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Study on the Evaluation of Photochemical Reactivity of

Hydrocarbons from the Various Emission Sources

M) - B

Shinji WAKAMATSU' and Itsushi UNO!
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Abstract

The ozone formation potential for five major hydrocarbon sources, vehicle
exhaust, gasoline vapor, petroleum refineries, petrochemical plant and painting
solvent, are discussed. The CBM-UI photochemical reaction model was used to
calculate the O, concentration, O; formation rate, time of the maximum O, formation
rate is observed, O; dosage and the temporal variation of NO,~NMHC-0; isopleth
shape. These properties are discussed for individual hydrocarbon emission sources.

In summary, the following characteristic features were confirmed.

(1} On the isopleth of NO,-NMHC-Q,, the angle formed between the line which is
drawn through the inflection point of Q; and the NMHC axis {ridge line) increases in
accordance with the irradiation time (K, =0.4min™").

(2) Under the ridge line {the region where the NMHC concentration is relatively

1. EABAER ASRENE T 305 YSERAHAS B e 16 % 2
Atmospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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high} the O; concentration mainly depends on NQ,, while above the ridge line, it
depends on the NMHC concentration.

(3 On the wellaged NO,-NMHC-0; isopleth {approximately 10 hours) the slope
of the line across the ridge of the O, isopleth is nearly equal to 0.1 NO,/NMHC (ppm/
ppmO). )

(4> The maximum value of the Oy formation rate is nearly proporttional to the
NMHC concentration.

(5) The time when the maximum O, formation rate appears is proportional to the
ratio of NO,/NMHC.
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K I = F A ;. CBM-D+Fa
] # B E . NMHC 0.0~1.0 ppm(
NO, 0.0~0.1 ppm

(NO: NO;=9:1)



EERFAF M, BHEH S 0D bR R OIS U 0 Sl

HCHO 0.01 ppm
HNO, 0.00185 ppm*
NODXEFMEEEH  Ki=04min
it H il % . Gearth
*BEE 25°C, BEE 80% (1941-1970 EDEFIC k1% 7 HOFHIH) ks

i 5NO {0.09 ppm), NO, (0.01 ppm), HOOF&HBES 1/3 % A
(RN A

3 R

31 AV BEORANELEBRAV VEIEo20T

Ay ) S, REBEER, SEERy A, Ak, aeE - BRI AR, FmEhc
BOAREIMTEF — # B LT 3R T Lo NO-NMHEC-O,FBESYR 1~6 R L1, &

F 1 RAKEREFERS M
Table 1 Hydrocarbon source fingerprint (weight %)

Comenet e Gl T e s e
Ethane 3.1(1.18) 0.0¢0.00) 3.001.16) 3.0(1.53) 0.0 2.4
Ethylene 12.0¢0.55) 0.000. 00 2.900.73) 49.9(1.73) 0.0 6.1
Acetylene 5.5(0.39) 0.000.00) 1.6(0.64) 1.8(0.79 0.0 3.4
Propane 6.100.75) 1.8(0.61) 20.2(2.59) 4.3(1.11> 0.0 5.5
Propylene 5.600.54) 0.0C0.00) 2.8(1.38) 3.9(1.49) 0.0 2.2
-Butane 4.6(0,42) 15.2€0.45) 6.7(1.05) 2.6(1.38> 0.0 2.6
#-Butane 15.000.87)  19.1€0.17; 16.101.17) 5.4(1.18> 0.0 6.2
i—Pentane 10.4€0.57) 35.800.20> 14.401.69) 4.000.87) 0.0 6.7
n-Pentane 6.0(0.55) 13.1€0.302 6.9(1.39) 2.8(1.05) 0.0 3.8
2-M-Pentane 3.8(0.53) 6.300.18) 3.7(1.96) 1.500.74) 0.0 3.5
3-M-Pentane 2.300.54) 3.1€0.21> 2.1(1.87) 1.1(0.93) 0.0 2.5
n-Hexane 4.400.74) 3.200.17) 5.0(1.56) 4.301.200 0.0 4.5
Benzene 5.60.49 0.9¢0.32) 4.3(1.54) 3.4(0.64) 3.0 5.9
Toluene 10.5€0.41) 1.000.35) 7.1(1.49) 7.6(0.74) 25.7 25.2
E-Benzene 1.6(0.56) 0.1€0.50) 1.0(0.82) 1.6(1.06) 32.0 3.9
P, m-Xylene 2.400.71) 0.300.44> 1.300.87) 1.7(0.88) 30.3 8.0
o-Xylene 1.100.73> ¢.1(1.003 0.901.00) 1.141.27) 11.5 7.5
Total 100.0% 100.0% 100.0% 100.0% 100.0%  99.9%

Note : * evaluated at 25°C.
J§ estimated value from several painting solvent
parenthesis means the coefficient of variation (&/X).
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Abstract

Field observation using instrumented aircraft was conducted in order to determine
the relationship between the three dimensional profiles of air pollutant concentrations
and emission sources. Observed data showed a good relationship between NMHC and
NO, concentration having the average NO,//NMHC ratio of 18.7 (ppmC/ppm).
Correlation of CO and NO, was also good. Temporal variation of CO, NO, and
NMHC showed a peak in the morning, while SO, and secondary pollutants peaks were
observed in the afternoon.

The calculated O, concentration based on the field observation was well related to
/NG, when the ratio of NMHC/NO,. (ppmC/ppm) exceeded 10, and proportional to
JYNMHC when the ratio was lower than 10. The time when the maximum Os

formation rate appears is related to the ratio of NO,/NMHC.

Based on the field observation data, NO,-NMHC-0; isopleths were plotted using

a photochemical reaction simulation model and they were compared with the isopleths
calculated for the 5 major NMHC sources. The observed isopleths were a similar in
shape to those from mobil sources. This indicates that the field data observed on July
23, 1982 included a large contribution from mobil sources.
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Fig. 1 The arrangement of the upper wind observation points
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Table 1 Data processing system

AIRBORNE SYSTEM (S5YSTEM 0) GROUND SYSTEM (SYSTEM 1)

LORAN-C POSITION DATA
CRT TERMINAL
(TRACK PLOTTING)

CONCENTRATION SIGNAL ——-| A/D CONVERTER

0ZONE
NO
NO,

S0, CRT TERMINAL

CONDENS. NUCLEI (REAL TIME MONITOR}
METEOROLOGICAL DATASIGNAL {| @———m——————— | ...

¥ RADIATION MAGNETIC TAPE DECK :

AMBIENT TEMPERATURE 5

AMBIENT HUMIDITY
ABSOLUTE PRESSUTE

LINE PRINTER

MAGNETIC DISK

MAGNETIC TAPE DECK

e e + 10N CHROMATOGRAPH
ROOM TEMPERATURE SIGNAL :

MANIFOLD TEMPERATURE SIGNAL L [ on CH.HC ANALYZER
P GAS CHROMATOGRAPH

TEFLON FILTER SAMPLER
FLOW RATE SIGNAL

H. C. SAMPLING POSITION SIGNAL

GYRO COMPASS DATA SIGNAL
S

I:EROSOL SIZE DATA H DIGITAL PRINTER
INSTRUMENTS CONDITION ——+| &/D CONVERTER

GROUND SYSTEM (SYSTEM 2)

PILOT-BALLOON
DATA (23 STATIONS)

AIR MONITORING

GROUND LEVEL

DATA SIGNAL SONDE DATA DATA
REGULATED POWER VOLTACE CPU-2 (4 STATIONS) (100 STATIONS)
TEMPERATURE CONTROL

CRT TERMINAL Do
POWER SUPPLY CONDITION _ Do TELEFHONE
DATA SIGNAL (REAL TIME MONITOR) L
VOLTAGE Lo
CURRENT Co CRT TERMINAL
FREQUENCY P

AEROSOL SAMPLE ON TEFLON
FILTER
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Table 2 Qutline of 1982 observation system

Flow of Lagragian Ohservation System 1982

Aircraft Data Meteorological Data

Pilot Balloon Data (23 points)
Sonde Data ( 4 points)

MERLIN [V Monitoring Station Data
(JA 8828) (39 points)

Fax. Data (JMA)

(5 min Aftler Landing) Upper Data QObservatory
System 1 | System 2
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 Horizontal 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)

| Decision Making |

Flight Course for Next Flight
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Table 3 Instrumentation used on the aircraft
Parameter Analysis Manufacture Measurement Time Approximate
Technique and Model Ranges Response Resolution
Ozone Chemiluminescence KIMOTO 1-2000 ppb <3s. 1 pph
MCSAM-F {dynamic) (90%)
NO Chemiluminescence KIMOTO 1-2000 ppb <3s. 1 ppb
MCSAM-F {dynamic) {90%)
NO, Chemiluminescence KIMOTO 1-2000 ppb <3 s 1 ppb
MCSAM-F {dynamic) (90%)
50, Fluorescene Monitor Labs 2-500 ppb 5s. 2 ppb
8850 (90%)
Condensation Light- E/one 100k CN/cc 3s 1000 CN/cc
Nuclei attenuation Rich 100 <{.1 (9095)
Aerosol Size  Light- Royco 0.12-13.0m dia. 30 s. -
Distribution scattering 226 (16 Range) {periodic)
Temperature  Platinum Keisokukagaku 0-50°C ls 0.1 deg
Resistance (90%) '
Humidity Electronic National 20-90% RH 3s. 39,
Capacity Weather Service (909) )
Ultraviolet Photocell Eppley 0-5mW /cm? 2s. 0.002mW /em?
Radiation UV Radiometer {909)
Altitude Bellows Tokyo Koku- 760-380mmHg 2 s, 1mmHg
{Barometer) Keiki ATP-20-1  (0-5400 gpm) (9093) 0.03min
Position Loran-C FURUNO - 2s. 0.03 min
LC-30 (periodic) (50m)
Parameter Sampling Manufacture Analysis Manufacture Approximte
Technique and Model Technique and Model Resolution
Sulfate High volume KIMOTO 191 Ion-chromatograph  Dionex 10 0.25 pg/m?
Nitrate Sampling
Chlorid on Teflon Filter
Ammonium
non-Methane Compressed Hydrocarbon ~Shimadzu 0.02 ppmC
Hydrocarbon  Sampling in Analyzer HCM-3AS
Glass Vessel
Hydrocarbon Compressed Gas-Chromatograph  Shimadzu
Species Sampling in GC-6AM
Glass Vessel
co Bag sampling NDIR Fujidenki
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Fig. 5 Vertical temperature profile at Otemachi

4 BRiFrEE

4.1 FRMEREOME

BENCHIE7 T4 P F— 22 EP LR YT A4 CTT, ZFD Coe. Cao NO;, SO 3%
754+ OEFHETHL, ThUAOREBE, RIARSHFHOREXENLIBACKT 2
FPHETHD, 2 AMELTEA2CLUTCHD, &Y v ORKIESL 80ppb BETH -1,

HRp BT ORMRCET 2 MBS, RILAERSCEL CEALLY, Fif=T =1
CRHL TIEARSY, Efi=7 = VY ACBLTEHTOYDRCRALhTWER, T 2T,
FuHARHBCoOVTORRTELHET S,

s 2 v BALARBEO#EEMTE PID & Qb1 4 AL X hfT-%n, FID (7 v—=a
AFx vtk LoBYE6WRT, PIDER, BEREEHMC LB 7 k&L, £7 -
FHTOFIFMAT A LR T2 ok, FIDDELOERBRITZTVERTIEL, &
ER*RHBEL L ZHHEOECIIIET  BUHEEBGRA R bR, HTH5R 9Tk
AR B AFEE 2 5, NO, CODBFRARLE, WncBiL T4 RVEEBMERE I - Ty
B, ¥ NO. & NMHC o i, + Vv oS lEES, KA+ Vv BERE L ERBERLE -
TBfew, BENAT 2A—2—Thd, FEREFCNTEEHBERCINEL NMHC/NO,
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Table 4 Averaged value of 1982 Aircraft observation (Averaged value of gas concent-
ration is based on the value when hydrocarbon sampling was conducted)

Run N0, HOUR  Altitude  NO NO; 0, co 50, CH, NMHC OLE PAR ARO CAR ETH UNREAC
(JST> (m) (ppb) (pph) {ppb) (ppm) (pph) (ppmC} (ppmC)  (ppb) (ppb) (ppb) (ppb) (pph) {ppb)
11 0503-0650 5330 1.0 4.3 46.0 0.15 12.5 1.61 .11 0.15 30.22 7.06 0.00 2.60 25.86
12 0908-1145 460 6.2 12.4 45.0 0.20 6.7 1.68 0.16 0.99 61.17 9.30 0.1¢ 4. 87 30.14
13 1255-1448 470 4.0 12.9 83.4 0.37 15.4 1.6% 0.21 0.39 84_.83 12.91 0.04¢ 4.33 35.36
14 16551852 45¢ a.7 1.7 74.7 .25 16.1 1.71 0.23 G.77 86.42 15.75 G.16 4.87 32.35
Run NO. CNC  NMHC/NO, Ca, e Ca, o NO3 50%- u v, Temp. Upper Wind Pattern
(k/ee)  (ppmCrppm) (pg/m® (ug/m® (pg/m®) (pg/m®) (mMWATT) (o) 150 m 350 m 650 m
1 0.4 20.8 1.5 3.4 — — 0.33 21.9 v / /
12 2.8 B.6 3.5 4.9 0.58 3.1% 3.70 22.5 v s v
13 7.8 12.4 5.1 7.3 .55 4.43 3.08 24.4 5. 7 N
I4 6.3 18.5 4.9 6.3 0.63 3.63 G.42 2Z2.1 ~ ~ " A
Run NO. HOUR Altitude NO N, 0, cO S0, CH, NMHC OLE PAR ARQ CAR ETH UNREAC
(JsT (m) (ppb) (ppb3 (pph)  (ppm) {ppb}  (ppmC) (ppmC) (ppb) (ppb) {ppb? (pph) (ppb) (ppb)
21 0453-0704 520 9.2 149 366 029 6.5 166 017 @84  60.35  9.60 0.07 509  38.8
2 0002-1042 470 7.9 277 453 047 16.3 L8 0.34 253 136.16 1777  0.32  9.48 67.11
23 1300-1447 490 4.7 199 78.6  0.36 21.2 1.74 029 0.87 12748 13.90 0,10  6.77 61.02
24 16531820 500 2.4 1.8 457 0.23 8.2 167  6.2¢4 152 8887 4.00 012 493  49.20
Ren No. | CNC  NMHC/NO, Cae Cao NO; SO u.v.  Temp. Upper Wind Pattern
(k/ecy  (ppme/ppm) (ug/m®) (pg/m?®) (ug/m® {ug/m®) (mWATT) (O 150 m 350 m 650 m.
21 1.2 7.1 4.0 25  0.73  2.05 0.37 19.9 ~ ~ ™
22 12.6 9.6 7.8 8.7 1.01 3.45 2.73 22.5 ~ ~ .
23 17.5 11.8 8.3 12.6 0.82 .46 2.35 24 .4 N N =
24 12.5 16.9 4.9 7.7 1.63 2.90 0.32 22.6 -~ . -

ARk
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TEHZEAB LT EATVEY, SED7 4 —A FERT — 20 NMHC/NO,D e A 77 4
BESKRT, FEHEL18.7TH -1,

SO, & CO, NMHC oBfR% [ 10~K 11 iwind, —ECHEEH S boo gL Bl bLi
ey, —F, CO & NOOBIRLRE 12 TR 1,

4.2 FHREDE — o ORERITL

1982 7 A 22 HE 23 HOGE S BIOMEHRBACSBEAFSHELR 13, 14wrt, HiHE
DREV <27 B 23 HOFBERENCE D o708, BEOCRKIE(L- 2 — i3, HEEmELL
T, NO & NG, BRUODBEfC T, BEINGFIIFOSBR NOoy—2 285
h, FEibic NO,OC— s BHHBL, TOEOOLBHLLRE, i, HGEOE V- v 7 4
YRR Y - o SIEE L, FECIRRECHE T A, RECIBURED ERASLLRE,
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Table 5 Frequency distribution of NMHC/NQ, (ppmC/ppm)

(I;gfn%(/:{) ?ﬂ% Frequency
72.00
68.00
64.00
60.00
56.00 o
52.00 L
48.00
4.00
40,00
36.00 4o
3200 L,
2800 443
24.00 * k k k5
2000 gk kwkkrx k1
16.00 * % Kk ok k ok k k ok k k ok Kk 15
1200 o ko dkkk ok ok ko ko ok * 19
8.00 % %k %k k %k % ok k %k %k k ok k k% * 18
4.00 * % * 4
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W, AR RIERBROLVEEL, BEREIT ., L L, BEEL HBEHS ki SO,
IZEoRERCHEL, BERBo LRt -1, Bianiilit 21, RAZED 500 m 550
BEORYIZE L, BELREEOFRME LR - BBYRT,

CO & NO, ol B HBIBIR B b SO, & NO L oiitdh ¥ v BUHBEBME & -2 &
b, 198247 H 23 BOMAEEBRAT - 23, BEREF»SOFENKEh b LHEES
ha, AEcE-Ti, 202 :2IhBENSBRHET LD LERE: F A L 55
75,

4.3 HAEBPRIEY 2ab— 3125 5T

PR LB STV BV VERHT VY A BB TSIALERIE S § 2 L —
Va Y ETARRCTORN BT T, BAA Y VREL, BAA Y Y EREEFHET 87
%, CBM-II= 7 A% BT 89 o v T o T AL, RE6ICE7 4 —2 —DFE
RROFHE, ERERE, BAM, BMEXTT, PO kou, OHREAC, kIRATEHSN
%o

Fon= él kou, Y+/CALC (ppmC-" » min-Y)

kou,, A DRALKFEMS & OH 5 o2 v L ORIEEEER (ppm™ * min™?)
Y, RIELKFEOEE (ppm)
CALC ; GC o b bidk 2 # v HEE (ppmC)

OHREAC=kon » NMHC (min™")

NMHC . 3k 2 2 v R{LAEFHC L 2BE (ppmC)

k.=[OH], ' [NMHC];" (d—{&?—x]) (ppmC~' - min™1)

(d[0s]/dE)max ; BHAA Vv EREE (ppm~' » min ™Y
(OH]..: ¥#HOH 5 v » L& (ppm)
[NMHC], ; NMHC o>##i##% (ppmC)
FHEL 720 RSV T, Kl 0.4 min~'o—E1l, HCHO @3 10 ppb X {EFEL
fzo B bifs NO,-NMHC-0;,,.. 2B % E 16 i, NMHC/NO, =10 (ppmC/ppm) %
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# 6 ELPF-£L, ThEBVTCBM-II=F itk 0t ELCRBROEN

Table § Summary of the observed concentration and calculated results using CBM

-1III model
MEAN S.DEV. MAXIMUM MINIMUM N
NO. (ppb) 18 15 69 1 89
NMHC {(ppb() 225 123 620 80 89
NMHC/NO, (ppmC/ppm) 19 14 63 3 88
kau (ppmC' » min™") 1708 277 2512 814 89
OHREAC (min™") 392 248 1242 90 89
k. (ppmC~' » min™!) 5211 778 7336 2547 89
(‘%Oa) (min) 133 97 540 30 89
t max.#
03 max. ¢ (mm) 717 24 720 500 89
1982  Aircraft Dota , (Ki=O0.4min', 1=720min)
007
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E
2 0041
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0.0
000k ‘ ; -°
0.0 o4 05 06 o7
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B 16 NO,-NMHC-0O;2B8k
Hchd EHRE, ERF - 20 NO, & NMHC 0BE %1, it 852 CBM-Il+ 5
AaEAL, K,=0.4min™!, HCHO ©##H# 21 10 ppb, E+EMFML 720 5T
5,
Fig. 16 Relationship between NO,-NMHC-0,

Open circle shows measured value of NO, and NMHC. CBM-1II model was used for
the numerical simulation (K,=04 min~', initial value of HCHO is 16 pph, =720

min.).
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BB OBEBLERL > T BE Edvbnd, TORFRYERACHENTT2705E, Oimad NO,
VNO,, NMHC, VNMHC*h#hoBR¥ERaimct v ROFTWRLEL, £7F — 2B
LCit, O.B\Aff /NOJHFAL, NMHC/NO A 10 M ETRo OBkt L b BREFIZeD, —
710 LT Tt VNMHC 4 5 2 L8 bk fr o, MHBIRE TR 0.95 0.97,
0.98 FIEFEY-, COMBEAR17T~HE 19 iwRT,

—H, A/ vEREERBRRECETSHERRIK20DLEITHY, BRERKNCE
Ltz Etvbh b, ThidERA /v EREE N BRI, NO. L NMHAC o efd
LI LFEHRL TR, ¥, NMHC, NO,THhTHEGR21~220RT X5 TtH %
A%, NO,/NMHC & 2 #BIR$ 0.92 #F oS @G 5, COBRYE 23 i1,

Chbo7 4 =4 VD NO L NMHC 7 — & i &3 < i, + v v EIEosho s Bl
BRI CEHE R A5 L0 TH S,

# 7 NO, NMHC o#)#if s+ 25HE S e O.BEOBIE
Table 7 Relation between the initial concentration of NO,, NMHC and calculated
(O, concentration.

