z ETH (ppb) 29 121 60 65 16 121
) UNREAC (ppb) 403 272 26.7 432 119 3838
CH, (ppb) 186 161 172 163 1.59 163
NMHC {ppbC) 028 021 0.30 0.34 0.18 027
CALC ‘ (ppbC) 0.18 0.10 022 021 021 0.13
F (=) 153 2.13 1.37 163 0.87 201
Kon (pprC~"min—") 3436 3211 2502 1915 2531 3600
OHREAC (min~*) 962 674 751 651 456 972

400

13000

{2000

Kaon
(ppmG- minY
O Fs & THE 9 0f 1 3 138/a 15 BEIT 8 19 20F2 Hour(JsTl
RUN3 RUNG RUNS RUNG RUN? RUNE
No.303  Nad0l  Ne.SO) NOBO2  Ne.7O2 No BO3

B 11 198048 A 6 AOERMEREDRAEL
Fig.11  Diurnal variation of pollutants on 6 August 1980
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Table 6 Pollutants concentration measured in Run 6 (Sampling points are shown in

Fig. 8)

RUNES RUNG RUNG RUNG
s No.602 No.503 . No.605
+2 7Y Y IER (5T) 1326 1336 1351
0, (ppb) 5.4 1174 125.1
NO (ppb) 19 0.0 08
NO, {(ppb) 148 126 112
CNC (kicc) 440 320 215
OLE {opb) 23 15 10

®  PAR (ppb) 193.7 1517 1279
2 aro (ppb) 131 125 6.1
§ CARB (ppb) 34 28 2.1
& ETH (ppb) 65 7.1 32
UNREAC (oph) 432 475 . 316

CH, {pph) 163 1.69 171
NHHC (ppbC) 0.34 0.33 021
CALC {ppbC) 0.21 0.15 013
F -} 163 2.16 LE9
ko (ppmC"min~") 19147 1850.4 : 17814
OHREAC (min~!) 651.0 6106 3741

4, BE I L—- 3
19804E 8 B 6 HOBHIF— 7 5AVTY3al—YarvEffoTabdl LT b,
FTHRBEEE LTUTOEHET LR,
1) 19804E 8 B 6 Bt LiciHH L A BRAREERCRATSE D, BIMERORRE L »T
AT AN
2) COBRE, BMERGOACEVRELZELI ¢, B ERA. 825,
#EL o OEREORGLERTEX AL, KkEMLTOREERE IBHT IS0,
CALOBMEEELLILT, BBERIGESEETNY Iab—Ya YT,
=¥, HEEOREL 0 HEAERAS, BEEORMEDL VIS, S LT oRIEAFERS D
RRAZRET -2 2RAT 5,
g b ABEORLRE, SHAFANEE I, RE(V)2ERT S LI AREOEL
LEZHE, —RWICE, BEOBRAMG TORKERE [HC)OMBREE, (5)XTE
Abnd,

HMEW]=_%ﬂmﬂmd[W—%JmMmﬂw] (5)
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CoRwo, BT EAMERLE — 2 @(6)REns,
14V_ 1 dHC] _
TET T g o [OM ko[04 (6)

STy VABT - O S, COBRMDICETL0H] FVALVREOCESHEIZZ 1
0.9X10 "ppm SHEEINTH Y, FLIBORIKFARASOLEREMMBLATVS LD,
(6 )RNOEMEER T - 7 SHETSE, BRICLZDRARDEIENTES,
Wz, 1357 4 YHE[PAR]ICDOTE, ()T L 0@k,
1 dv 1 d[PAR]

V&  [PAR] & ko [OH] (7)

(TIREHCTHET A&k 5,

EBRIIZI3, RUN6 T oHh iz 3 R(bARES ST — %, No.602, 603, 605HFIFHT
&4, No.602, 603, 6051 ENENHWENSHNO0, 19, TmOFERECEY, WEFEHEE, 5,
FNENII26, 1224, 1131 JST it 2 tHBE L &nbhat, $40 5, 1326 JST h oA
T, 6247El, 11590800, BREELELIILTV-LALW0WE 3,

RUN6 BT 4R BRIEABNSORLHELEREICTLEY, hodF—y 20T
dHC]/dt R 5N B0 T, (6 )R 71 EANT iV %ﬂff%%ﬂ%ﬁ Crd BRI L s,
{8 )& 5,

dc dC
751: (Tfn) reaction (%] dilution (8)
(n =1—36)
12120
(%) reactiog TRIGK S22, (CBM-IETN)

(ﬂﬁ AT LA TR T

at ) dilution

=f)(Cop=Ci)  Cu p ; WHn ORTRE



ERMWE - WIS - R BE- NI o - HEFRAR - RYF (34 - it

(8)Ri, RISEHMEBATEIRBOFERATHY, ThEHEMIECILITED, W
Bt omEORAELLS R 515, RUNGIZHITF 5No. 602, 603, 6050 F — 5 D
PAR & ARO 2BV TA N ARD 12 E T HFNF NI, 27%h ' OEHSB LN O T0%h 4 —
F—2Ext, UWFYiab—3 3 vOiBEE, RUTHIRELZTRY.,

ft2zE7 0L CBM-II'™ (36¥HE, 75RIGR)ET N
8 F i GEAR B

NHRE (S2HIfE )
NO . 8. 3ppb
NO: - 17. Oppb
03 61. 3ppb
OLE 2. 5pph
PAR 181. 1ppb
ARO 12. 5ppb
CARB 4. 8pph
ETH 6. 2ppb

HEFE M
Co lppm
HCHO 30ppb

NO:OX D REEEE  K(min™')
Clear Sky 10 B HRRAELEHEIC L VKD, 20H0%
EERAVL,

IR OE 20%/h

AARE C.s
Cog=9C,
a=0 (A= 0)
a=10.5 (BARE=7L—2A%REDOFST)

RUN 6D No. 605D F—F 2 FHIL £ 5 & T 2BE1IC1E, No. 6050 MBS Ld1131 JST i
B AEELTOMET— ISR ETH B, CO$H, RUNS O No.501(1011 JST RIFE) &
RUN 6 @ No. 602(1326 JST BIE) D72 2@ L, 1131 JSTF-F &L, ThzfiREs
EZZ, Vialb-YarEiTot,

