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Fuel evaporation = Emission from plants



London smog in 1952

Deaths per day / sulphur dioxide (ppb)
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4 thousand people in London died
during 4 days due to heavy smog
attacked in London in Dec. 1952.



Smog(AREY%)=Smoke({£) + Fog(7&)
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What is Ozone?
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iIs composed by 3 atomic oxygen
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Odorant substance formed under discharge
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July 19, 1970 Japan Times

Sunday, July 19, 1970
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Mysterious Gas Strikes
50 Suginami Ward Students
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students were rushed to six
hospitals in ambulances.

Health officials feared that
the phenomenon might be an
opticochemical smog, so far
unknown in Japan but pre-
viously reported in Los An-
geles and New York.

The students of Tokyo Ris-

ed 037 ppm (parts per mil
lion) of oxidants in the air
at 12:57 pm., the highest
figure since it began measur-
ing the chief elements of opti
cochemical smog in 1967,

It said the concentration of
oxidants began rising from
around 9 am. Saturday and

i
i W :? More than 50 students of a generally called oxidants| Twelve more residents
i < & senior high school in Suginami|which have strong oxidizing|along Ome Highway, about 1.5
= %*' Ward, Tokyo, were hit by |power. km, away from the school,
# 4 £ choking gas from an unknown! 14 jg formed when the sun|also reported to have been hit
H =B source Saturday afternoon!js sirong and when there ls,by the mysterious gas at
7 ~'g while they were taking part{n, wind It stimulates the|around i1 am,
2 in club activities on the cam-|tear gland, causes dizziness,| The school located in the
z g { PUS. { headache, nausea, and difficul-| Middle of a quiet residential
» | Nine of them were hospl-j1y of breathing in serious|area in Horinouchi, is near
! I'talized with sore throats a"d[c.ases‘ groves and has no industrial
§ eye irritation after all of the| The institute said it detect.|Plants in the neighborhood.

The weather was fine but
a haze was formed over the

area, There was no wind at
around 1 p.m, residents re-
ported,

In another development, the
authorities of the Municipul
No. 3 Junior High School in
Mitaka, Tokyo, reported to a
nearby health clinic when
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2lne A M sho Senior High School in a|it reached as high as 0.34 ppm ety - s
gg; gi : ;é;{z quiet residential area in Hori-|in the one hour of measure: ch;l{(:‘;?rh t;e[%z;lso\t:%mn& the
23".- ni 1.;& R nouchi, Suginami, were play- ment from 10 am. The state|choot and found that about
FEES: K H ;3 K = {ing tennis, softball or swim-|of contamination persisted till{ po1¢'0¢ the 800 students on the
gi ks a ‘_A__,,;zv : 'E_i__ @ — ﬂi:ﬁig:g;):oéozgﬁ?ntghey sud- :;‘;:(;md 1 p.m, the institute campus suffered sore eyes_and
g 'g!ﬁ'i ; Q; 2: & It started at around 1.‘10I The instlliute ('ondu’ctcdi the ;12';3:\%1‘_Tt}}fec;;lsee:lt‘zm:fl!lg:;s'
s & :-:i't Gt (§27 , @ p.m. and lasted for about half el;ampl(ling s Tt,hek ustitute | roported.
;é 33 g (<18 an hour. The students, cough- focateR_ O{: y lll" 1 m., away| A possible link betweer: the
e N3a £ ‘ 1 3 ing and with tears streaming, | {rom Rissho school. two separate incidents is be-
b “ii"’ N |3 a £g ‘were rushed to hospital by! According to officials of the |ing investigated.
ge rbw 3 it > | ambulances supplied by the Rissho school, 18 students, - - -
" B R ¥ 3 Metropolitan Fire Defense|who were playing softball in
¥ Board. the school's No. 2 grounds, be-
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» " 5 g‘xl‘:g it %3 3? Several of them fell to the | gan coughing prefusely short-
f'} § ) 180 (B 35 ground after suffering cramps | ly past 1 p.m. They complain-
7.‘:‘ " Qs;y | & 2 » in the legs. ed of sore eyes and some of
Iy # E8%& & ,;Eg}} Police, firemen and officials | them said they had felt diffi-
i! 2% E; 3" & 2ECE § ‘:’_; of the Tokyo Gas Co. who con- | culty in breathing with severe
=

ducted a thorough survey of
the area failed to find a possi-
ble source of what was be-
lieved to be the irritation-
| causing gas or haze.

The Metropolitan Environ-|
| mental Hazards Research In-
stitute, however, suspected
'that the case was one of opti-
cochemical smog after review-
ing the weather condition and
conditions of the victims,

The smog is caused when
the relatively strong ultravio-
let ravs of the sun hit auto
exhaust causing hydrocarbons

pains in the chest.

Miss Mari Kitamura, 17,
[the leader of the softball
iclub, called off the game and
was taking her members back
to their
four of
ground.

Teachers alerted to the inci-
dent called ambulances and
warned other students to re-
turn to classrooms through
the public address system.

