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Abstract

In 1984 to 1986 seminars were held on global atmospheric problems due to perturbation of
atmospheric constituents with the coorporat‘ion of Divisions of Atmospheric Environment,
Physics and Chemistry, Environmental Biology, and Engineering. This report is a collection
of the papers presented at the seminars. "The major contents of the papers are grouped into
the circulation of the species in the atmosphere. aerosols. the transformation of the species
in the atmosphere and the measurements of th.e species, In the summary of this report the
results of the studies of the circulation of O,. sulfurecus compounds, nitrogeneous compounds,
carbonaceous compounds including CH,, non-methane hydrocarbons and CO. aerosols and
their components. and metals are reviewed with reference to the inherent problems of
emission, transportation, distribution, and deposition of the species. In particular, the
uncertainties in the evaluation of the strength of natural sources, the greenhouse effect of
gaseous components such as CO,, CH,, and halocarbons, acid rain and measurements of trace
concentrations of atmospheric species are examined in more detail.

On the basis of these surveys the important subjects to be studies in the future are proposed
as follows : the behavior of gases responsible for global greenhouse effect, the radiation
transmission characteristics of atmospheric species, the strength of natural sources, the
transport and distribution of atmaspheric species, the photochemical reactions in remote
atmosphere, gas to particle conversion, the transport of desert aerosol, the mechanism of
formation of acid precipitation, cloud-aerosol-radiation interaction. the long-range transport
of chemical substances and heavy metals, the development of measurement techniques of
atmospheric species, and the development of atmospheric species circulation model.

Finally the necessity of the international coorparation in the study of global atmospheric

environment is stressed.
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Abstract

It is known that the concentrations of methane and CO in the troposphere is
increasing as well as those of CO; and halocarbons. In this paper, recent data on the
atmospheric concentrations, sources and emission rates, decay processes and their
rates of methane and CO have been reviewed. Discussions on the cause of the increase
of methane, prediction of future concentration, and its effect are also reviewed.
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S.: natural emission (B SEFE)
Swe:  anthropogenic emission (A ZsfFLil)
Sie: chemical reaction source (AP DTLEFERUNC L 2 45

Si transport from stratosphere (BB A5 0HA)
Li=Llpu+t Lot Lptletl, (1b)

L deposition on earth surface (MERFEE~MLFE)

Lw: Dbiological uptake (FHRIZL 20D IAA)

L. precipitation scavenging ([5M - B2z L 3%

L. chemical reaction loss (EURN{EFERIGIC £ 50549

L, transport to stratosphere (R JE {8~ i H) .
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Annual Production

Source 16"gCH4/y
Natural ecosystems 9.1
Fnteric fermentation (animals and humans) 0.9
Organic solid waste 0.5
Biomass burning 0.6
Total biogenic 11.1
Fossil 1.0
Total 12.1

# 2 Khalil ¥ Rasmussen!3z L &4 70— UL 4 & B (Te/vyo0 BRI L

Se S Sa S Total
COceans 1 4 4 4 13
Wetlands 60 30 60 0 150
Freshwater lakes 4 3 3 0 10
Tundra 6 0 0 6 12
Paddy fields 5 76 14 0 95
Cattle 77 18 18 7 120
Biomass burn 5 10 10 0 25
Direct anthropogenic 20 10 10 0 40
Other 35 15 35 3 "8
Total (Tg/y) 213 166 154 20 553
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(Ibypon Ly, Ly, LD Z AL~ TIEE 2z S,

CH4+OH""CH3+H20 ( 2 )

It b oSN A S DRESEMWRE TO EORIGTHES NS 20, BEIE~0f
MIALUI N BEDIOREE EZEL LR Tw5Y,
HREKEFOOHZ SA Nt LTy roesfellk+ 2 EiEsRT 00D » H,0
SOETHERT 5,

O, +hy—0('D} +0, {(6)
O('D)+H,0— 20H ' {7)

IoTHERLAZOHZ DA LD —IR (5)TA 2w ERIGL, %) OXERmi
CO+0OH—H+CO, (8)

D EICCOERIET S, RIL(5), (8)NFEIGEHEEER ECH, COBIEL» LaEY 5 it
MEOOHOF60%ICOE I L, BN D40% A CH, E R T2 LM EEZ LAY, F 20
Bl-u it 20HNBE S/ FREL TiHs N ACH, O ICHF i iLoganﬁp‘s’l: EHT.OELRRE

NTwvwd, Zisih), {(8)THEMLAZCH, 7y A0, HEFIE Lo kG hT
CH; +0,+M—CH,0,+M {9)
H+0, +M—HO,+M (10)
CH,0, + NO—CH,0+NO, (11)
HQ, +NO—QH-+NO, (12)
CH;0+0,—CH,0+HO, (13)
NO,+hy—NO+0O {14}
0+0,+M—0,+M {(15)




HERSEANREXALF— 2 7, CORBLFE L T—

Nk EREET A, Zo—ENRIGIIRE(12) TOHA, R0 (Q4) TNOZEHE S LD
fosh, BEEEABEEY L. ZOEEKEHRBREERETOREAT » IR AH =KLk
FEMIE L LA THSL, MENRL RELEBRIE, FRASP TENOARES—ALIZ 1 ppbll
kEkE vz, CH;0, HO,Z ¥ AMERIE(11) ~ 1) THEL (OHZEET L0,
2R 77T FRAFTIANOMBE A~ 10ppt 1T 12T H b 1285, CH0,, HO,—HRiL

CH302+H02*‘_’CH302H +Og (16)
H02+H02_"H202 +02 ’ (17)
HO,+0OH—H,0+0; (18)

NEETELNOHNBEAHKE N3 HI2Hb. Lo THILERAE Y 7OBEN LIS
CH;0,, HO# 23 £IcOHIZERI N 2+ — A Tid, HEM#BRsodnizxaHhn0H
BECHELST, TRLORIEERISHERI I TLELL 2w, L LHEERRLY
Dy AT, A7, AT CRIERE COFNRGHMBRSOMLROEME, KA+
NOHBENRA L L7256 L, FALBERSTXTOREFEMIBMT S 2 L FRENS,

6 COMmRE - RER - HRBIE

ZOLFICREMBE L > T2 A FoEEREIC A7 A FTORMB T {, KAPDOH
BECHESRITINTORGCHERBRSOBBETLLH 2, KEFORCERER T E L T
i, kizp~72CO, 4 5 RIbKFERN M, NO, 4V, TEBELEY SHEILSY.
SHFELEYWEFELONL, TNLDH, HIZNO, AV r@uifioRiE(6), (7), (1)
~(5) iz » TOHZ ¥ WD EBBRRRICEREYS L Ty 30T, AMEEND L 2 NO DK,
FRC S DHEEENAE O Y CBENRERNI A S MELEZ 2 EALLEETS
5, Lo L AR TREEOMFELIOMERNOESIZOT ), 52 BATOHT P 0D
WREECEELHEL L2 6 TCONMEIZ 2w Tl IZANS,

#312idLogan b ™WIC L - T E L S B THOCON FMFEE - IWKEOHRERL
fro T LIUFCONBFE& S {LA WA B, HA - ERFOMILCFOBEE A HERIFER L
&, ANBEEEA Z RICKEBOKRATEIARGIZL 2R EFEhY b 2Rt ENY
40%icET %, 2512 “CH, Oxidation( # # »Efb)” & &5 Lo, BilflcR~AXRAPICE
U249 OBGEBRTERL AL LT AT e F(CH0) (UG (13)) A i Ka i Tl
EERFIFCOLERTZLAT, CONKELREBEL>TVWHIEFEDLD? S,

—HCO+H (19b)
HCO+0, —CO0+HO, {20)




KT &

L HECOn Y Hk@e > L TF 31285 T 5 *Photochemistry” & (X (8){ L 2{H*
T, COlzowT L A7 kB OHZ U AN EORIGHEBLERBETHL I b 5,

FITHCONREREWERRIIBE2IcRBLLA TS, WMEIREEISTALTY
T, BEELTRE2OREREL» SOREREOBREOM, FICERRERILKR(T AL,
ATy F)ORIERIBIL L 2CONNENIEA b > T Wl EAKE (SR IOM
DL LBETH B, ,

# 4 (2t Seiler & Fishman'®iz L - T v s o iBIC B T 2CONRBES M L BTz,
FAICALNDE L ZCOBEIZFERTEC, B¥RTE-s, ZThEdgRIcRans Loz
REFSWHPIERKIZE - T d I L, COORGHREHFGPE(~12A)Z KL
Twnd, oo zoRAPOCOREIIFRHT) - ERBO L Ea7kE ¢, BRIV FORT
I2E 5 TZ4 v, Khalil & Rasmussen' "o i 8 T2 1979~ 19828 0 4 FRINTH L LT 6
Y%/yE v BETBESINSRES TS (K3, HERARIZETCONKTERII2740Te
(#3)T A7 ORBERENDITg(FER2)0MLEEAREL, LI ASGRENRHELCONE
AT b RECDT, # 7 /METEZZBEACRCONBELTRT /2 KALFIHBEN

#3 Logan &'z L 2CO0 7o — < LE (TgCO/y)

Total Northern Hemisphere Southern Hemisphere
Sources
Fossil fuel use 450 425 25
(400-1000)
Oxidation of anthrepogenic 90 85 5
hydrocarbons (0-180)
Oxidation of natural 560 380 180
hydrocarbons (280-1200}
Emissions by plants 130 90 40
: (50-200)
Wood used as fuel 51 33 17
(25-150)
Forest wild fires 25 22 3
' (10-50)
Forest clearing 380 260 120
(200-800)
Savanna burning 200 100 100
(100-400)
Ocean 40 13 27
(20-80}
CHs oxidation 810 405 405
(400-1000)
2740 1820 920
Total (1500-4000) .
Sinks
Soil uptake 250 210 40
Photochemistry 3170 1890 1280
{1600-4000)
Total 3420 2100 1320
— 24—
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AR TH D,

24 Seiler & Fishman!®iz L 20 5ENIC 1317 2 CO BE N 274 ppb)

Altitude, mbar Free
. ) Tropospheric
Location Latitudedeg ~ 100-200 200-300 300-400 400500 500-600 600-700 700-800 80(-300 900-1000 Average
Prestwick 56N 43 145 140 130 121 123 125 >0 131+ 10
Reykjavik 64N 200 155 145 130 150 143 150 ~145 153 £ 22
Sondrestromijord 67N 130 125 115 120 120 130 >140 123+ 6
Frobisher 64N 128 120 118 110 115 125 120 120 120+ 6
Churchill NN 45 125 135 145 160 175 165 230 255 161 £ 36
Inflight profie 55N 45 120 120 110 Tk A
Saskatoon 52N 47 135 120 115 113 115 120 130 121+ 8
Seattle 41N 105 108 105 78 75 105 >150 §7 £ 15
Pacific 41N 72 85 85 95 98 HZ] 100 115 140 96 £ 10
San Jose(descent) BN 66 72 75 7 73 67 70 80 >3350 (LR
San Jose {ascent) BN 110 116 124 140 &0 85 2200 108 + 20
San Diega BN 115 110 115 123 130 30 >0 121+ 8§
La Paz AN 100 110 105 105 110 >200 105 + 4
Acapulco 17N 105 40 92 40 94 103 101 7+ 6
Managua 1ZN 110 105 102 98 97 103 105 >200 103+ 5
In-flight profile 12N 100 95 97 107 112 115 102+ 6
Panama 9N 93 92 101 120 112 118 104 + 12
Guayaquil 258 107 40 106 110 110 13 >0 0w+ 8§
Lima 125 7h 70 82 110 115 115 120 120 98 + 22
Antofagasta 15 65 63 65 67 72 75 75 9+ 5
Santiago HS 67 71 71 7 82 85 8 700 7t 7
Pusrto Montt 28 65 68 71 7l 70 0 69 69+ 2
Punta Arenas 338 45 55 70 70 it 70 70 70 70 ML 0
Balmaceda 465 7l 72 69 67 70 70 68 0t 2
Santiago us 64 ! 73 H 73 % 82 > Lt 6
Antofagasta 238 63 65 66 73 93 88 a 74+ 14
Lima 125 60 70 100 120 122 103 68 >200 92 £ 26
Guayaquil 28 90 103 130 155 155 152 180 126 £ 30
Panzma 9N 100 102 102 110 125 140 140 13 £ 16
Montego Bay 18N %0 95 35 88 80 105 123 9+ 12
Tacksonville DN 97 107 98 98 115 130 130 111+ 15
Bostonidescent) 4N 102 105 100 %0 100 x5
Boston{ascent) N 100 102 13¢ 180 200 210 230 165 £ 53
Seven Isles 5N 100 140 175 125 130 150 180 ~130 143 £ 28
Fort Chimo 58N 140 115 115 120 120 120 115 2l 9
Frabisher 64N 48 135 130 130 135 135 120 110 131 6
Sondrestromijord 67N 75 125 125 125 116 118 118 116 121 £ 4
Reykjavik 64N 115 117 125 127 128 129 124 £ 6
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Jun. Jan. Jan. Jaa,
1979 1580 1081 taa2

3 Cape Meares(:RE 4 Vv Z M)z BT 5 COMER T
(APEMT — 7 ¥~ T BTHE, (BRERRERETHoREmoas N BESE: (C),(D1FHFH
TA)L BUITRE N T 8 O MBI, AL (BNR(B)Y 512, HRMBET { 70 2% 30 d
@; (F)1980, 1981, 19824 sE Tl 72 o .

7 A8 BREEMORE - FERTFR

LLEO#EEI AL L5 i BEVERDTHRE AR £ & v iEORNOKE & L T,
SO NG L B A 7o VIR ROBIM RN ASRECOZ b il B ¥ & 5 kAm
OHBEDR VAT HOTEAE S Do TILLDEREIEIZ DT O R FFlE 4 %R L L
Tyt BRETAHEIIL - T A8 BRERMABEATLIRAP TSN TV 5, Bl
Chameides 12 & #LiZCOM ABFUE BN EMACO. O BOBIIN & BIFEE 04 .5% /vy & RE
F B s, FOBMSTTHBE000EN 4 F L BEITHEL YA%EMT 5 LATEENS, £
72 i oyKhalil & Rasmussen® ) & 74 T S00ERT 2 6 ) N BHEIE £ 7 > DR m A IR B
ADmECFL Tua s RET2 &, FLIDREABE005D /7 BZnEniiza
%A A BRIE A 7 OB BOBINZFEL, BU30%y Z0MAKRANOHT v 20 iliEs
WAL ERL TV EI ks, WA I0TT AL 2BFEN AT RIZEESH L > FORE
LIS BIET MG T H B, EE000E (I HRED £ 7 2 BEE31900~1950ppbizE Y %
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X4 Khalil & Rasmussen® @£ 7012 #-0< 4 7~ iBEOENTE OB TR
Foggi EaEiEE ToEgleF A L S,

#F5  FAR2050F(C BT 3 MEAR s Rkic L 2 BFUHRINE aQ(w/m*)D1985%F (2

H e

Gas Year 2050 Scenario A G050
Carbon dioxide 400-600ppm 0.9-3.2
Methane 2.1-4.0ppm 0.2-0.9
Tropospheric ozone 15%-50% more 0.2-0.6
(0-12km)
Nitrous oxide 350-450pph 0.1-0.3
CFC1 0.7-3.0ppb 0.23-0.7
CFC-12 20-4.2ppb 0.6-1.4

22-72
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Feh s DBBHOWIE OB, AQ (w/m) D BRL ) o— BT, I @ E T E050
FBA 27 AT MIEIEE2.1~4.0ppm, FOBREMENOFHECONMIMATH S, &
12000 4 % P LS TE B L />, NoO. ovm A — i » (CFC—11, CFC—12)(2 & Bia%
RADFEHFRE (. ZAUHCOLD MR OB S OMECOAZ & 2 BEMAIFLRT
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Do

9 ML KRENASLA— b

FENERIIFRERETRESN TV AHBELFEOWRE 72 77 4220 TR L2V,
10844, R [E T3 Ik B B (b2 (Global Tropospheric Chemistry) #98i- 84 % National
Academy of Science (NAS)NEH'"HREE A7, ZHEPE National Science Foundation
(NSEYOFERGCH L T &L 0T, I ENL S HRBTIHRE L TRIKILT 200
ETEETH LA IERIZAED, mAeltr BRI L NETA Y, Siko[BRaIF IS 2 T8
T 5 ETHEBRE,

F VIEHET B O RMER L L T

1, ERbsd 2 L2 BBETAZ L,

2. ALY - HEayEENIH T A EBANAOEETATE I,

3. MERENEGEIF L AT AL L TORRE LML, HRONCTHT 5 ooniFRE 20

THIL,

N=Z2REEL. MEDITHIENE7 4 —LFELT

1. {b2EpE O &) - JEE a5 £ IR o i,
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4, WESE - PRI B - BERE T T 2 iR,
MGt B LA - 2 7 4 £ 7 - (tropospheric ‘chemistry system model : TCSM)

o

Bt 72T 0.
DI2DHIET T D,

FRIZE ST IORERFBE L Bb 301, HEBLEONE %

1. ##E# (Sources)

2. ¥t k& (Transport and Distribution)

3. {brpm %y - Wi (Chemical Transformation and Reaction}

4. HEBH» SOk (Removal)
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2 HERFEBIE AR RIS H 1 3 RIEKROEE

Hydrocarbons in the Global Troposphere

i s R
Fumio SAKAMAKI!

E 5

HERBAIRERIIC BT 2 RIUATENBESHL, £oRLE-HRARICOWTHEL 2,
BRELTORETAOBESHNERNS, SESGREH, ZHESMER, 2 AEE
B ESrRRBOEFRBE T LB ENTWI L8 L, o RkIbKENRE
HWEE LT, (L)4Ef, (2)08, (3)KE, (4)5Mmb, (5)ABER, (6)FEE
Bz ow T, JEEESEE S LT, () )EERS, (2)slins, (3BT LR DE
i, (4 VETRIRIGKE~OERIZ DV THBICEET L £, MR 450 5 KL
KEDEMERIER IR T 2 2h T3 BB LN BRI A E NI b nwidil gk, b
HABENEBHRMEE COBERET—sOEB e BRRC ST RIBKENREE - IHilB
ol NAMEGITREN LD EHEE N,

Abstract

This review briefly shows the information presently available on the concentration
distribution, sources and sinks of hydrocarbons in the global troposphere.  However,
since they are very scarce, it is desired that the concentration data of hydrocarbons
in remote areas are accumulated and the study on the sources and sinks of
hydrocarbons, especially natural hydrocarbons, progresses in more detail.