Total NMHC/NO,210 NMHC/NO,<10
N=g N=68 N=31
o 0,=3.36NO,+0.79 0,=4,44NO+0.69 0,=3.17NQ,+0.07
) r =0.93 r =0.9% r =0.95
. 0,=0.96 /NO, +0.02 0,=1.03 yNG, +0.02 0,=1.1¢ YNO, —0.03
r =10.95 y =0.97 r=0.95
0,=0.35NMHC+0.06 0,=0.3ZNMHC+0.06 0,=0.37NMHC+0.08
NMHC
r =0.81 r =0.73 r =0.98
0,=0.36 VYNMHAC—0.03 0,=0.34 /NMHC —0.02 0,=0.38 YNMHC—0.01
NMHC ) ) )
r =0.83 r=0.79 7 =0.98
0y, AV (ppm) 0.140 $.130 0.171
(s, SD (ppm) 0.054 0.047 0.061
NO,, AV (ppm) 0.018 0.014 0.032
NO,, SD (ppm) 0.015 0.610 _ 0.018
NMHC, AV (ppmC) 0.140 0.130 0.171
NMHC, SD (ppmC) 0.053 0.047 0.061
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Behavior of Non-Methane Hydrocarbon Components over
the Southern Part of Kanto District of Japan
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Yoshiaki SUYAMA!, Shinji WAKAMATSU? and Itsushi UNO?
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1982 7 2 ARV HOM™H, MEE EETkT, el Ay T RR YR,
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BHEERCESCRARMAEONACER HIEE, OHREAC, o TUERRLL,
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Abstract

The measurement of non-methane hydrocarbon components was carried out over
the sourthern part of Kanto district by use of aircraft in July 22 and 23 of 1982. The
data were analyzed in relation to the concentration and correlation of each hydro-
carbon components, and OHREAC which was one of a photochemical reactivity index
of mixed hydrocarbons described by Uno ef al..
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The concentration and OHREAC both showed very high value over the sourthern
part of Saitama prefecture and Tokyo Metropolitan Area in both days. The concen-
tration of main hydrocarbons, which were measured in July 22, were followed ; ethane
0.9-6.7 ppb, ethylene 0.1-10.5 ppb, toluene 0.7-13.0 ppb, n-butane 0.0-4.9 pph, acetylene
0.1-5.5 ppb. The correlation between hydracarbon components and ethane was fairly
good except very high reactivity hydrocarbons like butenes. Especially, weak reac-
tivity substances like butanes, propane and so on showed very' good correlation.
Propylene showed the different trends according to the progress of the flight.

As the result, in this research, it was clarified that the concentration of non-
methane hydrocarbon components and OHREAC showed the high level over the
populated and industralized area, and there were fairly good correlation between
hydrocarbon components except very high reactivity substances, which that was
thought due to the progress of photochemical reaction.
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EKEGFEE FERET — 2 2 AT, BEAEO L >BFERIEE 2 ER L1,

ABFRCIE, BEEBHEO EB AT RS 21 RO RILATD S 8 R b R Io ik
HERBELRUESEOMBEE > THRY B, 7ok, R TBIEASYekitsX
LR ELBEERBEODE, O—RELTT-103DTHD, HELBCIHHH5HN,
i, fhoBReE s oRESRR CREROFTETRESIE?O LR THD,

2 EEEDF
FEEGHEASTETH22H, 2300 2 AMEKEL, RoRIEmeEE (MERLIN-IV)
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LoTfTofc, MEMRIEE S 5K, 9B, 138, 17FRCHRERZEE CHE) #@EL, 5
B F AR RS L 7525 SR EEK 300 m~600 m AT L7ce RALKFEOHIBEH 4B F R L -
B1, 2R, £, ZhbORICIRTHRS (Run No) i boBE, BE, RALAER
SLOH 7o boREEETHR EOFEM (OHREAC, #3k), 4/ vBERUERAEES S
thae Lk,

OHREAC i1 Atkinson %, Darnall 529, Akimoto 52V, Winer H2®, iZ L > THE Il
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OHREAC= 3 Ckoun):(x);
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BE (ppmC), CALC iz FID-GC TH# LcdE 2 £ v R{LKER D BECER (ppmC) ZEMH
T3,

Tots, BUBHRIGHS S O 8501 EREBS X 0 EBRRIC S LTV 5, RIGKEORIT B H
BoOoREFLLMBHEERAFEHAL, BRCSTLEBESRELRLEHE IR TS,

3 RaNRIbAkFROBIE
BRI AFEOGHIFID ¥ A7 v =+ 757 (BHESFRT6AMED) RI-Tiotk, 4
Hréettit, Westberg B0 HHES®4ERBL, KO L HICBHELL,

£ T A K h G A iy
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" 60~80 mesh
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Sampling point of hydrocarbons {showed by sample No.), OHREAC and wind

profile at ground level on July 22, 1982
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Fig. 2 Sampling point of hydrocarbors (showed by sample No.), OHREAC and wind
profile at ground level on July 23, 1982
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FALAVES, pmnFHY, RUEY, by, aFANVEY, pFUUY, meF LY,
o-F LD BETHD,
MAHEEECHERLAREAKDOFIEC L - THAZ o= /5 7ICBA LS LA, B0
—EE (800 ml) ZHMEBFELHATC-2 4T TCALSUS B UFECBITRELE, U
FEY TICMAL, $+ ) v — VAL - THRE2GEBE» > 2 CHAT5, FEA» 7 &0
LEBEAKS Corb CETDI0ED) B LABETAy 2775 v v a LTERERG &
B ARS Y, RAOGHRAY 7 A BALTHNETH, ©— 7 OFRERERED A RUE
EARC L T, ERGERAEDSY 7 e ~v, h@BEES S n~F /w2 R
Erbr-sEHEECLL - TiTo/

AREREEE, RALAFOSNL 12 BT -7, ZoROBEOE LK 12 )
0T TEREAGRM S2BvTHBMCHA~LY, foRlaEleiT i, 1~2
BELAOKRE Tl & A FBEA (LA, SIECBEAL L E VR L,

# 1 NEBEZEEARKFERECEBEL
Table 1 Daily variation of concentration of typical non-methane hydrocarbons in
type Il vacumed glass bottle

B HH 20 AR
] 1 4 20 (61U 38
WER
ppb ppb ppb ppb %
I =%V 6.2 6.4 6.6 6.2 99
2 =F LU 48.9 49.0 50.5 49.6 1M
3 Few 6.4 7.0 5.8 5.9 91
4 TeFLY 21.4 23.4 19.4 18.8 88
5 Faeirv 11.3 11.7 11.8 12.2 108
6 ~-7#%v 3.8 4.0 4.0 3.8 102
7 nTEY 7.3 7.2 7.0 7.3 99
§ 1-75v 2.4 2.1 2.2 2.3 94
9 Rk 7.9 7.7 7.9 7.8 98
10 <wtvw 5.1 5.4 4.9 5.0 96
11 2= 22.4 24.6 21.8 . 21.0 94
12 m—-Fr v 7.9 8.5 8.0 7.4 %4
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#*= 2 19824 7 A 22 Ao BIRIEKFESRERER T OHREAC HEHEERE
Table 2 Analytical data of non-methane hydrocarbons and OHREAC on July 22, 1982

(RAL7K#% ppb, OHREAC min~)

Sample FEthane Ethylene Propane Acetylene Propy- & #- 1- i r isot2 cis?2 M- M- n- Benzene Toluene Ethyl  p- " 3 OH-
Run No. lene butane butane butene Pentane Pentane butee butene Pentane Pentane Hexane benzane Xylene Xylene Xylene REAC
1105 1.6 0.4 0.3 0.3 0.1 0.1 0.3 0.0 0.2 0.2 0.0 0.0 0.1 0.1 0.2 0.3 1.2 0.3 0.3 0.5 0.2 206
1107 0.9 0.3 0.1 0.1 0.0 0.1 0.2 0.0 ¢.1 0.1 G.0 0.0 0.9 0.0 0.1 0.4 0.7 0.1 0.1 9.3 0.1 174
1108 1.8 0.8 .3 0.2 0.1 0.1 0.2 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.2 .3 1.1 0.1 0.1 0.2 0.1 151
11 1110 1.0 0.4 0.3 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.2 0.2 1.2 0.2 0.2 0.5 0.4 167
1112 0.9 0.1 0.3 0.1 9.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.2 0.1 0.9 0.8 4.0 0.3 0.2 ¢.6 0.1 122
1113 2.9 1.4 1.2 0.9 0.1 0.4 0.6 9.0 0.3 0.4 0.0 0.0 0.2 0.1 9.5 0.7 2.1 0.3 0.1 6.3 0.2 2M
1114 5.0 2.4 0.1 0.5 0.0 0.2 0.3 0.0 0.2 0.2 0.0 0.0 0.4 0.1 0.3 0.4 1.1 0.3 0.1 0.4 0.2 185
1115 1.2 0.2 0.3 0.3 0.0 0.1 0.2 0.0 0.2 0.2 0.0 1.0 G.1 0.0 0.1 0.3 0.9 0.2 0.1 0.4 0.1 161
1123 1.1 0.4 0.4 0.4 0.0 0.1 6.2 0.0 0.2 0.1 I8} 0.0 0.1 0.0 0.1 9.2 3.1 6.2 0.1 0.5 0.2 163
1205 1.1 6.8 0.4 0.2 0.0 0.1 0.2 0.0 0.1 0.1 6.0 0.0 0.1 0.0 0.3 0.4 1.9 0.1 0.1 0.1 0.1 198
12 1206 3.7 3. 3.1 1.1 0.5 1.5 2.2 0.1 0.8 0.8 0.0 0.0 0.4 0.3 1.1 1.6 3.6 0.4 0.2 0.4 0.4 196
1207 2,2 1.8 1.9 0.6 0.4 0.7 1.2 0.0 0.7 0.5 0.0 0.0 0.3 0.1 0.7 0.7 3.6 0.6 0.2 0.5 0.4 286
1211 1.0 0.2 0.2 0.2 0.0 .0 0.0 0.0 G.0 0.1 6.0 0.0 0.0 0.0 0.1 0.2 1.8 0.2 ¢.0 0.2 0.0 159
1301 1.2 0.6 0.5 0.5 0.1 ¢.1 0.3 0.0 0.2 0.2 0.0 0.0 0.1 0.1 0.2 0.3 1.2 0.3 0.4 0.3 0.1 159
1302 1.4 0.6 0.7 0.8 0.1 0.3 0.6 0.0 0.6 0.5 0.0 .0.0 0.2 0.1 0.4 0.4 2.7 0.9 0.2 0.5 0.3 301
1303 3.5 3.1 3.6 2.6 0.3 1.4 2.9 0.0 2.3 1.6 0.0 0.0 0.8 .4 1.4 1.4 5.4 1.3 0.6 1.2 0.6 467
13064 2.6 2.1 2.3 1.3 9.2 0.8 1.6 0.0 1.0 1.8 0.0 0.0 0.4 ¢.2 0.8 0.9 2.6 0.5 .2 0.4 0.1 292
13 1305 1.8 1.1 0.9 0.7 0.1 0.3 0.6 0.0 0.5 0.4 0.0 9.0 0.2 0.1 0.4 0.7 1.7 0.3 .2 0.3 0.2 276
1306 2.3 2.4 1.9 1.6 0.1 0.8 1.6 0.0 0.9 0.8 0.0 0.0 0.4 0.2 1.0 1.6 2.5 0.7 .1 0.4 .2 305
1307 1.1 0.5 0.4 0.4 0.0 9.1 0.3 0.0 0.2 0.2 0.0 0.0 0.1 0.1 6.1 0.4 1.1 0.4 0.1 0.3 0.1 279
1308 1.5 1.0 1.1 0.9 0.1 0.3 0.7 0.0 0.4 0.4 0.0 0.0 0.2 0.1 0.5 0.8 1.4 0.2 0.1 ¢.1 0.1 288
1309 1.4 0.4 0.6 0.6 0.0 0.2 G¢.3 0.0 1.3 0.2 0.0 0.0 0.1 0.1 0.1 0.4 1.2 0.3 0.1 6.4 0.1 186
1310 2.1 3.3 1.9 3.4 0.4 1.5 2.7 0.1 2.8 2.0 .0 0.0 1.1 0.5 1.2 1.4 8.7 0.9 0.4 .8 0.6 545
1311 2.0 1.7 1.2 1.3 0.2 0.5 1.0 0.0 0.8 0.5 0.0 0.0 0.3 0.2 0.6 0.6 1.4 0.7 0.4 0.9 0.5 340
1312 2.0 2.6 1.8 3.0 0.2 1.4 2.4 0.0 2.8 1.8 0.0 0.0 0.9 0.4 l1.¢ 1.0 7.0 0.9 0.3 0.7 0.5 483
1401 1.1 0.6 0.4 0.4 0.1 0.1 0.2 0.0 0.2 0.2 0.0 0.0 0.1 ¢.6 0.3 0.3 2.6 1.2 0.4 0.8 0.6 280
1402 1.5 0.4 0.3 6.3 0.0 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.2 31 0.3 0.4 0.3 0.0 180
1404 1.9 1.3 2.1 2.3 0.1 0.8 1.5 0.0 1.0 0.8 0.0 0.0 0.4 0.2 0.6 1.0 3.9 0.7 0.5 0.6 0.3 289
14 1406 2.0 0. 0.8 0.7 0.0 0.3 0.4 0.0 0.3 0.2 0.0 0.0 0.1 0.1 0.2 0.6 0.8 0.2 0.1 0.2 0.2 192
1407 1.4 0.5 0.9 0.8 0.0 0.3 0.5 0.0 0.4 0.4 0.0 0.0 0.1 0.1 0.4 0.8 1.8 0.4 0.1 0.3 0.0 245
1408 2.0 1.4 1.1 0.8 .1 0.3 6.7 0.0 0.6 0.5 0.0 G.0 0.2 9.3 0.6 0.7 2.1 0.9 0.2 0.6 0.2 271
1409 3.3 3.7 2.9 2.8 0.2 1.0 2.1 0.0 1.9 1.3 0.0 0.0 0.8 0.4 1.2 1.6 6.4 1.3 0.8 1.4 0.9 512
1410 39 10.3 3.8 5.5 1.9 2.3 4.9 0.4 4.3 4.4 0.7 0.2 2.1 1.0 3.2 2.5 13.0 2.3 0.7 1.9 1. 1098
1411 2.3 2.5 1.3 1.8 0.3 0.6 1.2 0.0 1.1 0.9 0.0 0.0 0.5 0.2 0.6 0.9 5.7 0.8 0.6 1.3 0.4 451
1412 35 7.3 4.0 4.5 1.4 2.2 4.5 0.3 4.2 4.1 0.2 0.0 2.0 1.0 2.4 2.1 12.0 1.7 0.7 1.0 0.9 892
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Table 3 Analytical data of non-methane hydrocarbons and QOHREAC on July 23, 1982

ATREER

(RALAGE ppb, OHREAC min~')