HEEREEAME OlEE2E T ICRY., AOBEL 7 V- ANREDL/2ELIcE & (a=
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0.507, EMEEHEMEEBO—BERLE, $LUHRELRTT5 & 2 BERHLILTS
A1 HCHO & CO OfEN, EOBBOREDOHRECKELZRITO L 2BHL, FOBR
BEEhENFE §E R IIITRT, HCHO K2V TIX, BEH20pph A H40ppb A& 24510125 &
0B 34910% LR ¥ 5, —A COM, 1.0ppm 2 510ppm~ E10fEI2/2 5 & 05K 133930%
tRTB NS,

£ 7 FHEAEIHEMLEOHE
(e =00 &3 BHERT V- LONNOWEL Y I DHET, a=0.50
W2 71— ARDES DRSS ITHET 5)

Table7  Comparison with observed and calculated value (o = 0 means that the
concentration of the outside of urban plume is zero and « = 0.6 means a half

of inside) . .
. # 5 4 £ (ppb)
=M - .

WMER EWIE (ppb) a=0 a=05
0 125.1 . 94.1 o 122
NO 08 0.7 o1
NO, 112 51 63
OLE 1.0 04 05
PAR 1279 1010 1239
ARD 6.1 38 4.7
CARB 21
HCHO (HE ) 52l 28
ETH 32 27 3.3

# 8 HCHO OFHIRENT 2 08K
Table8  Relationship between the initial HCHO concentration and 03 value

=0 =05
HCHOMMIBE  misno,Mlf . OROORE

(ppb)’ (ppb) (ppb)
0 70 84
20 89 106
30 b 112
40 97 116

# 9 COPMIBEIHYTS OB
Table9  Relationship between the initial CO concentration and O, valie

COREE (ppm) 0,18 EE(12043) ppb
05 109
10 112
50 131
100 145
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Photochemical Smog Episode Covering
the Tokyo Metropolitan Area in July 1981

BREE - BEFEET - HK B NI W B

Shinji WAKAMATSU, Itsushi UNO, Makoto SUZUKI, Yasushi OGAWA
and Kunihire GOI

E E

1981 7 AIsHA S 18R THEM AW IR Z A BEREA X ¥V 1B S
#, RKAHRERARRT -5, GEMEN> -2, oy v—vick s LEEAS
WM7— 5 2RAVTRIAL, 20EEBRERBELL. THIBREI7TAIE, FEnt*
¥y MRESERESRMRIC B TR hioy, COoBRIE, BRRKSBICE G
SERMBORBRRSRE <CHFSLTWRIENDR ST, £, BRELLRKEY &7 2
EFNERWT, cO2EHOCY I V-3 ¥ 270, EEAF— ¥, RUHTRE
77—y EHBUIECA, HEMREEBEE L, AR -k —BLEM, +
Vv ORI BB — 5 0 L TARIEE, SIERER T — 5 o8 L T
ELg-ot,

Abstract

Photochemical smog episode observed between 15 to 20 July 1981 are analyzed,
using ground monitoring data, aircraft data and upper wind data.

On 16 and 17 July 1981 especially high concentration was observed at the southern
portion of the Kanto district under the closed wind circulation system. These two days
concentration are simulated using Lagrangian type moving cell model and the
results are compared with ground monitoring data and upper aircraft data.

Simulated results showed good agreement in quantitatively but it over estimated
the ground monitoring data and underestimated the aircraft data,

1. BABFRF KARNE T305 HEERERATI/NTI 16-2
Atmospheric Environment Division, the National Institute for Environmental Studies, Yatabe-machi, Tsukuba, [baraki 305,
Japan.

2. BMSER~ EIUAEMANEAMRER (MERAMtY 5~ TIBHFRMI0N EAARMNE9)

Visiting Fellow of the National Institute for Environmental Studies. Present Address: Saitama Institute of Environmental
Pollution, Kamiookubo higashi 639, Urawa, Saitama, 338 Japan.
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Fig.1 Weather map on 16 and 17 July 1981°
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Tablel Meteorological data observed at the Tokyo Meteorological Observatory
{15-20 July 1981, at Otemachi)

Wind direction and speed M.T. TSR
July 1981 (ms) °C) (MJ/m?)
Hour .
Date 0900JST 1200JST 1500J5T — —
15 N 24 5 34 SSE 36 315 154
16 NW 13 NNW 2.6 SSE 24 .1 197
17 N 15 ENE 138 SSE 44 343 205
18 N 25 SE 31 S8E 5O 36 185
19 w 03 8SE 27 SSE 58 322 17.0
20 SE 286 5 4.3 S 6.8 324 13.7

M.T: Maximum temperature (°C)
T.S.R: Total solar radiation (MJ/m%)
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Fig.2 Topography of the Tokyo Metropolitan Area viewed from the south and local
wind pattern. Numerals show following.
1. Seaand land breezes from Tokyo Bay
2. Sea and land breezes from Sagami Bay and seasonal wind in the summer
3. Easterly wind from Kashima Sea
4. Mountain and valley wind from the western mountain area
5. Mountain and valley wind from the northern mountain area

N o L D e

HEE, 4~5m/sTHDH,

FRhEod s SERROSES, LVFHCEBET I, HHRIOLTD N0, NO;
, AF VI b, RUBRBORBRELEE 4 (D)IKRT, #F 5V PEBRO/IY -V RU
NOD/3 % — v EBERD/NY — v i3, FhFNEL-BLTWVAE,

Fabs, 3HAMKORLY. BREERIC L SHBERAD 2 EEMHOKE, TR
EBEEMEAD 1 RKFRVEOBRS, BRNICREIh TR S IBETE
5, B BBEOAF VY IERELLZARE, A0 NO /PhaWEZRT. Thid,
HREIRBVTHLNO EBIET A +HHBL /Y BTV DHI L ABEKLTVS, BROA X
&y MMENSHEHES - 215HOEBIIE, NO OREBRMOAICEATEL, F0/45—
VEBRONY — v EFEHL TV,