1 @Lsic
BERAPIZEIERZLEHE L TTBRILEECO,) 2o, —BILKRECO), 5>
(CHy), #LTA 7 LAoiin 2 RIKESFEET S, JHHERENLEHD I HTKAFRIS
BLERICHET 2COIC DT IR EFNRENEMEN A 5 [BEICHT5HEIMEL L - Tw
L, g2 A5y, COCDWITLRIENAESER TRENMER»ESH LA TEY, TOREEL
TENLNBEBEFNLOHFHAL T30, b FRAEPORIERLE T ADE(LIZ
$oTE BB, BAERHBE L 4->Tv 5, 205 JEARFLEWIZIOWTIZLI
RS e THERMEASEEMEL Y HY YA CETERY EIFsonTEND, g2 47

1, EMLEWRR ARRSH  T305 FMRITNEDEEHIRET/EHI168 2
Atmospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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AL

Y, COZDWTRFREEFIENTLRE2YH/L TwanT, Z2TidEiz A7 Uitaik
EARBRIZDCTEFNLDBREER LN LMW T EZOMBRBIEIRE PRI BT 8Bz 2T
HBNBZ EIZT 5,

2 KRPCBIHRIEKROBRESH

ANBW L REFBIRDEA TR BT, ERERTOEFTRBE THRIEKEDEEFRIZ
HHTA L, HAEZ TRHEINA TR LRCRLEFERE TORIEFERO {22 %
FLURLZY, CALOBEHR»LAKIZBW T, BLTIE1 ~10uegC/mMHEE, BELTI
10~100pgC/mPEENBE TRILKFRPFEL TWd EF 2 515, Duceld 2 5B ALz 7
SERERD LRI HEEREAE TR 8 pgC/m®, B TR50ugC/m* ) iBE TRILKE (ERBILA
A= G L TR EREL THIERASRTCFET I RIbKENVBELR 2O L JICRHEL -
TwvidY, FREFIZEFRTRARILAOBREAREL N LEBRIIRE SN TH I ENREIT
HARERILEOE s — 2 P RRETHIZ b5,
RiLKFOBEFMOBESHOBERE LT, H1izCofer?iz & » TAAELTCRIE N
Ay RUEAFRAAENMHC) o BESFEERRZ R L2, 47 210~ 14 N2

#1  #MRIEFHRMR T SRR (LR RIRE DR E Y

B (1gC/m3STP)

al o= B O B (m) MER RFEH Ty gt
(g L)
Hawaii and North Pacific 5 Cs-Ciz 8 4-16
Point Reyes, California ) 1 Ce-Cr 2.8
Bermuda 20 17 Cra Caz 0.18 00505
North Atlantic, 0°-40°N -1 44 TNMHC 8.5 0.0-21
South Atlantic, 0°-33°S —10 36 TNMHC 5.3 0.10-13
(ke k)
Idaho mountains 1500 2 Co-Cr 27 23-30
Hell's Canyon, Idaho —500 2 Ce-Cr 7.3 4.9-9.7
Olympic Peninsula, Washington 0-580 2 C2-Cr 5.7 4.9-6.5
Vermont 1 Ca-Cr 31
Point Barrow, Alaska 0 25 C2-Cs ~12
Amazon jungle, Brazil 2 C2-Cr 1400 1200-1600
Adirondack Mountains 640 23 Cs-Cs 29 8-70
Adirondack Mountains 1490 23 Cicterpenes 15 12-110
Norwegian forest 2 Cioterpenes 16 9-24
[dahe mountains 91¢ 20 Cioterpenes 13 50-1570
Yosemite, California 2360 TNMHC 120 90-210
Elkton, Missouri —200 26 TNMHC 38 27-103
Glascow, Illinois —200 17 TNMHC ~65 40-1060
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SRR RPIZ 51 2 RILREOEE

F2  KEFOFAKRFETIRG BHOGEILE(x 105g))

B i R (HEEE)
AR B 0.037 0.014 0.051{0.02 ~0.15)

BT KA 0.001 0.001 0.002(0.002 ~ 0.006)

i EEATAR NI R ] A

2L TACET i 41,691 0.02ppm, B T{E£91.60+0.02ppm DB E TIIFE —2om L T 5
DEAERTE D, RBCIES 2 RIKE L AR TR s  (F10.16ppmC), BRI TE
(0.010ppmC) & 7 - T 5, AR HHERAROELIERRL D LREVLHICE]R
DB L 0TV EEREE, T bbby GELADRILKENOBIRE KL T
WARLDEEZ BND, 12, WD RILKFIZDVTORFEETOREIFOEEER %
£3OLF 2R 24, KFEFEREENEVIIIZLr2bLT, 27y, ToFL
7 EOOH 7 ¥ 4k D RIGHED RV BILAF R ALEERTRE(, AFRTIEN v ) RES
FHRRNBonTvs, LEKRTHBE: L 2ERE, nsRIEKFEORAP TR
B LS B(FEA) L EREEC DB T RERCHE AN RWRESIT LA CHRS
AT Z2n: 3l RGEINTETWERnEEL L b, —FH, BERTEENL DREH
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#3 HBEKFEL TR KB 5/
B b5 C:He CsHs i-CsHwo 2-CiHw n-CsHiz a-CsHiz CeHas CiHs CiH:
30°-40°N  124-117W 2.4 0.80 0.21 0.51 0.24 0.42 0.12 005 046
200-30°N  117°-108W 18 0.72 0.20 0.66 0.30 0.43 010 018 042
W-20°N  108°-97W 094 039 0.28 0.65 0.24 0.37 0.05 030 037
010N 97°-89°W 0.34 027 0.10 0.30 0.15 0.26 11 016 0.09
0°-10°S  89°-79°W 029 (.31 0.13 0.19 0.18 0.29 007 015 0.16
10°-20°S 79°75W 027 0.20 0.11 0.13 0.20 0.36 0.07 028 033
20°-32°S 75°-72°W 0.23 0.11 .06 0.14 0.05 0.17 0.08 007 013
) #IEHG; ppb
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Natural and Anthropogenic Sources and Fate of Atmospheric Ethylene*

REE— - B 4%
Shinichi SAWADA! and Tsumugu TOTSUKA®?
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Abstract

This study attempted to estimate the amount of ethvlene emitted into the
atmesphere from natural and anthropogenic sources and to determine the fate of
atmospheric ethylene. The total emission from the global surface was estimated to be
35.6X10% y-', of which 5% was released from natural sources and 45% from
anthropogenic sources. Releases from the terrestrial and aquatic ecosystems
comprised 84 and 16% of the natural emissions, respectively, Biomass burning in
terrestrial ecosystems to clear land for agriculture was the largest anthropogenic
source {889) : the combustion of various fossil fuels amounts to only a small fraction
{11293} of anthropogenic emissions. The relative amounts of ethylene destroved by
reactions with OH radical and O, in the troposphere were estimated to be 89 and 8%,
respectivelv. The remaining 3% of the atmospheric ethylene was transperted inte the

* 4 fti1ESawada & Tostuka (1986): Natural and anthropogenic sources and fate of atomoshperic
ethylene. Atmos. Environ., 20, 821—832. @B Iha &, KM - 30 - HEE - 634 (1984) | MBS BITS T
FL OB L EBETE, OAER S RANHFTEEE, 7.0-8TRELLLNEZ NN,

1, BHRUSE~G0EIE BN AT eirs BATAR GLEDATRSEE  T036 4 RELILARCSET 3)
Visiting Feilow of the National Institute for Environmental Studies. Present address : Faculty of
Science, Hirosaki University, Hirosaki 036 Japan.

2. ENIAEWIE LIEIREL  T05 SEHEULSMER 7 M ARET B 16 2
Environmental Biclogy Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Iharaki 305. Japan.
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stratosphere. The atmospheric lifetime of ethylene was estimated to be between 2 and

4 days.
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Ecosystemn types

1} Tropical rain forest
2) Tropical seasonal forest
3) Temperate evergreen forest
4) Temperate deciduous forest
5} Coniferous forest
6) Woodland and shrubland
7) Savanna
8) Temperate grassland
9) Tundra and alpine
10} Desert shrub
11) Exireme desert
12) Cultivated land
13) Swamp and marsh
14) Others®
Total terrestrial ecosystem

. Organic CzH4 emission
Area Biomass matter Growing from
: of soilid.w)  Periods
Total Shoot Total Ao Biomass Ao Total
(dw) (fw) layer layer
(x10%m?%) (X 16°0) (X 10°%) {days) (> 105¢y™1)
5 220 198 66 13 365 26 0.2 2.8
13 374 337 211 42 270 33 0.4 3.7
4 86 77 92 18 365 1.0 0.2 1.2
7 125 123 198 40 180 0.8 0.3 1.1
14 316 284 b4l 108 180 1.8 0.7 25
8 - BB .79 176 35 240 0.7 0.3 1.0
13 15 14 229 46 240 0.1 0.4 0.5
9 20 100 297 59 180 0.7 0.4 11
8 9 g 352 70 [411] 0.0 0.2 0.2
18 9 8 40 8 180 0.1 0.1 0.2
24 2 2 0 0 180 0.0 0.0 0.0
14 31 155 185 37 240 1.3 0.3 1.6
2 9 45 44 ] 180 0.3 0.1 0.4
8 33 30 95 19 180 0.2 0.1 0.3
147 1337 1460 2526 504 12.9 3.7 16.6

a) BN, {EEm, diM tofr iy

F#2 R RS> SO F L R

Tempera- Rates of C2H.
ture emission
Plant Numbers range for .
types of data measure- Range Approxi-
ment mate
mean
©) nig-'"fwhn
Grass 5% 18-26 0.7-1.8 1.0
Herb 17 18-29 0.5-3.6 1.2
Tree g 20-26 0.5-2.6 1.5
Mean 1.2
a}10-12 b)13-20 c)21-24

AJHOBEEIEL 2, TOME, AJBIRTFY L THBEHBIMEN20%TH - 2%
FLT, GREHFTTHOEMERRROBER IZASE /AR L 2 RETOFRB L) O
Fo R R, Adin BT A 2 O EEE O F{#29.4n/C,H g dow.d ! (dw. =dry weight)

THdEREL . T2, 31

SELEESEECAEB s F L L EEENRIEIL, £

FHIE~29C R UIUCHEE TITHNT Wiz, LaL, JITHOREEERBIETZZF L
FHsEOF T, mEaf L CRORREE LIRS A ¢, RO R E B A R L



RAfE— - FiE M

3 IBEWMCBITLZFLOBH ESROEE

Soil characters Measurement conditions Rate
Mate-  Numbers pH Organic  Temper-  Water CzHa Air/N?>  Range  Approxi-
rials of data carbon ature content  content mate
mean
%)} ('C) %) {ppm) nig~H.w.d)
CzHa emission
Soil 21 4.2-7.2 0.4-38 20-3% - 30-300 N2 0.1-3.2 1.0
Soil il 3.5-7.9 0.7- 9 2G-30 25-200 Air G.4-3.6 i.3
A, g 3.5-5.6 100 24 Air 2.0-647 29.4
: CzHadegradation
Sail 16+ 4.8-7.7 0.5-46.7 18-30 35-200 31175 Air 2.0-100 14.8

a) 25-29.31,35 by 25‘26.32:35,40 c) 36 d) 30.,35,37-39

T—EThD EREL, 2510, ARERRAFCE 2RI UCHRT, SO F L v i
. MO ETRHIEALT IR LO L L, FREBRFI BT AN EENM LR 1ICT
THERELL,

Swinnerton & Lamontagne'V(3, RPFFEHLVIZKEENTIN~ZSOFEREA T nEk
HEKRFD ZF L B, 0.7~-12.Inl 'Rz h - 72 2B~ T3, F 722 Lamontagne
»'a“z‘f;ti(%?‘fié’ml“N~75°S¢:HL\’C, IFL CiBEELT~11.2nl o EEIZH - 2 EHEL
T, AT, Rasmussen & Khalil¥d, AFSERBIZBWT, SR F L iBEN
EXITv, LR BRI ST, P F L o B3 F A F00.0820.03ppb /2 150,10+ 0.04
ppbTh ot L m~NT A, L ENER, G, v o DBEIZEIT2EBEL, McAuwiffer!n
LI F L DRADERE» SFTH KA F L DX 5 TR LY L
Lol b, 60, LT, BizoFL o ilEr s KA~ SN Th3, 227,
BT RR L AKME DRI B 3 AKOTEHRHAHC T, BELLKE~OLFL VHLE
PRHEL 7,

-7

F=k{(Cy— hCy)

F REORKED S KE~DT 7 72

ook EREOEORMETEFE (piston velocity, Broecker & Peng*®)
Co  KOEFEREBIZ BT 5 A king

C. | REPOFEA KB

oD REoKIIE T A GERRE
F 412, Peng bl L 2 K FHERCKBHED SHENOEREREOEHEy L ES -
CO,» 4 FINEURE(1.94 10 %cm?sat - 24°C, Himmelblaw} "2 558 L 72, REA L Rl
CO, e A%, TMBAGRE, T 'Swinnerton & Lamontagne*" ¥ Lamontagne 524 K F i &



IR BITEIF L R SR T

4 BFIIBTREMKR, FARBOKA-KFMRERVEROZ FL
B L A%

Temperatuse of surface Gas exchange coefficent C2H4 concentrationr
water?®’ water to air® in surface water®

(C) {x 10%cmday™") i
40°N-TO°N 11.1 3.52 3.5
15°N-40°N 253 3.57 74
15°N-15°S 27.0 2.88 49
15°S -40°S 23.7 3.98 3.1
40°S -70°S 6.4 5.80 4.6

Mean 20.1 3.95 4.7

Y Penget al (19790 F—#ick DEH, Y Peng er al (1979090 F— 512 L VI, < Swinnerton and
Lamontagne(1974)**> Lamontagne et ol {1975)9? o7 —2iz L ) 8.

KEFETHEEL 2 REERT DR F L o BEOBREN OEMH AR, TON~-T0So 3 iER

O TFEREEE20.1T, KR L BKOEAFECO LIRMHERIL3. 95X 10Pemd ™!, & L THRE @K
NEHLF L BB I TR, BT, RKAGBREOGHOLF L o RRRI
COmErFLVEREL, INSOEEE ERRnXKA & KE & DRI BT 5 R IRI
n, BESLREADLIFLO7 79 7 Z5FH L 207410 g/om?d), ZEFHIIEYW
T, Rasmussgen Khalil®?iiE L Ty 5@ ALEEHO = F L > REGFHIE). 1lppb %, £ 72
BRI F L o ERE N, McAuliffer"H 5 L 22 K~ DB E (0. 113omPom™, EiR) F
B2 (31X 10%/y ).

Swinnerton ¥ Lamontagne 3B I H R EN TV E EEL LML, AT ID@EEE <A
TIBAF L 7FLT Iyl ON= Bz T, BRkPoz 5L oiBER,
FCHEIBLOBEIN LEC2~-300l- " ThH e WEL T b, &2, =F+ Ml 3
— 7N, BFH = 2N RkdTE, =FL BRI 2FNRBEIMNEEMD
4 8~13.00l- 1" ThH o BT b, Lizh->T, HfiiL- TRAPOZFL YiREDS
Wil TR AN TEY ., FRBKEEROEARN S LR CBEERO L FL v 2 F
UERTELL, #27, FHEO7 7 7 20RDMER LN EBERCEREERCEAINL L
S r LT, £KREEX10%kmEz BT, KA, L KSE~NTFL oHBREEL

KUGEEC & » THIBS A 2AdonFr »BOEEL. BHTEZRTH DB, Stoiber
Bz FiuE. KIIA AR EZFL o RIS EINTOE A F RN/ v, F 720
ML AR LTINS L, WhRARRYAOERFE A5, To v 2L TT7 5

LETHY, FRECZEN TV 20l RICKFER LI LA LRI THZ Z Ao T

Vb, Limdio T, JAUMEA ARHE A S WGy Al s S s RE Ao FL &
A TR EEZLNLNT, ARR L AE~n L Y HINEOEBIzI BT ZE &
T4y,
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1980412517 %, MR THORMILABENTER: TERHZFL o ER R 5 IR,
F7z, BWRERCEBTE, TIRHNBIRECEBITEFNENSEBTHL LILEL 25V, HIR E
B s, EEEFEBROWESL VIS ERETBBNBEHO 2 HDEERIZD
WTETHEL A%, SRAMEBARFHED0.4-20X10% vy 2 HvEFICH 25, =
ZTOEEZIE, Woodwell 59D #E L 2 REB T.8X10% -y ) A ~NTABI L L ERNE
BHRESBCHBEN L0 L {HEL, TOEF2.2(5CL T, REI NSRS L,
Frr, HBAOUES L VERICE o F L U AR OBOAIZE TS L EEL
A

#5 WROEEL ABWRELRE S L F L MU E (1980}

Source  Emission factor Emission factor CzHa emission

Sources quantity of total hydro- of CzHu
carbon

{(x10%ty~Y (X 10737 (107%™ (x10%ty™Y (%)

Coal [total) 2.67 0.425 ( 2.7)
Electric power 1.33 0.07 0.004 0004 (0.0
Industrial 1.07 44 0.35 0.38 ( 2.4)
Domestic and commercial 0.27 2.1 0.15 06041 ( 0.3)
Fuel oil {total) 2.49 1296 ( 82)
(Gasoline 0.62 1.4 0.87 { 5.5}
Diesel fuel 0.50 0.34 0.17 { LD
Electric power 0.30 0.07 0.004 6oL ( 0.0
Industrial 0.55 5.3 0.44 0242 ( 1.5
Domestic and commericial 0.52 0.4 0.025 0013 ( 0.1
Gas (total) 1,06 0000 ( 0.0)
LPG 0.11 0.07 0.004 0000 ( 0.0)
Natural gas 0.95 (.00 0.00 0000 ¢ 0.0)
Leakage from C:Ha industry 0.03 1 0.032 ( 0.2
Refuse burning 350 26 0.2 G100 ( 0.6)
Ecosystem burning 15.6 10 09 14.04 ( 88.3)
Total 23.35 15893  {100.D)

FHrEIzBTE, HBEHEATARBLIE L g0 ) cBEIZB T BENERL - Y0
FLoMBEELAE6 ISR, HREANS Y CEFAETH L KEDI9T2ES & 1980FE D HES
AR BT AR ERMBEGE X & RIbAER, 2.11gkm™, 1972~1974; 0.93
glkm=', 1975~1979; 0.26gkm™ ) [ BAIZH T 2 H/AMEIIZITEL v, BF 25T, RS
DEENENHEA ZARBNOEREQTEE AR TEP»THED, HECETETH 72, HEED
it EER 2 10 L IRET UL, 19B0F BT RAE EREAT VY v EOHEE I EO
WHHLAN RS I N LD EFEZ LG, FITeRIIBITS, 1080 LEFRAS AT

A8 —
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®6 V) rHBR» LM IR ISV o e RIEAFEE

Limits of 1otal Numbers Total hydro- CeHs exhaust

hydrocarbon of data carbon exhaust )
Year exhaust in Japan source® Range Approximate
mean
(gkg™") {gkg™) {t-t™) {(X1073t-t7)

-1972 5 3.22 0.045 1.3 -55 3.2

1973-1975 2.94 2 1.93 0.026 15 -22 19
1976- 0.25 9 0.08 0.001 0.003-08 0.15

* 54, 55, fil

AV CEOFHR LB ERL o Vo F L R, RAEO R TR B R
B LUATOE D FERMEL 4 X 103t t~ S fRE L £z,

F 4 — ROy DI 1980MEE T, HAERCRETIIITOR T o, 02, T

4= REOBREERERL DO F L R II~0.37T X0t T Hh - 10T, FEME

0.34X 1073t & B 2 v 7275857

YN B E T —EVELS T BEIEE Rt £ T 5 ABE L SR YO BB O
U oRRER, FEBBREMRCE T ERIKEIENE L 5 o HREROBE RS LR D
(F1)e Z¥é, BHEAHRMOME N BN O PR ARENEIIEPA L R T # O 7

21

xid

1)(101

1]

T

ETHLENE EMISSION FACTOR(X1Tt/1}

X0

TOTAL HYDROCARBON EMISSION FACTOR(M-G’UIJ

1
P

1
1x10

I LB E R ER R & o BR

B s ] | Feldstein 5592 ¢ Darley 550, 2 L T 3 Boubel 555 b {542 7 — 7 235571

— 49—

mit



FHE— - Fg @

PERBEIZL 22BN F ) 2 F L TECBITA, BEROIFLIAEALEZOMTAES T
DRz B L FL ViR 2 WBIZ OV T, TR DR G, 1 ~40X 1075t s B L
LERTWE?, T2 TR FL AR VES 1 K107 -t & {iE L 8,