Sample Ethane Ethylene Propane Acetylene Propy- + n 1. i 1 isot?  cis2  2M- M- - Benzene Tolueme Ethyl  p m o OH-
Run Ne. Tene butane bitane butene Pentane Pentane butene butene Pentane Pentane Hexane benzane Xylene Xylene Xylene REAC
2101 1.6 0.7 .3 0.1 0.0 0.6 [.o 0.0 0.1 t.1 0.0 0.0 0.0 0.0 0.1 0.1 0% 0.2 0.2 0.4 0.2 x
2102 1.7 1.7 1.5 0.8 0.4 0.5 1.0 0.0 0.6 0.6 0.1 0.0 9.3 g1 0.5 0.5 1.9 06 0.2 [0 9.3 299
2103 3.7 12.0 1.0 3.3 31 21 4.4 0.4 3.1 31 0.6 0.2 1.9 0.9 2.9 1.9 8.8 1.0 0.5 1.2 0.7 930
2105 2.3 4.6 2.8 2.3 1.1 0.9 1.6 0.1 1.1 1.1 0.0 0.0 0.7 0.3 1.1 1.8 3.3 0.6 0.5 1.1 0.5 603
2106 1.3 t.8 0.9 0.4 0.2 ¢.4 0.8 0.0 0.5 ¢.5 0.0 0.0 0.2 0.1 0.4 0.3 1.2 0.3 0.2 0.5 0.1 257
210% 1.6 1.1 0.4 0.3 0.2 0.1 0.3 0.0 0.3 0.2 0.0 0.0 0.1 t.0 0.1 0.6 24 0.2 0.2 t.6 0.2 151
21 211 3.9 6.3 1.4 2.4 1.5 0.4 0.8 0.0 9.5 0.5 0.0 9.0 %.2 0.1 0.3 2.2 2.6 0.2 0.1 0.6 0.2 a2
2112 1.6 1.6 0.1 0.2 0.9 0.0 0.2 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.4 1.6 0.1 0.1 0.4 0.1 173
2115 I.4 1.1 1.1 0.7 0.2 ¢.3 0.6 0.0 0.4 .3 0.0 0.0 0.2 ¢.1 0.3 0.5 1.9 0.5 0.2 0.7 0.3 352
2116 2.3 1.6, 1.4 l.o 0.3 0.5 0.9 0.0 0.8 0.5 0.0 0.0 0.3 0.2 0.5 0.5 2.5 0.6 0.3 0.8 0.4 442
2118 1.1 0.4 0.5 0.3 0.0 0.1 0.2 0.0 0.1 0.2 0.4 0.0 0.1 0.0 6.3 4.0 1.9 0.3 0.1 0.4 0.1 202
2119 1.3 0.7 0.7 0.5 0.0 t.2 0.4 0.0 0.3 0.3 0.0 0.0 0.1 6.1 0.3 0.3 1.1 0.3 0.z 0.3 0.1 252
2120 1.4 0.8 1.1 0.8 0.1 0.4 t.6 0.0 0.3 0.3 0.0 0.0 0.2 0.1 0.3 0.5 1.6 0.2 0.2 0.5 0.2 268
2121 1.5 1.0 0.3 0.2 0.2 0.1 0.2 0.0 a.1 0.1 0.9 0.0 0.0 0.0 0.1 1.4 0.7 0.1 0.0 0.3 0.0 206
2123 1.4 0.3 0.t 0.3 0.0 0.t 0.1 6.0 0.1 0.1 0.0 0.0 0.1 0.0 6.1 2.0 0.9 0.0 0.0 0.2 0.0 145
2203 34 7.9 6.1 335 149 L8 3.8 0.3 1.5 2.3 0.4 0.0 1.5 4.3 2.3 3.9 0.5 1.3 0.5 1.3 0.9 950
2204 2.8 6.4 3.3 2.2 1.6 1.5 3.5 0.0 1.5 1.4 i} 0.6 0.7 0.4 1.5 2.8 49 0.6 0.4 1.2 0.5 584
2205 2.6 2.6 1.5 1.1 0.6 0.6 1.1 0.1 0.6 0.5 0.0 6.0 0.3 0.2 0.6 3.8 2.8 0.3 0.2 0.5 0.4 301
206 2.4 5.0 3.7 2.7 6.9 1.2 2.5 0.2 1.5 1.6 0.0 0.9 0.5 0.4 1.6 1.4 6.0 1.1 0.4 1.8 0.5 563
22 2207 3.7 8.1 4.9 4.3 2.3 2.4 4.8 0.3 3.3 3.0 0.8 0.1 2.2 1.2 3.3 6.0 13.0 1.9 0.7 1.8 0.7 1242
2208 3.2 7.9 4.3 4.2 1.6 1.8 3.5 0.2 31 2.2 0.4 0.0 1.2 0.6 1.5 3.8 7.6 0.9 0.5 1.5 0.7 850
2209 3.0 5.6 3.6 2.7 1.7 1.6 3.5 .2 38 3.4 0.0 ¢.2 1.9 1.0 4.2 5.0 13.7 1.9 0.5 1.3 0.8 739
2210 2.3 43 25 2.3 0.7 0.9 1.7 0.0 1.3 0.9 0.0 0.0 0.6 0.3 1.6 2.8 6.3 0.5 0.5 0.7 0.4 484
2212 1.7 2.4 1.8 1.9 0.5 0.7 1.6 9.0 1.6 1.1 0.0 0.0 0.6 0.3 0.6 2.3 2.8 0.6 0.3 0.9 0.5 413
2301 0.6 0.4 0.3 0.3 0.1 0.2 0.4 0.0 0.4 04 0.6 0.0 0.2 0.1 0.4 2.4 1.4 6.3 0.1 0.3 0.2 226
2303 4.7 6.8 5.3 3.3 0.7 2.0 3.9 0.0 2.5 2.1 0.0 0.9 1.1 0.6 1.9 39 9.2 1.3 0.4 0.9 0.6 622
23 2306 1.9 2.2 1.5 1.1 0.2 0.7 1.4 0.0 .8 0.6 0.0 0.0 ¢.3 0.2 0.6 2.4 2.5 0.3 0.2 0.5 .3 357
2307 1.8 2.0 1.7 1.6 0.2 0.8 1.5 0.0 1.2 1.2 0.0 0.0 0.6 0.3 0.9 8.2 5.8 1.0 0.2 0.5 0.4 334
2308 2.3 3.0 2.1 2.1 0.4 1.2 2.4 0.0 2.0 1.5 0.0 0.0 0.7 0.4 0.9 2.9 6.3 G.6 t.5 0.8 0.4 487
2312 2.9 4.2 3.4 .3 0.9 1.6 3.1 0.0 2.4 1.8 0.0 0.0 0.9 0.5 1.3 3.4 5.9 0.8 0.4 0.8 0.4 567
2402 1.1 1.0 1.6 0.5 0.2 0.3 0.5 0.0 0.6 0.5 0.0 0.0 t.2 0.1 0.3 2.0 20 04 0.1 0.5 0.1 253
2403 1.1 1.4 1.0 1.1 0.3 0.4 0.6 0.0 0.7 6.5 0.0 0.0 0.3 0.1 0.4 1.8 2.8 0.6 .4 0.8 0.4 378
24 2404 2.5 3.9 3.2 2.4 0.7 1.6 3.1 0.1 2.3 1.9 0.0 0.0 0.9 0.4 1.3 3.7 6.7 1.1 0.5 0.9 0.5 583
2405 2.3 3.2 2.5 2.6 0.5 1.2 2.1 0.0 1.8 1.4 0.9 0.0 0.7 0.3 1.0 3.1 6.9 1.0 4.5 1.0 0.6 513
2407 1.9 2.4 4.0 0.8 3.2 0.7 I.9 0.1 1.1 1.1 0.0 0.0 0.5 0.3 1.0 2.0 33 0.9 0.2 0.7 0.4 478
2408 1.4 2.3 1.4 1.6 0.6 0.9 1.5 0.1 1.7 1.5 0.0 0.0 0.7 ¢4 0.9 2.2 6.0 1.0 t.6 0.9 0.6 429
2410 4.2 2.6 8.1 1.1 0.8 1.7 5.5 0.0 1.9 2.2 ¢.0 0.0 0.6 0.3 1.2 2.8 2.9 0.4 0.2 0.5 0.2 324
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Table 4 Correlation coefficients of the concentration of typical 6 components of non-
methane hydrocarbon on July 22, 1982

Ethylene  Acetylene  Propylene n-Butane  Toluene  m-Xylene
Ethane ¢.979 0.993 0.933 .959 0.960 0.928
Ethylene 0.992 (.953 0.991 0.901 0.867
Acetylene 0.958 0.984 0.942 0.910
Run12 (4)
Propytene 0.980 0.920 0.916
»n-Butane 0.8%6 0.871
Toluene 0.993
Ethane 0.963 0.973 0.926 0.940 0.954 0.909
Ethylene 0.983 0.935 (.981 0.928 0.879
Acetylene 0.942 0.982 0.965 0.928
Run 13 Q®
Propylene 0.934 0.911 0.907
»n-Butane 0.956 0.884
Toluene (+,908
Ethane 0.922 0.917 0.794 0.908 0.883 0.913
Ethylene 0.943 0.909 0.958 0.920 0.958
Acetylene 0.839 0.995 0.808 0.903
Run 14 (8)
Propylene 0.841 0.878 0.950
n-Butane 0.809 ¢.902
Toluene 0.949
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Table 5 Correlation coefficients of the concentration of non-methane hydrocarben cn
July 23, 1982

Ethylene  Acetylene  Propylene n-Butane Toluene m-Xylene
Ethane 0.943 0.902 0.934 0.926 0.934 0.838
Ethylene 0.930 0.993 (.964 0.969 0.804
Acetylene 0.937 0.912 0.925 0.904
Run 21 (14}
Propylene 0.970 0.975 0.812
n-Butane 0,943 0.807
Toluene (.843
Ethane 0.977 0.968 0.962 0.970 0.935 0.954
Ethylene 0,986 (.983 0.989 0.939 0.963
Acetylene (.962 0.976 0.939 0.972
Run22 (9}
Propylene 0.995 0.961 0.942
n-Butane ©.,957 0.968
Toluene (.918
Ethane 0.993 (.986 . 980 (.990 0.971 0.990
Ethylene 0.993 0.990 0.998 0.976 0.977
Acetylene (.9%0 0.997 0.994 0.976
Run 23 (5}
Propylene 0.996 0.978 0.982
n-Butane 0.984 0.982
Toluene 0.964
Ethane 0.991 0.954 0.688 0.974 0.967 0.969
Ethylene 0.972 0.653 0.990 0.981 0.960
Acetylene 0.485 0.944 0.988 0.951
Run 24 (62
Propylene 0.678 0.557 0.621
n-Butane (.954 4.915
Toluene 0.972
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HYOROCARBON Run 11 (n=8) Run 12 (n=1) Run 13 (n=}2) Run 14 (n=10)
COMPONENT 12 3 4 spe) 1 2 3 4 Sees L 2 3 4 Spmp 1 2 3 4+ Spee
U ETHANE | S— PR — | —— ) [ " aas

2 ETHYLENE [Ja.71 [ i [ s I—

3 PROPANE e.a6 ] i  —

4 RACETYLENE t!a_sz }:!n‘sa ':l\.-.a I b

S PROPYLENE B.84 Na.23 [o.15 .

&  11o~BUTANE .13 [ lo.sa [ Je.64 [Ho.es

7 A~BUTANE Na.22 a1 [ iz A

8 1-BUTEKE 2,99 203 e.9l a.a?

S 130-PENTANE !]a_za Ma. e w7 —

1D n-PENTANE e.1a [a.3a [Jo.7e [ h.as

(1 ixoEkt—2-BUTENE CR--] LE:L] B.28 .83

L2 &2 BUTEME a.2a .80 a.ea .01

13 2-m-PENTANE . 1e Na.ze {Jo.32 LR

14 F-m-PENTANE a4 a.1a Je.21 e+

15 a~HEXANE Na.ze [Ma.ss a.64 [ le.ss

\E BENZEME [a.4e Da_n ™ Je.oa ™ liar

V7 TOLLENE . — [ Jses I L Y
LB ¢~BENZENE Ja.22 237 (Ja.az 9.3u

1% @=XYLENE [RY ba.u He.z6 E‘S

28 m-XYLENE [Je.4t ja.sa bn.sn [Jo.ae

21 o-XYLENE lo.1e Qe.z3 [u.ze [a.es J

B 7 Run BUicorm LIopsy BIRALRR O ISERE (1982% 7 A 22 A

Fig. 7 Mean concentration of non-methane hydrocarbons in each flight on July 22, 1982

HYDROCARBOM Run 21 {p=)5} Run 23" {p=0) Rup 23 [p=F) Run 24 (a=7)
COMPONENT 1 2 3 4 Seee g 3 4 3 ' 2 3 4 Spm t 2 3 4 sepe

1 ETHANE T Jier 2,73 —R — N

2 ETHYLENE " Je.mn A —— N S N T ] A

3 PROPANE ™ e 3.52 z.18 " Jam

4 BCETYLENE a 41 2.72 1.m7 EL“

5 PROPYLENE Eq E 1) .35 B.%0

& 1=a-BUTANE [Ta.ss I T ioa T

7 n-BUTANE Ja.e? e R  _Jrar

8 I-BUTENE En: 8. 14 a.m0 !;I

8 530-FENTANE 2.56 2.3 bl.ss 1.4

18 n-FENTANE [ Ja.ss [ Tiez [ Tier [ Jiae

11 1zakt-2-BUTENE . 8% a. 19 a.om .80

12 c-2-BUTENE °.01 fa.n .08 0.08

13 2-m-PENTANE Ela.z; ™ Ti.1a [Je.s3 [Tea.ss

14 3-m-PENTANE B2 [Je.se [Te.s [la.27

15 n-HEXANE a.a8 Ej;.m L2 .87

L6 BENZENE E]I.I‘! — J2.u7  Jaar ERT

17 TOLUENE — —Jz.em k) ) 1 T Jeas

IR m=-BENZENE [Ta.as T Tim [a.z2 [ Je.77

13 p-XYLENE 3.7 L0 a.38 B.35

28 m-XYLENE Eu,s, 2 ] %ls; En.n

2l o-XYLENE a.za e.5m NLEL [ 10.42

R 8 RunBNCRL S MREKFOFHERE (19824 7H 23 H)

Fig. 8 Mean concentration of non-methane hydrocarbons in each flight on July 23, 1982
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Hydrocarbon Composition in the Environmental Atmosphere and

its Source Reconciliation Model

BB « 5HHF] « Richard A. WADDEN?
BEHFEh? « sz

Itsushi UNO!, Shinji WAKAMATSU!, Richard A, WADDEN?
Shinya KONNO? and Hideyo KOSHIO*

E 5

19814 7 H 16 H~17 B BHB_ L2 e e 2 i 192 B Rk E8m T — 2 2F|F
L R{IEAFEREROBE LG~ 0 F 50 %4 % Chemical Element Balance ic3-3< 2
ERHEEE T THEN L,

FHE GC-FID CRIE & hic 18 oo R KRR A KALERIEH A EBLT 20 7
= FREGG T ok, BIELLLT — 2 OFEHER Y 0 RIbAEREEL LT, afs
Her A 28%, TIRESER 4%, BEBRR BUOFEIT IR, ChbOBT, HEE
2 LERBAROF S RERRERL L YR LS, AR RRES
IodElraslL i,

1 Hi< 6 @fTdoh?z Run o F R FIH LT S REBHFE ORI (b i & bit,
DR, HERBEX A0 ahr b HOHTTHENL, BEERARIHPIC Y — 7
RO L, BBERCEHAL TR 2 BRI TE R FRB L 1o 8 — VAR
Li, FRXOBRIT, EREROBR A4 — v CHBEClEE L Tl h EEoBES — 2
FLENLRERHECTAOEGEAYTLARERLEL LR D,

1. BY2HEMET ASREE T 200 SRR Mnfe Dmen Sl 16 2
Atmospheric Environment Division, the National Instiute for Envirommental Studies. Y atabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. A8 FE HIAHHRMEAWRA (17 2 1k¥)

Visiting Fellow of the National Institute for Environmental Studies. Present Address : University of
Hlinois at Chicago, P. O. BOX 6998, Chicago Illinois 60680, U. S. A.

3. EMSMFE~ BULENENEARRE (BERAT LY £ — T 338 HERMAIH L ARRE 639)
Visiting Fellow of the National Institute for Envirommental Studies. Present Address : Saitama
Institute of Environmental Pollution. Kamiokubo higashi 639, Urawa, Saitama 338, Japan.

4. MM 54 E~57 FE HULERRFEAMER OUSHAHHET T 210 Ni#5hH I B 8T 20-2)
Visiting Fellow of the National Institute for Environmental Studies. Present Address : Kawasaki
Municipal Research Institute of Environmental Protection, Tajima 20-2, Kawasaki, Kanagawa 210,
Japan.



wRItrgks

Abstract

The source reconcilation based on the chemical element balance method was
applied to the hydrocarbon data set collected over the Tokyo Metropoltan Area from
July 16-17, 1981.

Eighteen components of hydrocarbon were identified by the GC-FID method, and
these components were divided into two groups according to the difference of the
photochemical reactivity. Source reconcilation was conducted for each hydrocarbon
group and then the source coefficients were adjusted. The average source contribu-
tions of 289% vehicle exhaust, 34% petroleum refineries and 28% paint solvent were
obtained from the full average hydrocarbon concentration data. The source contribu-
tions of vehicle exhaust and paint solvent were reasonable compared with the source
inventory studies results, but the contribution from petroleum refineries showed a
higher value.

The hourly variation of the source contributicns were also calculated using the
average of each run. The results show that the contribution of vehicle exhaust
increased in the afternoon to evening, the paint solvent had its peak in daytime, the
petroleum refineries showed a different pattern on each day. These results indicate
the significance of the hydrocarbon scurce reconciliation technique based on the
ambient data.
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Flight path and hydrocarbon sampling points (open squares)
The open and solid circles shown the backward trajectory at the 350m altitude

calculated using the pilot-balloon observation data.
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Fig.1{b) Flight path and hydrocarbon sampling points (open squares)
The open and solid circles shown the backward trajectory at the 350m altitude
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calculated using the pilot-balloon observation data.
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calculated using the pilot-balloon observation data.
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Fig. 1(e) Flight path and hydrocarbon sampling points (open squares)

The open and solid circles shown the backward trajectory at the 350m altitqde

calculated using the pilot-balloon observation data.
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Fig. 1{f) Flight path and hydrocarbon sampling points (open squares)
The open and solid circles shown the backward trajectory at the 350m altitude
calculated using the pilot-balloon observation data.
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Fig. 2 Wind pattern at the 2350m altitude observed by pilot-balloon network (July 16,
1981)
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Table 1 Average hydrocarbon concentration measured aloft over Tokyo July 16-17,
1981, based on 192 samples

component ppb* wt% molé wt Eon®

Ethane 2.402.9D 3.3 30.70 4.1x10?
Ethylene 2.2(3.49) 2.8 28.05 1.2x10
Acetylene 2.001.23) 2.4 26.04 1.0x10°
Propane 5.4(13.6) 10.9 44.10 2.8x10°
Propylene 0.300.70) 0.6 42,08 3.7X 101
i-Butane 1.3(1.423 3.3 58.12 4.0x10°
n—Butane 2.4(3.03) 6.4 58.12 4.8%10°
i-Pentane 2.1(2.68) 7.0 72.15 5.1x1¢°
n-Pentane 1.7(2.38) 5.7 72.15 7.4x10°
2-M-Pentane 0.8(0.86) 3.2 86.18 7.4X10°
3-M-Pentane 0.4(0.46) 1.6 86.18 1.0x10¢
n-Hexane 1.5(2.58) 6.0 86.18 8.7x10°
Benzene 1.8(1.15) 6.5 78.11 2.1X10°
Toluene 5.3(3.66) 22.3 92.14 9.0x10°
E-Benzene 1.3(1.13) 6.4 106.17 1.2x10¢
p-Xylene 0.7(0.61) 3.2 106.17 1.9x104
m-Xylene 1.0€0.90) 4.6 106.17 3.3x10*
o-Xylene 0.8(0.75) 3.8 106.17 2.0x10*

100.0%

a study period mean (standard deviation ; &) ; 192 samples
b unit {ppm=* min~'].
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Table 2(a) Average Data of each run, 16 July 1981,