—T4—




WP EEMIE 3 51981 T HOREY¥ AT v 2ty — |

N

.
/" K Saitama .}
Tokyo E

)
8 {ppb)

§ Oxidants
* ;
if
_‘\

1 i L 1 A L
15 % 17 18 19 2
July 1381 {Day)

M 3 MEsmRogErsdsAEY Sy MR (1 BRTSE) ongk

Fig.3 The daily maximum oxidant concentration observed in each prefecture in
Kanto district
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Fig.4 (a) The two-dimensional profile of oxidant concentration between 15 July
1981 and 18 July 1981 along the trajectory line shown in Figure 4 (c),
(b) The two-dimensional profiles of NO, NO,, Oxidants and wind direction along
trajectory Il shown in Figure 4 (¢),

{c) Averaged trajectory lines between 15 J uly 1981 and 18 July 1981 in the south-west
area of Kanto district.
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{a) The ground level oxidant concentration pattern at 1500 J5T exceeding 100
ppb and the aireraft data at 350m on 16 July. (b) The air trajectory at the

altitude of 3650m calculated using 23 pilot-balloon data.
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Fig.7 (a) The air trajectory at the altitude of 150m calculated using 23 pilot-balloon
data on 17 July 1981. (b)The Lagrangian variation of NO, NOz, and Oxidant
concentration along the trajectory line shown in Figure 7 (a).
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Fig.8 Comparison of ohserved and estimated value of ozone concentration along
the trajectory line or 16 July 1981 and 17 July 1981 are shown in Figure 8 (a)
and (b) respectively.
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Vertical Wind Structure of Kanto District Using
Principal Components Analysis
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Abstract

The method of principal components analysis(PCA) extended to complex variable
(Hardy and Walton, 1978) was applied to investigate the qualitative structure of vertical
wind field. Using 62 hours of pilot-balloon observation data which was conducted from
15, 900JST to 17, 2100JST, July, 1981 in the Tokyo Metropolitan Area, we could describe
the structure of sea land breeze, and get information on the spatial pattern and spread
of these wind field. The results show that the strong diurnal variation of sea land breeze
was detected between altitudes 200 and 500 m and decreased as the location
penetrating inland.

This generalized PCA method is useful to analyze the vector field compactly. These
results are important to understand the horizontal and vertical distribution scale of
photochemical pollutant in the Tokyo Metropolitan Area.
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Visiting Pellow of the National Institute for Environmental Stugjes. Present Address: University of Hokkaido, North13,
West 8, Kitaku, Sapporo 060, Japan.
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Fig.1 Topography of the Tokyo Metropolitan Area. Dotted circle indicates the
pilot-balloon observation point.
Two section AB and CD was used for PCA.

o
T

T00mb

»

B30mb

-~ w

GEQ STROPHIC WIND (mig )

7.1% 116 117

H 2 Ao ROk
HERRIDFBIRT —F © 700, 850 mb O ZF HESE 0F -5 ERHLE,

Fig.2 Diurnal variation of the geostrophic wind calculated from aerological data at
the altitudes 700rab and 850mb, respectively.
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Fig.3 The wind flow pattern covering the Kanto district between July 15, 1981 and
July 18, 1981
Numeral shows following:
1 Sea breeze from Tokyo Bay.
2 Seabreeze from Sagami Bay.
3 Easterly wind from Kashima Sea.
4 Mountain breeze from the western mountain area.
5 Mountain breeze from the northern mountain area.
Sea B. and Land B. in figure indicate that the main part of Kanto plain was
dominated by these wind, respectively.
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Fig.4 The alternation pattern of sea land breeze observed by pilot-balloon at 360 and
950m heights
(2) 1400JST (July 15, 1981}, (b) 2000JST (July 15, 1981}, (c) 0200JST (July 16,
1981). * indicates the missing observation.
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The average value from 0900JST July 15 to 2200JST July 17, 1981 in each time

A, MR LERIED SIS 5 BRI IR S s ERSHTE OEA 51T
NBH. BROBEANLGT 70— F 1220 Tl Hardy™ W 53 b hd, 22T, 2/itibah
FIRES Y v FANOBRI 2L THNS,

NBAREBWT THREACBNICL VB SR T — 5175 WAEARD LD ICERT S ¢
WWM]= [W! WE e ' WN]:[wij] (1)

(

LOT, M=NxH (H:88EE), W S 8llkichsda7r—sT8chy,

B
(WWH)J.= [wkej] (2)
GREET ‘

BT, 75 Wi OEE w
wk,j: ukeH-r' ‘Z)kgj ( 3 )

=rexplif 7] (4)



ERFEAMRLE - Hal - b R

&0, R(3)Du, vIEREFNRHEE, FELAROBEERSETT. N4 IRERERTH
0, ridAEHE, 6 X B HREFMOORATSHS, N1 )ORTFRCH T HREZR 7T
. aH, REITRLEKEHAGZY » FREBAS, R60P07— 0BT EORER
TRELUTRMT 5.

oW W MR Wit
% \
2
: \
-] W Wi i Wil |-HH +} WAEN-1IH+1

1 I N

Horlzontal  Grid

B 7 PCAOBEGK B L7 —FITHWOERDOEE (A k)

Fig.7 Vertical grid system for application of the PCA method at time k. Structure
of W matrix in Equation (1)

T — 175 Wi T 5408 - #{9EUTRl 2 &,

S =w* WT=[0] (5}

(MX M)

(6)

- T -
L, 6= E}rk‘- ryiexp [i (84— 8]

-

CHRBAND, TIT W WORREBR£EKT 2, LROER TR, FHEOERE SN
TVEV, Chil, REYOSPENERELODILEERTLNHTH S,

PCA W, 478 - $eamTs = ofaMmEeMRcs 5, (5)TERLAL 23 THVI—
FEMTHD, EEE 2GRN, BENS bV e WHFNMEEL D,

(7)