4 MABEBFHTFLo0HRBENTEA~DZOBHEOE Y

KRAFIIHB Sz o Fv i, EE LT, SMEBICHERET 2R ERmE T4 20H
TUANBUOUZ L » THBEN D, TFL - ORBHIBOHT U AL L BRI RKEL, Ok
UNODHEETIZCHO, #L TCO+H, 02 THERN L, 2 —HnLFL > 2O E K
GL, % oBACH,0, #L TCORUCO, EH,0F Tlom S 41 550,
TFLVRTEBRELALLGFTHELD, REPTIEOHT S AL E 1120, L eIt F
L, FLXNARAMEEMLEO THVEEL 5N b, Ld-7T, HESLSHEINEZF
Vi, KRR TEEAERLERTFIATORR E D+ UWilae 2T 2 LAT:, #sC0H
TEARBLENROIE o TREERITZEEL NS, TIT, 2F L 0HZ VALK S
WOt O RICENETRICE T, TALZD00GFOBEOHEIEERE S ERN 54 %K
M % BRFIC AL,

2 iZRasmussen & Khalil**#y 7" — # 20 558 L 2 AL ROt HBAC BT, =+L >
EEOBENSMETT, INFTICEMNEIN2HEGEHEC L - TRb LA, MiEEICHE
ETL0HZ 2 ANOFNEERRECL>TREI(EL - THY, 0¥t T3 FHOH T

OH CONCENTRATION(XKIE G OH CONCENTRATIOMXIS cr)

ALTI TUDE(km)

1 20 1 2 -3
0y CONCENTRATlON(X]b?CI% Q3 CONCENTRA“DN(X]d cm)
- L H

P s

0 2 4, 50 2 3
CH, CONCENTRATIONGUICer) C,H, CONCENTRATION(X!C oy
NGRTHERN HEMI SPHERE SOUTHERN HEMI SPHERE
M2 WEALWEERICBITA I F L L, OHZ 2 A0, RUA Y - OERTLIRIENS

AL I
g2 AL N, ECEHBIIOH T oA LRI, RvaiEz A s R A0,



MER FICBITA T F L B E B DnT

U A LR I32.6~41 X 10°molecule cm PO EIEIL, FoALBIREBEARIIE T FHEEOL
F(F09~3BENEBEITH L REERT B, ZITHLFL > FBENF IS,
Fishman& Crutzen™2 L 5> THETKDH LN LBEEHCEZ (X 2), HAOFE L 2240 I
5o BEHOH T ¥ 2 LOERE33. 3% 10°molecule cm™®, F 7240k & sk £ 0
FEDHEIZ9TH » 72, INETICHEENZZF L > EOHT7 2 A n o FICER
5.3~10.8x10"“2cm® molecule™ s 'Oy EEFH 2 & 2™, I Tit, Atkinsons™@llE L2z KIS
FEH2. 18 X 10712700300 RDem3 molecule™ 57 [(7.85£0.79) X 10~*cm molecule™'-s~'at 26TC)
s APAN

IFL QDRI RNEFEIZIE, Seiler & Fishman™aHlE 7 — 7 S EHE L 2 BB AN
BRI B A BENNTHOEE L Z 2 cE e (R2), Az TITRESR-ETL
O, OMORGERIZ1.2~3.0x107%em® molecule™! sV DEIHIZ 5 » 27, T2 T4,
Japar 572 L A RIGERAHEREL 9 X107 %cm?® molecule™ s & /R 2208 7 o mBIZ 881 5,
LTFL 2 EOH o ANE 2RO R KB ENF W IZIE, U S Standard Atmosphere
Supplements™®&¥ # iz, 72, eddy diffusioniz & & B LEEEA~OZFL D
B@gRoHBIEW T3, BEEAFA~OGFIEEERT 1 X100em®s ' & L1z,

5 HMIERESLAXR~DIFLHHE

1) B Cib~2FIEIz Lzhis THEME A AREER» b0 F L v EN ) b TELE
e old, 16.6Xx10% -y, F72, RFLERA S FIIX10% -y 'O HEA AL S, W
Ehobesth toBREL SO F L BRI EE, 197Xty E o (8, [
3) . F2, BLAEBRZMLODFLUREBRERNIEYHAHMES S, B DR2%y LB, LI L
LLATHa(FR]L),

SETH A~ PEM Iz Lo s TEB S AL e F L o BRI IXIty" ThH -
7z (%&8) .
CHBERERRLOETF L VHHBRICERTAREETHZ, Ll ZOANENL -
FLoftRO I &T, (LEREOEERE, ZTIBEARACLFL TENLDRLVE SIS
LHMED EHEEEEL R, 2ENN %I T EL T2,

#7T MEBEIIBITA XS b FL o EDRIGER

Oxidants Reactions Rate constants References
(cmPmolecules™'s™"
OH radical CeHs+ OH—CH20OH)CH: 218 X 1712 700£300/RT) Atkinson et al.
C2Hs++ O3—CH:0+CO + H20 1977)%
Qs CaHe+ 03— CH0+COe+ He 19x10718 Tapar et al
CeHs+03—=CHzCO+ H20:2 (1984)™
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BY REACTION
WITH DXIDANT

& 4

ri

= 344

v} 1

o

o

[

=3 . ATMOSPHERE
(0.3 x16°¢)

0.03 1.7 16,0 166 3

(31
=

. [

FOSSIL = [TERRESTRIAL]

FUELS | & ECOSYSTEM
o
[T

AQUATIC }__
INDUSTRIAL [ECOSYSTEM
“iCH, PLANT

(32 x105¢)

X 106 tyr

M3 BREEEE ALRERD SDIFL > OWE & 28

#£8 HEKlboxFL0llE

Sources or sinks SO'}I;CTO%ETFW (x mst},—zg:ZHd quantity %)
Sources
Natural (total) . 19.7 ( 55.3)
Terrestrial ecosystem 3683 16.6 { 46.6}
Aquatic ecosyster . 31 { 87
Anthropogenic {total) 23.35 15.89 ( 44.7)
Coal combustion 2.67 0.43 { 1.2}
Fuel oil combustion 2.49 1.30 ( 56)
Gas combustion 1.06 0.00 (0.0
Refuse incineration .50 0.10 (0.3
Leakage from CzHs plant 0.03 0.03 ¢ 0
Forest fire in ecosystem 15.6 14,04 { 39.5)
Total sources 35.59 (100.0)
Sinks
CzHs+ OH—CH2(0H)CH:= 36.99 { 75.8)
C2Ha+ Qs—products 10.1 {207
Into stratosphere L7 ( 39
Total sinks 48.7 (100.0)

52 -




WER FI-B AT FLrafH RISV T

Be e RORBE S L IIRBIE - 2RO BREROHEOERE L LT, Woodwell 50
SREREEOHFET.EX10%-v £ 2 2 Tl F w24, Wong™ L ERRIZ6.3XI0t-y &V )
K EAELBEEL - T3, £, Darley™ R trBoubel 5302 B ik T O R E N T £ BED
feicid, BT E LF L nde®EE, AR TREO L) TR 4
BT NIEE I AE L EIC LA EEREL T b, ZOTONERT, AEFOWES S
WEREEOEOFEBEC L A F L I RE M OK Iy L BT RE (R L S
Sofilz AsmzRh a2 F L o BO88.3IEL .

WEk ETORKRREFALE TSI L A EIIH.6X10t-y ' ERELAN, T B
EROEWIC L 2 ERIIHEFDUBTH -~ 2. KEFIZTFET 5 RICKFER LIRS G
WAty HHMEREARILKFEL THLN TS, 25T ANCHORGADHILRI,
FRFNA00~1,500R 180 ~830 x 105 -y D EiH & RIEEL 5N T 577, L7zdi-T, &4
MENLF L B EOKRAFNORILKERZ AT 588, £ 7 > RUT A Hio~K
E(TWEFLLNS,

Abeless 231066 F LN KB BT AL F L P HILEA 135X 1000y L BEL ). 20
N%L EaAv ) v HEALEERENAIFLTHLEMELL. J0BE, AWEIZLS
HUY EEL O F L U HRMERSOKI N E HE L, ZOEEE, LEokEas
V) ETOEME & L T10fE LR,

HoFkgefk, REbAmeR, ARREERECHATS (3 X1W0km)MB T EHEHR Y DL TV
CHIE B, FRF0.068, 0.22, 0.006% L T0.82gm 2y ' Th o7z, L2 -T, KRERE
FOWMY N FL o Rz, BEEEROEFNE HNTIERICKS, 1/0TH-72, £
fz, AOHEFRL, LABKHNEBRORSELAH TS, mRicBIT2EEAZN O FL
DM EIIB FERRNFNDHAETE -

5 WL, SHEAALIFLOMREIEC S DB

*ERICHEE N F L AR~ DICABICH AN T v REBEIC B T 5 7R E
HHdD(FEI). JoLErsITA5RERE, TEECETZRENTANEETHY, L
L, BWIFL rFERRTESCCERIIITANEG, HEoBHAT, ZotBitldozfrran
BRI TRBES TR N BB TTHN TR LEILRLZNT, JITREFESINT
/AN '

Liettn T, JoTidthEr» b REA~REENLLF L oAz s LTk, HRBIZHE
THRERCESIHE T, B SBicHEL, REENEVOHT v ALt FL Y LD
Be: A% EE L2, dmBENIcEIT2, 2 FL>00HZ 220 RIEREIE36.9X10%:
vy, 2220, ORIBRIZI0.1R10y BRI N (TR, Lad T KATIEE S
frFL ROV EHOHT S AL EDRIEIE L » THRS LB, KATLHE ST
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Ly THBEBN TR E2HTTIC, eddy diffusionic & » THEEE TN 2 BII1. 7 105y !
EIhERTHE- T, HEBEIZE TS, L L D sinkFII48.0x 1050y 1 E R L S
(£8), ZOERREIZETE I L, MERETO T F L O &sourcest (B E) 12 H~13.6X
10ty 1 % - 72,

B2 iR 2Rz B 5, BENOLFL 2 BESH»LHEL LHRBNICEET 4
LFL CRIB0.36X I Th -7z, JOEE EROMK T F L A gsourcerd B I E
IZET A esinkEH HFEL7, KEPCBTaFL o OWEBEIE 3 ~4 BB LR IZES
R A

ABMZ L F L HEROTT, FoELARROUEH L VIEEORO = F L VLRI
B TH, ARFOEMREO T F L FIBCLEL 2 LoL, KAPDLFL v R
HAT 3~ 4 BRI IFRICE D, X510, JOERROWIEN, E& LT, (EEERE LT
LicfThn s, ZORETEEEFA~ORROBEIERITHANLTVS, BLENT20
BT, COABHCSRICHMINZZF Lo kR TR tnBEL+EHs I LI12L»T,
MR AE & LT, ML THEE 5 A0, WHEMETTOEEROEIE S OB T
IR b AT ), MRS A B TR X S BN 2B LREVEHL LN,

LA L, Abeles? 3L Tvwa LIz, TEED S VHEMTL, 553 5EDLOHRED
WBET-TwaALEMBERRNL OB S B TIE, ABBCRBINEEOTFL IC
E o, BRKAEhoFnBEFES LN, BRI TIZH 55, MR RS A
BB ELELB 2 ED°H B,

7 &r®

ERER TR E» 5 KE~HHEN A FL OB L KAFIIBUTAERICYWTHE S
AN

WEE 5 RE~DBLF L o R BIE35.6X 105y ' BEL L, 2OND5S L 44
FoTHEENARTHY), BHOBRIASHICHHEEI N BEL LN, SMEEC L
BIFLUMHMENR%HTE L EERS L, BODI6RFKREERIZLZLNDTH 2, WK
DANBHLETFL BN AL ARBECLZ2L0THD, TREAENLEHLENE8%E
Lo, FbABHOBROEBORERIIIE SHSIZTELL -2,

KE~FE RN F Lo BNTRDORZ P ANLH B VRO ARIBIC L » TES IS
Raf, FOLHIIREBCBITZLF Ly OFEFHEESTE (2 ~4 8 &ETE S L,
W ks~ s R F L 2 (3 B)ITELRIEEIC £ - €, HEBIcHmRE N EREL L
iz,

BRNABI LI FL BN AEETRIROBENRNERBO A A2 BBETHY, £
EoTET - nHARNOKShO L F L BRI AP OMEE R RS EIC N L TEBNRE LS
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AL E 2 SN, —F, TPV OKREPIIBIT AN RO TR 8, RUK
EHEIC VT, BEEFM~ORAOBRRVERTHLI L L, ZO N v BbEiz L
é%ﬁ&l%bymMﬁﬁﬁTmi%%ﬁm SR ERBbiA,
KAPIIEETNLIFHBERFL ZABO F—BILUTOLEIZ L - T, FRMERGT Tl
FIZAIES LA, LT, WREDSVEBORIRMEFETERTN L ) L FEO LA
BoMBE L > T FL ol S AT ARSI B W T, AJBIZE » THARTH AVt
ik L 0GBy BELRIVR E 4 2RI F L5 5,

5 B X ®
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Circulation of Nitrogeneous Compounds in the Atmosphere
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Ahstract .

Circulation of nitrogeneous compounds in the atmosphere is reviewed. The major
compounds are N,(O), NO, NO,, HNQ,, NO;, NH,;, NH? and PAN. The horizontal and
vertical distributions of the compounds in the atmosphere, diurnal and long-term
variations of the concentration of the compounds, and the sources and budget of the
compounds are described. Although the mean distribution of the compounds in the
stratosphere is fairly well known the knowledge of their latitudinal and temporal
variations are incomplete. In the troposphere even average distribution is not
established. There is large discrepancies among investigators on the source intensities
of the compounds, and thus any circulation models are inaccurate.
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The Behavior of Tropospheric Ozone on Global Scale
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NOAA (National Oceanic and Atmospheric Administration)id db 3 Bk 2 i &=
{Barrow, Mauna Loa), £k 2 Wi (Samoa, South Pole)izi w7, W0&LL L{zh
S TAY BENE=F ) T RT- TS, FRIZEEE, AV rBEICT O
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Ahstract .

This paper describes background ozone; its concentrations, distributions and
variabilities in clean remote atmosphere. and refers to mechanisms of natural ozone
transport from the stratosphere to the troposphere.

Background ozone has been observed for more than ten years by NOAA at four
monitoring stations: Barrow (TU'N), Mauna Loa (19N}, Samoa (14°S) and South
Pole (90°S).

The long-term seasonal variations of ozone show clearly single mede at all locations.
hut the month when the highest O; values observed was different at each location.

SRI group (Singh el «l) observed O, at clean remote locations in U.5. (39°N
~48'N) |

The author has been monitoring O, at clean remote sites in Japan; Mt. Hakkoda
(40°N} and Mt. Norikura (36'N) from July 1983.

It is clear that the highest ozone concenirations occur in spring in mid-latitude (30°N
~50°N} and that a diurnal variation of ozone was observed in wide area.

As regards ozone intrusions from the stratosphere to the troposphere, hypothetical
mechanisms are introduced by Johnson, et al..

V. [Eeravksear JHMAET T00 SMELS M ARG WAL/ B 16 2
Chemistry and Physics Division, the National Institute for Environmental Studies. Yatabe-machi.
T'sukuha, Ibaraki 305, Japan.
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Selected Approximate Maximum ozone Altitude
Case Date Time location of concentration (km ASL) of
No. {1978) (CST) measurements” (ppb) ozone maximum

12 May 11.27-15.16 HYS-C5M 312 7.3
12 May 16.01-20.19 CSM-EMP 362 73
1 13 May 14.34-19.19 MSL-MEI 318 73
17 May 16.16-21.00 ABQ-GJT 282 3%
2 18 May 09.13-13.43 RKS-GJT 249 7.3
19 May 13.11-17.40 GFK-FFM 231 7.3
4 5 Oct 17.15-21.37 CMI-MEM 161 7.3
10 Qct 11.00-13.45 SUX-LNK 117 7.0
14 Ogt 11.54-16.52 STL-MEM 201 7.5
30 Oct 15.46-19.11 INL-MSP 123 5.2

*ABQ=Albuquerque, New Mexico : CSM=Clinton. Oklahoma ;: EMP=Emporia, Kansas : FFM=Fergus Falls. Minnesota;
GFK=Grand Fork, N. Dakota ; GJT=Grand Junction, Colorado ; HYS=Hays City, Kansas ; CMI=Champaign,
TNlinois ; INL=International Falls, Minn ; LNK=Lincaln, Nebraska ; MEl=Meridian, Mississippi ; MEM =Memphis,
Tennessee ; MSL=Muscle Sheals, Alabama ; MSP=Minneapolis, Minnesota ; RKS=Rock Springs, Wyoming ; STL=
St. Louis, Missouri; SUX =Sioux City, lowa.
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8 HMBRREOWMEY A 2 NICE T2 EHDNE
Role of Terrestrial Vegetations on Global Cycle of Sulfur

EEZ S <L
Tsumugu TOTSUKA'®

£ B

MR ORE T A 7 A BT 5 B0, FoiE RERCE L THRETL 72, i
BE TCO ML+ BBF2S0, L EIRFIZIRUN 5, TORWAEG GRS L TERO KILE
BETHESILLY, KBESO, Ti3SO#ECFL TELT 5, 77 7207 7 [HkF
TSR 1 pgS/m®, 320ppmCO, N4, FAMCIRIN S 117:CO, 1 g /2 D 1.5X10712
mgNSO,-SHMINE A, THES L LicEE I Bk EniE FiEthiz L 2 S0,051%
I35, 9X102gS/y LR S Lz, A, O ES SRS 11 580,-SEF iz Bl o
FEFL Ty 3 SEIE, FAFII80x102gS /vy L2 3700 X 1012gS & $#E5E & 172, LB
ZHRETARME 7T U TOWMET A 7000 T 3853 0TH 72,

Abstract

Contributions of terrestrial vegetation on global cycle of sulfur were discussed.
Plants can absorb $0; gas when they absorb CO, on the leaf surface. The ability of
50, absorption is principally regulated by a stomatal opening of leaves, and is changed
iu parallel with SO, concentration in the range below 0.1 ppm SO,. Populations of
alfalfa can absorb 1.5X10-'* mg S0,-5 per 1 g CO, absorbed at 1 ug S/m® of SO,
concentration and 320 ppm CO,. The global amount of 50,-S absorbed by terrestrial
plants which was calculated on the basis of the mentioned rate of SO, absorption was
estimated to be 59X102 g §/y. The global amount of 50,-S absorbed by plant roots
and global amount of total sulfur contained in plant biomass were estimated to he
180 X 10* g S/y and 3700x10'2 g S, respectively. Contributions of soil microbes on the
global cycle of sulfur were not clarified.
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WA 7l EEOREEGWOFRE & T T, Ri TlESCOPE™ D Zi & TOMMKA &

1. [ESESRTRaN MR ERE  T305 S0k LITIE U0 5 ERT /)85 111616 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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MEEHORE T 4 7 il it s 4N El

#1 HER— KA OB
MAIN FLUXES OF SULFUR BUDGET (Tg/year, as S)

Eriksson  Junge Robinson Kelloggé  Friend Granats  SCOPE

FLUX ¥ Robins
} (1960)%  (1963)® (1968 ag7a)®  (1973)® (1976 (1979)®

Land

Anthropogenic Emission 39 40 79 50 65 65 70

Volcanic Emission - -- - 0.7 2 3 28

Eolian Emission -- -- - - -- 0.2 20

Bioemission 77 70 68 58 -- 23
Ocean 89

Bioemission {coastral) 190 160 30 48 5 12

Bioemission (open sea) -- -- -- -- -- 27 19

Marine Salt Emission 44 -- 44 43 44 44 250
Land

S02 absorption 77 70 26 15 15 28 39

504 and SOz wash out }57 55 70 86 86 43 58

S04 deposition 15 20 10 20 -~ 24
Ocean

S0z ahsorption 70 70 25 -- 25 10 3

S04 and SOz wash out ] 146 60 }?I 72 }71 63 230

S0« deposition - -- -- 63
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FE

1} Beggiatoa, Thiothrix, Achromatium
2H.5+0,-2H,0+5
S:+30,+2H,0—-2H,50,
H, S0, + CaC0,—CaSO, + H,CO;
2} Thiobacillus
a) T. thiooxidans, T. novellus
Na,5,0, 420, + H,0—2NaHSO0,
b} T. thioparus
5Na,5:0; 440, + H.0—56Na,50, + H,50, +48
Na,5,0, + Na,CO; +1/20,->2Na, 50, + 25+ C0,
¢} T. thiooxidans
5+3/20,+H,0—H,80,
d) T. denitrificans
55+6KNO; +2H,0—K,50, +4KHSO, + 3N,
ok LEWOERIZ L o THBES AL 7 LB IR E N EEL o N T3,
—%, Desulfovibrio®*Desalfotomaculeun?s & SEREE & Y7 T Y TAHTRORGIZ L »
THREER A SR KFE LT L Ty 5,

C:H,.0,+3H,50,—6C0, +6H,0+3H,S

t bz kA L BB A OEE 6 2R TEMEFIC BT 2 SO Ak S 1T
B AH SE TR AER S (10 molH,S/m¥/h Ll Lo BEREZRL L2, FOfEZA
R FH2.7x107°melH,5/m?/h~, 74 9% 107 molH,S/m*/h s B L D o EA7 L
Bz L 20322 CRMENTVD, B2RBEFUNEZABOWE 6 #IT0IRHOR L 286
DT BT A HLSHERY R, 7T UTIZL 800 Bz, D EHE LABH.SD5E

w2 WREEY S OH SR E

Average H:S Maximum No. of
Locality ernission rate H:S emission measu-

#mol/m?/h rate/ 1 mol/ rements

m?/h

Nishiura . 3.8 4
Takeshima 1. 2.1 2
Gamagohri 76 23000 61
Ohtsuka <0,1* 5.4 4
Umeyabu 0.9 6.6 4
Shiraya <0.1* <0.1* 3

*These values were below the detection limit.