RUN 11 RUN 12 RUN 13 RUN 14 RUN 15 RUN 16
Time (JST)*  5:29-7:16 §52-10:37 11551308 14:35-15:43  17:21-18:31  20:10-21:27
Sample 23 19 19 11 11 12
NMHC (ppmC) 0.28 0.35 0.46 0.4 0.37 0.32
0; (ppm) 0.036 0.084 0.164 0.172 0.157 0.124
NO, (ppm) 0.014 0.018 0.018 0.019 .014 0.0418
Ethane 0.750 2.3]* 1.31[ 2.4}  2.63[ 2.3]  3.15[ 3.7]  1.870 3.3]  1.27[ 3.4]
Ethylene 1.040 3.0] 1.89[ 3.2 2.89( 23] 2.53[ 2.8} 1.04[ 1.7]  o0.62[ 1.6)
Acetylene 0.54[ 1.5] 1.83[ 2.91 z.97[ 2.2] 2.59[ 2.6]  2.19f 3.3)  1.42[ 3.3]
Propane 0.670 3.0] 2.03[5.41 5310671 419 7.2] 29275 1.8[7.2]
Propylene 0.22[ 0,97 o.21l 0.51 0.45( 0.5]  0.35[ 0.6] 0.15[ 0.4]  0.07[ 0.3]
i-Butane 0.250 1.51 o0.78{ 2.7]  1.76[ 2.9)  1.83[ 4.1]  0.96[ 3.3  0.71[ 3.7]
n-Butane 0.47[ 2.8] 1.44[ 5.01 3.55( 5.9 3.58[ 8.1] 1.79[ 6.1]1  1.36[ 7.0]
i-Pentane 0.45[ 3.31 1.28[ 5.5] 3.59[ 7.4]1 3.50{ 9.87 1.88[ 7.9]  1.26[ 8.1]
n-Pentane 0.370 2.81  0.93[ 4.0] z.91[ 6.01 2.830 7.9] 1.44[ 6.0  1.03[ 6.6]
2-M-Pentane 0.26[ 2.31 0.70[ 3.61 1.30 3.2] 1.10[ 3.71 o.ee[ 3.3]  0.42[ 3.3]
3-M-Pentane 0.10[ 0.9] 0.36[ 1.91 0.69[ 1.7]  0.55[ 1.9] 0.47( 2.4  0.19[ 1.5]
n-Hexane 0.62{ 551 0.97[ 5.01  6.04[14.8]  1.56[ 5.2]1 0.98( 4.9]  0.58[ 4.5]
Benzene 0.640 5.2] 1.49[ 7.0] 2.54[ 5.71 2.06[ 6.3] 1.65[ 7.5] 1.14[ 7.9]
Toluene 2.40(22.6] 4.82[26.6] 8.05(21.1]1  6.03[21.6]  4.70[25.3]  2.87(23.5]
E-Benzene 0.95[10.3] 1,180 7.5] 2.38[ 7.2]  1.37( 5.71 0.95[ 5.9]  0.67[ 6.4]
p-Xylene 0.98[10.7) o.700 4,51 0.84[ 2.5] 0.55[ 2.3]  0.43[ 2.6]  0.32[ 3.1]
m-Xylene 1.01{11.0] 1.01[ 6.4] 1.41[ 4.31 0.91[ 3.8) o0.74[ 4.6]  0.52[ 4.9]

1.

o-Xylene 0.96[10.4]  0.94[ 6.0] 10[ 3.3} 0.67( 2.8] 0.64[ 3.9] 0.42[ 3.9]

i X HRESHE-HEOMEE TEMECEPLTEY, ThFhdl, 1.4Ft/y BREDOH
HWEASHD, # V) BWHErLORER, FERRERDVEPL TR, 25K t/y DFS
TE T\ A, $io, BEFRHOECH REDR, FREHRLARTELRECESLTED,
LT Ht/y OBHESASE D,

R3icit, ChbEOHESOIEREBOLH) 5~ VI ERL, H4FRLES Y » FEER
WA SHEBEOBME(LA R LA, thick b s, HRCIBEEER, ABEHEY A, Bl
EHOAREE L TEEOARF LD D, —F, ThUAOKKMTFCREBEHE 20 hD
BEESEMESTD D,

% 30y, 1981 RS I 2 hi 18 A TOERERT 50 BICKRE R Herm T,
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(b) Average Data of each run, 17 July 1981.

E-Benzene
p—-Xylene

m-Xylene

A0 507 1080 6.0] 330621 1.3e{69] o620 58]  0.70[ 5.8]
Ji(02.7] 0 0.50[ 2.8] 860 2.3]  0.53( 2.6] o0.29[ 2.7]1  0.30[ 2.5]
48[ 5.2]1  0.83[ 4.7] (160 3.11  0.88[ 4.47  0.38[ 3.6]  0.51[ 4.2]

2060 3.7 o580 3.3] ot 281 o640 327 o0.270 2.6]  0.38] 3.21

RUN 21 RUN 22 RUN 23 RUN 24 RUN 25 RUN 26
Time (JST)Y*  5:20-6:53 8:24-9:55 11:31-12:41  14:20-15:31  17:18-18:18  20:08-21:07
Sample 24 19 20 12 12 11
NMHC (ppm() 0.44 0.39 0.54 0.42 0.34 0.33
Oy (ppm} 0.051 0.089 0.170 0.188 0.168 0.129
NO, {ppm) 0.022 0.020 0.021 0.023 0.012 0.012
Ethane 4.200 4.2]* 2.410 3.9] 4.14[ 3.11  2.70[ 3.8] 1.80[ 4.8] 1.62[ 3.8]
Ethylene 5.17[ 4.8] 2.79[ 4.2] 2.6701.9] 1.36[ 1.8] 0.52[ 1.3]  0.89[ 2.0]
Acetylene 2.12( 1.8] 1.72[ 2.4]  3.41[ 2.2]  2.33( 2.8]  1.770 4.1]  1.69[ 3.5]
Propane 12.99018.91 3.8i[ 8.9] 14.76[16.3] 4.40{ 5.11 2.42[ 9.5]  2.15[ 7.4]
Prapylene 0,910 1.3]  0.42[ 0.9] 0.310 0.3]  0.09[ 0.2]  0.01[ 0.0]1  0.04[ 0.1]
i-Butane 1700 3.31  1.090 3.41 2530 3.71 1720477 0.710 3.71  0.66( 3.0]
n-Butane 3.16[ 6.11  2.19[ 6.8] 5.200 7.6) 2.91[ 7.9] 1.28[ 6.6]  1.26[ 5.8]
i-Pentane 2.25[ 5.41 1.72[ 6.6) 4.73[ 8.6] 257 8.7]  0.91[ 5.8]  1.08[ 6.0]
#-Pentane 1.92({ 461 1.450 5.61 3.79[ 691 2090 7.11 0.690 4.41 0.81( 4.6]
2-M-Pentane  1.02[ 2.9]1 0.70[ 3.2] 1.52] 3.3] 0,85 3.4] 0.34[ 2.6]  0.40[ 2.7]
3-M-Pentane  0.51[ 1.5]  0.34[ 1.6] ¢.78 1.71 o0.41[ 1.6] 0.18[ 1.2]  ©0.20[ 1.4]
n-Hexane 1.32( 3.8]  0.84[ 3.9) 1.747 3.8] 0970 3.9 o.490 3.8  0.95( 6.4]
Benzene 2,09 5.4] 1.8 7.9] 2.65[ 5.21 2.27[ 8.3]  1.87(13.0]  1.45[ 8.9]
Toluene 6.45[19.6]  4.92(24.17  9.11[21.1]  4.55[19.6]  2.98[24.4]  3.96[28.7)

1 2

0 0

1 1

1

o-Xylene

a | HC sampling period during each run.
b : unit ppb [weight 9]

CROOREBHRSAL 0 ERAEFYER-ST 2 RUKERG LB TL 2L 2TE, ABES
HATH, =F L veTuF e bAlxyDIfgG GRS v T2y, AL
¥TF v b TREICEF L YOREEAE, —F, BEEHYOORST L EDES RESR
THOMEOREER L IR BB EF LTV %,
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Fig.4 Map of Kanto district and pilot-balloon observation points
The source emission of hydrocarbon is estimated in the grid system (each square is
about 6x6km). Also this grid system is used for numerical simulation.
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% 3 RIEKEREREARTH (BE%MHE)?
Table 3 Hydrecarbon Source fingerprint (weight 2)2

1981 NIES Vehicle Gasoline Petroleum Petro- Solvent®
Compoenent Exhaust Vapor® Refinery Chemical

Ethane 3.1(1.18) 0.0 3.001.16) 3.0(1.5% 0.0
Ethylene 12.0(0.55> 0.0 2.9(0.73) 49.9(1.7%) 0.0
Acetylene 5.5(0.39) 0.0 1.600.64) 1.8(0.79 0.0
Propane 6.10(0.75 1.8{0.61) 20.2(2.59) 4.3(1.1D 0.0
Propylene 5.6{0.54) 0.0 2.8(1.38) 3.9(1 .49 0.0
i-Butane 4.600.42) 15.2(0.45) 6.7(1.05) 2.6(1.38 0.0
n-Butane 15.000.87) 19.1€0.17) 16.1(1.17) 5.4(1.18) 0.0
i-Pentane 10.4C0.57) 35.800.200 14.4(1.69) 4.000.87 0.0
n—Pentane 6.000.55)  13.1(0.30) 6.901.39) 2.8(1.05) 0.0
2-M-Pentane 3.8(0.53; 6.3(0.18) 3.701.96) 1.5(0.71) 0.0
3-M-Pentane 2.3(0.54> 3.140.2D 2.1(1.8D 1.1(0.9% 0.0
n-Hexane 4.400.74) 3.200.17) 5.0(1.56) 4.301.200 0.0
Benzene 5.600.49) 0.900.32) 4.3(1.54) 3.4(0.64) 0.0
Toluene 10.500.41) 1.000.35) 7.1(1.49) 7.600.74> 25.7
E-Benzene 1.6(0.56 0.100.507 1.0€0.82) 1.6{1.06) 32.5
b, m-Xylene 2.400.713 0.300. 44 1.300.87) 1.7(0.88) 30.3
o-Xylene 1.1€0.73) 0.1C1.00) 0.9(1.00) 1.1(1.27) 11.5
Total 100.0% 100.0% 100.0% 100.0% 100.0%

Note: @  Figures in parenthesis indicate the coefficient
of variation (g/x ; ppb/ppb)
b evaluated at 25°C.
¢ estimated value.

2.3 BEXRDORIKARERRTE

A 192 807 — 2 o AKEARE (NMHC Hx510 oHEEsHo&RE4rT, Rit
AFED 2 HAEOBGRL, B oREF»SOHHAR S TWECHELTH D, M TR~<1H
EBORBY L v — AT IRG I LioT 2 RAHEY TR,

HBAD L, &MEVCE ST REGRL TRIERICEY (r=0.95 BE), B5wi, FA4
O * OOV REFEORAREYRT (HboRBRRPIRECLS), HSIORShcL S
WE Y, Rva CHoEGESENS, WEOMBEE B A OREROMTRERELYRSI LV
TERBHRLTLDA, THEHLT, TEFL V-V, PAT V-2 FARYELERED
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£ 4 1Q2HEORET - 2 X 5 REKESSEOHBEGEK
Table 4 Correlation coefficient of hydrocarbon compositions based on 192 samples
measured July 16-17, 1981
Ethane Ethylene Alf;tg * Propane P{gr?ey- Bui;me Butane Pentane Perﬁ;ne
NMHC (.78 0.65 0.76 0.81 0.60 0.92 0.92 0.87 0.81
o-Xylene (.52 0.55 (.56 0.47 0.51 0.58 0.54 0.54 0.56
w-Aylene .56 .60 G.60 G.45 G.59 G.60 G.54 0.56 .60
p-Xylene 0.43 0.48 0.47 0.38 0.47 (.49 (.45 0.46 0.48
E-Benzene 0.49 0.45 0.69 (.43 0.43 0.64 .61 0.70 0.69
Toluene 0.56 0.61 0.83° 0.45 0.58 0.74 0.71 0.75 0.78
Benzene 0.50 0.47 0.60 0.31 0.48 0.51 0.48 0.53 0.64
n-Hexane 0.32 0.31 0.50 0.21 0.36 (.39 0.39 0.45 (.48
3-M-Pentane 0.40 0.37 (.50 0.32 .46 0.47 0.46 0.54 0.67
2-#-Pentane 4.52 g.47 (.62 0.43 0.56 0.63 0.62 .69 (.80
n-Pentane 0.67 (.55 0.74 0.65 0.60 0.88 (.92 (.98*
i-Pentane 0.68 0.53 0.78 0.67 0.55 0.92 0.96*
n-Butane 0.74 0.61 0.76 0.73 0.64 0.97*
i-Butane 0.80 0.67 0.81 0.74 0.65
Propylene .63 0.79 0.47 0.56
Propane 0.84* 0.62 0.51
Acetylene 0.65 0.59
Ethylene 0.71
P?a;g;le P?é:gi;e Hex:ane Benzene Toluene Beri_ene X)ﬂ;ne X;rrlze_ne Xyol;ne
NMHC 0.50 0.32 .33 .37 0.67 0.62 0.46 (.54 G.57
o-Xylene 0.55 0.45 0.33 (.48 0.68 0.79 0.95° 0.94
m-Xylene 0.67 0.57 0.44 0.61 0.75 (.78 0.92
p-Xylene 0.51 0.43 0.34 0.44 (.61 0.75
E-Benzene (.58 0.47 0.46 0.53 0.74
Toluene 0.83 0.74 0.49 0.77*
Benzene 0.92 0.91 0.52
#n-Hexane 0.57 0.57
3-M-Pentane 0.96

BARERRBRAD I L HCRE(HMALTED, vV 7Ll REBOFEOEEG R - T
WA EHREL TV A,
K6, —hbOEBELRILAKFERSD Run EHEOEL AT,
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Fig.5 Correlation of hydrocarbon pairs indicated in Table 4 (using the 192 samples

observed July 16-17, 1981)

-Butans (pph?

The regression curve was calculated by the least-squares method.
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3 REBHEET )V CER

3.1 REREEETL

REFLRET -2 OBEYILAT A 70 L LT, B - BEOTER
aC

SV VC=7- (KO +Q (2)

CITCHBREARE, v aSUIEE 2 b, KEERERT v v,
QITFFRE COoRERLTT,

*Fu-5 =7 A (Dispersion model, Xi}, Source-oriented model) &V 7% — - 7L
(Receptor-oriented model) -0 58T & 2319,

R7ii2, COTHOBERATT, BRLKE 72, BB LOBME 4 (Emission
Inventory model) &5%( 2)%HAG0T, SHEMY I 2L —va vinI Y REBLBERE (T
Tebb, V72 —cE T RE oEREARYHET 500 THDL, TOBRK T T 4D
REEE &0, BREFHH 7 L OB B AERE L LT U EETE T, HABED OB
SR — A ERCHET D LA D L h B, IHE, EFAOBRELTCOR - ik
EMBECFADOTRINEETHS, —F, 2O FAD L) » 220 - B o RE

Source impact assessment methods ]

| |

Dispersion Receptor
medels models

Dispersion Impact at
—_—
+ repor

Filter
analysis

Emission
inventory

Source Receptor
contribution model

B 7 =70 lkEOBERY

Fig. 7 The schematic concept of source-receptor models

19)
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BEAR R A RAKRER & BERREE 7

FrHEThl bos0BEAM UL LA TELIEY "ERN CTETEREDD,
CRITHLT, VT s - 2 F AT ORMECH L TEEYE 2 REFEYHERETLLOT,
TP EFATH LN, FTOETFLLTHELERID V. LiL, TOETF Ty -
Bt e RAERO 48 - AECET 2 HHir, hox 7 (Flad, Sy r2elge s
) MPEE L, RH T TR BT T, Ve FE - EFTAOPLE T REERE A H
EtTLEFoThh, LTCHHET D,

CEBi#23¢ B4EF#T = 7 L3R TERIND, Tihebb, REHEEEFA) €7
2 - BT HRCKEERBEE~7 brx =[x, 6,x,] (1:; pg/m® ORGHEE S RER
DFRIBELUTEEGSHED S &, BADREFENLOFSOBAUES THETELE L,

I.‘=J_§.l ay fQNT & (3}

TEBIhD, ICTCaR( 10 Z,0BERBTHY, j BEFELLRET L (NHOR
B (pg/m®), £(Q)BAERE Y 274 —%H#ESTLHHHCAHD, HE - RBE - KREEE
EDELDBROBECHS, [QIOIEHLERIBETHY, 8,=F Q) LEE | BEROF
LEaRTLDETE,

A3V 72 —CvRIES R NMHC £8 (ug/m?) CEEELT 5L,

N

y.:gl Z; 8 te: (4)
FEFEZ (CAHR(DERLRTHS) o ThE~7 b a - TFTRT &

y=2Z8+%¢ (5)

TBY. y=ln o vals 2 =125) s=8 o Bx) e len el tERRE
i~

BET— 20 bORERDHET (Source Reconciliation) 33R(5)CH L REFHRE~7 +
MBRRAETHI LS L, —BCRLKERIOR m 1L, BEFORN I045<, g0
RSB RN REL I B s, y DERORRELRSICE 0 KE R, S HBMSE
LREBOT, BEBE CELHGY LRI R, |

B=[Z'V1Z']-'Z' V'y (6)

CHES RS, 22T V=(1/02]aaT v OBBEE 20 S x BEH L THRAELTIITS S
(2L, ol i RGOBE® —>0W Y FATHRETHZ LR IDZBEEDGH) , FHIILRLE
18 B O BALKFE A o TS HHED 99% 0 EEE R C~Coimo\V - THIEED £ 5%, Ce
LB 2T+ 10%TH 2D, SWEEVERDMCES o sThid, C~Cim>\ - TEHRK
(c. v) =0.019, CLAkimou T 0.039 &7 b, FHHE »,(Wwt%) D b2 41,
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REFtRaES

O’;;‘=[CC. v.)y,—]”z (7)
THEERD, £, R(OTHLAL FOBFEEORE L L TOEHAMEGREUL,
r=[y' Zg/y' V-'y]'? _ (8)

THETE L,

K5I TERIRSBEFHET T 12— 8O “WMEER" L£10hd (oL, BIEK
g b e d B USRE LT B BEERS T & EEBCRE D), EE e oW CERE
e~N (0, ¢2) #EET D ERERFER~2 1 BRERTTERGH NQ@ 022/ V'Z]) 1
®y, goEERRE,

(Bi—8)/(s VZ¥)
NEBE (m—N) o tgMcfEs ZtrbRbLNEL, 22T,
S=(y—Z8' V' (y—Z8/(m—-N)

ThHo, ZV3H7 ZVIDTD G D BREYERT 5.