Zey,=Arey
LB B, KL, BFAGEAERIERT. BHNY b e k(1) OEREFRT VA
DY T ALY P IZSTETET,
(8)

el=ler)s enidf v o'l

LW, e wp VIR JREIRIC B BNAERD. —HC, BIEAMS - BAN PVvET -7

— 00 —




EHC AT & & IRHE O B ) 3T U HE S O WR AT

OAMITEE L ARAERON D, o) ¥HEEETRL LS, ORI AL T —REDH
s, R, B (AR B L AR D S B X 5N A, WO PCA SR,
BUTHE I Az PCA IO WT HF SR - RTARRZENRD LI IZHATE 5,

1) H5RF, REESER 85/ EEHOFSE FiE

Fi=4;/ A (7277 L A=trace =) ) {9)

THEN, Ef, REESE R

[

Rj= Fk (10)

k=1

Ens, uB, R(9)C, trace B 3 OMABHOBMAERT, 4B, F;, RHEEHT
50, COFHLEEOPCALFE—TH 5,
2) ERDHAATZ rﬁﬁuﬁuéfwy-Naﬁy%gﬂﬁﬁﬁhwm%ﬂmuf

M
Wi =Elzzk € (1)

CEBETES, JOT, g RFERDAITCH S, LROWEDIC e* %20, BFAZ LD
BEEEAFIHT A&

et W =z, (12)
HEeh, CheTRERNVTEET S E
z, = Wg, (13)

BV, FRMAAITICLY, £F-FOTYFOHMELLEBLENTE S,
3) Ryamis ETARE L, 2,770 jEREOBETERS 1,

= Jae (14)

“BoNB, BFARTE £ (7 EFOF R ER) BERFRICOVTORMEHONEEFD,

Db, BEBLAESERLICEEDTRY, BHENY tve, RTRAWRL, ENFAIT 2
WHERTHY, BEO ¢, v EBEENICET OGSl TEL, MEHELTELN
1 PCA OB OMING, BEROEVAICEG INLVEEE(, 6)TRRTILENHY,
RETE, BEERRC L ABER AR,

n¥H, £UCRULEBZOERAEE LT, Sudd* ditEiskek 8 — v ORRORRICER
SATT %, $12, Hardy and Walton” i X2 bV BT Los Angeles CBH AL
OEBIE DR %17 12, B SYEERS A 27 2 U TrHEMIHEOER OIS %R
ATWNB,




WFFERE S0 ma - i R

£ 1 BRanF-PCACBIAEEEOESR
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Table 2  Vertical section AB (generalized PCA result)

Component Eigenvalue Proportion Accumulated Proportion
1 698 0.622 0.622
2 206 0.183 0.806
3 75 0.067 0.871

trace [5)=1123.1

S
e
o 1
1
@ € e
S i
=] (]
)
ISP
a
g
-02 - 0

Real @,

B 8 ABWHWKBOIASIEE~NZ b e s HTFACBELL oY b
e R8Iy, KBNS Loy r3hTED, PO
FHEAEERT,

Fig. 8 Plot of first eigenvector of section AB at each lattice point
¢;; is the eigenvector for the j-th observation point and the number in the
figure is an altitude index.
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Fig.9 The vertical distribution of value of 1st factor loading f; for section AB
(a) is the magnitude of £, (b) is the argument, which is set zero at the surface
of the observation point 3.
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Time is plotted on the x-axis and the magnitude and argument of 2, are plotted
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Table3  Vertical section CD (generalized PCA result)

Component Eigenvalue Proportion Accumulated Proportion
1 846 0.651 0.651
2 229 0.177 0.829
3 97 0.075 0.902

trace [3]=1298.9
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Fig. 12 The vertical distribution of value of the 1st factor loading f, for section CD
(a) is the magnitude of f; (b) is the argument (deg), which is taken from x-axis
to counterclockwise direction,
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Abstract

In summer time, a photochemical smog is observed in the Tokyo Metropolitan
Area, by the emitted air pollutants from the Keihin and the Keiyo industrial zones and
a large number of mobile sources. We conducted a photochemical smog survey at 6th
and Tth August in 1980 and 16th and 17th July in 1981, using a small aircraft. The
concentration of nitrate and sulfate ion in atmospheric aerosol was determined by as
short as 5’'min sampling. The concentration of nitrate and sulfate ion is correlated well
with that of ozone, and both ion showed high concentration at the time of ozone
maxima, We interpreted the horizental distribution of air pollutants by the wind field
obtained from pilot balloon observation conducted simultaneously. Air pollutants
emitted in the morning are transported toward the Sagami Bay by north or northeast
wind, then they are transported northward by the Sagami Bay sea breeze suffering from
photochemical reaction in the afternoon. So, the high concentration or air pollutants
are observed at the Tokyo Metropolitan and the Saitama Prefecture. The discontinuous
line is constructed at the border of the Tokyo Metropolitan and the Saitama Prefecture
by the east wind from the Kashima Nada and south wind frem the Sagami Bay in the
field survey conducted in 1981.
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Fig.7  Wind profile at ground level produced by Sagami Bay and Kashima Nada sea
breezes, and oxidant concentration at the monitoring network
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Atmospheric Concentration of OH radical
and its Relation to Nitrate Formation
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Kentaro MURANQ!, and Shinya KONNO?
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PRI B 1 5 7 4 — N FREOKER» Sl LB 2B RAKH0 0H 79
HAABRBEERENL, BRILL IRTREB2REL, RIGKET ¥ T BRL
EHERPARIT &> THEL 2. RILKROBBL 2 BRMMITHL 70y b LS 2 5B
HORICEEERETFE OREEMAVT OH 3 VA VO EE, (2.110.9) %10 "ppm #
Bont, COOH T VAMBELLEE A NOORBERK 2L "EBR s i BE
HEC. 16¢h & L —BL T, A~D TN~ AP TORTRT 4 » U — O£ S RERE
120.3gm™*h7!, 0.005hTNIHEY, THot. SO NOMEEESLTA ML - MERBE
DEIHT V- HFAVBRR U LB LEREI N, KESO N B3 ARREIC
HEfoTwdeELLND,

Abstract

It was calculated that the OH radical concentration within the polluted atmosphere
transporting over the sea surface, based upon the field observation at South-Kanto area
in Japan. The transport time of hydrocarbon sample was estimated from the backward
trajectory calculated by the interpolation of the observed 3-dimensional wind field. It
was obtained that the average OH radical concentration, (2.1+0.9)%10-" ppm from the
slope of the relative hydrocarbon decay, on the basis of the known Kkinetic rate

1. EVAERER ASEEE T305 FREFBEADIRET NF 16- 2
Atmospheric Environment Division, the National Institute for Environmental Studies, Yatabe-machi, Tsukuba, Ibaraki 305,
Japan.