MR BPLOR BT 4 7 02517 2501w

gt BRI ORISR S BN B £ 0, AH GBI LTSN B L
iz BARTIB OB SRR 2 A A HLSRA BT L 2, T L S X FHL BRI
DERER AR £ 1.0%, H,S% 4 4% CF) 1.0 X 10 *mol H,$/m?/h-", #I81 )1% £ 100m &
WSEL T, BATIBO S 425 0 eHSRAERA 9 X1WgS/yIn% 2 L1,

FiEhn 7T ) Pz L AHSOREERII T EEALFEMsTE L T2 & g2 N
TR GL S Tha,

2.2 BELEMORIC L 5 HREIEDORR

WIS A RESEORIIZ E X L TIROMBHELIKRTL Ty b, /.. RONITETTIZHEY
DIEHHIZ L » THL (ELT 5, BRI CEMAEHBZ>CTONEMRITIN T3,

ERIZE 2N AMEIIRAPNSOTHET HHE & M SIS U2 IR ICBR T 28
Wb 4 b, BEKAORITM RS T OERE L MWERTFRL > o BMTE S, Z0fEhs
WEmd i L TR E 17:S0,-S® & E L 51T, M sl Enz80,-SEEFH TS5 ki

Th,

F£3 2LX, FroFfar, P IBTAROAAOBEEKOERIILBED
Eefsta RN e e B (Barber, 1984)%

SO Influx kinetics

” - K?TL Imu

#a ‘ fis etk (mmol/)  (umol/gp.m.+h)
Wheat 2n 0.06 25
4n 0.06 3.0
6n 0.06 4.1
Sugar beet 2n 6.22 2.8
3n 0.19 36
4n 0.12 4.5
Tomato 2n 0.12 2.4
4n 0.06 1.0

Tmax{d AR, Kmid Imaxed 1/212 3510 56l £ 7t

2.3 WYHOEIZLHH,SORN

Thompson & 'V 8 2 M T &2 H,S#30, 300, 3000ppba i B T28~ 135 [ & it
BRI L - THREAREE L T EFT R ERL Twd, TRUZLZETAT7 L7 57T
(28 ~35 B MO RFEMIZ L9, 0ppbE TEHERMEGII L A LR ol awd HTHLTH
DAERES 2 8n o, La L, 3005 3000pphn WK T A BHEARE S G R (ER A4 ),
TN DS0,-SO BB (%I H.SEREAHSBIE S I Xl - T b, WL TN




FE M

Fd HSMBC L ZTFNT7 20770 TSR
R Uk e ROEL
(Thompson &, 1978)10

T 1
Eldorado Hayden

Av 4x Av 4

dry S dry )

wt/ as wt/ as
H.S, pot, S0, pot, SO,

pph g % g %
# 1 EAEL ) 0 S2y 103 52x 092

13 Aug 1975 30 5ly 1.23 9Zx 1.36
300 42y 245 32y 2.44
3000 16z 4.85 11z 5.20
& 2 [EAIE D 0 4oy (.94 46y 1.00
9 Sept 197% 30 4oy 1.10 43y 129
360 31z 360 28z 3.41

Values followed by different letters are different at the
1% level, &¥% H#28~35H .

ppbH: SO E, a3 P o — Lz E L T0.44% 75 S0,-SIBEFEV., Lid -1, ME»L
L2 N2 HSH8EERIENEE, BEBYRIEFEELRIT52 2%, KRICHSHRIN
L, BEREOETRNICRE»EREN S,

2.4 HEPCIASO,HAOBUNZDLT

HHEERCHLELERAL TRRFOCO, 20 At SR AR KRG 2 HH L T, KB
BHEL 20, B o EYLMNT2HEH L EAR L T b, [ILOMELTEN L & )% (]
B BICHL2CM L THES N, MEOKSRELZHELY L, BELYEESTRTLIC
RO 7 2B EAHEL T b, 20 L) E VW ATROBIZRBAP T ZNEKRAFTEY AL
WEHRICE TIAZ A,

2.4.1 HBEEERRYENONARIGERE

O ELEA ARIGEEIIE & L CERORIEEIZL > TFBEEA T, —H, Hilok
SREFERT ABNEERECEHORILBAESEEPNEFEIC L - TEiLT 3, #2717, 2
BRI NIEE 2 R T AREAREOMNE L D BEEERRIREN—DniBiE L N 5
B, fAok (BB ED SKGERBL ST, Ld T, ML ETLEE, AKX
#E(CMLBELTMMOF AL THARINEHNIE N E v LD, RS ICZELHE(S0,), 12
DT, SRR A A RNGEE OBER R R T

KE O 7 ZMINE R (L R TN T 2 BE F RFHBHORSIZL > TELL 2 5. FABFRY
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£5 AEERNC 5503 B SOMUBGRIE ¥ ik

WIRBIEOE YA 7 012 51 3 2T

fiin Wik 2 SN MR
S 0.088 0.09
LT A SO —ff FiRATH 1°C 0.086 0.09
T w7y sl 7% 0.074 0.08
3 Rk e BEHE1300 /47 0.072 0.08 Roberts
k4 aT4KS /% SONBE 1 ppm 0.068 0.07 (1974)'%
Lo 2FAAO—H 0.056 0.06
A F SR 0.046 0.05
R 0.044 0.05
F—a T HPINENRT H(3~11H) 0.13 Granat
" " (12~ 2 ) 0.09 (198318
Diplacus R0+ 1°C #(1(n) 018 .20
_ C iimssk2% e | 4 0.208 0.23
AUTGnbiACUS meyes e AT EHEE) 11 L 8 0.139 0.15 Winner &
1000¢E - m~2-s+£5% Mouoney
Heteromeles SO (ppm) ! if: 1 0.248 0.15 (19807
arbut;fo!ia{ Dhaurantiacus -« 0.96 I‘ﬁ; 4 1.230 0.14
Harbubifolio ' 1.710 FIL 8 0.169 0.1
4w 2 4i2T~28C 0.06 0.06
e ob BE 65% 0.11 0.12 Y P
VS 2 B E930klx 0.19 0.20 {4:5e20)
L=l SCRIBE T 1 ppm 0.20 0.21
T 1 W[ REE
* SO0 WL L FE /R e 7 A HE & L TN L 72
2.4
oca.0.2ppmS0=:
2.0 aca.0.63
xca. 1.0
$0. % eca. 1.5
g & L6F .
w £, .l o
T2 =
R S /“’
v 0,31 /
L A
04l
rd
0.0 ~ 1 1 i L I _—-J
"0 1 2 3 4 5 6 7

S0: F— 2~ (ppm-hr}

3 =7 DSOMEINE & SO X ik
BERI(SO2 F—2) & OB
W2 G i T WS 20Kk, 4TS ~36T, PML65%,

AL - ZERO1979 8 L0 Erif,




Fi® &

Z P — 2 (M X RESRED) S HBENADOT 20BN AL OBBEAND LB R L, {3
e~ 7 EOSOMELE £SO, F— 2 & DIH£FT. SO; F— 253 ppm-hz TNOH ) A
ARSVEBHIICENLTWE, ZOBERDI HYBIZHERT AOBBE L) o ARIEE £
TFF (0. 3mgSO, /dm ¥ E /h/ppmS0,) . ZRH SO, BE G, IppmT L, & =7 1) DS0,Mk
ULEEIZ0.1X0.3=0.03mgS0,/dm*/h& e 8, —H, 7 AMWGAAEHNSO, F— A 3ppm-hZ
TESMCENL w207, SOBE Y. lppmnHE4, LEORIGEE 7SR/ (3 +0.1=
MERNI R L S5 2 2 & AL Ty b, Z2AH SO MEES0.05ppm T i 77 2 IR UL & £40. 015
mgSO,/dm?/h & 2k L, Siiesf360rf LB+ 2, oA AR L HRFAF—R
A ESBGEAHILT 2 F— A0y A0 EIC L - TR 9, HEly, FoIlomigicsf
TAHEMDM A AT TOFEAEITHKC U S,

2.4.2 HAXEEEL-LT
— R BT B A R hA (LR, AN LR SN LEE(F-mg-om™,
sV TRDH LN S,

F=vd-C

I TVAIR T R EEE (cmesY), ClEBERAZBE (mgan 2T, Tabhn, A
NIRFEIEEL, BECBT L ACEEEE L FRFARETEH > ETHE, 2, REEE
ARERE FTHREN Ao ARE, SR, BE, BEOELRREL T, BERAFRICRBE
L5219, £5 CBITHEERLL D 0 ARNUEEE & RERO S ZRETE - TR LTEE
FED W OUE R REAITRAL 2 H FB LB TII TV 25T, 20 (em-s™) SO L TE
FHET0.1~0.2, RERHTO.05~0.1&% - Twd, &k, TNLOEFFHRIZRBEIZL
D TEDE BT 2RIATLILENSH L, MR 2RV AABREFRTAF—
2 r ORI ESREES BT ABEN TRLEREL Bl LB bN 5,

2.4.3 WHEEHOTADEERE
HES BB ) AT LIRS 22 ) O AME R I2 3, HEORT L MERE IS TV ADN
MR FIEERTEND, B FEOIE =7 EEKEICSO,£B L, HMKhOMETHE
DB AEL THEMCL2S0,BIEELER L 2. ZOBRLAAL T, 2540NS0,#
B R Lo e ) ERBENSOMIGEE L OMEE 12—y ETNICL S
THELr. M4icAbns L3, bo7 ) @RS ARIGER 27 AREFERT E120
AT hLIES TEEMIBAT S X, SOREND. lppmbl F TR ERE LoBE (BHnF
{8 AKX R TR T 2 L AR L Twd, 72, LAIYKE (X220 THAT S, &
7 A 280, 0. 1ppm (0.262mgSO,/m?, 25T), 40kilx & &, =7 ) BEELAI=4)2
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HHHEMEDRE T { 7 At 51 3 ko ikH

A A IRIGEE (3 1. BmgSO,/dm? i i /1485 IR & % - T b WEHEE (R IME) I8 2 &
Ldem s k% 5,

—F, WMEmHTE T AWINZDWT, Payrisaat & Beilke®?' 43 — 2 o <) SH-EHEZD
WTREL T (FE6). IWHAERLHICL > TETREY, 0.4~0.6cm s ' OFEH TEL
LTwnad, _VJﬁ_Ei:tiﬁ@th%‘?Kﬁi I oL, ZEpHOETIC 2 TR E »7131T
E#HENZEL T 5, T2, IEEIEMENESEOSE L ) AR 2 (H5),

HilPPH» 7 a7 7 07 7 BEEE (LA 4 ~5.5) TERTRAIAORNAZETAEL 2 HR
EEGIIRT, IOEBTHEKBENOMERZHEL T v T, X6 OMMNIEIEHE
LHERO A ZRFROEIESRL T3, REOEHD Z 5 BH 5 SO, LERE(E2. §cm-
s'ER L, FOMMOFHRAZNEBHEEIZC00.0, NO0.10, C0,0.33, PANO0.63, O;1.67,
NQ,1.90, Ck2.07, HF3.77& % » TW 3, HiA 2 DEHIZ L b iLFmEENREL, Hira
NGB ZR SO SILEC Rt 2y ABENERICER T 52,

41 100kix 4+ 0.5ppm

5
(mgS/ dm® taifi/ 11)

. . . ] ) 0.05
0 0.2 0.4 0.6 0 40 80 120
50z B (ppm) 8 B (klux)

B4 =7 JEEIC L 5 TR 72 Y S0 MUK » SO0 i AR
BRI BT MUK kx ), BEECER | KR o512 S0:%Fppm) & o) (%
T4REp AR, SARL25°C (B)/20°C (7M1, T RETS %o & im,

6 F—w 2N BOSOERTEE
(Payrisaat and Beilke, 1975)*"

Lt AT SOLATHMIE (cmes™)
Rendsina .60
altuvial giay {+.56
parabrown 0.54
podsol +47
terra furea 0.52
psewdo glay .42
fen 0.38
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{om+s-1)
0.7 [ M g xemum vS'L"'_"h'"!""' 0, 70erm - 3='
RE 88
0.6 1_}‘:\‘ :,‘(8) ,
TR &2 « > HE4
it 0.54 — - 50:‘””3 POL?
W FEN 7" CL7p* oL *Lo¥
b d Al
% 0.3 — CLLO
0.21 FENGE Leners: Type of woil
) 0.11 Figures:Percent relstive humdity }
2 3 4 5 .. B 7 8 9
4pH
5 IESKEFRICT L HEOpH SOk

HEem - s @Eﬁ{;’ﬁ (Payrisaat and Beilke, 1975)%
Bt ooy it S HOBmE &L, BT SRR £ (%) 2T,
MSE R SO 12EA T2 3ppm, 20~3057/8 4% .

(gl - m=* E - min-?)

100
HF Cle
1
S0
80} 2 NO.
I 0,
2 60
i
A 400 PAN
bt
" CO.
20
Noy C0
T L
00 2 4 6 8 10

X6

#AEE (pphm)

TAT7 T P EER B AEGR 2O
WA (el 2 BB - min™!) (Hill, 1971)%2
18 (RS R A Eald 4 ~5.5, i F (| 4UM23~ 24,
W45 ~5005, BA0 ~45k]x, 575 F20emiz Bt 2 s 8
~2.2m - 571, BEEREM | ~ 2 R,
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HIRBEOIE Y 4 7o 51T 2 £HnigH

3 BEBRRBOMBEYAIILCETIHENES

HEREZ I RBEICL - TR S HENREL T, TNETNDEENREER(] ]
LSRN R N ACO, R EHEIChE L 2@ BIREERL L LOMENHREZEL
Blvsiaite ERPRTIDRS N T b,

F7 WROFKREBRO—ICENEHREE, WEE)nHEl
{Golley, 1972)%

s B [ f& AR (Pr) MEER(Pg) :

= & & (X 10%km?) (X10%-y1) (X10%-y77) Pal Palt
BnOW EiN 20 133 40.0 0.30
- © 3 & 26 7.8 0.30
HOE OF K 10 27 8.0 .30
¥ 15 18 10.5 0.58
H g, 25 13 7.5 0.58
) s 25 3 1.8 0.60
# i) 15 16 9.8 0.61
vy F3 10 3 2.0 .67
7 Ef i} 15 0 0.0 —

7 R 7 2 1.4 0.70
BE  #h (A 148 241 88.8 0.37
i 3 361 92 55.0 0. 60
OB & fk 509 333 143.8 0.43

FES I T TCO, 2R T AR C BRIz S NASO, L EMFIZIINLL TL £ 5. SOBEH
KEhD Sy 27Ty FBEDL I ICEWEEE, SO 4TRIL THLEMIERELZT LW,
e £ 5C0, S0, AT E & L TAILIEEUERIC & » THRENT w3, ZiHE, Kad
NSO, BIEHHEWIZHEE S 5 2 70 & 5 ABIERIBEOEETH i, COMRILE & SO &
DIt B br LKA THITE, RERROT— 241 2 E~0SORNEEBET 22k
NWTED,

eIz RL7T7 7 TlS0,M i EFEEH2. Sem s~ ot L T, CO,o £ 411310.33cm-57T
55, FHOCOMEGE 7o S 0 CO, B EA350ppmAEE £ T, COMEN LR ICHAL T
IFEENCRAT A, Lizdo T, KAPBES2ppmDIEE, TIN7 77 7 DBEEHE
FE(CO,) apstd, 1 ppmCO,571.8mgCO,m 3L T2 s 2 FEBL T

(CO2) aps =0.33%10-2%1.8X 320X 1072 X 3600
=68mgCQO,/dm?/h
Y%,

— . WO KRS FS0,0 Sy 7 75 VB ugS/m*(=0.763ppbS0,) P ic BT 5 T

N7 77 7 OSOERIGHEE (SO, )1,
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FE M
(80,) e =2.8X1072x 1 % 107* X 1072 x 3600 = 1008 X 10~*mgS/dm?/h

Lizd - T, 2R CO, 8 E320ppm, SO,BEN.7T63ppbiz BT AT 7 7 17 7 7 (502]) s/
(CO.) ausNEI,

—5
(805} s/ (€O, o= R8T — 1 5% 10-4mgS/5CO,

v ) EEREOSO L EREGERL 2L 52, Ldem-s' L RES Lz, =7 ) ERE
DS RE FE 12 BIE40k]x, 300ppmCO,iz v T30mgCO,/dm*/h T h 5%, Z iz BkEE®
IR EEE 5 mgCO,/dm?*/h % N L T, #BAESHGHE 235mgCO./dm?*/h & % 5. 320ppmCO, T
2 2 OEH3TmgCO,/dm?/he % b, M2 L L I2CONMBEEELZHEMT 2 L, (.18cm s &
%3, b7 Y EERED (SO,) s/ (CO) ans D1 AX102E %), PLT7 P A7 st bl
VIR E ST T, £ 2T hICE~NALTAT 27 7 THL 172 (S0 a0/ (CO,) pps NIEE £
fotEtpiz LA TE S LIREL T, MERRENMEEIZ L 250, RINE*H#HEL (AL,

KTICALNE LI, BICET284ERUIX10 /vy # CORINE CHRET L)
#E LT, EROERNRIGR,

6 CO,+ 6 H,0—CH,,0:+ 6 O,

2L L, MRS 17200 /gh7: ) T4 ENEYDM)FEEI N L LRETE DL, %
Z T it kR RER241X10" € DM /yid,

241 X 10%
{ 0.614 ] £C0./y

15
R0, REE msoz—sgcz%lg%f—xl_sx 10-5=5.9%10"gS/y

b,
—F, METBTHRFEENLS0BIEL LY, REEGTHSOMFEREL0.5cm/s L HET %
b, KAHSQ,BENSy 7757 FAE/ugS/m*(=0.763ppbS0,) 12 112 SO, F &L,