K(6)TIHBEIND 8 OEF B2 T OYWBMWEL. L 0 TCHA 6,20 DLEH DB, B
P EEAC6IY, COFRBEYRIELAV, ThEBETHRBEFHRLILUL 820227 » 78
¥ CEE T 5 BRFHERE P SUMT (Sequential Unconstrained Minimization Technique)*V
FAbLH2, AFRTEE <0 L E - BECITOREELRE, ZOT<XTHIFALLD L
ik,

3.2 BIUEAEREBREEETLOER

DEoFkic o, RICKERROBET — 2 0:bREFYHETT L E0TED, RILKE
EEBOMBICRRDI > EEREN DS, (DEBOREF -2 2FH LB RAKOREHED
EEVHETAZENTETS D, as—H6ATbRTE RmOF—#2BG-50 L TRAR
OREEEBOET ML EATE S, (2XRER» ORIV KERSISEFFlbT5E 3
RLAES (fitting component) BLAMZ b % < OXALER o R VD (£ 740 non-fitting
component) P XA, £I T, HEETTATHLALRBEF RS2 R BO non-fitting
component DREF~OPHBERHEZ R, THENEEY T2 2 L CHRER I H R
SRPCOHAERGOETE M 2 L8 TES, (3IOBBLAREEOLTHRIET — 2 DR
ATERATA TS hiL, REBRROBRE S 4,51 £ no0TThE, Lal, Bk
FHEL 2 hirvH4 (unexplained fraction) 7?;5;;_'9 . COERD HFREDEER OB AT OWT
DEEYELEHNTES, (DBORIBERORBER*BR - =T roxgHl 2TV
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BRAR RT3 RICKRBR L REBH T 7

ELTHZAL L LT T LB+ EDL I LATE A, RRUCHEC(1) TR~ R
A FORMEFROIREthlL B D 5,

4 RAEFRICHELEB L LRIEKERERREETN

4.1 RALBEIGIC & 2R {EkFEOEREL

CEB o34 89RE & L TRV IbA RO B ORFRE, HFRALSH TRETEORFE
RIEHEDHRC L - THBCHET Ly, Tiohh, RICFLL IBEIFORIEKE L HEL
FBE, =2 vETe v ritOH 59 p A b ORIEEE ko 100 fEEERL D, XbEK
HOMEYREREEDERES 2 2B YBEHNTLLEN D B,
FROEBBOEHELTHECEA T 7« F+ VA -FRETIOHRBETH LA, “hbd 18
e RS eFALAERIFE SR TH LT, BMEERGORE=F L2, BEhoF
—REFNR LD T — A L CORBIT -2 WERRBETAL LT 5,

¥, LERIGE T ARFIR L CBREIORH LTS, RIBEF v ToB R C.ork
falf 43 13,
dC/dt=3, p.fg c,,,-c,,]z_ d{ikl;[' Cs (9

BT HRETEL®, DI, plh dBFRFRCRSOER - SRORIEEEER Y ERT
Do K] t~t+Af BT Cy, =, Coh—E&AATLEA(RBBTET,

cuttran=(pi) +co- (b, Jexp| -, ar (10

ﬁﬁ%hbo::T,R:§MHCw a:zdtg(g&%bﬁitmﬁﬂkﬁ%?bo:@ﬁ;
b, CHGE,

;= D' an

DEEFR AL - THET A - L4815, Whitten 5D Carbon-Bond  Mechanism + 7 &
(CBM-ID#H2\T 7,030 B R 8 icxT, CBM = 74T, RILKERS ¥ RELE
EVEURBEO SV - FiGHL, =T g - T RRETLEENEEEEERY L2
A®— AFTERIND, HEdiRIicfibkFil, PAR (—ERA&MHERT), OLE (8K
GO —E#HAGRFERT), ETH (BREHO_ERKGRERT), ARO (RIEHDOT v ~vF 4 v
28, CARB (#Aa=,13%), UNR GERIEMORERT) 20T r,0 58 x o BYE
EELRTURLEAITH S, “OFEFE, CBM @ RILAFESEIC L b BAIcEER#EE ST+
PEHTA L L CREEOHEOHEYR IR L LPTEL I ERRT, BT, CBM OERE
BEHEC LD o EREE— Y EHE,

ROk 3IoREFERG A S CELETE €~ F (E8ER 0540 2T, BEEEES
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Fig. 8 The typical distribution of decay time constants for each hydrocarbon class,
NQ., 0, and CO
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Fig. 9 The schematic representation of the main decay mode for the main hydro-
carbon sources
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DEogR+»BEMNET -2 vAVCTEHLL S, BER—D 71— adhTCOfIEF —2 &L
T, 1980 8 B 6 ADHEBLTORKRES S, H10 KX, MHOD Runb &5 NG, O,
DRFBEGZHRERICKFEO 7Y v 7 S&RT, NOKBRO P v—— LALBE, v
FY VoA $602, 603, 605 TR F - 4 b EHIKTTE 29, Bk E HC,OES =20
DDA & 5 2k TREN B I

(B, = (i) oo ~®Ri-Roat] -

L85, 2T, Ri=kiu[OH]+£[0;) #EL HC.ORIMC L 2B AR+, ZoRLY,
2EGOEERAGAEZ ETT - LpTOFR (Dilution) OBEYE KL EHCE, ALk log
(HC/HC,) m i EREIFET 52405000, INIKINCELT=a Lol EnT
A — b L TOBEAFEONBEOREELETT, BLH, (1)7xFvy, Faty, fv7
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Fig. 10 Flight path in Run 6, August 6, 1980, hydrocarbon sampling points (indicated

by #), No, and O, concentration at the 350m altitude
The atrow indicates the wind vector observed by AMeDAS network.
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Table 5 Hydrocarbon composition to evaluate the effect of photochemical reaction

in ambient air {modified from data at August 6, 1980)°

Sample Number (Run 6)

cemponent # 602 # 603 # 605
Sample time (JST) 1326 1336 1351
NMHC (ppm(C) 0.34 0.33 0.21
CALC (ppm(C> 0.21 0.15 0.13
NOx (ppm) 0.017 0.013 0.012
0; (ppm) 0.095 0.117 0.125
relative ad-

vection time (min)® 0 62 115
Ethane 3.6 [1.00] 3.0 [1.00] 2.7 [1.00]
Ethylene 6.3 [1.75]* 3.3 [1.10] 2.0 [0.74]
Acetylene 3.2 [0.90]* 2.7 [0.90] 2.4 [0.88]
Propane 4.1 [1.14] 3.3 [1.10] 3.2 [1.19]
Propylene 0.8 [0.22] 0.4 [0.13] 0.0 [0.00]
i-Butane 1.6 [0.44] 1.4 [0.45]* 1.2 [0.45]
n-Butane 3.2 [0.89] 2.8 [0.93] 2.4 [0.89]*
i-Pentane 2.4 [0.67] 1.5 [0.50]* 1.1 [0.41]
n-Pentane 1.8 [0.53) 1.3 [0.43)] 0.9 [0.33]
2-M-Pentane 1.2 [0.33] 0.9 [0.30] 0.8 [0.30]
3-M-Pentane 0.7 [0.19] 0.5 [0.17] 0.5 [0.19]
n-Hexane 1.8 [0.50] 1.2 [0.40] 0.8 [0.30]*
Benzene 1.8 [0.50] 1.4 [0.47] 1.2 [0.44]
Toluene 6.8 [1.89]* 4.0 [1.33] 2.6 [0.96]
F-Benzene 1.7 [0.47]* 1.0 [0.33] 0.6 [0.22]
p, m—Xylene 1.2 [0.33] 0.5 [0.17] 0.4 [0.15]
o—Xylene 0.5 [0.14] 0.3 [0.10] 0.2 [0.07]

a  hydrocarbon concentration in ppb and ratio [HC,/ethane pph/ppb]
b relative advection time (min) was calculated by trajectory analysis in each

sample

%  hydrocarbon concentation was modified based on the slope of dt versus log

(HC/ Ethane).

HEBAMOFEATAR BT DL 2 Lldd b 27,

EFEz2bhS,

ZotoaRRERE AR —EHILEY

BEoERc kb, HEROMS - FAEET S ABEH» A O BUC KLFRIEOBR LK
¥Flkh, BREFHTEE T OBROBEYEETH L ENBbn Lo, KEITE, <O

EoWTRET 5,
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* 6 BEDOF—FE-O>VWTOREFEESOHEAFER
Table 6(a) Calculated Source Coefficients for the Run 6 samples, 1980.

(b) Calculated Source Coefficient using adjusted Source Reconciliation
Model for Table 5 Data

(a) Source Coefficients
Vehicle Gasoline  Petroleum Paint Explained
Sample Intercept Exhaust Vapor Refinery Solvent Sources r?
¥ 602 0.619 0.136 0.060 0.238 0.131 0,565 0.848
# 603 0.011 0.091 0.068 0.341 0.127 0.628 0.773
# 605 —{.695 0.096 0.057 0.421 0.131 0.705 0.721
(b) Source Coefficients
Vehicle  Gasoline Petroleurn  Paint  Unexplained (r%, Explained Sources)
Sample Exhaust® Vapor* Refineryt Solvent Sources® Model- [ Model-11
% 602 0.543 0.0 0.193 0.123 0.141 0.940,0.830)  (0.940,0.830>
# 603 0.556 0.0 0.171 0.100 0.171 (0.910,0.873 (0.937,0.833
# 605 0.546 0.0 0.137 0.089 0.228 (0.880,0.824> (0.929,0.829

+ adjusted source coefficients multiplied by f.m [see equation (17)].

42 RR#EE2ZRBL-EEREEET L
HMOEELERLEICRLL 1T EFOERFEONLSREERIGEO/ = F v, 7
PE LV SRDGTE, EETFTAOEBES (fitting component) 2 BEAL, b, oD
LR 74 VR (2 v~V EYETOILES, MTF7A—7F1EHE) L7 v<T 4
PHR AP AR~ F L YD ARS, LT —FIUERE) Do 7 A—F e+ 5 (2
DDD TV - FTHDEEIMO#R L D FHNCRALBERE - VEL2LELLRE), IO
:o@ﬁw—fﬁﬁﬂﬁféﬁiﬁﬁ&%ﬁm%3#6%7®l5&%%?550%*K%Lt
PR L b, 1 74— T b, BBEEY A, AmKEE, » Y v v+ RlE (WEO
SEIIEEEE I T LV ORBEREREABLRE, —F, B2 A FORSHEEEEE
ERTH D, BHEANYBRAOELERSERRERCH Y, 2 rr— T ERT RS
BEL T, BREHIALBERFOOTRETELZ 0 LT5 GiVvHiEomiz, B
By ADRLEREGRHIMMORERF EOMEERT A Litic b)),

oDy - T A REBRRE  F o,

#H17—7 y,=Z8+ta 13
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Table 7 Hydrocarbon Source Fingerprint for two group

- . Petroleum Petro-
Group - I V. Exhaust Gasoline Vapor Refinery chemical
Ethane 4.64 0.00 3.57 3.77
Acetylene 8.23 0.00 1.90 5.26
Propane 9.13 1.83 24.05 12,57
i—Butane 6.89 15.43 7.98 7.60
n-Butane 22 .46 19.39 19.17 15.79
i-Pentane 15.57 36.35 17.14 11.70
n-Pentane 8.98 13.30 8.21 8.19
2-M-Pentane 5.69 6.40 4.40 4.39
3-M-Pentane 3.44 3.15 2.50 3.22
n-Hexane 6.59 3.25 5.95 12,57
Benzene 8.38 0.91 5.12 9.94
Paint
Group -11 Solvent
Toeluene 67.30 66.70 68.9 63.3 25.70
E-Benzene 10,20 6.70 9.7 13.3 32.50
p. m—-Xylene 15.40 20.00 12.6 14.2 30.30
o-Xylene 7.10 6.70 8.7 9.2 11.50
(b} Internal correlation of Group-1 HC Fingerprint
Petro Rf. Petrochemical Gasoline Vapor
V. Exhaust 0.687 0.658 0.64
Petro Rf." — 0.5%6 (.50
Petrochemical —_— — 0.90
(¢} Group-II
r (V, Exhaust), (Solvent) = 0.132
Brorn—7 y.=Lpte (4
D2ARDHBATEREIND, ZIT,
B =B Bves Bosl’ (15)
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DEFLDORERNYTS,

BERYC, HBEHEY A L OEEHO >0 REFARS R (K788 ognl, EE%
DAECIRAPOMEFEHEE YR TLL/3 o ORI TER X REFHTE YT, SOREY
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HOCRERITORE CrbllE, BRREE Al BME R4, 8, ABEEErY 2
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JEBDEOWTIT o, GHILFORSIEBEH Y ACESTh 5B THLR, Zo0BRaL 1L
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Table 8 Sensitivity of source coefficients

BEAAhic i o RILARER & RABET 7 2

Source Coefficients

c Vehicle Gasoline Petroleum Petro-
ase Exhaust Vapor Refinery Chemical
0.66 0.10 0.18 0.06
VE 0.711€0.057) 0.096{0.019) (.195(0.051)
(.826-0.586 0.143-0.054 0.304-(.096
PR 0.735¢0.054) 0.095(0.028) 0.168(0.078)
0.846-0.609 0.129-0.009 0.337-0.024
VE+PR  0.720(0.078) 0.094(0.043) 0.182(0.102)
0.863-0.499 0.174-0.0 0.494-0.017

Note : set of data means : mean (standard deviation)
minimum-maximum range

# 9 ZFHEURun ZLOoRERTSOFERER

Table 9 Calculated source coefficients using adjusted source reconciliation model
for the overall study and / or individual Runs

Source Coefficient
Time pf Number of S:;S{J:l:ineg Vehicle Gaseline Petr_o]eum Paint Unexplained (%, Explained Sources)
Collection  Samples (m} Exhaust* Vapor* Refinery” Solvent Sources' [Model- I, Modet-11]
;E:Zﬁjgz My 10 e om0 00 0.3 0280 0220 (0.905.0.831) (0.890,1.000)
July 16
Run 11 9:29- 7:16 23 700° 0.191 0.0 0.073 4.513 0,223 (0.852,0.658) (0.890,0.88%)
Run 12 ®52-1037 19 31- 550 0.421 4.0 9.146 .288 0.145  (0.505,0.797) (0.757,1.000)
Run 13 11:55-13:08 19 450- 700 0.259 0.0 0.215 0.312 0.214  (0.910,0.701) (0.994,0.988)
Run 14 14;35-15:43 11 350-1500  0.374 0.043 0.222 0.200 .161 (0.925,0.883) €0.996,0.980)
Run 15 17:21-1831 11 450- 700 0.452 0.0 0.230 0.170 0.148  (0.891,0.824) (0.993,1.000)
Run 16 20:10-21:27 12 350-1000  0.44% 0.0 0.211 0.245 0,095  (0.922,0.875) (0.995.1.000)
July 17
Run 21  5:20- 6:53 23 400- 500  0.188 0.0 0.369 0.233 ¢.210  (0.859,0.726) (0.981,1.000)
Run 22 %24- 055 19 350- 550 0.33% 0.0 0.353 0.196 0,16  ((3.914,0.838) (1.000,1.000)
Run 23 11:31-12:41 20 450- 700 0.192 0.0 0.462 0.215 0.131 (0.924,0.877) (0.983,0.962)
Rue 24 14:20-15:31 12 350- 550 0.297 0.0 0.284 0.345 0.074  (0.928.0.899) (0.998,0.99%)
Run 26 17:18-18:18 12 450- 700 0.390 0.0 0.201 0.157 0.252  (0.872,0.755) ({.989,0.940)
Ron 26 20:08-21:07 11 30- 900 0.463 0.0 9.213 §.099 9,225 (D.881,0.773) (0.996,0.972)

+ adjusted source coefficients multiplied by ., ,,[see equation (17}].
*  Samples of Run 11 were mostly collected over the temperature inversion layer.
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Fig. 12 Calculated source coefficients for individual runs
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Table 10 Comparison of measured ambient concentrations with values estimated
from weighted least-squares source fitting

weight %
July 16, 1981 July 17, 1981 Factor
Run 11 Run 15 Run 21 Run 25
_ Study Average  Mea- Cal-  Mea- Cdl-  Mea- Cal  Mea- Cal- _Measured wig;_
Group-1  Measured Calculated sured culated sured culated sured culated sured culated Calculated wi%
Ethane 5.88 3.36 7.48 2.8 591 353 7.23 2.8 8.09 3.23 1.9000.430)"
* Acetylene 4.31 3.80 466 4.17 5.99 503 3.16 2.93 6.8% 4.59 1.130(0.154)
Propane 19.31 14.55% 98¢ 8.93 13.52 11.66 32.80 13.81 15.94 10.73 1.27(0.376)
i-Butane 5.89 6.23 4.82 474 5.86 598 566 552 6.16 5.48 1.01(0.067)
n-Butane 11.41 17.13 9.06 14.12 10.93 17.59 10.52 14.71 11.11 16.11 0.68(0.031)
t-Pentane 12.46 13.68 10.76 10.55 14.25 13.27 9.29 12.06 9.81 12.16 0.96{(0.008)

n-Pentane 10.06 7.11 8.8 576 10.91 7,19 7.93 6.15 7.44 6.59 1.44(0.162)
2-M-Pentane 5.66 413 7.43 3.49 5.97 4.33 503 351 4.38 3.97 1.42(0.28%)
3-M-Pentane 2.87 2.42 2.86 2.08 4.25 258 252 205 2.06 2.36 1.21(0.239)

wHexane  10.62  5.18 17.72 4.21 8.8 525 6.5 4.48 631 4.81 2.13(1.358)

Benzene 1153  5.45 16.57 4.87 13.54 6.00 9.35 451 21.82 549 2.42(0.644)
100.0  83.13 100.0 65.76 100.0 82.41 100.0 72.58 1000 75.22

Group-T1I

Taluene 55.01  56.88 34.81 38.20 59.64 61.57 54.31 59.11 62.38 56.78 0.990.059)

F-Benzene 15.88 16.63 15.88 20.47 13.89 14.1% 13.68 I5.61 14.95 13.09 1.010.117)
p, m-Xylene 19.61 19.85 33.26 21.27 17.11 18.23 21.83 19.21 16.16 16.82 1.01€0.181)
o-Xylene 9.50 8.46 16.05 8.54 9.36 7.99 10.19 8.28 6.51 7.37 1.1400.257)

106.0 161.82 100.0  88.48 100.4 101.98 100.0 102.21 106.0 94.06
non-fitting

components
Ethylene* 2.8 4.13 3.0 2.50 1.7 6.09 4.8 332 1.3 5.26
Propylene* 0.6 2.42 0.9 1.27 0.4 3.17 1.3 208 0.0 2.75

Note : * Concentration of non-fitting components (Ethylene and Propylene) was taken from Table 1 and 2.
Calculated value were evaluated using the source coeffecient shown in Table 9.
+ mean {standard deviation} based ¢n run average data.