2. BRMEE~-EIATHAMEANGRA BHERAM LYy y—  T338 SFEEERN LA ARHE39)
Visiting Fellow of The National Institute for Environmental Studies. Present Address: Saitama Institute of Environmental

Poliution, Kamiookubo higashi 639, Urawa, Saitama 338, Japan.
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constants and the observed average O3 concentrations. The NO, decay rate 0,192 h-!
calculated from the estimated OH radical concentration agreed well with the observed
decay of NO; 0.164 h~'. The observed formation rate of particulate nitrate in the same
plume was 0.3 gm~h', corresponding to 0.005 h ', It was assumed that the this
discrepancy between the NO» decay and particulate nitrate formation was based on the
shortage of counter cation, and most of the N components exist in gaseous form.

1. LB

BIETH, OH 7 VA NVAHFRASOEFRE BV THhONREISHECTH D, HEE2AEY
TORT QR F OO ZRFERECERZFIFRECLTWAI LErR o LE2TOS
ML COEREBEIEE VT, RICKEZOEBEEMI O S VANV E->CRBan:
ML O CHEBMBLAMARIGEL THE&, —A NO W NO B ahTiT<, 351 NO,
BEICOH I VANERIET 5 ETHARDWMMICED, BRI TR 4 b — b (RS
WMEL LA A L MEESOAREER CAVCELT 5, BB T A bL—tT
T/ IDEEETRD pHET 23L& 6, BRATRTO NODOITHIE, BEN
MR & OEE D SBILARF LTINS,

BB BrBOW BRI k) SEPEROBERBS I EATy TERICHE- 12
NODHOBEIZ L > THEEZINLETRINT VS, EOLBBBEXKAPTOOH 797
NEEOHFIL, GEREOFHETFA FL— b ERCT 0 EA» SEOSHRATW S,

1. G. Calvert 4, 1976 iC ¥ ¥ L AIZHBVWTHRAGHO O 5V HVRE%:, H2dh
DRIKED OH 7V AN ECRIEMOELEHVB L LIz ko THREL LY, L—HF—ik
(LIF)BIC& 2 OH 7 VA0 £ 0 BEENZREELERIATE CLSHHY, Coit
KFEOBEREBIIE I HRIERE LTERRERHRATDCH U 2 TFHM O 7V AV
WEEHET SROMEL FETH B,

L LgAis, BT T Los Angeles Reactive Pollutant Program {LARPP) ICHBVTOE
BRI, (2 s B0T Calvert 1T & 0EHOH S ¥ 7 L BREE AHETE 2 1177) relative hydrocarbon
deday rate method # A4 AP BVHMLVBLDTH 12 EELANT VL. A0S v 7
v s s BT SRICE D O EREE L & O NO, & RILKZEOR S Inh v A3EE OH
FYANBECHLPEIVELESZANRTESILEEALN, FOROEEINLFEYOH 7
VHVEENBOTE S N AREEAE S, TNELCOFERMAELOL S sAEI LD
FHO L O TIE, ROBPZOH 7 VA VBEOHESTRC T LA NG,

19785 LR, HAbHFA %2 &y N EROBBEBBE I 2001, —#HO 7 4 — L FERHE
VAEREREHSAREOTARE L OBHOTILFORLE®, KFfseid, 198058860
i, BTN - AORBBEIERE EEBH L0 0H 7 VI NVBEOEE IS THEL
TWd, FRICTFbhzo 7o/ VB DF 4, bL— b4 (NO ) BEEHE SO0 T Y
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HNVBEE NOEDRIGK K 3 WBEROBORBIZI >V T HHERL 2.

2. B

2 O MBRBEMITHE, Aero Commander685({AC685) & Cessnad0d% BHREOAIE & =71V
BUREAZOY Y 7Y v VLA U, RVEERARICEWTER L EERR 2T, 7
F I TEEMEE 4 BRBTIRES AL, A7) v FRATESOESE S 5 PTFE € (20mm
D) #HWTHBAL, F7AMT k- VP 5 RABCHEL:.

* 1 EEAER & S
Table 1 Measurement Instruments and Analytical Method
Parameter Analysis Manufacture Measurement Time Approximate
Technique and Model Ranges Response Resolution
Ozone Chemiluminescence  KIMOTO 1-2000 ppb <3s. 1ppb
MCSAM-F (dynamic) (90%)
NO Chemiluminescence  KIMOTO - 1-2000 ppb <3s. 1ppb
MCSAM-F (dynamic) (90%)
NO, Chemiluminescence  KIMOTO 1-2000 ppb <3s. 1ppb
MCSAM-F (dynamic) (90%)
Ambient Platinum Deggussa —-50.0~50.0°C <ls, 0.1°C
Temperature Registor
Ambient Electronic National 20-90% RH <3s. 3%
Hurmidity Capacity Weather Service (90%)
Ultraviolet Photocell Eppley 0-5 mW/cm? <Zs. 0.02 mW/cm?
Radiation UV Radiometer
Pressure Bellows Tokyo Koku 760-380 mmHG <Zs. 1 mmHg
(Altitude) Barometer Keiki ATP-20-1 (0-5400 gpm) (80%) (10 gpm)
Position Loran-C FURUNO — 28, 0.03 min
LC-30 (periodic) (50 m)
Nitrate — — — 5 min
Hydrocarbon — — — 15 sec 0.1 ppbC