0.5X 1072 X 1 x 1072 X 3600 X 24 X 365 = 158mgS/m?/y
Bk b o148 X 102m? (& 7 R 12 BT 350, LE BRI,
148102 x0.158=23x10"%gS/y &% 5,

R IZ & N AR AB R S E N5, 1FMIHRD SRS R AR E Y
EKOBETARIMEERNT — I bBETE S, MPROBETHEIZ0.1~0.5% (1
R)THDY, L OWEWT.2~0.4%12 4 50T, FH0.2% L RET D, HEK LBtk
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HERRROBR 1 7 L2 B 5 iR E)

BT AHENMAEERIIRT LD, 88.8x10"DM/yTh B, LA - T, BALHRIE A
LEEH L,

88.8x 105X 0.002=180 X 10"%gS/y

HEAEDMAERERNMEEITEE L > TEL2EHH B (R8EH) 7, (HIFREEOHIE LT
LTviz,

RICHEHS R L Ty 2 BRI EMERERICHEMEROREZHE L » T TRKD LN D, B
WMORBRFRIIRS L 0183TX10%gDMTH 5, MEETAF02% L2115 &, MEIEELA
TV REERE, 1837X101°X0.002=3700%10"gS & 7 2,

HLZmREn T 2 AYDREROERRE Tl AR, SHRIZEET 250, SRHI T2 6
N72fE23X1072gS/y & ez L THEL < &< (95%10%gS/y), BREMEN T3 L BbN b, &
7z, MEMRITRR S T SHEHESN0X 107gS b, Lk nHEEBE (3700 X10'%gS/y) & B+ 5
L1/58BETSH 5,

£8 trRO—KEMN L HHIR G E(Whittaker & Likens, 1975)%%

TR o g (Ri) B o & (E&)
(10%km?) % Ej}l g | ¥ o ) %%9 % % @JJES 3 7{1-1 # , it
(t+ha™ - y}|{t-ha™ - y) [ (10% - y™1) [ (t-ha™") {t-ha™') (10%t)
B %2 M O 17.0 10~35 22 37.4 60~800 450 765
2 W T OH K 7.5 10~25 16 12.0 60~ 600 350 260
oW OH & 5.0 6~25 13 6.5 60~ 2000 350 175
oW O OE M 7.0 6~25 12 8.4 60~ 600 300 210
LN S S 12.0 4~20 8 9.6 60~ 400 200 240
BOK - K Ok B a.5 2.5~12 7 6.0 20~ 200 60 50
L S 15.0 2~20 ¢ 13.5 2~150 40 60
% B R 9.0 2~15 6 5.4 2~50 16 14
Ve FS - ELER 8.0 0.1~4 1.4 1.1 1~30 6 5
BRI - RO RAR 18.0 0.1~2.5 0.9 1.6 1~20 7 13
RoOPiE(SER, ™, X)) 24.0 0~0.1 0.03 0.07 0~2 0.2 0.5
# b 14,0 1~40 6.5 9.1 4~120 10 14
B M-8 R 2.0 8~60 30 6.0 30~500 150 30
@B -om N 2.0 1~15 4 0.8 0~1 0.2 0.05
(Bt &8t) 149 — 7.82 117.5 - 122 1837
it ¥ 332.0 |[0.02~4 1.25 41.5 0~0.05 0.03 1.0
] A w & 0.4 4~10 5 0.2 0.05~1 0.2 0.908
X B 1| 26.6 2~6 3.6 9.6 0.01~0.4 0.01 0.27
TH&M -+ o 0.6 5~40 25 1.6 ¢.4 ~40 20 1.2
A iT 1.4 2~40 15 2.1 0.1 ~40 10 1.4
(¥ &) 361 — 1.55 55.0 — 0.1 3.9
(it 2k 4 ) 510 — 3.36 172.5 — 36 1841
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F# &

4 9

EWn 7T THOHBBBEAORES) A4 ZLIIHEL Twah, FHLOF5ELIARET
Hoo fEW L A AREELAWORMIE L L TEROTRIMEIC L - CHEE N T 5,
R EEE TCO, 2RI 21250, § FRCIRINT 2, £ ORIGEE 12S50,4°0. 1ppm AT &K
BENEE TR ZBECRATS, EHBETIEIETIMERYS -0 0y ARESE Ly 28
EOMCBE Lo RE, EEEERICY - TELL Y%, £=7) EERESO UL EE 1B R
B 1 B/ 0 1.8mgSO,/dm* E T# 212, TL7 7 A7 P ERKBTCRRRED X 2777
F 8 2320ppmCO,, 0.76pphS0; (= 1 wgs/m®) DIF &, MBIZIREE L7200, 1ghh
1.5X 10 mg?SO,-SHMIRL & M7z, = O b &2 B S N7z Bk E e EHEMIC & 550,0k
I Eiz5.9x10"gS/y L #EE S 172, — 7, HEEOIES SRS 1L 5 SO-SEI I D {RFE
LTwae5RIZZNANI80X10%gS/y, BUriz3700x102gS L S e,

51 A X &
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7 KamEThOFRERLED

Organo-metallic Compounds in the Atmosphere

AR
Hitoshi MUK AT

E B

RARBHEL S TO R EELARSBILAYWII OV T, MERABHESES» L 20
MM, RAER AAPBERUEEZC 20T, TEOL K 2— %5712, Se, As,
Hg, Pb, Sn¥NTHRE, LW A F LB HEL, 2REnMRED 2 F 108
MOBTRACEMEN T 2 TS S » 72, FizSe, AsiZBIL Tid, HRERED A
FAALEHP RERICRHBEN TSN, TOFSR»ENHD BRI N, Ph, Hgic
BL T, 3LEENLNERE~OEEI CNBELZFRFEIN TV Iw, 2771,
AFNKAERL, KAPRHEACECTRBLSLRINENTETEY, S%F0R
HEFEZDWTFHEZ T > T LEFB 55, FRHEEESRY Y HHOEICEWTK
ABIESE (, ABHLRBOESKREWEE G L,

Abstract

Organo-metallic compounds in air were reviewed concerning their formations,
sources, concentrations in the air and reactions, from the viewpoint of the contribution
to the background atmospheric environment. The processes of biomethylation of Se,
As, Hg, Pb and Sn had been known and volatile methyl compounds may contribute to
the increase of the concentration of these element in the atmosphere. Particularly,
methyl compounds of Se and As by the biomethylation in environment were detected
and its contribution to the air was considered to be important., While, concerning Hg
and Pb, their contributions have not been evaluated. But methylmercury compounds
are detected in the air and rain water sample, their sources are necessary to be studied.
As alkyllead compounds have high concentrations in the air of the country where
leaded gasoline is used, anthropological effects are considered to be important.
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Res. Rep. Natl. Inst. Environ. Stud.. Jpn.. No.1{2, 1986.

: *ShOBERT 70 Y I(NO3, SO)

Inorganic Composition(NO3, SO{"}of Atmospheric Aerosol

LN EL P N:Y
Kentaro MURANQO!

g 5 .

KAFNBBLT 0/ N, BT THRHRIE, & FRIMRE 2 ONERE ThH L 7 2
HEEEE D RGRRE, BIEFE WER, BRESREIC>WTHE~, EEBEEEFEATS
FiEE, R TREE - ARREO T ERCEENTH S, CUERET L Td,
PI—RIERRE—Ric L 2 L Ohh 25, BEOFHRIERIC RS LN TiEVTn,
ERD et ETORERIZ S, BEART TOMEREST <, Bl TRAYS
WHENBBSULETH S, BEBRE LT3, BEARIEELE» HD5, BEOR
RLDIBEPAZ AN T, SBBEL VI BAY LI, BRTROT— 5 0EH
HLETHE,

Abstract

The generating process, measuring techniques, measured profiles and removal
process of the atmospheric inorganic aerosol, especially particulate sulfate, particulate
nitrate and gaseous nitric acid which is the precursor of particulate nitrate are
presented. It is valuable to use the diffusion denuder method to separately determine
the particulate nitrate and gaseous nitric acid, The secondary paricles are generated
by homogeneous and heterogeneous reaction, and the contribution of the two reactions
are uncertain. The measurements of the above mentioned compounds on the ground
are abundant, however, those of in the higher altitude is scarce, so it is necessary to
develope a measuring technique which has low detection limit. There are two
processes, for example wet and dry as for the removal processes, the estimate of the
latter process had not been conducted. In the view of ecological effect stand point, it
is necessary to build up total deposition data.

1 Leic
REHIZHH S 2 NO,, SO ERAEER ST — Sz & 0, BikwlcERENS, NO,
(B 2 (HNOs), BT REEE(NOs(p) & & D, SO.i1 58k (H,S0,), kT KEEEEIE

1. Blaa®EmiFRir KAREEE  T305 kR 3 i o M KT/ 25 1 16% 2
Atmospheric Environment Division, the National Institute for Environmental Studies. Y atabe-machi,
Tsukuba, Ibaraki 305, Japan.
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(SO (p)) ke, KEFZHEL, AFLVE»IN L,

FACER T 7FERZ, T4)HOPomonall BT, 2T oY VERMELFILCHRE
[ 142K 220, PasadenalBiFd A ¥ 7> FIBEDR WX 2 X BT 2 L M I24% L %
B|IZH DD BININO; (p) (26%), SOI-(p) 13%) FERIZFAET HLEHFTH B, ZiLh
DWHE EXOFEHEETPFMEN T T RETIIBETHY, KB LIEBR~DERIIX
EnY, TNLORTOBRENEIERETH L,

Industrial &
cement dust
(3%}

Transpartation (5%}

Pomona 10/24/72; Sampled
from 1200 - 1400 PST; Moderate
oxidant, total mass concentration,
178 ug/m?

1 Pomona(w AT ¥ LA)THEL LT VLol EMRY

HEREFEAIC L NO3, SOV BECHEET 20T, 20EREBERE, o1 KREBEFTET 2
DBEhH L, B FONERIC B2 OMBESHFALNT, Bz FOBRHAILETHE, LT
NHNEBIZ W TIEL B> TRET 5.

AKOBROESW(EICNO, NO)DERBREIHEMETH N, YA L L THanbEW»E
Btas, LR ARMERELERLCICETAREHE L L -Tnwd, 2OFILE,
HNO,, HO,NO,, PAN( =4 %7 n+4 L —1), N,Os, NO, T ¥ A LENFIEL T
VAA, TALOPEIRPANZRWTIIEL CHRAL LW 2 LY, HNO,, (NO3(p))
- DRI HEEK -T2,

2 SRR :

WERHETHIT o/ VRBERIREL o1 T w27 HiF{bet 2Xtahe LAkt
Ai335, 60X 10° ty' & ABBIFEAED200, 3BX10° ty ' LN Fvdt, HREITHIENLRIZHMZ T
5, MEILE®HIE, T4z PrEhpsnfEdddn, TIRMTFELT, BEERE
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KEFANERT T o (N0, SO}

£ NSO (PR T 3, WEERIED I a2 —ra ik b EH—RIRIzZE T, SO.0E:
fEEIRETZLNE LTI, OHZ v AnnFE»RELAE{ T, KizCriegeeF &Kz L 2 §
NTHb, OCPYNFHFRELICLRLI LG I8N,

72, SOBHRRICI L VEBHEE N2, BbRIE LT, O 0, BRILKFE (H0.), &8

1 SO:oBIbIz BTt RICEROTSE0HEY

Percentage of total rate

lierﬁgﬁfr by reaction shown '1;2:21
Case (%) a b € (%/h)
A 10 53.7 04 459 1.94
A 50 81.6 0.7 17.8 1.47
A 100 911 0.4 8.4 1.62
B 50 79.1 0.04 213 135
C 50 56.0 0.02 44,0 0.35
D 50 949 2.0 2.9 0.18
E 50 94.2 49 0.7 0.07
F 1) 998 0.01 0.15 337
F 100 95.97 0.006 0.024 5.45
G 50 . 100.0 0.00 0.00 5.43
G 100 100.0 0.00 0.00 6.12
H 50 100.0 0.00 0.00 2.59
H 100 100.0 0.00 0.00 3.56
“HO + S02(+ M)—~HOS02(+ M)—H2504
tOEP)+ SOz(+ M}-+S03(+ M)—>H2S0«
‘RCHO:2 +50:—>RCHO + 50:—H:2504
Concentration (ppb)
Reactant
A B C D E F G H
NO- 25 2.5 (.25 25 25 2.5 0.25 0.025
NO 75 7.5 0.75 75 75 7.5 0.75 0.075
CO 2000 2000 2000 200 100 200 100 100
Alkene 100 100 100 10 .10 10 1.0 0.10
Alkane 400 400 400 40 49 40 4.0 0.40
Os 30 30 30 30 30 30 30 30
CH:20 20 20 20 2.0 0.2 2.0 02 0.02
CHaCHO 10 10 10 1.0 0.1 10 0.1 0.01
Ketone 5 5 5 0.5 0.05 0.5 0.05 0.005
502 60 60 60 6 0.6 6 0.6 0.06
CHa 2500 2500 2500 1400 1400 1400 1400 1400

Hz0 (relative humidity) varied from 10 % (3.12% 10°ppb) to 100% (3.12 % 107ppb)

Rates of emission (ppm min™!);

Nz L74% 1078 174% 1076 L74%107  L74X107° 174%X1075 174X 107 L74X1077 174%10°¢
NG  5.21x 1075 521%107% 521x10~7 521x10~% 521x 1075 521x107% 521x1077 521x1078
Alkene  6.34X107° 6.94%107% 694%X107% 6.94x1077 6.94% 1078 6£94X1077 694%107% £94x107°
Alkane 2.78x107% 2.78x107% 278x1075 2.78x 1078 2.78x 1077 2.78x107% 2.78x107¢ 2.78X10°B
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A4 DREL EHHRENT D, SONBILNE—REERHOpHKER R 2 (2R L 72
SO RBIZIAZENKECTY, ZhLnHRET-RITL LS, BETHE2HBORT
DEIED Y T 2b—ra» ThbNTWEHEY, 2OBRIZLD L, HO,%Fe(lll), Mn(I) %
B & L 220,02 L 2 BIEPRL FEHRE N,

1°

Larson o7 at. (1978)
\ Fylter and Crist{I154/}-

\'-

as modified by
\McKuy [raril

" Milter ang Schroeter (1963}
10-2k- dePenallg7?2) )
\ Winkelmann
¥° v 888) — =
J S, Brimbiscombe and
fpn=21 Speading(i973}
—{ph*?}

10 NScott and
Hobos {I1967)

Seilke of of (1975)

N N N A S S S N A
3

2 4 5 6 7 8 8 10 0 12
pH of the solution

2 BESRTFTET T R LRI O HAHER (LR G O B~ X8 18 w3 opHIk Frfgy

NO 4 & HNO AN EBRII N bFRIC £ — A ETH b, iRz L ) RaFicEk
BL7Z0HZ 240 NO,o RIS HEERI21.5%10* ppm~'min' & OH+S0,12 e~ % & #1045
KE T, RICSO ENO A HBETHFAETLZ, HNO;+NG; (p) %827 H,50, & 7 #510
EREW, 74—V FHABCELYEMIZNO; )8R SN2 Ly, KE{(55T5
RIEnd & Z EHmBEE N7z, O b OHNOEBAIRISRT RIS & L TURE R, EEFH
N.O; +H, 0122w T1.9X 1078 ppm~'min ' & 85 0 T 3,

NOz +03'9N03 +0,
N02 + NngNZOS
N,OQ; + H,O0—2HNQ,

CORGIERERTLRIEARIL S, AH—EhE L THE5Lh D,
EHE, Platt 5 NODBEIEIZHRTIL, ERENO Bl kEh - HFEL TwA 451
729 ZoONO ETATFTE FEORBIZE N SHETHNO N EE T2 B2 TaL 5 i2RERN,

EEEHRBLN,
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REFOER LT 0L (NO;, S0i-)

NQO, +HCHOSHNO,+HO, +CO
" NO, +RCHOSRCO, + HNO,

ks;=0.86 ppm'min~!
ks, =3.6 ppmit mint

TATE FURCERETERL, YH2LHMEATTRATIIHE > Twa2e, NOET
NTE FORFL T EREHFICIRHNOER T2 22y I ar—va»iZ )RS

727,

3 REHE

INETE, IASOEBRIT o LORERTLEA Y ZENBETITAITE LS,
74 NF—RicigEs i, NOs(p), SO (maatit wiBTIThn TE&, Ll aaF
by REFICSRICHETLWET » =7 20FHBE(NH.NO,; (p)NH; (g} + HNO, (g}}
iC k08, NO (pOREEIE, REAEVE SCENOT (p)DERIC L N BLFHME RT3
e E A, BNO L NO; () oA NEROFEY, BEI L, SO (p) il iz
H:SO 3 &3 Twd o MEOHENENHL I o, BACHET L EXLETH
3.