OERAHOBRA (Runlb, 16, 25, 26) BERKERMEY L -7, Zhid, KL b Zhbo
AR ACEATAHI L EMIEL TV, —H4, Runll, 21 RN D88, =F v &
EAFHEEL ATV I EEARL TR, W Run 0B8RI EFRELECH), =FLr v
S RFOBBIBETERRL, ECBRLL 5K, RILKROMEY OH 5 a4 kORI
CEltdsETH L,

(AHC/HC) propylene _ (kOH)pmpylene (18)
(AHC/HC)elhylene (kO}i)elhylme
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Fig. 13 The comparison of observed and estimated concentration of ethylene and
propylene for individual runs (numerics indicate the Run number)
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Fig. 14 The vertical structure of the grid system for the numerical simulation and the
definition point of the physical parameters
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Abstract
Concentrations of organic carbon (C,,) and elemental carbon (C,.) in ambient
particulate matter over the Tokyo Metropolitan Area were measured on July 23, 1982.
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HERE S

The lowest and the highest concentrations of each carbon were appeared in early
morning and midday time, respectively. The each peak of [C,,]/[CO], [C..]/[CH =
CH) and [C,,)/[Cael was appeared in midday time or late afternoon. Secondary
formation of C,, is estimated to be the half of C,, measured in the daytime from the
above ratios and gas-to-particle conversion of nonmethane hydrocarbons to organic
carbon.

1 esis

HWH ARSI TRYEBOTEL R ERKTCEERET, RRERUHBIELZE L 5TV,
BT (2pm BT ORSIEESIERALN—KRBERNT THITERRELERE N, —
HIC AR T > BB > EBEOIEF cH Y, BN TR TORERECAKERFS KL
T3, COBRK T, B hRBERroEEREIh2—RBERTEVARGEALLT
AEPCEHE S h - BT FOMERTRC L VT o RERRT LS 55, AR
DS FOTEBRES THELL10FDI b0~ REERTF L REBENTOEES LMD
ki, KFEAE s SRS TRYENRYE LD L TRHDTHEETH 5,

AL - EEOEL L BYOBEFROBEL G bLIcT 4 — BB RERNTO
i i h, BEOAES YOS FRERFEY5IERIL>2HD, IORNTFRRED
70~80% L EBA D A e H T HBER Y L AT BROTERRECH LD, HEFLOT
BRGOBAT v AR T LAEF Ly | 2R TIEELRS b, TORESTH A BIAEL
& DWENBACTHR TV 32,

YA aB RO REEYRET 2000 —BE LT, 1978 FLUERBE LEO 7 A RET
R TR ALERE OIS HRESRSE Y BV TENRICThbh TX 3798, T RYHE
DRKBEBS THLBFREE (& LTHBRE L TRRRFID OMERsHAEOMED
B0, EFRITHR TV -, 1982 EORE TR, RIS hi B BERRERS THE
wIh, BTROEORERSOSF LTV, FhbOAIREY KDL, T, ERRCHES
Ricfho # ARWEEE L OBGRYFAN, ¥AREESH R TREA~OERORER O
THERELI,

2 K &
AP CER Loy AR E N TR R OBEFESo T BORE R
Li®T, oI THEBNE:BECBEET IHFC >V TOIELT B,

2.1 HFRMEORHE
77 o vROBEYT (WEMN 13mm) #MERO/ - AETCELHL, ARESE (Pallflex

Tissu Quartz) HEFBLLF - VA 1KY 2 — A TH VT T —TCRE YR L, BT
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EERE g PO N TR B BT & B F O TR AR

WHEORERIL 47 mme, KEHEME H 270 1/min, FERBREE 15~30 5ETH -7, 7o
5, PHEERE (C.) D757 v 27HlYEA IR 5100550 L OBAEE BB 1T -
ek AR IRY A

2.2 HMTRREDDN

RIS D S WL B I K R M R D ATEE CTT 7o, AUREAEL (10 mme) % Akt & 8k
BEL, N Adqeb0'C CHIRELTY, kAN 00 s 2 Ty 5 850°C DR ¢ CO iR b X
hobOYHEERE (Cu), EHTAEAAF — % 850°C DRMEIC T & 2 @ RBEL T COuC
BAL3ns bR TRERE (Co) 272, COOMBIFSEBFIATHET (ELEEE ZAL,
DBZ 511—-10) L > Tfiw, TOKIE 2EEOER Y2 CO, (1,090 ppm/N,» 7 v A, &
THEMER) & CH, (1,100 ppm/N,-* 5 v A, BT HEERD #HHLTT-7, £, HEY
B - TRET D HOw XA COBEADTHIL, ~A—=aT7 V34ry—X i,

2.3 HREYPENREE

NO, NO.& OsidEhFRIEEOE LERKEREEC L D ESGeEL, CO By 2+
v7yvZiclh, CH =CHERUFE < # v R{EAF (NMHC) @3atB ARy B EERc it
DHNCHIEL, COIFEFHMAADHET, CH =CH & NMHC 3 AESA 4+ v LB A
ge=i 777, NMHC 33k 2 # v AL KB BB RS T h T oL,

2.4 AR
SRS IS o A E B B o fH A Eppley UV 5 2 4 — 210 & b BgERc filE L,

3 BRiEE

3.1 HFRRERBE

1982 7 A 23 HIZfTh Ao fiZBi#RE (Run21~24) ©, 571KV a—a=T7H v
7 - THE LA TRYAORERFT OV TOFHR/BREER LR, Ft0754 P ZEDF
MEEBET -2 2R 2T LI, HERE (C) s TERRE (Co) PRERHHIITHT R
1.5~17.0 ug/m*& 1.6~12.7ug/m* T H N, ThHLOHMTILERFEBE (CO DEhiL
6.5~29.7 ug/m*ThH 72 Copr Coel " THOBREMLEH (5:00~6:32) @751+ (Run2l)
THELABRBICOWTOLDTH -, REM13:05~14:4007 51 + (Run23) TH
HELEHCWTHE LA LDTHE,

R 1 Run22D7 714 0 CORE, NOBERUMTEBORTEEOCELEZTRLTV-5,
ZTHRLA NOABREMME¥REREH BT L 8GN EETH Y, CORER-» 7 TRRANHE
LT Dch MM oSG T A ¥BEEE 2 b hs, —iC, FABTRLATA
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7= 1 EFRREOFWHRE (1982F7H 23 H)
Table 1 Analvtical results for particulate carbons (July 23, 1982)

Run Sample No. Time Cuolpug/m*) Caelug/m*) C.{ug/m*)
1 05 00~05 - 30 3.5 6.1 _9.6
05:31~06 - 01 2.4 1.6 4.0
2 3 06 1 02~06 - 32 1.5 4.2 ‘ 5.7
Ave. 2.5 4.0 | 6.9
1 09 : 10~09 : 30 8.0 7.0 15.0
2 09 :31~09 :51 8.3 8.6 16.8
22 3 09 . 52~10 . 12 9.3 9.5 i8.8
4 10 : 15~10 : 35 9.3 6.3 15.6
Ave. 8.7 7.8 16.6
1 13 05~13 : 20 8.4 5.8 14.2
2 13 20~13 35 12.7 8.5 21.2
3 13 35~13 . 50 9.8 7.4 17.2
4 13 :50~14 1 05 12.5 6.3 18.9
23 ] 14 :05~14 - 20 12.2 8.9 21.0
6 14 1 20~14 - 35 15.3 8.5 -23.8
7 14 1 35~14 © 40 17.0 12.7 29.7
Ave. 12.6 8.3 20.9
1 17 2 00~17 2 15 12.6 7.5 20.1
2 17 1 16~17 : 30 7.2 3.7 10.9
3 17 . 30~17 © 45 3.9 2.6 6.5
2 4 17 0 45~18 1 00 10.1 4.0 14.1
5 18 . 00~18 - 15 4.8 6.6 11.4
Ave. 7.7 4.9 12.6

£ 2 7IALTEoTHE (1982F7H 23 H)
Table 2 Averaged values for each flight (July 23, 1982)

Run Height VO NO: NO. O, NMHC €O UV Temp RH G C. ~ NO; SO

' {pph) (ppb) (pob) (ppb) (ppmC) (ppm) (mwatt/ch) (C) (%) (ug/m’) (ug/m) (ug/m’) (ug/m*)
21 s 9 15 24 37 0.7 0.29 0.37 199 616 25 4.0 0.7 2.1
22 470 8 8 36 45 0.3 0.47 2.73 225 65.9 8.7 7.9 1.¢ 3.5
23 450 5 20 2% 79 029 036 2.3 244 59.7 126 8.3 0.8 3.5
24 50 2 12 14 4 0 023 0.32 26 726 1.7 4.9 1.6 2.5
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B 1 Run22 (19824 7 H 23 A) ORTEE & CO kU NOBIE
Fig. 1 Variations of flight height, [CO), and INO,] for Run 22 (July 23, 1982)

HAREOBERINO, O L S C#HEER» UL COD X3 d bMTHEr ST BEETH 5,
LA L, BFRRFECOVTOHINCL 15~30 FREORIHEILBETH D10, ZOICH
OB 100~200 km LTRITLCLF 5, LichiaT, ¥ARFBRHEOZAEOEE S MEE
EBL{THBkm THH, FHEELHEOFREBHIESTH LA TH-TH, MR
PREBRECOVTREO LA ERESKIRECHD, Run21~24 D7 5 4 o — AR 2 IR
L sic, MR oRERCEAH0m oBmETCRTLCV2DT, LEOHRGERH
L, %754t L0 VPHEIRBREBROFHNBE YT EREL TUTOERLT » 12,
FT7FA P TED Cuoy Coe RV COPHBESY, 77 vHMAEAYAGT TR A~TH) 2 —
LAETH VY ZI TG FCHELCNTROE» LB ORI HEBREY I WMRED 7 7 1 +
CEORHBREEELCRICEEDTRLAY, Cpk Cuelt SO NOsic B LTt h &
BETHL EHDD5EY, Cuo CoBUSOIOFHBEIV-THHEH (Run2l) HRETH
D, B (Run23) e — 7 #RLTWwiz, —H, NO;@ X FESLACAD (Run2d) i
By, TRIFEBERO HNORESAE V- £ oREBE BT T LFE L MmB I ECRERT
BEOT —F 4 7 77 I L DO MR

3.2 TRRRRBE L COBBERUF2F L BE L oBBR

{bE BB BBy RAEKE (HC), NO,BUCOMEEH & % A, Spicer BU3NEIHEH
BOAREFICETIANOOTHRYTA~LED L V-, LTOHS v » S L ORIEHOEL:
CH=CH = CO # B\ Ty %, C ittty -RNCH it &h, XA 20HS
ZLL, TOHEBEFHHRBIF 0.3 ,m TH O, BFEARFELEOT, CH=CH®CO LFE
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July 23 1982 RUN 2|
320

July 23 1982 RUN 22

July 23 sz RUN 24

E 2 Run21~24@7 74 +a—A (19824E7 A 23 H)
Fig. 2 Flight patterns for Run 21-Run 24 (July 23, 1982)
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Run 21
Ryn 22
Run 23 |}
Run 24

Fig. 3 Variations of [C.), [C.], [S0.%7], and [NO,~] (July 23, 1982)

BB ATT EHTEINECb b v - — L LTEL AR S S, 2T, TR 22 B0
EFhGD, C.iiihc CO L CH=CH ¥ = » t LTHFhLoHBBHRY R~ (K4),
SEORETCE7 I P ZEDOFHESEL T Bcd, F—2 A TEHEEL VA, Cuk CO
7t HLUNC Coek CH = CH LDORIOMEBEGRERThFR0.78 £ 0.83 TH D, W%REREL 5%M
BETHETH -, 1983 FFBEHO 6 A THEIALRETRYED C.BE L Y2 1Y
Bo COBE LR (n=30) B\ Thi 1BERRCEERMAMARLA DI EMLELT,
4R LB AR OBINZ L 9, Lo b BVCHEART EHEIRD, LT, Cud
CH=CH=®CO A —KELEEDO b v —— & LT 2 HEEAE

3.3 AT RER
CH = CH, CO RU CootVARHRBE L AR P~ BFH S e B RF S h, BT OXRR
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BT A EBREFN ARHELRL THL ERET R Cobi3E AL 2.0 ym AFOH/
RFTHD &b [Cul/[CH = CH, [Caal/[CO] BU [Caol/[Cae] DFfTHTBIC L 2 F
FLAOBENC L AEERTI0LELLRD, M5 1982FTH23ADE7 A TLD
FEHEC VT ERLOEMELRLY, WThi BhFadsfice—7 2350, FikicE
FT#H -7, Grosjean' X ZHOKALZERIGAT v > v A D{EVGBERED [Cool/[Cael 1I—&KEBEH
BEoOFERM iR ER LT aEE L, e vEirrackt B0 kEAx » 7 RER
ERD [Cool/[Cue) DHED S, BHOKALFR £ » 7/ AR CooPiiXE MO Eh & N,
BEHHC L2003 SO RERFERFAEI A (VWA L0LBELTD, 22T,
FALFER IS R B AT & E 2 ShBRMED C..% CH = CH, CO R C,. TBR LMl
VLA 4 e HERE A HOF B0 AR T EE LT, MR LT CoRER CLo B EOREFET
BEREELI,

Run22 (9 10~10: 35) TiAKBHEMEOEEL LR, HFERELEHGEL T34, #il
MR AEET v v B EH 6 IR L 9BOEBR L AERL, Run2l & Run 22 OFHH

8 r .——}{f v 8
0.6 %E ‘ H ."L":‘b °%
T | g I - T
204l |2 Vial o ‘I3
g 5 Yo Y £=
i 13 Se, d = =9,
+ n 5= S P
L 4 ! ao L - - g H
I 1 +$ fad ? i
0 . N L 1 0 N N N M 0
0 4 4 6 g8 10 - o~ o
[Cae]{ pg/m?) : : c: :
B 4 [CO] Re [CH=CH] & [C.] B 5 [Gal/[Ce], [C]/[CH =CH],
DB (19824E 7 A 22~23 A) [C.1/[CO], [C)/(INMHC]+
Fig. 4 [CO] and [CH=CH] vs. [C.] [Cool) B TF [0s] &L (1982 4
(July 22-23, 1982) 7HA23H)

Fig. 5 Variations of [C,.]/[C..]). [Col/
[CH=CH], [C,]/[COL [CL)/
(INMHC]+{Ca]), and [Os] (July
23, 19823
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E}V
B 6 30 KM 5

20 KM

6 EHEHEO 450m L 550m FROBER (198247 A 23 8 9 00 H5)
Fig. 6 Wind profile at the altitude of 450 and 550m over the Tokyo Metropolitan
Area (July 23, 1982, 0300JST)

EEAF IR A RO SWREFO— R A TRT L EE L, Run23 &£ Run 24 DFHD [C,.l/
[CH = CH], [C.ol/[CO] BT [Cool/[Cac] U TRD IR Cootd, —KBEH Cou®
0.7~14fETH5H, oK, OBE,IENFERICOSEOBE AR TERYHLEL LN, —&
ERAEBRTHONRBNRT THE o, -9 7 4 F VBEE (Cronn b')RH L = LIRG O
ARBILOM IR (Sakamoto 5''9) i, OBERKFEYTT I ENMLATV2, 5K
20 Th [Caol / [CH =CHI & [Ca / [CO] mRRItE@ A S5, Grosjean @ v v/
HEAADT — & Tl O BEREEA 0.47 ppm TH - 9D H LT, SEOHEERES L
0. 11 ppm TH-ToZ ExEBLIE I THLBR A —EEH Coot T 5 AR Cood Hitd
BEpgMicE L T 2 o b Moy,

CZTRINCER L RN FORBELIH CH 50 EEMT 52 EREETH D, BEE
SV S R HC o bERT 5 L E 2 i, O,BEOMME & bit HC 26 Coon D Bl
Elermmd ab 0 LRI ND, T2 CR(2IEBENRD AL A,

HC———% Cuo (1)
(NMHC ©—¥)

oy [Ca]
fc(%)= TNMHC] +[C] X100 (2>

[C..]/[CH = CH] * [C,)/[CO] L EBEIC Run 23 ik D e —2 (7.5%) Habhios, —&
Britisr (Run21 & 2208, 3.8%) #ELSIWNES.7% s, LT, ichb#EEEIND
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Abstract

The numerical simulation of the advection and diffusion processes of primary
pollutant was conducted for the Kanto district.  The simulated results were compared
with the airborne observation data of August 6 1980. For the numerical simulation,
the wind field was analyzed by objective analysis using the AMeDAS data network and
the vertical transport of pollutant was modeled by the K, theory.

The main purpose of this research was to validate the model using the aircraft
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observation data and the concentration calculated using source inventory and the
observed meteorological conditions. NO, and hydrocarbon components were simula-
ted and their emission intensities were estimated hased on independent source in-
ventory studies (about 6km? square mesh area). The mobile and point sources for the
NO, and the five main HC sources (vehicle exhaust, petroleum refineries, gasoline
vapaor, petrochemical plants and paint solvent users) were modeled including the
hourly emission variation.