R 25 D A S V3 4980m/s TH 72, Runb Kid ACGRSHER a N, (OH 5V H WBE
BRUF A4 b L— MERBEEOHESTONEZT T4 H)
Fr )T U—a vy I TARTORBRICOVTET7 T4 FORIBICEIERT->7, 03, NOR
O NO ATER RO F AR B FHRIZEUE T 2B ERULAE T DS-30, RG-30A) 2L
THEEELRIC L VBES ht,
RALRFIBHRI &7 7 4 b T 6 MORILAKEINAY > 70 2 BE350m i B0 THRIL
e SBE2AOERCHEELL A Ly 7 28O VIEEY v 2 BB LIz, 4 TIVER
HMEHO ) —X2—-vhr o lB20mm OF 70 EEHNEAL, —fEZ4A AL LAT{Y7
7 LK 720 /min & B0, 10~ 15K FGRE# S SKE CMERML 12, (& « KFORAEE

#1km),
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Fig. 2 The horizontal contours of ozone and NQz at the altitude of 350m for Runs 3, 6

and 7
The broken lines show the flight courses. The fixed line in {(¢) shows the imaginary

source line.
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4,1 OHZVhNBEMEIHZE Calvert's method
— s, SHEOREKREPFOhOGELSME, BRSPSV TEROH I VANE
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The NO; photolysis rate constant obtained from several solar UV station are

shown
The k, is calculated by Zafonte’s method.
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BEUR3IKRINTVAEEIREFT-ETHL0T, OH 7V HINBE—EOREEIELTH
HeEAHNB,
THIEAARIEBUAFRECE>T IV AFh0OFY 00 7V H VBB HET 5 B0 38
o (BHEEM2Z 0 & ULLBO)RIEKERSEPBHEEBRELLEVI EMBEL SIS,
L Lani bl 4 OREKFROREBEDORBELII OV TOFRS sV ORA T %
B BEXBET a priori ICTIRILABER TR E—ETH L EHEL 2,
RAVRINDLHICTFHN OREL LT OH 7 VI NVBELAHE T 2 BICHLMBE
BB, O:MERIR 2P LW E LS ML TOEHHA ST 0L 77 H VBE#3HE
T 5 B0 O % 60pph EBi T, FhEAL 74 VRILKBOBREILE TS O:BEOF
BIRROL Z VNI NIIHBELTNINWEHEINL P HTH D,

4.3 MEMEOSH

AL 3 TTARIEE MATHEWS 2 BOTHE L -, B4 BRIEKEY v 7)) v 7Hb
ROEFRR L, NSRS L CORAMBHREZT L COH FETFEMT 20900 JST wiH
BRLizg ool AaEEL TR RRENAT VS, BHFORMBBREVIZEL—BLLE
BERLTOVS,

RIEOZBIFR, 2% v{EEREE, & Y 7VERNE TORBE LR~ X2 LTITD
NrREE L cHREI A, I TRABEELORRELFEFEAICE I 5 FRERRICY LEA
FAHICRE L, CORITRERRHM - HL ORRHRAEHZE - THIR2 ) IEERTRINT
WhH, CORSITRERE LRI, K2 (a){d)rsMHrL L TRy BN T 1 -0
FERYD, SORMNOTTER4RERVERLEMECBI SBEELOBREFOR LIRS

X 4 RALKFZERHUR > & O3B 5 B

Fig. 4 Backward trajectories for the air-masses in notice hydrocarbon sampling was
made are shown. The ( X ) marks show the hydrocarbon sampling points.
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Fig. 5 ' Forward trajectories from several points at the altitude 350m around Tokyo
Bay

ERZTIENHESDSTH S, FNE NI DBHEIFFE ORRIF RULHHREMRY C DRE
FRCBETARME L. (H42R)

5 RREEE

5.1 FHOHIYHIBE

Run 6 KBV TEBLAL 3ADOY Y TLORILAKRBIEEE 2 ITRIATWVS, H6 (a)-(f)
2, Zo0R{EAFEORLE MATHEW K&~ THE ALROBERAVWCHE L, TERENR
GEH, S OBRBELEKEE L 7ey FOROHBRNILOERLTVS, HITRENS
£z, ERIC BOERREY, BRISESEWBEEPRESEHTRIGEVESZRVTH
ENT, BIF—BMICIOLIBRVERBEMNBIN &S, B4 BKIT a priori iIRE
L 12 TEEIB T O R E O TSR IR RT & & b IBIL L 2 & W D RTHR SERBRIC L L
TWBEREHZLS, T3, R(4)KEVEELLZOE VA NOEEMEEZRT. TR
BADOEENRIAZELY v, Fasy, 78y, PALY, oF YL vEmFLLVIER
EHEDEVER A AR T 5 L5 KBAT VA, THE L VIZDNTH ¥ 7V No. 605 ILHEEA(E
TEHELOBEABLAOBALTH D, HECERL RO RILKED OH & ORIEEE
EHEEARNTRINT VS, 0:EOFEER I 7aYL L 19.2X107 BT F L v 7.5X1073
ppm ! minT'& L2,
BUENLAPORLARE2SRELTHELZE2TFELAEROHBRE >V T(2.1L
0.9)X10 ppm B LN T L F LY EBEEPBSRKE N L, Ry I v E-NY T VR
GC ETa#izhThnI &2 BRICE 4 FILOBRICERAL 2,

—121—




$AOREE - THRMMNE] - ISR - HFROKED - RIS

# 2 RUNG6 B2 RALKFEER
Table 2 Concentrations of the selected HC samples from Run 6

*Sample No. 602 603 605
Time (JST) 1326 1336 1351
Longitude 139°3¢" 139°20° 139°20°
Latitude 35°17 35°08° 35°01