Thirty more students, with
their eyves swollen and red,
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L\ and a combination of oxygepn|reported to teachers of hav-
! and nitrogen to undergo|ing fallen sick.

TC | changes in their chemical| A 28-year-old woman and
! two children in the residentiul

l composition,
What resulted will be ozone,
formaldehvde and the like.

area were also sent to hospi-
tal.
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Global Historical Emission Trend of NOx (TgN/yr)
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YV EPM2.5DIRIEE X

PM2SDIRIEEZAE (20095)
E¥EE 15pgm3 LIF
E¥EE  35pgm3 LIF

AV DREEE (19735F)
1R ESE 60 ppb
8HFfEFEII{E 75 ppb




HRIRIZHT50x, NOX, & VOC DL K (1970-2003)
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Report of Committee on Photochemical Oxidant Control, Tokyo Metropolitan Government (2005)



Recent trend of pollutants at Birmingham Centre UK

15
10 -
5 |
S S S S
TS S ’LQQQ ,190'\ ,LQQ’L ’19& ,190“ ’LQQC) f\/@b ,196\ ,196"

— Nitrogen dioxide (NO,) —— Ozone (O,) —— Particulates (PM,,)



FRRICEITRREFAFFNRED

1980~1982FE Ox

f | =) [ .

FBE 004 006 008 (ppm)
SRED) IC8DH13~16HDNUEFAF Y Y FRED3HFIE |
https://www.pref.chiba.lg.jp/taiki/kihatsusei/kakitaisaku.html 20




VOCHEH Bl IZLASPM, OxiEEEWME R

FERGIEEEFOBTHERMEAEDARRNZIYIR
FiEICKYVOCHEH HIFI A

2000HN52010FEFE TIZIEIHIFEZBHIE

<EBHH > <BERERHE>
HEEMNDATIZHH HIBA AT AE EEXEDRIBEIXRICEDE
—[XVEFTRIF R ERIE R G AV A RE
t SHERRERYME TR
4 N

<ARAREIYIR>
B XM ZETE - {REL DD,
ARIBREANDEEDKESLGHEER(E
\ VEWSZRLDBRMNOERF )




{AIFVOCEHIB T D HELHHDH

AV URIBEMBEELTHY VERIZEET AN 5
-VOCHOZLIIEEMETHSh B

\-PMZ.SGJ FIEEIE EEZ oNDHH B y




EEICEITAVOCHEHEDEE

‘75“7120 " ' 2BICRTBVOCHEE
Ll SEEETHEBOTBVOCHEE |
108.7 0 N—
09.4  HPEFEECEER 12 B HAY53%HIH
100 -+ Bl 7] O " E——. ;

A0 4931454 126 H#58%E |
= 398136.9134.4 1307 {317 | D2 EHA24%IR:
- ] = Il = ; \

316130.3/29.3 197.0 26.0
O ,2%;1 ] | ; ! ! ! ! _.__l 1

'\(Lr&@ ,\,\r&%’ ’\g@@ Q/Q'&@ Q/\,&@ Q:Lr&@ Q/%r&%’ 1&,&%’ Qfar&@ qﬁr&@ Qj\r&@ r}/‘b’&@ Q/Q'&@

20004F 20054F 20178
HireEICHSTAVoCHEHE (X, BEBAI TH30EEEREAEBIELEYM(VOOEHA AU R BRI RFE2EEHR | ICLHERIE



RRICHEITHBEEFEDVOCHHEHIREIE

early 1970s 2010

HYDROCARBONS
INDUSTRIAL PLANT 0.9 %

Biogenic VOC

OTHER 0.3% GAS STATION 2.5% /
Others
ORGANIC
SOLVENT |
USAGE '
. Organic
) Automobile o Solvent,

Evaporation /'*

AIROC.Jé?%AFT?‘ TRUCK 357%%" Automobile /
~ =7 Exhaust
= =
Total: 220 kt/yr Total: 95 kt/yr

(Tokyo Metropolitan Government, 19737?) (Ministry of Environment, 2014)
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' OH A OH — k‘ - [E R 22 Rl 53R TE DV OH X it T HE 7€ Kk
N [OH] = [OH],exp(-k?) _‘ kcal _ Sk, N/
| (N;: CH, CO, NOx, VOC etc...)
- A= kobs - kcal

[OH] / molecule cm™
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Laser Flash Pump & Probe Technique

pressure
monitor
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/OH reactivity Pump&probe LIF

/CO NDIR

/NO chemiluminescence
/NO, LIF

/S0, pulsed fluorescence
/ HCs GC-FID, GC-MS
/OVOCs PTR-MS

90 kinds of chemical species were
simultaneously measured.
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OH reactivity
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BEACHON-ROCS* v > ~—2 2010
(Rocky Mountain Organic Carbon Study)

NCAR, Tokyo Met. Univ.

Univ. Wisconsin, SUNY

Univ. Houston, Univ. Innsbruck
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OH reactivity Fast GC FID
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OH reactivity :
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Nakashima et al., AE, 2010
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Aerosols o °
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Diurnal variation of O; production regime
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