*3.1 HNO,&NOz{p)nHBIER
HNQ,, NOs(p)llE v L e HTR2ZITRL .
(A)TDLAS# (Tunable Diode Laser Absorption Spectrometry)
mITB R 2N -HNO, Bl L L TTDLASEF $ 4%, 20X &ER, FERFSLLEAY
T, HNO:®D1722 e 'R EZRET L0 TH L. Z0oHEREMTH S 260, BFEICZH
HETREMNE2ITI 2R TELvy, $HTRIBEDS00 pptvTh), ThETHEHENTE
po 7 — ) TR S (L0ppbv) S B 2 S ERICT LI 240 TH S,

F2 RHEE R, RIFIRBEEREOEETE, £ O

Assessment of HNOs: Measuring Techniques

Technique Sensttivity Time reselution Accuracy percent Precision percent
Chemiluminescence 200ppty 10s unspecified unspecified
Tunablediode laser 3ppbhv 1s 10 5
300pptv Imin
Filter 2pptv 1h 30 2
Fourier transform IR 10ppbv Imin 20 5
Tungstic acid Tlpptv 20min 20 10
Assessment of NOs Aerosol Measuring Techniques

Filter 4ppty 11s 30 10
Tungstic acid 70pptv 20min 20 10
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FHEFRRAHE

(B)E7 4 MF—ik

LA 57 b Tva HETH N, NO3(p) DEEEMES L 2y, BETH), a0
BENTEL DI ETLERINTVRY, —RENTEEL 7 4 V7 —THTRYE 2K
5 ZHBORNVTIF7405—b2wIERAEEE7 4 L7 —THNOZHHE L, Ml
NO;2EET2HETH S,

VMR HRE (F4 7a—YarF=a—¥iE)

(B)nHETIENO; (p) Dl s 2 ik A L TobFER G £ 5NO3 (p) 5% (NH,NO; +
H,S0,—»NH,HSO, +HNOQ,) #d 4 7265, HNO; & NOj (p) 3 iR 2o 2 (HNO,:0.16  cm?/
s, BEED.LymOEF 1 6.8X107% cm?/s) # A LT, HNO,#MEFOMEICHEL T, NOz{p)
NATEEPLEAREENO;EERL, IZHNO,+NO;(p)EREL, EEL L,
HNO,, NO;(p) 7B EET oA ErRARIAL, HRRETICE, ABrHEBCHRELLCD
D {(MgO'™", Na,CO) L+ 4 uvF2 D22 EHTLIVLNNH L, ZOHFELILHKEREYE
HTOMFORE - HENFHOBE L 3B, H 20, (BELVIEMEIHETHS 5,

D)5 727 BERE

EEEELHFEAL T, HNO,ENO; p)o S JlABRE > REIC L 2O 2N HETH
AW, S VAT ENEOmMmORES 7 AENICESL, B T4, BB T3HNO %
WBFL, FTN o TETIE BIZEVEESEL XEBICNOCERL, LERKEANOST
THEERTS 2 EI2L, HNO R+ KD 2, NHyidin#BEEICHNO, L EBICHiEs a2
W, BRES, HeXx ) T—ic L OBEIL, £8EICL INOIKERINSE, 0k ) icaR
T2 LHNO,»NOL NBNTNOGHIBMA SN S 728, NHoAERBTE D, ZOHENHE L
guet 7 aEEICRLI,

Eitar(A), (B), (Do HEOREFITHN %R 2R 42719, TDLASHIL B/ 51 1%
e BV, LTS WIREERSMETE 5, ZHRT7 4 V7 ik, 2ERMOFENE
ERLTWDY, GBEOEEFRE, HEE LTIRTDLASE: —H L Twd, - 7AT
CEBREERL, HBMbOS, RAENRMEL S B Z &, MEORIEBELE - & S RIEBEIE
Wi KRIEAE D B,

3.2 i, WEEOSIER

H,50, L S0~ (p) o5 B EBOMER IS L v, HEMLARZ AR AT L 2H512RL
710 kARS8, H,SIEPbO* WL il =E T E, REXE(FPD)ZEIC L 25
Hatritic b, H,S0,, SO (p){(FicTrExxy L) 2HET S, MENTEIZY 7Y~
SEOES 2 100C ImMET 5 & H,SO A 100C T L TS0 % b 728, HBREET, 2o
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to

acyum
Haltvw Tube Trenster Tube Catatyst l
\ W0,
e Bendix KO,
Annlyzet
[
Strip Chart L]
Rrcordur
& Intigator
NH,
HNO,
’ I 1 1 t 1 1
1 [ 3 [ ] 12 1
eIk bl
3 WET=2—F (7 FATF )L AHNO:, NHallE DR & 7 o= F
75 219
25 —————————————— T ———
JUNE 9/10 (1982}
: “+7 LASER
0 l’ ¢ —— FILTERPACK )
B — — TUNGSTIC ACID
S sf 3o 1
ES s
a R
2 S
u :
-3
E 10+ 4
2
5k E
0
2} 24

TIME OF DAY (EDT)

M4 TDLASH:, —EB74 47—, #2727 BENERFINE L5

— 127 —




TR ARR

SO, B &icd ), 7TrE= ABBESFPDRMESTEHCE VBIEZ N2, MALITHY
WIS, £SO RES NG o, ERL VHSO M ERTE L, FPDRIEERLE G
B2, KERBEITE 54 o nfliz, 74 AF 2k D Pu/ LEREL R T 4 > 5503
HIEitLY), HBMIC Y oRELTIBECE - T3, ZOREL AT LINHEI BN S
‘mm%ﬁﬂ%atm.ﬁ%ﬁugﬁén,uw@ﬁm@&X%M&Hﬁmmm¥%ﬁMﬁﬁﬁb
niz,

filtered air stream o

Py
© '
, oS A
ram air gtass fiber

- fitter

gerosol stregm —a

nozzle
nagrmat
agitien .
i —\ divided duet
=
— . ST ST TR
2 TN air P ﬁ —/
PM
v 1 tube denuder
—
K fimer
lineor - — solenaid switch

electrometer
Meloy SA2B5
FPO sulfur anociyzer

F5 HeSOu& FOT v &=y A5 s B md®

4 BIZEM

4.1 #HF

W ETHORERZIFEIZ S, L LEds, SR 7 o/ LRaad, &g L e
CLBEEEIAE (T, BFERERTI I TELw, EErE Tz, NOs(plZiZsA
EHEET, WEBKLEL (hbhm, RILEREy FOBERTHCHErE N7 1L
R B\, ‘

Russells it o A7 0 2 x VARBO EME THB T o VIV LB 2 OMEE2T - 7249, 7
Mﬁ%ﬁt;ﬂ%%ﬁﬁm@ﬁ&m%LtaM%%%%Hsuﬁttﬁ,mmBmmT@
10~128%i2, NO3 (p)iBEABEEH0 pg/m* 2 RL Tz,

FELIE, FAOF T ERRF 27T ELTHERTHERSICLE D, HNO, 2 NO; (p)
FREL ., BEBFOREFEAEY Z7OREL LT WIS TIINOG (p) 225 ug/mPlzsl,
HNOQ,#7.4 ppbici# L 217, kT =2~V FAL-EREL, UiidoTbN T3 7 4
g —EIZ E BNO; (pigBEiz, WRSEEHL, (DT -B L 2EY TR Ty, 10~ 1260 )
ET, WMTHREHBRERD 7 4 L9 — Lo 5 NHNO,ASG0%E L T b 2 L4 5 h
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4.2 HEXS |
BEARCBTAMEMNT YT, H,SOF FRIVEREFTSBREFERAL CRAEZX L, 5K
30 kmg TIR10ME/cm BT H 5 4% 30 kmih B Ti310°~107 B/cm® TR L T 519,
HNO 2 FHITI27.0 kmbl FT0.1~ 8 ppbvh 5 & STy, EMlick b e, FLAY
0.2ppbvBI TTH N, 0.5~1.0ppbvO B4 5 — b »7219, LR BITAMETT 2/ LD
BRI BIEF L7 (PO TEE,

5 BREAR

L 72NO3, SOUIERFBFRICL VRAFLLEIND, BRIARITHBEC L HIRICHE
LT, EnLIBRETHIMCLIBETLILORRY S, BIRLARERL 27 20k
Fof HECED, FNEFORTRERPLLRESNLINTHEY, EBRAEONEELSHS
#%, Sticking coefficient M {ENEH LHTH L, FI)vwiEEOEMET, Mh0E, Bz
BT AL NELY, FIIRRICINEL L nheREBEEIH LTI, B ML
Br3BFEIE, rainoutid fEMES A, wash outidkIT LRI FOEE L« HEREV LB TH ) FE
BERTHL. FM2RWE, MTPEOBEKPADOBREREL RS IR

BLEEARIIFSTLLNTH 2D, BEVHOBICHRYWEY SRIZEITIAA TV 0N
BUENTWE, YIialb—barOfRickd e, RICRLLLIIKE, FEIZIIHNOG,,
NH,, H,Q 7 EH B IHAATL £V, RAATATEF, S0, O;NEITRAAIZEND LA
RENTV 39,

ERFPANHBLE DL, EHEBLEMHLEOWHLAET L LHFLRTH B, BEA
FOMEIXE OMEFBTT AT, T 9H»EREN T2, B THEMELE HEIEL
BVOFEOBEEISRETITHRTVEY, FOBRICLLE50, NOsPERICHFET A
ATHLEN, LUBBOMNET - EELEEMTLILBEIGHLLNEEDbNS,

XEN
B2
©ERSKX TR, Ty
T
mia 2 a|, x 822 sanux
PLE=LE i L MOy, HCL NH-
it TRLR 7~‘_+“-—;Em— 502, NG:, 01
Na, K, Ca. Mgil N # #,0;, RCOOH
wEH R /g B ] & SShn
A T r]
L T
I ‘I" BT, B
b & - 3 I 3

H8 BEAKWIZETR, ZARBHORN AT ABEY
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KAPNEE > T v /v (NO3, SO7)

#3 FEEC & B ARWE OB LR

Fraction Scavenged from Gas Phase, %

t=0 t =30min t =180min
HNO; 100 - 100 100
NHa 76.0 97.0 100
CH:0 9.8 10.3 10.5
502 10,7 13.0 18.2
Hz0: 58.0 100 100
Qs 0.0 4.2 4.2
HNO:2 10.2 3.4 0.0

Liquid water content = 0.1gm™;temperature = 274K.
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Particulate Organic Material in the Global Troposphere

RoOWE
Katsuyuki [ZUME

£ &

BRI T 0 VILOBE - AR U - IRRRC OV THRBL 7, 2048
EREBERE TS 7 RIKEDIOBLLT, &x7 o /LB R0 10%RE & Hg &
1, ZFAUCHT B ABRES, HOE5E0%LT E BHL 5TV, LiL, SM#EL0
B, 7Ty PRI BT ABENELENT —FATREL TWAE L &%, AL
WL DT — S A D E L E D BIT, DAL ORIE S SRR T 555
B —F, HESHFTHANTOANEREE LTRESSTHY . ZRL0%EHHs,
WO T oV s EHARN L NAMEEEETEIN TS 2 &, BELOERIC L A
DRBHRATOBI L EAM LM SN T3, RIEBEMREIIES 725 HHFAD
THRO T BRI ED HRBE N T 5, TRELA~ENEROSRIE KT
ATy, SHLTENABNEWRNBRLIT- 22,

Abstract

The status of knowledge on the global cycling of particulate organic material
(POM) in the tropesphere has been evaluated. The literature is reviewed on the budget
of the sources and sinks, the measurement of concentrations and particle size
distributions, and the chemical analyses of POM. The total amount of tropospheric
POM is estimated to be less than 10% of that of nonmethane hydrocarbons on the
carbon mass concentration basis and to be as low as 109 of total mass of atmospheric
aerosols. 1t is also evaluated that anthropogenic sources have a comtribution less than
50%. However, these estimates are quite uncertain because information on the
concentration in remote areas are scarce and the emission data employed require
reevaluation since they are out of date.

While only lipids have been extensively analyzed as a consitituent of POM, the
analysis data have indicated that terrestrial aerosols contain significant amount of
aerosols emitted from plants and that marine remote areas are influenced by
continental sources. Field studies suggest possible importance of the formation of
secondary organic particles from gases during long-range transport, but results of
laboratory investigations dealing with the transformation are widely scattered.

1, BrAEWER Aameil 705 RmBIULIES W %1165 2
Atmospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Recommendation for the future study is presented.
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BRPRr—NTOEBHERBRL L) LT2RAMEFLENI LI E-TEL,
MNEBOABIT o/ ORME, ARE R CET2REL VL, W oramgeny
DR TITLN T3, FERTHRERY(POM) o AR RFRBERKE T2.2~5.7X10° t L&
HEARW, —F, 27 RIBKEDFZTHE0X10° tLHEFE ST, MNiEOLHH
Wz G2 POMOESIIMTO 14, THUT & R#EL L%, Haho®iz L 232 TIIPOM®D
SR EIITE~320X10° t/y X EH, £X T 2/ ORHEIZ1000~3500X 105 t/y & 2T W
ZVHT, HHRIT oV NIERERTI T oV LERONRBEELY EHE L0 EEL LA,
POM#% #E R (POC) AL THEE L - /HHEL SOBBREE R LICEY, 2, A
RHELmUTORTFIFLHIREZRERNESGLAL 2. ZNLHDEIE, FHEHIBEOHEIEH

w1 RFEEFUEBRFRMEOREIC BT 2 RBEE 2 ofHE™

flux (10%-C/y) dp< 1 um

Anthropogenic 30 ~50%
Biomass Burning 7.1 >70%
Marine and Fresh Water 14 <10%
Soil 11 < 2%
Gas-to-Particle Conversion ?
Vegetation ?
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(3VAMIT L DB L%, 2LBE oo 77 74 TED e REKIZT

L, GC&k5WiiGC—MSHETERT 5,

DEDNFETHLR TV E, 20 Z, GHRITAVLIEENEE2NELERAOEE - T
IEEABTIC OW TR e fThbi Ty,

F2D, Ny 27Ty PO T oy LIS A ABRKRBRENE LT, A4 AD
Jungfraujochd EE3600m 2 3514 5 M1 % B 1Tid w F 1L L 500m UL F DB T F— 5 TH Y,
THMETOE I ABESHIMTAHREEEL ATV R, T, BRTOT—FR3vTRLA

F2 BERUKREN <, 77T FlMEO T T o/ Mg E L5 A RF L

. . Concentration,
g Neher S
Location Level, m Samples Mean Range
HE
Northern hemisphere
Bermuda 40 8 0.29+0.09 0.15-0.47
North Atlantic 20 7 0.76+0.42 0.33-1.6
West Ireland 70 6 0,57+0.2% 0.20-0.86
Bermuda 40 8 0.37£0.23 0.15-0.78
Sargasso Sea 10 4 0.44£0.04 0.38-0.48
Hawaii 20 7 0.39+£0.03 0.36-0.43
Enewetak Atoll 20 3 0.89£0.27 0.73-1.20
Eastern tropical pacific 10 3 0.49+0.26 0.22-0.74
Barrow and Narwahl, Alaska (winter) sea level 5 0.8510.32 0.37-1.2
Barrow, Alaska(summer) sea level 5 0.34£0.12 0.15-0.36
Southern hemisphere
Samoa 50 9 0.22 £0.09 0.13-0.41
Eastern tropical pacific 10 9 ¢32+018 ° 0.07-0.53
Tasmania 90 6 0.53
KEEDFES it
Deuselhach, Germany 550 2 2.8
Adrigole, Irish Coast 15 5 1.5
Jungfraujoch, Switzerland 3600 2 1.1
Nonurban United States 28 22 £1.0 0.6-5.0
Nonurban United States (west) 14 1.8 0.9 0.6-3.1

Nonurban United States (east) . 14 23 1.0 1.3-5.0
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SOFRELE A & FoBEY
Carbon
(ng-m™3) Preference

Compound Carbon Concentra- Index
Class Number tion Range {crn*
{Range) (Range} (Range)
n-Alkanes N 21-38 0.060-0.40 5.8-2.9
Fatty alcohols 12.34 0.060-0.15 8-14
Esterified fatty acids 21-32 0.038-0.045 2.6-4.4

Fatty acid salts 1321 high
Fatty acid salts 22-32 0.11 -0.27 26-44

“Carbon Preference Index CPI k=20 Tis, XMt L,

HRRIC L, LA TaEHERT I Edgd 72, FEEN TR VEESETLALEHE, W
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CHCLTBS sy BRI r}y) BgTrv - (bi+ich+Hd)
. . BliEE o707 fa) ) ) @ b+l (@
TN v T (m} () fem?) gy g fg-m™) fog'm) (%)
Lake Tahoe Area
1. Sugarpine Pt. State 2085 7/78 2269 140 273 524 937 41
Park (night)
2. Sugarpine Pt. State 2085 7/78 2335 158 391 342 291 38
Park (day) .
3. Sugarpine Pt. State 2085  12/78 2250 118 391 862 1371 61
Park (winter)
4. Sierra Ski Ranch 2350 7/78 1001 96 150 229 475 47
5. Sierra Ski Ranch 2350 8/78 502 53 140 198 391 78
Mt. Lassen Area
6. Battle Creek Meadow 1600 8/78 586 492 80 204 386 66 -
Ranch (summer)
7.1 and D Ranch 700 11/78 2300 40 250 620 910 40
(winter) .
8.D and D Ranch 700 6/79 2790 64 212 1930 2206 79
(summer) : :
9.D and D Ranch 700 12/79 2360 106 300 684 109G 46
(winter)
10. Weir Residence 745 11/78 3260 120 284 1240 1644 50
(winter)
Others
"11. Barren Islands 5 7/76 170 14 90 n.d. 104 61
Kodiak, Alaska
12. Crater Lake, Oregon 2180 3/80 90 1 22 n.d. 23 26
13. SW Corvallis, 100 6/79 2400 234 243 958 1435 60
Oregon, Meadow i
14. SW Corvallis, 100 6/79 2260 385 676 840 1901 84
Oregon, Forest
Urban Los Angeles . .
15. Canoga Park 50 7/79 3320 178 245 2016 2439 73
16. Canoga Park {Santa 50 12/79 2900 320 217 1360 1897 65
Ana Conditions) '
17. Pasadena 7/79 3600 361 308 1450 2119 5%
W 0E o~ g0~ o~ T
F+4T2 0T — — — 1700 960 2200 — -
EHHA—AFIFNT - — - 16~80 30~110 70~380 - -
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3 BEAAPORBRFMFICOVT
The Particulate Black Carbon in the Atmosphere
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Abstract

The suspended particulate black carbon in the atmosphere is an impure form of the
element produced mostly by the incomplete combustion of biomass, and 80% of them
are emitted by agricultural activity. Atmospheric concentration of black carbon is 0
-10 ng/m?® in the stratosphere, 0.1-2 gg/m® in the background region of land, 10-
50ng/m® in the marine and 1-20 gg/m?® in the urban site. It has been thought that
black carbon would play role of climate change by both green house and cooling
effects. In particularly, the green house effects is more important at the high albedo
region like the Arctic. And in case of large scale wildfire, it has been well known
that emitted black carbon attenuate sunlight and then cause decreasing of atmospheric
temperature widely.
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Percent
Extractable in
Methylene
Sarnple Percent Percent Weight Loss Chloride Water -
Elemental Ash (N2, 810°C) and
Carbon Toluene

Carbon black

(furnace black) 98 0.27 15 013 0.90
Chimney soot from ‘

wood-burning fireplace 0.024 21.8 48.0 15.8 14.2
Blended éhimney soots

from domestic coal fires 0.36 24.6 52.4 356 19.0
Soot from “soot box” of

domestic oil furnace 0.83 53.8 43.7 0.64 507
Soot from small die;.sel ' .

engine 51 2.2 49.2 51.1 3.6
Urban dust 0.47 64.6 36,2 29 27.0
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Transport and Radiative Characteristics of Desert Aerosols
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Abstract

Recent researches on desert aerosols which have been increasing due to desert-
ification were reviewed. The main topics here were;

( 1)long-range transport of desert aerosols and,

( 2 yradiation balance changes caused by the existence of desert aerosols.

Results of some important studies were described and problems to be solved were
pointed out. The Saharan dust and the Asian dust or vellow sand were described as
exsamples of long-range transport. Optical propertias of the Saharan dust were
discussed as well as the vertical profiles of heating and cooling rates of the atmosphere.
Comprehensive and quantitative understanding of the desert aerosols is essential,
which requires three-dimensional and continuous cbservations and theoretical as well
as experimental studies on the optical properties of desert aerosols,
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The Effects of the El Chichén Eruption on the Stratospheric
Aerosol Layer
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Abstract

The results of lidar measurements of the stratospheric aerosol increases after the El
Chichén eruption are reviewed. The eruption of El Chichén loaded about 10 Tg
sulfuric acid aerosols. The aerosols rounded the earth in about three weeks and
dispersed towards the poles gradually. It is conjectured that a large amount of
volcanic ash was also injected into the stratosphere.

The stratospheric aerosols scatter the solar radiation and cool the ground, while they
absorb the radiation, heating the stratosphere. Some model calculations are also
reviewed to evaluate the effects of the stratospheric aerosols loaded by the El Chichdn
eruption on the temperature.
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Particle Re-entrainment from Ground Surface
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Abstract

Paticle re-entrainment from ground surface, may cause not only “Land degradation”
but also “The influence to global atmospheric environment”. So, the fraction of re-
entrained particle to air-borne particle, and the re-entrainment mechanism of particle
smaller than 10gm which is important on discussion of atmospheric environment, are
reviewed.