The simulation results shows the calculated NO, concentration had a good
qualitative agreement to the observation data, but the effect of subgrid scale diffusion
gave the flattened concentration field. The order of magnitude of the NO, concen-
tration also had a good agreement in the morning, but in the afternoon when the
photochemical reaction was siginificant the calculated value was higher than the
observed value. This was because the chemical conversion from gas phase NO, to
nitrate. The calculated values of the HC components showed similar hourly variation
with the observed data, but the order of magnitude of the calculation was less than one
half that of the cbserved data.
 These results show that the NO, source inventory was reliable. However, for the
photochemical simulation, the HC source inventroy model must be improved.
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Fig. 1 Main observation section (1-6 indicated by dashed line) in August 6-7, 1980
The solid circle shows the pilot-balloon observation points
H, to H; indicate the typical hydrocarbon sampling points. The grid system shows

the numerical simulation region.
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Fig. 2 The variation of surface wind systems observed by AMeDAS network
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Fig. 3 Potential temperature profile at Urawa measured by sonde observation
The Pasquill stability class was estimated by the meteorological data at Otemachi.
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NO, and O; concentration at 350m height in Run 3, August 6, 1980

The solid circle indicates the hydrocarbon sampling péints and the figures in
parenthesis shows the obseration time of this section. The arrows show the surface
wind vector by AMeDAS network.
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Table 1 Average hydrocarbon concentration in 1980

Component ppb* weight %
1 Ethane 2.7(2.10) 3.6
2 Ethylene 4.003.89) 5.1
3 Propane 2.6(2.24) 5.2
4 Propylene G.7(0.88) 1.3
5 -Butane 1.1(0.81) 2.8
6 n-Butane 1.901.60) 5.1
7 Acetylene 2.0{1.67) 2.4
8 1-Butene $.1(0.15) 0.2
S  {-Butene 0.3(0.34) 0.7

10 i-Pentane 1.6(1.46 5.1

11 1-Pentene 0.2(0.30) 0.6

12 n-Pentane 1.1¢1.21) 3.6

13 cis, trans-2-Pentene 0.4(0.38) 1.2

14 3, 3-DM-1-Butene 0.0(0.07) 0.1

15 2, 2-DM-Butane 0.200.21) 0.8

16  2-M-Pentane 0.8(0.51) 3.2

17 3-M-Pentane 0.4¢0.31) 1.7

18 n-Hexane 1.000.71) 4.1

19 3, 3-DM-Pentane 0.4(0.38) 1.9

20  cyclo-Hexane 0.100.19) 0.3

21  3-M-Hexane 0.6(0.72) 2.9

22 3-E-Pentane 0.0(0.04) 0.0

23 n-Heptane 0.5(0.44 2.1

24 2, 2, 4-TM-Pentane 0.200.24> 0.8

25 Benzene 1.200.75) 4.1

26 M-cyclo-Hexane 0.2(0.27) 1.0

27 2, 2-DM-Hexane 0.300.30) 1.5

28 2,3, 4 TM-Pentane 0.1€0.12) 0.5

29 3-M-Heptane 0.1€0.15) 0.5

30  2-M-Heptane 0.0(0.09) 0.2

3 3-E-Hexane 0.000.13) 0.2

32 cis-1, 3-DM-c-Hexane 0.0¢0.06) 0.1

33 »#-Octane 0.3(0.18) 1.3

34 trans-1, 3-DM-c-Hexane 0.0(0.05) 0.1

35  Toluene 4.9(3.78) 20.6

36 E-cyclo-Hexane 0.1(0.18} 0.5

37 3, 3-DM-Heptane 0.000.07) 0.1

38 2, 3-DM-Heptane 0.0¢0.09) 0.3

39  c-cyclo—Octene 0.000.0%) 0.1

40 1, 3, 5-TM-c-Hexane 0.1(0.14) 0.5

41  t-cyclo-Octene 0.0¢0.06) 0.1

42 cyclo-Octane 0.2(0.19) 0.8

43  E-Benzene 1.000.77) 4.6

44 p-Xylene 0.4(0.35) 1.8

45 m-Xylene 0.8(0.700 3.6

46  p-Xylene 0.500.40 2.2

47  Styrene ¢.1€0.14) 0.4

* Emia (RERE

—152—




Y FERBEORERBIBM Y I ~ - a

HC Sample Number

303 401 Eal €02 702 804 203
T T T T T — T 50
_ 50000 200 dso
i — —
£ ] ‘§
E a 10 =
Q L]
E )
&3 100, 20 =
I
e dio
ool o
5 1]
1+ 3
P [=%
a a
a3l 16 o
- [=4
O £
2 1+ 2
x [
! 12
E-Benzene
o 0
300 12 300 104
3]
- NMHC ETH}- = los B
2|8 a 8
a a a ~
=20l ;8- H200 02 L
T o x §
ol = & z
w % 0
310“ 34 qi00 -0
< [s]
\ / i /
\ears ————
OL ) 1 L 1 1 1 1 1 1 | o
4 6 ) 10 1z 14 16 18 20 22 24 2
Time (JST)

(a) August 6, 1980

B 9 BALAFELFERED Run & 0%
(a) HAEE

Fig. 9 Hydrocarbon concentration (individual component and hydrocarbon class by
CBM classification), NO,, O, and &y
{a) near point H,.

—153—



REFFEE - BT

3
8

ppmC-min}'

3000

Kon!

1000

JETH tppb)
8 3

AROC
)

HC Somple Number
306 405 504 605 705 BO6
T T T T T T

204
T

Y
[+]

NOy {ppbl

(ppb)

HC

Toluene {ppb)

T
OLE ,CARS (ppb)

o
T

+
T

/,/.-475\ e OLE

NMHC (ppmC)

y . —_— 2
%\/ g
| | 1 1 ] ] 1 —1 1
€ 8 10 12 14 18 18 20 22
Time (JST)

(b) August 6, 1980

B 9 (23Z) ) Haats
Fig. 9 {(continued) (b} near point H,

—154—




AAEFHREOHERBLHMl Y i s v—va v

2, BEo NO T g@Eg Ay AUAOSENL0ESTHY, BhUHESFEBEES LT
WAZLERLTED, B EREENLOBHABRESBORSTCL Y T I CHEI NI CRR
L-Cb‘éo

2.2 HErial—ar - EFLMEROEBR

AR CER LM EHREOBRNT — 211, KERNBML~TESRSTOERBRETE
Wi SRS E~OFREOBEBBRTH S, TOLH HEMEHF T RTL T —2THL
T, ZHTO Euler BERTOEME $ 2 v—va ¥ « TFAEMAGCEEN LTS 2 SED L
ShBHEN DA,

(1) figedc I >SS Loy, aRUEEYESETI~-3BRI LR h, K
s al—av 7l LD TR L RPMEDEE G AL EET 5 2 & THE 300~400m
Eg BREF— 2 TOFFADFEMEATEES £ 5.

(2) i, =FrcRIARARS e 7 A ERERT VYR L L TxY), BBl —
EERBEORMAF — v ORIGPA LT EFAOEBWANE LTOREEE £ F L OREY
BHTES,

(3) HEmEmE~EEs L cll~tEofRiradl, ARTEERREPIRELE L
b, #EEAO AMeDAS BRF — 2% BUWBZ 2Ty i = V—v a V) RO KM
HEMERCHERTE, REBRRNOSHT - AL X e FLORUEYRHTE D,

(4) viav-—vavigRomdEErLclE¥LchHy, TRBRCETT L - KBERHE
DEEFITNTA AT S, 3, BEAEERHEE LR EL~OREIER TS,
EF BT AR LT ELED = F A bic T iols,

Lo SobHE LT, SRS L CoOMPRBAT — 52, XAEHEY 1 2v—vav.x
FLrBRORSRELCLERALER YL 2LEALNRL, KELEVT, =7 ADREOW
Tih %,

3 Mzl —arETL
i1 EFLOEE
Enter BERCORELY IR T L EBHEL L LTEBE LT,

%%+uaaﬁ(j+y§a£;i%(l(,a§; ) +8%(Ky%%) +f§;(Kzaa—?)+Qs (1

FRAVE, 22T, CFERE i oBE (ppm), u viXFhFhox, y HEOBEE (m/s), K,
K, KedthZinzx y, zHAOWMHEE (mP/s), QuiCoRE iz, HEOEE
(ppm/s) #FEHT 4, COHBRTEHREOEEH G~ DOIREET T HmRERARK.
FHRUTT 5,

—155—




WEFARLE « BREE

LORBHBROPME S ¢ = v— v g iz, Bl 0WTF 2 FanipgEL iy, TOTER
LOko bty ThHD,

i) KWMOEEY - RROELOEET v w0 v

i) BEAESEOCEL:BILMERO#E 71 K, K, K,

i) —WEREOREERORES M - LB ORMERD €70 (LUIF, BEFEETA) 1IQ
iv) PREOBER TOLE LT

v) BHBEOAF -2

EHTE, chb0H7 « 2 F Lol 0B onTR~S,

12 [REFNL
AMeDASD —BSR & & ot HBEIF — 2 RFIB LA, BE> $ = - 2 v OHEFERE
RIWCRLfz 7 Y » PR (B AIE34801°, FEFRI1385680"TH Y, BHE FAMRAY=
6.780 km, FEFEAHERE Ay=5.547km & L7) ThH, AMeDASBRIET -s0 27V » VA
~ORFE, EREO-FOMH (1/77) ¥EAZELLELMERHELFIB L, $HE 5RO
F KRS hcs ERGC R L~ R AR BT
vzzvscg)p (2)

Zs
X hRbl, DTV, vMIEhFREE 2z, z.m) kit BEE~2 raThh, xiEH
P RERZ AL Ty RBREEL TR p=1/7 ¥ A1,
Dbt b Bt MFERRC L7, Endlich o FE Y% B UIEREBICEEL £ FARK
Bl

3.3 EARMLEFRE K. 0HE
HEFATHEREOHERTE~OBE-BESHEHEALKIEER K. YA L TTHR S,
K. n=Frfbicks U EELEMB CORER 7 2 -4 —TH %D Monin & L i1, KFEOHEK
TREFECEITILAMB-ERVAGTEY )V y K LT AL REE YRS, Golder DF+—
Rz X boRabicte,

K.D7 w7 5 4 A1 BEHE I, T Businger 590D ® F /4%, = 7 = B\ T O'Brein'”®
=FAEFIALE, BENLHEFIHIRDELD THE,

(1) MoninE L FBEEEE u.

L it Golder im & W BB AN~ A+ W HEFESFE mHEE z L 58 E5F + — + % Shir &
Shieh!®a 135 4 2 34 XUIEHA

—156—




EFHRAOBEAB MMy ¢ v - 2w

1/L=+[dIn(1.2+10/z,) *10°>
f(s)=—a/Q+b S|

fefil, SHETEICLAME, a=4, =13, c=0.85 4=0.216586, =L D RKabfz, HAF L
ZEER, AFHCSTHHHREER, R, £7) v VRKSESRE u(z, 2L d, 7Y »
L O &

BEEEE u. L L, u zo¥ v,

k u(z,)
I%m(z/L) dz

=

Z
rbExt, I Tk=0.35 (Pr=VER), il EEBBOEKT Y » —BRTHSL,
(2) BEckTs K.oklE
B s+ 5 K. Businger GBSO EAICRE - 5B o AV T,
K.=k u.z/¢n(z/L)

oL ¢n=0.7400—9 z/L) VREER
={.74+4.72/L  EEHR
wIbhgEzi,
BEHEOR S 243, E¥FOBBFCHREBEEH D 1/10& LT

z.=0.1H

THEZ Y, ¥, TEEOHESTT0IH 2B A HET
Z.=—5L

E LA,

(3) =7=vBekits K.OHE
=2/ (BHRET~BEBW) wkiT5 £ 7 AL LT OBrien o FIAL,

K.=K ,+ (;__I:CY{K a— Ko t+(z—z) - [ (aa_?)z=z:+2%__:lz<—qu }

CoT, K REBEHTOKTHY, K =K. kL7,
AHTE, BARREIERCKSIBER Y Y P LB 7 v 7 7 A A0 bE3ITRLI L
S, £, Wk, BRCKTSRABEGSRACH LT -EEEAL, BT~

—157—



RE T - ERHT)
THpiz & L1,

3.4 —RBFLREOHHEZ ETLORNEY

—WHRB L LT NOERILKERER S, “hbOMEMRC ST AEEARER L F 08k
HECOWTHRETOFAREE "M FATHRCRL XABERH = 7 A ERHAED,
B TERRI 5T EENACF AR B R R AR = FAMRRATY) o 2@rhFbind, I T,
ChbOBEEYS L, ~GEREOREFE T A TORY /w2 Th~B,

(1) NO,©o8FH €71

BECH S NOORERL, TE-HEMTIOREREE (BB SR &, BHRLEE (8
BES LML, TR EBNER A X OMFS2 EF S - AR
£5&, EETREAERERIL G v, BBEER WA ThHo, BEIF6BTRTHhT
, 27 {(&ED22.6%), 2375 (W29%) CHBELFEOHBBINHFRAL v-1TH52,

NOBFHE I A TH-ZETOBRE 5 — v LHBEOETREOBMEE L b K2 (B,
CHLEEMLI T BB LD, MD)W h o0 EB- % - (AEELBER
2ET) ¥EHLM IR L7 Y v FEREBCETS 8 A NOBEEOBROBBME LY T
o S LD LB BOBNERSGHO 2UBRETH Y, TCABRLHBESTELBRET
HhH, ¥, BBEELLORER 6~2FRC AT CAENLOBRERY LE b5,

R E ABEES L0 NO OB T~ THERZ L & LTRY, £ 5 F 2L R EE)
PEBLTRERYS 200, —F, Ao ovT, TELABRD e AHEEEE Y Briggs ©
AP L YRS, BEHAOEYLY Y » FRNBEET S 2 5 L1z, Briggs DR BH 254
G g — B RSBV F, S ey b~ v EDERTF -2 L5,

(2) BFRibKFEOHH £ 74

BIHE 148 6 Ric B2 RILKFZEOTEL AR, AMBY - Addbs 77 v, Kwmi, &
UBRR EDORELEE»OOREEEBEH A TH Y, ThEhOREFELEAHD RIAEE
Wofiwdd, TOXERITHLKEL RE-T5, B0, chALFE>ORERD
BESF—vEPERLER 1O Y » VEEADRIFHEORME LV RT, SREE OO
BALKEOEB S MIBE L LOBERXFEL, Zhboilfy CBM £ 5740 R{LAKEFECHE -
THBLEZ Y » FILBE 7 » 1 LR ER L, fods, BIEKFEORERT S THE» S8
HaEhsd L EFAofEbEE—ECEE L,

AEFATILESZ Y » FAKEEHE A NO, RALKERS X, BREMC7 Y » VR TESL
B-BEERHEREL,

—158—



KR OWEER S Bl f a b g

128

Pl £ 4 3
LN B i MEE bt B B S Be S e i B ™ 77T

L y
3 (a) Mt t—t——t——ac Solvent E
V. Exhaust ]
L. B Gasoline +
& F 3
3 F E
d r -
=] i -
jor] r ) 4
= L Petrochemical |
4 —t— —
1 + ' l| ES
[ Petroleum Refinery 1
.1 —— I e
] 5 i 15 8 25
m r T T L} T T T T T T T T L} T T
F(k)
sl |
- r Mobile Source
= [
- . L
2 [
Z
&
g 1s.f 1
= L
'
18 [ L
[ Point Source
5 T =
Area Source
"] . y e e e —
A 5 18 15 22 25

B10 pefbrksk & NO, DBk B 0B A% L.
BFHEBERR LR LES 7 0 » ¥ EEO BT

Fig. 10 The hourly intensity of hydrocarbon and NO, emissions shown in gridded
area of Fig. 1

(a) NMHC (t/h) (b) NO, (NM?/h)

3.5 EEE
HWERITOWEIC I HEREOBAILNO & NOW s LT F by, HBEE i 0T~
@%%7 7w 7 A F,ﬁpi

Fu=VauC:

EBG, WEEE Vait

1
"R, +Ra

le'

—159—



REFARE - BLM

ERBTEDY, T, RUPHIC LT, ARMEEOL TR 2BEERATH D,
R, =ulz,Jus® +B it

L, B'=22w Bt 1 bhsY, ¥, RAIMEROMIRC L b RT3 05 OIER T,
R.=avVy

EEF, Vol EHr 3 50EEETH D, 3270 » VROBEROFEHERTED, &
HETI, e —#c 05 L TH -1, VLiOfiz Sehmel © L € 2 =25 NO, NOyiz>
VT ERhEND.9 1.9cm/s RV,

3.6 EfESHEZE
A TCRLEESRHFEAOARESC X 2 RMEHEEC > TR~ 5, HfE@EE L LT
fractional step* % F|F L,

(1) Lim, 8 8y 8y 2y 5y oC)

ot " ox By ax\ “ox/ oy\ oy
oC,_ 2 (. 3l .
an Z==2 (k2= 1q,

DIRBCOETL, Tihbb, A7 v 7D TRARFAOBEILEEHE,  Chock & Dunker®
D= wERL Zalesak @ %¥ 0 Flux-corrected transport 7 4= U X A2%F AL, A
Fo FIDTHRE - B2 SOBBEF RO >, BEHEoTEHE > ERL Crank
Nicolson #:i X b semi-implicit 7sBfZES & V7o BREIA A X100 & L1,

FIl Rt R fvcBEABO 7Y » VEEYRT,

3.7 Xoft

AR kT, BRI~ ToBREE v THEe kL, BH BASH) © 18 XY,
FHERBICOVCTREF & ~ VLG LB YR THE YT o4, ftds, NO, o+
~NT, NO:NQ;=9:1X:75X5 L,

4 HERrEER
s CR =R TOBM e F A ERAC Ty i av—va v w5, viab—ia
Y12 NO, & BAEAER IO Ty, fZelic L 2BBER L OB R T -7 DT E0RK

RERT,

—160—



KEFFRAOBEBBLYM Y : av—vav

1500 -
o U.U.C
7 o Kx, Ky
[ § KZ
1000 -
3
@ 6 o
o
=3
>
Z 700 -
<
5 o
500 »
4 o
300 L
3 o
200 =
2 [+]
z 100 - /Emission
" o of HC
L c ﬂ"’

Xy

B 11 BEFEOZY » FOBELHBEEROEHS
Fig. 11 The vertical structure of the grid system for the numerical simulation and the
definition point of physical terms

4.1 NO, OB - 3aL— 5

F 12~ ¢ 2 v — v avic 2 0 @bniE@ERmE |, {Bkls NOO 1E
Bl EHBEDSH LTS (FFRIRFIRLL

Rgor i = v—va2vHR (K12, (b) i Run3, 4l il F1Bukts®
BEBRCHERE - BB HBL, F4BCHRETEMHORTUARBER L 5, Zh
i, FIBEBEHRERL LD NO, THA20HL T, H4BRERICILHTHE,
Hrfio/ed &, E12(c), (d) (Runb, 61HY) KRERTWL L5, BABORHECLY
B|EAFEOEAC LY NO,OBMSMIZEL 4BL L 2 s AERLTV5,
R3S AEAEL v = v—va VI ZHEEOREY T, BET LR
L MELTED, HBEREAELA - F —MIc k< —HLTVv-58, 3HELH 11HF~15

—161—



WREF R « HHH)

(a)

NCy (ppb!
KCELL= 4

* NOx (ppb)
KCELL = |

4:00 — 5:00 August & . 1980

B 12 NOO¥ialb—vavif (KCELL=1 43 thfhiE#fl, 1B
B OREREZTT)

Fig. 12 The calculated NO, concentration in two vertical cells

—162—



KT REOREBBEHE: i av—v 1w

(b
/5
’/ |
20
20 NOx (ppb)
0 KCELL= 4

NOx (ppb)
KCELL = |

7:00 - 8:00 August 6. 1980

B 12 (»3%)
Fig. 12 {(continued}

—163—



REFFRE - T

NO, {ppb)
KCELL= |

10:00-11:00 August 6, 1980

® 12 (=38)
Fig. 12 {continued)

—164—




KA EHFREDRRE & Hff ¢

(d)

3o

ri gk
- (EL
<:7

NOx (ppb)

/ KCELL= 4

Ity NOx (ppb}
KCELL = |

[3:00- 1400 August 6, 1980

K 12 (o3%)
Fig. 12 (continued)

—165—

o b — e v



WREFHRE « BRI

NOx  (ppb>

24

TIMEWST)

Bl 13 19804E 8 H 6 A bkt 5 KAE (@) LEHEM (=) olE
Fig. 13 The comparison bewieen the measured (®) and calculated (-#-) NO, (ppb)

B p it CEHEEO A B L TEVEZR LT D,

Rl4wi, M4 R LA R3O EEME O L/HME BREE LHEE (EEELIB
KCELL = 40 1B EEHE) o xRt stREGIERO FHETH 2 HSection2, 31>
TV RIE & FEE e LR R R LTV B, —4, Sectiond, 5EBRTRCBHT HC2hT
NO, DAt FRL 2 h CEREONIGIE o d, Zhik NOORERIAELE{, Thy
7Yy FCERET D stELLRD, B, RREORTHOEREROHAMA2E(LLT

—166 —




HFEGREOBRBEL KB f a— 2 v

Longtitude
138" 10' 138° 20' 139" 30' 3940 139°50"
T T T T T

sof JCELL= 13 | Run 3 Section 2 (4:27- 4:35)

401 h
20+ 1
L u”‘_,—o.._‘_.-\ /\.\’J/\ﬁi‘iﬂ-....__m\ i
. S S —— e -
o L ) L L 1 ° L L [ - Lt V] 1

T T T T T

sof JCELL=10 [ Run 3 Section 3 (4:37-4:44)

20 - b

-cf/ AN

e

I Q\ _,__‘{ Moo
==0

a A . . N s . .