{(ppb) {ppb) (ppb)
Ethane 356 2.99 2.71
Ethylene 4.03 328 20
Propylene 4.15 328 3.23
Propane 0.77 040 0.06
i-Butane 163 159 121
Butane 322 2.76 2.24
Acetylene 231 2.74 2.39
i-Pentene 2438 209 163
Pentane 1.856 127 084
2:-Methyl-pentane L17 0.95 0.80
3-Methyl-pentane 0.68 047 049
Hexane L78 1.19 104
Heptane 0.50 0.25 0.32
Benzene 184 143 125
Octane 025 0.19 0.18
Toluene 494 4.05 264
Ethyl-benzene 159 11k 066
p-Xylene 052 0.31 0.26
m-Xylene 0.69 032 0.22
o-Xylene 0.54 037 0.25

Decay of In (HCi s Ethylene}

100 00 300

Time {min)

6
Fig. 6

X W o® R

Ethane/Ethylene
Propane s Ethylena
Propylene/Ethylene
Butane/ Ethylene
Benrene/ Ethylene
m-Xylene/Ethylene

(a)
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Ratio of selected hydrocarbons versus transport time
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Table3  Calculated OH-radical concentrations for several combination of hydrocar-

bons
Ethane Propane Hexane
107[OH],ppm 10°[OH],ppra 107[OH],ppm
Ethylene 25 Ethylene 32 Ethane N |
Propylene 1.9 Propylene 18 Ethylene 35
n-Butane 1.8 iso-Pentane 3.1 Propane 30
iso-Pentane 1.5 2M-Pentane L8 Propylene 11
2M-Pentane 1.0 n-Hexane 3.0 iso-Butane 2.0
n-Hexane 2.1 #-Octane 0.50 n-Butane 2.3
Toluene 25 Toluene 3.4 Benzene 1.4
E-Benzene 3.6 E-Benzene 4.6 p-Xylene 067
p-Xylene 12 p-Xylene 14 m-Xylene 14
m-Xylene 16 m-Xylene 1.7 o-Xylene 13
o-Xylene 16 o-Xylene 1.7
Ave. 1907 Ave. 24+12 Ave. 19409
Toluene L0T[OH],ppm m-Xylene 107[OH],ppm o-Xylene 107[OH] ,ppm
Ethane 25 Ethane 16 Ethane 16
Propane 34 Ethylene 12 Propane 19
Propylene 256 Propane 34 Propylene 23
n-Butane 29 n-Butane 249 n-Butane 16
iso-Pentane 1.5 iso-Pentane 1.6 iso-Pentane 16
Benzene 2.0 2M-Pentane 17 2ZM-Pentane 19
m-Xylene 16 3M-Pentane 2.1 3M-Pentane 2.8
n-Hexane 14 n-Hexane 1.3
n-Hexane 19 Benzene 1.3
Benzene 14 Qctane 3.5
COctane 2.3 m-Xylene 23
Toluene 1.2
p-Xylene 23
o-Xylene 1.6
Ave. 23038 Ave. 192086 Ave. 20207

Averaged O; concentration was assumed as 60 ppb.
For propylene, sample No. 602 and 603 was used for calculation.
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Table 4 Reaction Rate of OH-radical with Hydrocarbons for Caleulation

Component 10'2k, em® molec's™? References

Ethane 0.3 [A41, Al11,Al64]
Ethylene 8.0 [A142)

Propane 1.6 [A148}
Propylene 24.6 Nip (1979)
iso-Butane 252 [A148]

n-Butane 2.72 [A167]

Acetylene 0.78 Michael (1980)
iso-Pentane 3.78 [A148]
n-Pentane 3.74 [A148]
2-Methyl-Pentane ) 5.0 [A142]
3-Methyl-Pentane 5.8 jA142)

n-Hexane 59 [AE42]

Benzene 1.25 Tully (1981)
n-Octane 842 A41]

Toluene 6.95 Tully (1981)
Ethyl-Benzene 795 [A110
_p-Xylene 153 [A264)

m-Xylene 24.0 [AZ264)

o-Xylene 14.3 [A264)

cf. The reaction rates whose references are not shown are taken from R. Atkinson et al (1979), Kinetics and mechanisms of
the reactions of the hydroxyl radical with organic compounds in the gas phase.
Advances in Photochemistry, 11, 375-488, John Willey & Sons, New York. The reference A110 implies that the value was
taken from the number 110 of this review.

5.2 #B5hiTHOH FVHNBEDREILOVNT

Bon- i 0H 7V A MBEERO LD KREERZH-TV 5,

(1)RIEAKFORE

(2)0:B%E

(3)ELECORBEORE
Bl hsBERIZDLWIRO LS ICEMLIz.

RICKRBEE | RIEAFBREORCERT 28EE, S LOBEZEE0. 1pphC 2BA TV
WIEPBHIBLTFEEALLND,

RGP OBESE LS AN ETF Ly ETOEL Y II2DWTRERES RS LS
3%, 1BERE LT [0s]=0.06ppm, [OH]=2.0X10 "ppm &HB< &, BATFL ¥ +0,,
=1.5X107Y, TF L v +0H, =2.4X107%, Yo L »+0;, =1.2x107%, 70¥ L ¥ +0H,
=7.3X10"min £ BB, FND x, b LT O NS T50% EROBEELF > EEELTY,
HEINANLFEHOH I VANBERIF LY OBRET I%ERE 7oL yOBEL L 7T %IEE
L ahd, B, +V U RIECENY »RZRElits s,

FREAR & R HRR  MATHEW 2 O THE S W BOR £ BEOCERBRICESWTH
g 2HE LB, IHCABERBOEZE O VI VEBEORKNEEERS|IZELT
WaAbLANLZL, ThEL8H 6 ANBAIHE M EBLROGLHVBREREERE SN
HERICB L TORERNICLTVAEEbASL, 36IEAE, M2(a)&b)iisds

o
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0s& NO,DATHERE 4, 5 OWRIERELES 2 BOBHERERIATLAEILE
bhad, colEEBcRVEY y TANR—OREEHEEL, S5 40FE 0H
SYVANBEORESBTVEOTHELHENAHZLEEZELW,

BEELT, RIECKFEOER, 0,BE, BRKMEIZEFE, RICRIALIIVFEE
ABNBLEREVOTHEINZ P OH VYV ANBBICMUTRRTE S, 50, 4V
TLERMAOBIREELLThhh >HE I FHOH 7 VA NBELEL RS
RoThWEELHBND,