According to US Standard Atmosphere, the fraction is about 24%. But this value
must be taken “rough estimate”. As to the re-entrainment mechanism of particle
smaller than 10gm, it is supposed that such particle may be re-entrained by the impact
of large particle which is already re-entrained, and may be re-entrained on the state of
“aggregate particle” because of aggregate-force between such particles(this force can
be neglected between large particles). '
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L b o T, BaL D L ICFOB BN S UT v, i T A BE (Cultivation
dust rise) HERBTH LA, USBEARTIIELIZRT I 2P t/d:LTwad, L TE
DO E L TRV EToHidyb oA ¥ T3, £ 2 TCHidys o4 A4 5 &, TXE
DA OEBHMBEERR Y L TI0P~10° t/d, LHENTw S (KEDADETHERSENES
REHLTWwS A, BELERELE dERAWTWwir SR E I8 AR5 9), &8, Hidyb o
BT, ZOl0~10° t/d ¥ v 3 EOHH (BB SRR E) R X LT v kv,

LlEomats s, USHE#ASICE EHLNT A Eick HRVE, - TR0 o B3 5 tER
BB TOERE (/) - HEEM(d) - RUFOmME» LHBEENLFHER()DMlE, "85L%
NEE BECERTNETHLEEL L), LAV EEOMBIRY), MEED L ORPKLT D
KEREFERCET AR BE,TOT - FRBUSERRFC LRI TR, LizdtsT
TOEICBL T, SRMREETORE - RS ELEEEL D,

(&%)

B ARENTORMMBEENLEE L L TTT, #£2 HWBCETHETHRY
2RO BB THORTFRE O FRE HO&REFEOFGHD
18 ) ¥ SER A #5 T # 5(CEB#: (Chemical Element % & W | (%)
BalanceiE)iz £ 3), THERTO 58433 0% F — v 3.0
BEELLOrE-Twh, T FLTRER? &R S L9
BEEEZTLIWERG, TREELYODALBET . 8 EEFT 5.4
m%ﬁ?fi, i%ﬁ?@§%$7b"16~21%t ’.;T’DT\I‘ t&i)‘b‘ﬁf‘ﬂ 3.0
Be T 2.4

kS ic BEBRTORMBBEETE, KERD AR 3.5
WERWEN20~30%FEE 2 FBRTFH EH TV D, UL H(FA) | 18.0

S0 (FM) | 11.8
ek 21.0
O 100.0

—191 —




&5 2

3 WumllFolRFoREgEAHZXA

3T, MERPLRFIIEDL I L A= ZLTREFAREKL T DEZE501 20H
22OV TEEARIETI IS - iR TE)PBERTEL SICBEWT, H{HLWBENTEL,
Az 81T 5 2RbFED - B EOTER & BRI - Sk o T2 S R R RT AT T 1A RECY
EDBREDLDFRTHE, £ LTV ALTHENTE»LNLE 2 — DL BRI R hi,

L L ZN6DWRAEDITEAZIZRESRLumll LT A F (REBE~DEEBORBTIL)
FRETH), KEARBE~DBEOBATEEE 22T (B 2 10umll ToOR T | B
EBOMR) 2 ME L L 2HREIEHTL L, ZOLTGHRFANDG 202 BTIcBHML 2
v,

W0umB FORFOREE, TREFOL )R L 2BENF DL L > TR Z,0T
e <, BREICAHL 72 Ak F (Saltation Particles . SaltationldTE s> Fa vz w3 E
BT, MRED—FEETH L) 710umLI TORFIZERT2I L - THEIZDOTIA hvh &,
Fairchild & *®i BB O R, #EL T b, ZOERIIFHEE T ym, 0.8umdD 7L 3
ST LR TFARBARFFANLZ LD TH S, KT (77 28— 100pm, 200pm)r EFFL
Twdd, TLIZTARTORBEMETLI =T LHFEREN L, 1#HM-REL 20
TFROBE) D, KEFORFL L WHEESICENT2~3 I8 A LT & #Failrchild s iz E
AL, FREEEZT-70THS,

IOWEFWmUTOR TORMA A= X252 EZ 5 LTHRREY, LAL, TREKED
BECNAAKEFTRAZ N 2RER TORZETHE ) 2RELTwWEWSEkR+aEET 3
BEYFH L, LV IDIBRTrEFEL T84, BEAEL L3 ERFEO 457 (5T
Nk E AEEN-HRLLY  WEMNLT RICIE) 27, Be ok TicERT 5 TE N Okt
BOZHRICHE) JICHATHMNCE 25, THEZH0umT &L, FRLDKREVETI
BRXER, LD 3VRTRAENIXE, LEhNTv5 (BREMIRERTA L, EHERE
BT OMEBRELILILTEY, IENEEEFORBER ~AN - hbhbiLTw
)M,

Lidfo T ZTREE L T3 10umUToRTFORK S E L 218846, 7 umNT THR
SR THBE» S REL 2R TOTRECREDFEL, TumThE 603, BILTELE
WATHDL BN LI, RERBOBEITamE N T RE(TD w2 TH
BEwvizEE(Aggregate) LTV AN THE),

B

% 7 3 Fairchild & (3 CF¥SHIE 7 pm, 0.8xmyOREHEIZ DO TIZERL TZev, Lal,
LEDHETHT + AEI 2 THLMEBNEL 2O THA S ERES L, B2 5 (kPR
EHThh, RPTORFOBRKEEEELMEL2NTH D,

* VT, FEAOL AL AOFETHHIETHrLHEI N FRONES &T—kEF (Pri-
mary Particle) ) - T —K474E (Primary Particle Diameter) j & BRLK, W { D —RRI FHTH V(2
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T8 - BELTKEL - RETFRUFTORIEFES §TEERT (Aggregate Particle) ;) - T #ERE
{Diameter of an Aggregate Particle) s L1 41, STz BT L L, T kT 3 RAHR
DFFTHEER LN T KR (TH - HBFESA» ol XN RACRIIHFTHD LM) &
B NOMETH 5, BOLREI LWOTEL BT 2,

COL I EICEEL RS, BMAL S L Th a3, MESIE, ERREoMNE
Eo LSz T (R RO EEI0. 9um, 3.6pm, 2.7um . Ktk TRlE) & HEff S
47T, BRRICL IMESVELREREOR T £ L%, HMENT L 2= —THEL
2o R, RECKEORTOFESNRBR—FKBESL VT b REVI LML, #lad
—RBE.QGum JISER 72 (5 OHE, REKEOKFORBIEINTEAL TAFE
0.2, 0.512% L TH68pm RAEEHEBEEL 60um), 30pm{BEMEREREL 6lem) ThHh- 72, —
WHRIES . 6umN JISTEE Y 2 + (10H) O%éE, REREDETORBERKTE AT TAFO. 15,
0. 3424 L T A60um (EAHTEEE]L 59m), 18um (MITEE R 66m) 725 » 72,

L7279 CTHM &b DR », WERE» & REL 72T RECREBOHT 0 KB43R E10pm L
EkrasriEsND, L LEEIDIREST TUem T LB FHSPM & L THk (GE1E
LY, KEELYOL I CBMENTVS, ZOMES R FELCBHINL DI, RO
DOLE LT HEZE. s Tulwnik By,

OFRBEDR TRz, ST A RETIEHS L m TORFFEEL T3, FL
TEAPKEFCHBEN S,

QRELE ML 0pmPd ETdH » 2 KRR T LT REIFIZ) DL T 10pm LU F ki
2% 2300HN, TRXRERTEHAIZN S,

ZO%E@IZEL T, Kousaka s ONREAEEZ 2L S, T OWRIIIE 2 ¢ Disperser (& -
Ny Fa )= AT 4 A Xy €T — - BRI A0 F (EIE R0 . 64pma CaCOs,
0.31gm?Fe,0p + K iLiRiz L 2) %8B (¥ - EMENSEIIHR) 22 &, 38 1F
2E) BRI AT ED L SRR BT 2 A PNATRTH S . 4 (E 260um)
12CaC0s, Fe,O 2 ilfR a2 b, iz & ¢4 &z - CTREACaC0, T2.5um#A 5 0.95um
~(JBi#6.0m/s), Fe,0,72. 0um#r 50.95um~ (B #7.2m/s) # N FNIA L 220 FOMD
DisperserNVEIz L » LB - 12, Bl ESr F 2 ) —F T, 8EHCaCO, T2 5pm#»51.9
um~{LIEY B n EET0. Tm/s), Fe,0,T2.0uma* 5 1. 3em (LT 0 #har o EaE28.0m/s) ~ &
WL BIETH D, Z0ERY 5, CaCO,Fe,0,008 F3 7z & 2 KHT130.64pm & #0.31gm
Ehvg) iﬁ*ﬁ%r%“%‘(l,f L, KREHP TR D IEEIC 2 pmfEEITEEL T TE#EIL2R
SR NEEABEICE-EER DL TLHEITHEL Ly, EFLETS ), ﬂ%ﬁkéi%ﬂl{),am
LUETdH - 2T ois b RROER DA 510 E 9 2B TR TS, e Th
BEDKRBERTHY I 5 LV ORBOELI L » THBT o HRRER LTS 9,
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4 LTV
T £ & DT O REHT IR SR RS~ BT ST 3L b a— 31T T &
oo BT ZnZ EhERLT.

4.1 "TXRHPORFOFEEBCED 2REHTFOFSEICHT 2R

USTREEAR Iz, THERBME (/2 L TE)  TOTREPOR FROENHFERIC & 5 RE
BT (R L 280 A -BHME 0#F SR AHURTHE, w3 T—F#RENTEY, ¥
HWIZBEILL b, R1ZLEDT -SSR EANL LA LRNOEE S 20 BE BE
CEBITNETHY), $%OFAL  WEHILETHD LEZ L5, H BREADFG T —
FELUTIE0~30%RRE L BERS 3,

4.2 TW0umUTORTFORBEAD=X L6 cBT5HE

HFOME A H = X 2ZBIL T b HRTS - BETEL ENTHTHRESNTE LN
KAREADHEOFE R TEE L 2 20/ aF(FI AT 10umE TORF)IBEL TIRIZ L A EFF
RENTELT, Lot RELKRTEINRELLZLOWRBSTH D, TOLBOWRBD LK
NDZENFTZ LI,

(DumToRFoREE, (KETOLIBCLIBHEIZTOLOICE->TRILD
Tid%e ¢, BECREL 2AR T ERT 22 LICL - TRI SN TR AV,

(2RI TIa R F & 7, BFEOREN - BENCENICHRTH YV, TDzH10
MU TFORFOMEE E 2 2546, KPRBES TRE S 1L RE X RECKBEORBH
FRBEFRAPTUEINL) 2R ENERL A TR e L% v, BERAEL
FTaortRE WWEBHEZEZETAEE3 255, Lza- THEES S REL 72T RECK
EORF OFKBFIIREImL EA7A 5 b HES L, L LHECEKAPIZ10gm
LTOHIBYFAESFEN~WHEELFETE LI H|EFIS L, BEITELT (H
HERN DLz,

- MK F oz, b L BRI I0umUTORFIEEL TWT, K
SR TRMNEIND (ZOSICHETAHERIEEOMIB N BETH ) SBROTEN LS
na),

- ek it 10pembll EH - 2AKEP TR TWemBl TORFLEE5 LO5H T, F
NHAERERTHRMAN A (ZOSICHMT RIS LIEFEFRIZLZE, 20k 5 %
SROTEIEIZ L),

S TS Ll LW TEnArRECREI > Tyl s Ly, EEINEITEL
BERHEHET I, SHEOHEE - BEBHIIS I,
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7 ERBOTKEORBTREREICHOVT

Trace Element Concentrations in Snow and Ice in Polar Region

FEAER - FI S
Yoshinari AMBE! and Masataka NISHIKAWA!

E F

LS EEO L RO HERIT, TS AL iR B R BERR M T L To
At —TAEEL D,

BHEATAKPOMETEFUEL S 040B L P L2 — L RERUTOL 5 i
R E TA

TN— T FT, ITHr7TUORBEH T, TELORREEFAMCHEL T, #6BD
BCIBEABESRTEY, fioRTECLEUOBEED H Ly, R AICIIHROE
BB ATWEEALND, L LA 5EBBBTRAEN L ZAHAKAHROVEIZL
LIMBRSEILOMEL SR BLATWEWLEITH D,

SHIN LI EITAEKRBEPRANEF VY 7OLEEEIR2MC X2 THS
Jo

Abstract

Arctic and antarctic regions are remote from the industrialized region of the world
and the concentration of chemical constituents in the snow and ice in these regions can
be used as an index to monitor the global dispersion of pollutants through the
atmosphere. .

By reviewing several reports on the observation of the concentration of trace
elements in surface snow and ice, and vertical distribution of them in the core sample
of snow and ice in the arctic {mainly Greenland) and antarctic region, following
conclusion was obtained.

In Greenland, an increase of the content of lead in the surface snow, which consisted
with the recent increase of industrial activi;y, was observed. Similar results were also
reported for Cd, Cu, Zn and Hg in Greenland ice core samples. It remaing, however,
some problems if any contamination has occurred in the sampling and analytical
Drocesses.

In Antarctica, on the other hand, no distinct evidence of pollution in global scale has
been observed as vet. '

Many problems such as the effects of volcanic activity on the elemental composition

1, EAEWEAr M F305 BB RER S OERET- B 116% 2
Chemistry and Physics Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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of core samples, natural enrichment of trace elements in snow sample and possibility
of pollution should be solved in future.

The importance of monitoring of the components in snow in these regions is pointed
out.

1 %454

B, HCEEmRIE, TEEDHHHEA T Ty LR RPEE RS & R LE R
Twaiizd, ANEEHOREFRLTH TV IV THZ EE - TIv, I3 Lo, 3
EDNE AL TrLEaRBWTARMEHEREL LT, Lo EndBEIIRAs LKA
HLWEEFRL TTbI S, BHURISN 2 A E{ OERDEIZEL THROy 277
bt e EZ T L, BIESTHRANDZ LR T O BEREERS BRI TWEIEE
ERTLEE-TLBETEV, Lo T, s HBOFROKEI>WIE=F—T52
SR HMEE RO BRO L TRERLRED—OTH B,

T, BHBOBEEROXES 2 TW3ERKICEIN, EMBETHICERL,
ZDEBIZOWTHEE TITHhRREREOPEERL, £ OREEricREIZ W TOMR
HEBMT R, BIOKRD 2 TREROBRBTROHESN & £ KT {RBOEF L
TamRERL, MESHLLA T LE2EHRL.,

SR E L THEENFERAERD S, EERABRCFZ) =72 FERY EIF, wind
AFNBERLXBRICE TV LT, LTLLELELNOTIR LY, Fio/#IiC L SHRRED
BlEA L e H L LN A+ U LERRAAZTh U r o LDTHERTIRE )BT Eh 72,

2 EEAKECLFUAIESHOMBAREE

198248 E23K BB ) B2 A E IR ) A THEBEFB CRRL 2B 2T ENEE
Baratfr L eERERLICRTY,

BMiEOHEEE kBT 2 L, Na, K, Ca, Cl, SO S E4HE, Aristrainb?iz L 5
BB THOEOREELILIFFEET, RBESOZAND20~50FE % -»Twb, —FHAlL Mn, Fe,
Cu, Cd, Pb%oiBE 22 Boutrons iz & 2 HER TOREME L ITZFE L L~V THD, L
#LhuMﬁﬁ(%wﬁ§ﬁLtoNa%géaLtﬁmm&muﬁ¢6%%%&uB,Mg
K, Ca, Sr, ClI, SO iz wiild LIS, TALTHENEL L CHBAKERTHL Z LIRS
M. FRTRRIZOWT, AlpHEEE L 2R EE TIdFe, Mn, Ti, Mg, Cu, Ki1l
E EERBHTOEESTL L, ZhicktLin, CuldvwFhofkEb0L &<, sl
B, HHnIIHBRTBERABRNDFLEITRIN,

Boutron 5 Wi B AR SHOME TERBOERS, BEHETICHT S DMERT
v, FORBICHELTEEOBITEZT- T3, FlE L TH 1 ?»Dome CicbiTHERRER
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#1  EEBRENEEC 5T 2 ThRaiRE(pe/ )
(Nishikawa ! iz & 3)

Tottsuki cape 5.16
(28 April '82) (19 August '82)
dissol. insol. dissol. insol.
Na 490 <02 4308 <02
Mg 61 0.21 52 0.27
K 26 0.14 26 0.21
Ca 20 0.10 17 0.23
Cr~ 850 - 760 -
SO 120 - 95 -
B 0.42 — 0.18 -
Al 0.34 0.75 0.75 0.86
Ti <0.009 0.19 <0.009 0.13
v 0.031 <0.002 (0.009)| <0.002
Mn 0.023 0.009 0.019 0.012
Fe 0.22 0.70 0.53 1.8
Cu 0.065 (0.004) 0.080 {0.004)
Zn 0.34 0.015 0.90 0.022
Sr 0.35 (0.001) 0.30 (0.002)
Cd @001y <0001 (0.003) 1 <0001
Pb 0.046 <0.02 0.090 <0.02
% 7 7
h- P
o Showa Base
40 Mizuho Base wg/
. ¥
d‘a“ ;

South Pole Station :
a 084

by s
oy K
= : o.--"'"
' so ‘
20w

—o Byrd
Domea C
2"‘ veee
|~ D80 %"N
Q 400 800Km D4l
uP‘ . . Dumaont d’Urville
/ 0

F1 BRI & B
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DITTRA S, Db i3 AL TR L 7225050 EORBOMET — 7 % L & 1= 85 BT % 17
v, Al, Fe, Mnld 30 TRBETH Y, Na, Mg K. Caliifis b 0Mlhiz & - T 2 ORI
SR B BT T A D, A 5 500km T £ TR BB A R sace 1L E D W
Tl KBERIE® L OFEMT AT L 1L Pb, Cd, Cu, Zn, AgidviFile b B -r—
SRR L B L L0 SOV TRABERED b, (LEKRI L 2 HETED LD
BRIER, BOLAE, Kl BEEETOBREE V-2 BROT 0 LRI L B RS B
Twd, HRIBEIZOWTE, Weissh™2L 772, 71— F7r FOFBOMERIZE TN
FOREHEIEHL T3,

#2 mEXEDome CL:HHé'—ifi-*r’ﬁ)ﬁiib}?%fi(Boutronf?S))

' Standard
Element Mean, 10%/g Deviation, 10~ % /g

Na 18.8 58
Mg 2.49 0.69
K 1.39 0.87
Ca 1.17 0.31
Fe L12 0.57
Al 0.97 1.04
Mn - 0.018 0.0056
Pb 0.028 0.011
Cd 0.032 0.034
Cu 0.027 0.021
"Zn 0.058 0.053
Ag 0.0053 0.0025

3 )= F o FRULERBOSKPOUBTERE
Boutron” 5 {3 7)) — i T v FRRE THEEE D L EIZE D » THEWkmz 720, Sho
MBERSOBESRELL, B2 T L) KBEIIFRFN, Na, Mg, K, Ca, Fe, Al¥
1 ~20x10°g/g(ppb}, Zn #*500X 10~ '2g/g{ppt), Mn, Pb, Cu»7100x10-'*g/g{ppt), Cd,
Ag#10x10-2g/g (pptyIEE A L~ iz % Y, Na, K, Ca, Fe, Al T&E <, WENTR
% B M AR L 12, Crustal enrich factor ({X/Alsnow/{(X/ADcrusty B Wi noTHRizow
TLMEL A HETEREL, A0kmfMETRERESRLY, (K3)

IO REARED SEALBEORRMTREREIPRRICE 222 LI 0w TR
5B BENE D b b SN EFREO ST 0 AL RS LML > THRATH I 21
EnT, HEVIEERARICEVKAROIETF LT 2/ AORKIZ L BT A A S E RS
DPHENDICHE, THL T 2L, 2HYDHPOTHERLHIT TS,
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ior-N¢ \_\_”\
M
ok M9 »/"—_\o/‘\’

-9
979
N
Q

Concentrations 10
£= 1

Ca
1o
Q -
20
lo[pe V\\/,_,
4]
20 A ‘
10
[+)
400
Mn
200
4]
E-cOO-—Pb HA\/'
c,‘200()"'
™
'c 20fc4
= 1op
2 o0
£ sofcu
2
E b '
WOag - 4n
Q
e =00 ,,,_,4.——%/\-
o .0 -
o
1o~ Ag ‘o/o—c_/\
o 1 ] 1 L 1
2] 200 400

Distance fromthe west coast (Km)

M2 70T FERTRBEDKEH D
{Boutron 5" k %)

Davidson & @t 7)) — > 7 FE#H O Dye- I AR THERE £ 2L, E30FRR
2RV, BERFTIZ DT wTFALBoutron s DR LIIIZRERIL A —F—DETH 2. #
bizzhk, BfFTL T RGN FORAEL P LETHEELHTEL, RREFRNOLEI L
dry deposition?# 8 £ F 1T F W EL TV 3,

L Fiz o Tkt LN ERANHThoETRIZ 2 TOMart O MiTE Y &
BiFEL), ToRBREIV—v T FNERTOMERR L ~TPb, Cd, Cu, NivwThil
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[lelo] of

coas!