T T T T T

eof JCELL=8  Run 3 Section 4 (4:45-4:59) ]

{ppb)

NO x

40} 4
20: D____,_.-o-—-'—"’“---.._,,o'_“ S /,,4""---,_,___ :
aok JCEILL =5 Ru1; 3 Section 5I {(5:0]=-5: I;’;) | J
o '
o e /“M\
J"‘W /k.f"
o g O O gy
1 12 13 14
-~ Wast Horizontal Grid East —=

4:00-500 August & , 1980
] 14 Run 3 O Section I35+ 5 NOOERME (=) + HEME (g

Fig. 14 The comyparison of observed (—) and calculated (-o-) NO, date for
Run 3 (East-West Sections)

—167—



WEF L - FHHR)

LA, 2R A TUH B A — 4 B ENE S B L Tu B,

B 15 i242 Section 4 @ Run 3~Run 7 oW C o ERIME & HBEEOH Y RT, FE~Fiib
(Run 3—5) CHEAE L HEBEIA —F - c—H LT3, Run6—7 & BRA-oonit
BEOHAE <D, Runb T2 1S, Run7 TREFEEBMRETHSE, =HEEML TS
1~1.5 SEREHREARVEYRL TS, H4O Runé, 7 0BESTHRAEACRRLURE
Wit (Section4) Ti1 100 ppb %35 O:RESIMBE I N TE D RIGIC L h 72 RD NO L
BECHFAL TV HDCHAEARCHTVWS LI hE, A% NODOBEERL 20%/
hFEREIRTE YT, B o oBTEEC4RBEELEYBES RS & NOBIRERDOK
50% 7B b Rung, 7OHEMRA — ¥ -HCITEEAETCIINEHELLRD,

Longtitude
139" 10' 139" 20' 139" 30' 139°40' 138" 50
80 T T T T —
Run 3
I 1
GO 3
i)
a
o
= ¥
Q
Zz /‘\\
e -
I . N
0r o R ’/” - —— ] N
\\
]
o . . . . in on : A
8o . . —
Run 4
- [T+
o
[~%
o
X 40
[o]
z
2
4]

B 15 Run3-7 DHPE Section 4 123115 NOOERME (R & SHEM (A
Fig. 15 As in Fig. 14, except for Runs 3 to 7

—168—



XeFEFRBOREER Bt ¢ 2 v— 2 v

l_ongtitude
39 10" 1ad 20 12g" 30/ 135" a0 139" 50
80 T — B T T T
Run 5
&0
)
[=%
&
x 40 4
o
= |
200
0
80 T T T ‘|
Run 6
. 60y 1
L
Q
a
« a0 /A\
@] 4 N -y
b4 ..a’/ o PPty
20
o
80 T
_Rm?
- 80r
2
a "N
hY
%" a0t AN
\
\k
e /’A\
20}k \V/ \\
‘o\\
\MVhJVJh/wJ\f\PWWMmJVWV“ﬂht:?
o . . . . R N . :
3 4 5 6 7 8 9 10 1 12
- West Horizontal Grid East —=
B 15 (>32)

Fig. 15 (continued)

4.2 pEkFEHC OB - B> 32—
FEEEL L CREBREESHAEEI AT 2YESn T EARER (GHEH 77 ey
VS HEIEEES A BMILE ST b - BEERD ThY, ChOREOORERTEED

—169—




HE L SRR

FBEDORERCHYL Tv5, STEAHQHIMTRRIZER I THD, NODOY §av—a
v ERBRCTARE - HARBEIT N TEr b BVT0 S,

Bil6wit H Aokt s 1 B0 F 2R (Alaickid 2 E28HEI, Ki@rxaR),
NMHC O HEDORBEL 2 — v 3EREE X W52, ZofxEns 7 L oEEHE 1
Bk T THERD YEE L -Twa, Zo—2DFERE LT, NMHCoAy 775 v
FREAEEL G5 E0ELLRS, 1980 F0BRICKTD NMHC o &/MEi 0.11 ppmC
(B4 04304 TOMH, 7ok, ZOMATONOILZEEY e THH, RICKFE AT RSO 7 i
BET0.02ppmC TH ) THH, w2y 7 v VEXER TR LE2LLNE, —F, RiL
KERTC VT, ARO v — 7 fHiliE BRI —ET %2, PAR 2 100 ppb LT & 847t
IRTV5A, HEMRIEHEOEL PAR, AROOWT, BEME -4 — 3P X Ty
A5, HEEEOEMETIr v, chit, Bdo-Sy 2 /7 v FRBEORE L, SHCE
Mes 2B EFEEKOBECFRL T LE20h0, SEOBRETHS,

Point  H1
307 60 300 04
— 450 403 ~
o (8]
[ =
e 40_ 200 0.2 o
T HEEI
- o= Fot T
L x| & =
. gla| =
o 20<4100 -0
o
<< 10
o Jdo
24
60 300 704
a
=8 16.3 —-
a 8]
X 200 02 E
~ 2| =
Ll (=% (8]
=10l T
. g =
o a | -4
@ 00 40
<
0

4 6 8 le] 12 14 (3 18 20 22 24

Time (July 16,1981)

M 16 H,&ickersn NO 23 A 2 vRILKFEINMHO O 2 BEC kT 551 EHE
OEFHIZEAL
Fig. 16 The calculated concentration of NO, and NMHC at point H,

—170—




HALFHHRHOBEBB Ll : v — v 2w

5 ¥tw

SERTOEEY =V —¥a vEFARRWT—KFEREHOBR BHOv i a v —va vy
five, B IZBAF — 2 LORERT o1,

Yialb—¥aVEFARLKFLRNT - 212 AMeDAS F -2 ¥ EEMITL T, HEHFAD
Wit B R8T K 11 Golder @ + — b & Businger H XU O'Brien © €5 iz L b 54 fc, PlEE
{1 fractional step % FB U T Km0 BH LA % % ¥ T flux-corrected trausport 7 /4= ¥ X
AT Foh MEHENC A EOTEME 2% LT Crank-Nicolson #&%#FIH L 7z,

EFAMCBILH—REREOTEER F LTk, NO,ER{EAFE HC 2R, Thih&s vva
TLOHHB YRGS T e T AL TREREF AL LTHAELL, NO,BHBEED
BHREF I BESOER,SOREY €T AL, RILAE (HCO wou U RERARS A
AHEIRTVASEEORER CAIMEBR Y5 v+, ¥V ) vRE, ABEdy 2, A
7oV b, BEEED LovTE AT o7,

Yiabv—vavOiERLY,
(1) NOD¥ i av—¥avORERIEEFHF — v OREELEEN b BEER L 1<
—FH LTy, &#—&—fich LG rEm Lz, o8, NOO SRS HOBHOFHEC TS
Figlbotedic vy - 7 IR TE2EMCERLI B L i1,
(2) MzEc X ) b RS ALREO NOBaELr b0 bonE, AFRABOREC
HCBBREE,SOFENEMT LI MY a2 - a v ThREIRN,
(3) B SFEd (Run3—5; [14, 15) TR EECOBMME S Bl — &~ X<
—#HT 575, Run6, 7 LEMAMELAC R TSRO AR /LD, Jhud, ZoRRHEHOL 100
ppb ¥ # 2 5 Q. BEEAHE I NG L o NOAEELI LD EELLRS,
(4) BALKEDOSTEM SR L L€ 250 Lo Sl & fe -, Zhid, Sy 2277
v VBREOES - RER = T ADTHES (BLKRO BEFHE L NO I HATER LT 2
&\ bEZLRD) HEEEETREELZLR, HCOFELWREREFLARORAF » 7ELT
OWALFR I EDiy i ab—Ya v EFAOBERACKETH B,

3 A X ®

1) Wakamatsu, S., Y. Ogawa, M. Suzuki and 1. Uno {1983) : Three-dimensional study of photoche-
mical secondary pollutants covering the Tokyo Metropolitan Area. Proceeding of the 6th Clean
Air Congress, Paris.

2) Reynolds, S. D., P. H. Roth and J. H. Seinfeld (1973) : Mathematical modeling of photochemiacal
air pollution-I : Formulation of the model. Atmos. Environ., 7, 1033-1061.

3) Reynolds, 5. D. and L. E. Reid (1978} : An introduction to the SAI airshed model and its usage.

—171—




REFPPRE « HRHA

System Applications, Inc., EF78-53R.

4) van Dop, H. and de Haan, B. ]J. (1983) : Mesoscale air pollution dispersion modeling. Atmos.
Environ., 17, 1445-1456.

5) Lamb, R. G. (1983) : A regional scale {1000 Km) model of photochemical air pollution. Part-I :
Theoretical formulation. EPA-60(/3-83-035.

6) Carmichael, G. R. and L. K. Peters {1983) : Application of the Sulfur Transport Eulerian Model
{STEM) to a SURE Data Set. Air pollution modeling and its application II. (C. De Woispelaere
ed.) Plenum Press, 501-525.

7 EEAGE] - WIS 8K BB I B - RTEREUKELR - RIS - S IESE (1984) | mATE A A
Wt REEO S V5 v 2 iERE. B aEHRTTTiaS, #Hel 5, 47-69.

8) wiEFH (1983) : MiZel s Byv-7o CH,, NMHC o@RFEox,. EXAEHRAMERE, $
4%, 123-130.

9) BEFEH (1983) | #i2olic L A I AERGOBBRE—FHORN L MR — B AW
FiEtREE, #4485, 143-155.

10) Killus, J. P. and G. Z. Whitten (1982) : A new carbon-bond mechnism for air quality simulation
modeling. EPA-600/3-82-041, PB82-258997

11) WEFEL - ENEHHE - R A Wadden - BEFE#R « HERY (1984) BEASPITETHE 2 v
RALKFROKAER M. B2 AEWATHRESE, #6155, 29-45

12) EHHEF » BEFEEE R A Wadden (1984) | JF 4 & v RALKFE O REFAR S & HLFERIG
oM. BraEHammags, #6115, -2

13) $lzE, BRETHRE (1981 | BEH 6 FEAIHFRYEHHBESAECHELERFTRHLE R
HITREEBERRESE.

14) Endlich, R. M. (1967) : An iterative method for altering the kinematic properties of wind fields.
J. App. Meteorol., 6, 837-844.

15} Golder, D. (1972) : Relations among stability parameters in the surface layer. Boundary-Layer
Meteorol., 3, 47-58.

16) Businger, J. A., ]. C. Wyngaard, Y. lzumi and E. F. Bradley (1971) : Flux-profile relationship in
the atmospheric surface layer. J. Atmos. Sci., 28, 181-189.

17) O'Brien, J. J. (1970) : A note on the vertical structure of the eddy exchange coefficient in the
planetary boundary layer. ]J. Appl. Metorol., 27, 1213-1215.

18) Shir, C. C. and L. J. Shieh (1974} : A generalized urban air pollution model and its application
to the study of SO, distributions in the St. Louis metropolitan area. J. Appl. Meteorol., 13, 185
—-204.

19) Lurman, F., D. Godden, A. C. Lloyd and R. A. Nordieck (1979) : A lagrangian photochemical air
quality simulation model adaptation to the St. Louis-RAPS date base Volume 1. Model formu-
lation. EPA-600/8-79-015a, PB-300 470.

20) FEEPFER ‘(1982) D HALFE R B G RCRS AR RMERH 7 A FRAE (80 56 FEERE
AR FR2RHELD.

21 H AR R (1982) | B 57 FEXCE AR FRCHRI2pE e FAFRAE. BETERLE
BRERHEE

22) Briggs, G. A. (1971) : "Plume Rise : A Recent Critical Review,” Nuclear Safety, Vol. 12, 15-24.

22) Sehmel, G. A. {1980) : Particle and gas dry deposition : A review. Atmos. Environ,, 14, 983-1011.

24) Yanenko, N. N. (1971) : The Method of Fractional Steps. Springer-Verlag, 1971

25) Chock, D. P. and Dunker, A. M. (1983 : A comparison of numerical methods for solving the
advection equation. Atmos. Enviren., 17, 11-24. ;

—172—




KACFFRAOBWEBR L MMl ¢+ 0 v — o a v

26) Zalesak, 5. T. (1979) : Fully multidimensional flux-corrected transport algorithms for fluid. J.
Comput. Phys., 31, 335-362. _

27) SR BB« ER0T] « WREFERE « FHFREARS - BEEWR (1984 I BEIA& o OH 5 & » A5
EF ARV EROBR BXAEWERTREES, £61%5, 113-130.

—173—



Rir A HRT Honms 722 (R-72-'85)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No.72, 1985.

II-7 H#HEHBE TSI > X[ T7aVILORES T
rx7avsAhnl BT o REr

Size Distribution and Concentration of Anion and Cation of

Ambient Aerosol over the Tokyo Metropolitan Area

MEFREAE - &8 ' KETZ®
RORFE - REFER - ERRE
i Bt HFRE

Kentaro MURANO?, Ken KANAYA®, Motoyukt MIZUOCHI®
Katsuyuki [ZUMI?, Itsushi UNQ!, Shinji WAKAMATSU!
Tsutomu FUKUYAMA'! and Kunihiro GOI®

E B

R A R L T, HEEME LT KR T e Y Ao RE S A EEL SRR
HETHMELN, BlEv vy 75 —T=7 v VARBETAZ LI, BB+ v
OHIE G A A RS, WTFORBERER, Bt /vl -T2, Bl
— kB ooy, WERLGOENE BRCEGCERBEAYRLE, Lol =
7o S ORISR, A IR, FERE(RIE TS, — ok ke
BZREREREGHOX TR HDEATETD 7 BB+ 05h, 7v=
=94, B A A Y v EEOMERT LA, WA BENECF YV ED
HBE e oto, A4 YTV ADMEC LD E, BA4 v EEA A+, WHBA4,
BB A V) B Ay (TrEovaddty) OFERIL 1 THY, LETHIRFIE,
Blv7vr=va, M7 E=vAs FE7Tye=9 L L TEETLZ,, YT 58
FHRRIT O GRT v 2 = T AL EET AL LA LI o,

* IORIOWED—TNL S 32, 620 (1983) wREE.

1. Bz AEWETN ASBED T 305 HHERETE HBE ) 16 5 2
Atomospheric Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. BFATEPRET RNE T 305 WEBE IS e e 16 3 2
Engineering Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.

3. BRMSYFEE~ HEIAERETEANEA MERAE Y £ — 7338 BRI EXART639)
Visiting Fellow of the National Institute for Environmental Studies. Present Adress : Saitama
Institute of Environmental Pellution, Kamiokubo Higashi 639, Urawa, Saitama 338, Japan.

—175—



HERASL

Abstract

Using a small aircraft, the size distributions of atmospheric aerosol over the
Tokyo Metropotitan Area were obtained with an optical particle counter. Also, the
horizontal distribution of anion and cation concentration of the aerosol were deter-
mined by collecting sequential sampler. The number concentration distributions of
particle were correlaied well with ozone in the day time. However, the high number
concentration appeared along with the increase of oxides of nitrogen, from the primary
emitted pollutants in the early morning. It is impossible to distinguish the primary
emitted pollutants and photochemically generated secondary pollutants with only size
distribution, for the size distribution is the same for both occasions. The concen-
tration of ammonium ion and sulfate ion is correlated well with ozone, however, the
concentration of nitrate is low and the correlation is not observed. lon balance
measurements of cation and anion was also conducted. Cation (ammonium ion) and
anion (chloride ion, nitrate ion, sulfate ion) is nearly 1 ! 1, so it is clear that particles
exist as ammonium chloride, ammonium nitrate and ammonium sulfate over the
Tokyo Metropolitan Area or there are enough ammonia to neutralize the corre-
sponding acid over there.
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Fig. 7 Representative ion chromatogram of anions and cations in ambient aerosol
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Abstract

The long-range transport of air pollution from the Kanto district to the inland
mountainous region and its relation to the gravity wind observed on 23 July 1982 in the
northwestern part of the Kanto district were investigated using aircraft measurement
data and pilot balloon observation data.

On 23 July 1982 the polluted air mass was transported from the coastal region
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Atmospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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around Tokyoe Bay to the northeastern part of Nagano Prefecture. A heat low
centered near Matsumoto was generated in the daytime in the central mountainous
region. The polluted air mass was driven by the wind which blew into the center of
the heat low.

In the northwestern part of the Kanto district, a north west wind which. opposed
the transport direction was observed at the ground-400m level. Above this layer, an
east wind was observed at the 400-1000m level, and the polluted air mass was trans-
ported by this east wind.

In the daytime of 23 July a cold air mass was generated in the northwestern part
of Gunma Prefecture by the precipitation localized in the mountainous region of this
area. It is believed that the north west wind observed in the northwestern part of the
Kanto district was a gravity wind which blew down along the slope of the mountainous
region to the center of the Kanto Plain.
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Fig. 1 Topography of the central Japan and location of observation points used this
analysis.
Land higher than 1000m above sea level is denoted by dotted shadow.
o Monitoring stations ® pilot balleon observation points
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Fig. 2 Surface wind field on 23 July 1982.

The thick solid line represents a convergence line between the wind from Pacific

Ocean and that from the Japan sea, and the thick broken line represents a north west
wind area observed in the northwestern part of Kanto district
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Fig. 3 Upper wind field of Kanto district at 1500]JST 23 July 1982.
The thick broken line represents a north west wind area
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Fig. 4 Diurpal variations of the concentrations of oxidants (0,), suspended particles
{SP) and NO; on 23 July 1982
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(Part 1}. —Research report in 1980~-1982. (1984)
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Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)
Eutrophication and red tides in the coastal marine environment — Progress report in 1981. (1984)
Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. (1984)

Studies on effects of air pollutant mixtures on plants — Part L. (1984)

Studies on effects of air pollutant mixtures on plants — Part 2. (1984)

Studies on unfavourable effects on human body regarding to several toxic materials in the environ-
ment, using epidemiological and analytical techniques — Project research report in 1979-1981. (1984)
Studies on the environmental effects of the application of sewage sludge to soil — Research report in
1981-1983. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report. (1984)

Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological studies on
chironomids in lakes of the Nikko National Park. — Part II. Taxonomical and morphological studies on
the chironomid species collected from lakes in the Nikko National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegetation by remote sensing. (1984)
Studies on photochemical reactions of hydrocarbon—nitrogen oxides—surfur 6xides-system

— Research on the photochemical secondary pollutants formation mechanism in the environ-
mental atmosphere. —Research report in 1980-1982.(1985)

Studies on photochemical reactions of hydrocarbon—nitrogen oxides—surfur oxides—system.
Final report in 1980-1982.(1985)

A comprehensive study on the development of indices system for urban and suburban environ-
mental quality. Environmental indices—basic notion formation.( 1984) .

* in Japanese
# out of stock
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