5.3 EBHEINAFHOH I VHILRE LMDAREOHE

4 13(2.1£0.9) %10 ppm, FHH B (5 242, 2) X10° molecule cm *& 405 OH 7 ¥V A W
BERRERS DN TOEEF ATy SERBBCRIITE 5825027, AxiRitk
ZREFEEIL L - T, Calvert 13 Los Angels O FOFBERARFTOOE VA LVRES
(1.0£0.8) X 10 'ppm EHE LY, C. C. Wang 537 b0 4 MEROEBERASHT LIF &%
& V(1 —5)X10"molecule cm & WS EEBH L TW2', D. D. Davis 5 REICLT
BEFH H DT N — LFT9.5X10°molecule em P E VI EERIELTLAY, Ny s T30y
FREHITHNTIE, 2X10°—3%10%molecule cm & W A EAENBREEEZHOTEEI R
T3, Y%7 D.D. Davis 5 1219764 £ 19794 12 LIF 8T (1— 3) X10° molecule cm ™ &
ELTws, ChoOBRANRL - LRENZ S 5V EEN LT CibOcbhrb
57, FPFRICBVTHES M EIHEEN S ERAKH BT 2 —2OHEIE LTRVWES
EBDORB,

5.4 NO,DHZAFKHENDOTER
FBRASPICBT3EH 0L S VA LBENREINLOTHS, S, TOMERANWTERN
DORIGHEBIZHE S NO, O F ARBBAOEREE & EBO N0, OBEREBT 5 L Wb i
DRBEEN ETH 5, HFRAEDICH T3 NOOREEERIVEEE LTRIFERO LY L
LOMMLENTIND,

NO, + OH—HNO;(geseous) ks =1.1x107" (5)
NO; +0; =NQO; +0; ks =1.2X10" Pexp( —2450/T) {(6)
NO; +NOz =Nz0; kr=3.8X107 12 (71)
N20s =NOz +NO; kr,=1.5%10"" (7r)
NO; +NO—2NO; ks =1.9x107" (8)
N205 +H;0— 2 HNO; ke =1,0x107% (9)
HNO; £NHz, etc—NH, NOy, etc(Br 7R+ 4 L —F) (10)
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2T, EEEIE cm®molecule 'S T T Hampson®™' 2 5 D3 AT & 5 HNOs & S A b L —
btz s, OO NOIHET SRR LSUCHRLEY, A PAN MERALARIIRE
T 5, L LREOHE T PAN OER RIS CEMICE ANOSEER Lz o &,
T HARBBLAY R AER- b oL 7 2R S B REEIEOER L 0BV &
WHZEMNRINT VS, £0f®, FARBEBEEERTA FL- FOBZMBEHRRICEOTIE
NODEE» BN ZTEE LTELLATNS,

BG 7 W o3 B, WRILAKEHS » FIVNQ. 602,603, 605D RIC BT 55 NORED
—XBRETOy FERLTVWE, B 5HHH 5 L5 NODRER—RTH Y, BphBRA
fFay PROLHIE B, '

[NO,]1=27. 6exp(—0.164t)  (ppb)

Z 2727, 6ppb R AICIAMGE Mo NO, OFHIRETH Y, tid hour Z BT & ¥ 21
Beds,20%0 NO, DEEEE0.164h ™ ' T d 5, TF1gD [OH = 2 X1077, [0s] = 6 X107 7
ppm, [NO3)=10"%ppm #{FET 5 &, NOOBEHE L " >ORIGERK(5)E(6 — 9 JITEKF
T5, FUTEOHEBEEZNFNI X0  min T RT3 0X10 " min "' ThH B, ¥R, RIG(6 —
9 )DL NO,DEHRINITHR E ULCREETHZ L, NOOLENMER, HeOBBIL 1231
FeRTARREL2ERTAREGICEBEEINETH D, sHH AN NOOBEHEE, 3.2
X10 *min "2 F ©0. 1920 LI EHNHEO. 164h T L ERBEANTIHFHICRL—HL TS,
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Fig.7 Observed NO; concentration versus transport time

WM E 5 5043, NO OMEEE(F AREEOHRE LEFFLV)ERTFIRT 4 bL—
FOEBEEORB TS S, BB IE Run b il BWT 5 904> 7)) v B TERAIZ kT
WF4 b L— MRE% OH 5 ¥ VR 28 LB L B2 BRERIc LT 7oy bL
MBETRLTVA, BRI 0H 7 VA NVBEORNCAVR 3AFORILKEAES 23T
BEOKRTHY, BT ALNOE—OREFREH L LVBEORERTH2, B2 5HS
i & IR KBEB A 2 S Y TV EBHER EROERERL TS, IO E W]
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Fig. 8 Observed NO; concentration versus transport time

ROTHEFHEOEGHOSE s RICHEICBEEZ LA LI EHATES VA ER2EHLLTL
. B

K8ofExnms, MTRFA FL—rOEMEZE, 0.3%X10 %gm *h !, 0.005h 7 (NO, @
HIRE R R LI EDIZ27.6ppb & LT)TH 5, CORTRYTA FL— MEREE R, X
BICBEINTVWAHEE ED 2928 5@ (Richards, 1981 ; Forrest, 1981 ; Davis, 1979) &
DEED/NI L, Forrest 51, STATE 70V 7 MZBWTARKAREHRO 7L —AILD20
TEORFOF 4 b L— MEREEA0.03-0.12h ' CH 5 S BA L TV 5 Richards S i,
EPA VISTA 7uvz2 bORTECABIBT S 4 bL— BB 0550 ' TH 5 &
W LT VA
ABRICBEVTBRBINTHTRF 4 v — r EREE0.005h ™ % F ARBMEOEREE =
NO: DFFHEE, 0.164h 'SR 5L, BBEOHIFER V. 2O L3 HF ARBBICE
BINNOAAEAZOTFR-THBINTRYECERIAZOIEZBRLTVS, &
IR T ARBERELE N EB 05 FIATOAL, NOOBEREE LR TR, bL—
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