200

¢ 200
Distance from the west

{Km}

j 50

150 Zn

40001- Ag
2000
o |

0

200

400

TV = 7 FERMTRIZ IR » 72 F Tk o) sk i (2
{Crustal enrichment factor)¢>47#1 (Boutron '-':"i:vct %)

K3 7 —r 7 FDye-3 s fHiEic 513 %iﬁ’*ﬁ?i&lﬁj@avidmn%“’] & 3)
Ag~Znl¥10—'2g/g Ca~Tilx10%g/g,

Ag  As ¢d Ct N Pb SO In  Ca Fe K Mg Mn Na Ti

18July1978 36 94 12 6 5 150 219%10° 280 <095 073 0075 038 0015 54 <0002
(fresh)

24 July 1978 — 19 11 40 <49 140 I80X1F° <210 B4 76 060 20 0063 14 013
(old)

TAugust 1978 — <37 78 57 <I50 76 120X10° <580 87 <16 011 043 <0018 56 <08l
(fresh)

. WJmeld7 12 <16 17 3% <230 & - 140 10 088 020 031 0015 18 0l

(fresh)

24 June 1979 12 <2 <19 28 <180 120 - 4 38 073 076 0062 24 018
{old)
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#4 BE LOFTRORETRBEIBOEIA Mart*io £ 2)

Cding kg™") Pbingkg™) Culpgkg’) Nilngkg™) Coingkg™)"

79°34NO4"43'W — — — 13 <5

August 27, 1980 05 16.0 15 — _.

0.6 201 25 — —

I 0.55 18.0 20 — -

T4 NOTI0W 0.3 10.0 — 2 —

August 28, 1980 0.4 17.5 -— 20 —

z 0.35 13.8 — 23 _

T9°5FN09°20'W 0.4 10.3 — 20 _
August 28, 1980

8014 N13"01'W 04 125 10 29 <5

August 28, 1980 0.3 11.0 10 — <5

0.2 8.2 10 - <5

0.3 10.8 10 — <5

- - — 16 <5

x 0.3 10.6 10 1% —

0.08 1.8 — 42 —_

BI43N0O3"3I'W 0.3 128 10 _ —

September 2, 1980 04 12,5 10 18 <5

0.3 13.0 15 - 93 —

- - — 18 —

x 0.3 12.5 — 195 —

. s .05 06 —_ 94 —

80°47 NO5 08'E 0.4 14 —_ 32 _

September 5, 1950 0.5 16 — 29 —

T 0.45 15 — 27 —

80°00'NO2"3I'W 0.3 114 20 — _

September 6, 1980 0.3 12.3 15 23 _

0.3 13.0 10 25 —

0.4 18.1 15 _ —

- - - 40 —

I 0.3 13.7 — 29 —

s 0.05 3.0 — 9 —

FreZh D {Ev. 272, MEROTEOSTHR L HH LT, ThlsBgr, SREMKOEL
CETEHEMARIBIEETRL TV A, ‘

BB THLIT O/ NEEORST A LB L -5 s L TRahn itk 2 4 Db B (%R D Je
oI FDBWEEOREN A H =X AMEE L TREL, Z0aEWEORM OV THER
THRICEETHAZ EEEML TV 5,

4 EERRUKKOIAFTH > TAhOTRREORN
%ot%ﬁh#%@&ﬁﬁtf?ét?@%éhu,CﬁLh%ﬁHH%:&&(*K%hc
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%5 TIAH NU—jtBITLIT eV T ROTRIBE L S BERR
{Rahn /» 19zt %)

Aerosal Snow
Concentration Concentration
Element (ng m™3) EFerust (egr ™Y EFcrust
Na 770 74 144 159
Mg 160 21 41 6.1
Al 30 1.0 26 1.0
Ca 55 41 100 8.6
v 0.65 13.0 0.086 2.0
Mn . 112 3.2 0.7% 26
Zn 14.8 580 1.16 52
Cd 037 5,000 0.047 730

Hg <04 < 14,000 0.011 430

TTELHRPKTOKICIIBRICEMIBET LAPEIREFINTVLHZ L fFd N5,
HORMMERFESEH L 2T, BEORKOBFEORSE LML Fr00 i b, BIERE
DHFEHFTENT 2T H 7T E W TBREEOBEL AT TH 2 LA RRICE Y, Bk
FOTECOREOHHE ORI LN, REFROBEFICLAZLOHL LBS, 2L
BHEd b, BHBROKEO T 7TUROEBRENVMEV Db TRALNL TS,

PN —wS e F(H4)DBREO a2 7TH 7 ILhntBENSMFERE £ &2 Murozumis®
CEAHREES)E, FECBITARATOHIC L IFHRFEREIICE TRATYA I EZER
ficmt e LT, EELHRTH L., STOMBEHLLB00FES 5 T 22 EA L 19505 E S
LBEY EAZRLTWA, I, SOERNTEERENELE BB L TED, 20
bR AROHHBFROEETEMETRL T, Ngb"ME B LIZEW 2 TH 7 onT
FHTHUELOECKFNBEPRET 2L NREN Ay 7777 VIBERHEL T, L
DFEREERTIER YT T B,

—¥, Weiss5 2 77— 72 FOKKOBGOESFIHL T2 a7 H v 7 FnERG 0%
Fr&ATv, BHEEH ) Mz, (LRBREDBEICHY - TS0 ML Twa 2 & %270,
B 54i28h, Cd, Cu, ZnFnEERIHALOBEME L > T2 2 &2 LpcL2(FE6).

Appelquist 513 7' Y) —> 7 3 F O Cretefh i TH#20055 DRTD 3 T 2 7 i K il E
SAEFUEL(ET), 19BFLRETH L»> T ENFINL~NUnEIZ1TI0ERICLHEA T
B2k, THRIB3ENT A AT F LakiklOBROFBEHIBIGHE L >WTREL, -1
A0 KT OWTIRRON P -T2 EFRELTwb,

BB NEESLKEN 2 TH 7 vic t ARHAMERORE S LT, ERFITOPOTIZ
Aristarains? & DHIZ & 3 MEAH B4, Z I TRHRERSER) Eo L0 E HH B,

Petit & 203 Mg BB O KR 7 &8 3 TGOS 2 18T, BHKHIRM O M- HRF,
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EEBAL - R

#z6 7)—r T FDye- 3MEIC BT AKRITHROMBTEBENSH
(HAF : ng/kg) (Weiss 51810 L 3)

Time of deposition ’
Sample Year  Season Sh Hg Mn As Cu Cd Zn

71-1 1971 Summer 12 51 329 10 162 573 1090
71-2 1971 Spring 11 49 91 19 134 450 140
71-3 1970-1971 Winter 12 38 16 217 293 600
71-4 1970 Fall 55 45 557 22 1020 1380 2140
70-1 1970 Summer 48 32 306 30 625 727 1170
70-2 1970 Spring 47 54 335 38 955 411 920
70-3 1969-1970 Winter 29 70 225 9 5120 457 1400
70-4 1969 Fall a1 71 784 22 841 609 1390
69-1 1969 Summer 24 73 187 13 415 1010 420
69-2 1969 Spring 17 55 73 5 244 539 620
69-3 1968-1969 Winter 25 b4 152 27 2500 n7 880
69-4 1968 Fall 30 43 219 15 16700 834 2270
68-1 1968 Summer 10 36 104 7 1920 745 750
68-2 1968 Spring 21 41 250 35 1480 656 670
68-3 1967-1968 Winter 42 31 228 34 1880 547 860
68-4 1967 Fall 8 3 113 21 165 511 220
67-1 . 1967 Summer 21 29 200 12 224 674 2870
67-2 1967 Spring 40 37 188 22 523 595 800
67-3 1966-1967 Winter 84 62 228 28 1360 709 860
67-4 1966 Fall 48 51 173 2 653 740 860
Average 34 48 250 19 851 639 1047
423-428 1915 25
475-482 1910 16
527-535 1905 86
575-582 1900 18 78 3 153 144 960
677-686 1890 12
782 1880 41
991-1001 1859 . 30 290
1188 1840 48 16
1203-1207 1839 5 70
1295-1308 1829 <2
1521-1535 1807 <2 180
1572 1802 40 ’
Average 18 52 k] 153 kY 375

Al, ZInF o BEFBEMEL D L2M5HE{ B (R6) &35, ToRBRBEOARIZOWT
BELNLAREZHELEEZEN2HRAAERYTEC, LAVRRLTWRBRITH 2 LH#FE
L7z,

—%, Boutron& M2 @R ABEOEETIZEN L Ty 5 120005 LT o W B K s o i
Bl AEL, RAENENHESENE-Tw T2 2R LI,

SELPRTATIEER, THRRL AES 2MnnKka a7 P haitz g 2 EL, 88m
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B FRPHFRBTRBEIZOWT

#F7 FN—rFF Crete(CQ R FDye 3 DU BT 2RI T 7AdhD
ARl (Appelquist 5912 X %)

Time of Mercury
Site deposition (ng per kg}
C 1971 9/13*
C 1970 7/10
C 1969 11/12
C 1964 16/10
C 1960 12/12
c 1957 11/12
C 1938 12/10
C 1937 6/8
C 1936 2/3
C 1926 6/7
C 1913 14/15
D 1905 {4/3*
4/7¢
8/8t
b 1902 [6/5*(
C 1786 2/5
C 1785 3
C 1783° 4/3
C 1782 5/2
C 1781 5/4
C 1780 4/5
C 1779 (12)/6
C 1778 {6)/5
C 1777 {n/3
C 1776 5/4
C 1775 4/5
C 1774 13/8,81/14%
C 1773 17/18
C 1772 11/11,7%/19%
D 1727 8/3/3

* SHROATAL 2 AR DSIEN FNFRLERY.
t R EH ORI OV TORIER
TEBHET L TATH TN T

{ Y e-oaiksvRIEHE

UFTu&m%yg%ﬁ%m?&ﬁwgmﬁ%%fw&#,%@%mm%mowfu%%#T
L, .

ZFBTAMENITH L 7LOMA» WEBOBMEIZL Y, EHHMOEEICERALT,
Lm@%muﬁﬁ#éﬂmmﬁg3mm§¢m&LPuzmrhmﬁﬁ%MﬁL@HL Rl (I
TEA, TS5 LEHE 4B TLELWERLTL, TNRAREFOEELERTE

207 —




TERE -t - 7R

0 QM) § NaWT 0 % 0 0 30 Q03200 300400 %8 -0
[’T ||[_,|l'l|’|||i

1077 goerg }lnlenuity fL.s)

A L

T.T
1072gpera] /10°? g perg

Microparticles

Chlorine Conc ian(CC)
1 141 1
Qo 5 00 150 200

Aluminium
LIl

6 [t Dome CHLEICH T 2KK 2 7 h Ol SO HE 54 (Petit 522 L 3)
(a3 Y EL A 5R % (Light Scattering Intensity) Tk L 72 BT HREE, bl o2 —NF—AH 7 v ¥ —

([CCHTHREL 72 F1grh=£1R0. 4pm Ll boight 75 ($1{210%),

LakEwE L7,

EW A TI028ED, L1977 £ TICHE L - 2 TE I > T, Boutron¥{, Na, K, Mg, Fe,
Al, Mn, Pb, Cd, Cu, Zn, AgizowWT, EFLMET 2RO LT, £HEFNDOTHED
BERFIMEE AL AL 2(HE, 9). Phiz 2w TEI960F LG I E T LHDA LA LD,
D TE 2 TIRIFENZ 5 LoEmiEa sidd -7, Pbo LRENERIZ2WTIE 7o —~
Wl KRB ROERD, FiLE L19BTEUE N Amundsen Scott o 3288 1c L 5 by 5k
PLLRGwELTWE,

#i3 7z, Dome CHImIZ 45 TIBB0ELIRNEFN 2 TH > 7 D2 TEB L ME 21T -
Ty, #@He LT, INLNBERTOTRBERIFAALD LA LA —F—ThH > T
EDTa—r L ERERHENTVWEL, TDLAKUEBOREBII L2 EHFEL 2 L2
L Tvh, 25izBoutrons ™, ATHCTARKMICALNABNEHLINRELT, 27
HFNOY TN FicBitear s I A—ra v OEREEREL (BETL, BEHERICAS
H2BELE L, REAFROLHELBICHETL 2 toBELEHL TV 5,

5 vt
BHIZO ERTOTERIZ OV T, HERAEOBEFRAER IR, LALSER, 77—

YO FTIRELDEBIH BB EAFRICOVTHFETLEFT-TIVWTHL 5. L
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CONCENTRATIONS (10 g/g)

M8 WSS BIIENITH L 7L NELRSREOLE
{Boutron* iz k %)
ST RO RIEM .,

L, BEXETEHENE A, KEBEROBEISIHEEFIRNLGIIRE» T wEE2TL
WThHDH5, Ll sBaict-TiRREILATREIEL LNET -7 LB TEY,
43 LB TS 2) 7 OBERIFTEIHMOL T3,

Tk ulE FRIEL T, TREBEOERANELITI ZEAERCL L, Ry
T, MELLARENEBROREIRLBELT—vN—2L%4b, 615, TV KAFHLLE
BzlRDAEN, HTT270wR, BRESH,LAAELEL COBBA~OYHE RO BE,
(o dLER D b BRIRAOBEINEE ¥ 2 DBEBOMREL S OREXFTET 5.
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VT DWW T LB TORRT — 2 23 Lo & T4 BHME T~ 2 A8 H & bl o %
Vi,

ITH TN EVBFOFRLTEEIELALY, ZHE20TL2 L% AETOH#
BETV, TNFNOMNEEZ L TO(LEXFRDL, Z2I2B0T, KUESHNOEEOFEE, £
nNEReeEROPRELEELREL 45, '

R PRI L 72 - TR REBORBHTIZE L T L &E0RME»H 5,

BMA~DT 7L A0EHER, Bip, SR LV - LAREMT eOEEORENE, Hh TKRBE
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ELRLVCREIZE - T, TRLERY, WAWA LS oBRPERLADICANRET2 2
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1 WMELEHOHE L KK P TORIERR"

Emission and Atmospheric Oxidation Reaction of Sulfur Compounds*

Bl AR
" Shirou HATAKEYAMA!

g F -
KEhOmEbat SO,NEILEH, COSRUCSNAAFNMEBRI-S 2 5%
5, HESELSMOBILEGIZ > TR,

ANTED 5 OSOHEHBIZE 2B L, 200051212 #100TgS/viz 2T 2 v s EbiL
B, LHPLSO,nBRGIMIATHE b LT, HEICEWTEICE+~HEpptd
SOHEELTWENT, PAFLANT 4 FIDMS), x8Fd—i, P 2FILT 2
N7 4 FPEESELIRET L e E N, $7-DMSOSERIT R TI0TES/
y, B LTeATgS/vEHEEI NS, :

BRI SWIOHE RIS L TS0 # F ANk B (MSA) 2 T2, MSA
(3% 7:0HE R L TS0 £ % B, '

L B i MR IEE T 5 H, SO F12C0OS, CS,mEfhiz L~ THLdLn:Bbns,
COS, CS;m#Fmiz 2L 1%, 0B EHEEFEIRTEY, FLRENTIRCOSBEIITY
0.5ppbTH B,

Abstract

Emission and atmospheric oxidation reaction of sulfur compounds are reviewed.
The is review describes the emission of the sulfur compounds, the oxidation reaction
of S0;, the contribution of COS and CS; in the atmospheric sulfur cycle, and the
oxidation reaction of organic sulfur compounds, The anthropogenic SO, emission
will be increased to about 100TgS/y in 2000. However, since the life of SO, is as short
as one day, it is pointed out that the emission of dimethly sulfide(DMS), methane-thiol,
and dimethyl.disulfide from sea would explain the 'presence of sub-pph of SO, over the
ocean. The emission of DMS is estimated to be 40 and 64TgS/y on oceanic and
terrestrial surfaces respectively. The reduced sulfur compounds are reacted with OH
to produce SO, and methane sulfonic acid(MSA). MSA is further reacted with OH to
yield S0i~. The pi‘esence of sulfuric acid aerosol in the stratosphere even in the
absence of volcanic eruption suggesis the emission of COS and CS,. The life times of

*EWIEL, RS, SE)EEICL TMBEEL LTRSS,

1, EZaHWRER KRS T305 SRR RKET S HERE NI I16% 2
Atnriospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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€0S and CS; are estimated to be 1.1 year and 10 days respectively. COS has a
uniform concentration of about 0.5 ppb in the troposphere.

1 F

BELAWL, NOKRAX L7} LA TEETAAFTRBWETH), S0.m & ) LAMKRK
WHELTH, BESHBEN L) 2RFRPE L LTLARORBE~NERE, RERE, B
BEY~OHEL G2 2THEL S 5, TIORETE, SO,NREEEOMICBRILRIG TER
TOHBORAKIZLL2EHE, bW LEMERL L 226 THEBOBRNLIC & 2 fEOTERESL B
ROHBHEFFKRELHSMBEL L > T b,

BRELEWOBEICIE, ARBEHEIMMICAURPERFLZELHE L TERREROFS LK
B, AHURAFEMNEEELL ) A TLHENHES L +0ZE L TR Ritsr S5,
4 - EH  ABOBEEIRELUTNETL LV, FRTRECRE CEHOBRERIIOWTHR
Bva,

2 HEtaMOATE~0RH :

B EHNEHBCIIABHL LN L, RBROLDEDFDH B, FEHZERANIESOH %,
FORUBBYFERBML TWE I LRBENZ ETHE. B 1iIZizMolleric & 5 RiEL N #9R
LTd B, FEE0004213100TgS/y(Tg=10°t=10"g, S=HE) i 2T 23D EHEENT
v, F1ICH, Molleric & 321973~1975 105112 I — 0 » BT £ ) # ZEH SO, 0
HBEBITFZ, 260 boWRLEPFRYPABEVLAREOBRECLZLOTHN, b
TRt RBERE I NICNb 5, '

%, ERRSHORRAMEINE THE VEEI DA T Wb of, LiL, HAD
FE BT AHRL L, RO THEOHMENL 2525 L THRRD L OMBEILEM SR
LBLWHHFETLZ AL - TER,

FRERROLMEODHNZNHR LD LO»LNEHTH L, 0 & 5 LFHHIT1960F
RO LEHLNT V2D, TOMIIEERIIRELEIRESNTWSB, H21F, Eriksson?
I, KB, FEMOmELSYoBERYHEL, 280TegS/yOmE»&Wistic & - T&
THREN{LEWE L TKREBIIREERTWE L ERL -, ZOERERCHES L ABE
FENSO0, ~40TgS/ vy TIEICLET A HTH B, FOBRE2IITL L S5ITv{ D20 B »H
E£2h, BRR» LOMELEHOBRBEORML D L THEEZIN TR V25, wTFnizlLT
LF—FZ AT ABRICHEE AT BRBILEWE0~T0TgS/yic L L iT I icg 2 3
BORER{LSWFEHRRPLEHMEIN TR LEZ LN TS,

Fhg3MIRLAL I, dERTIE AR TREA S VY, BERTHEENCERREE
BOREFKEV, TRHEORREROKREMAWREIZL £ F 0207 4 F{CH,5CH,,

— 216 —




WELEmOHH & kAP ToRERIE

100"" ,/
’I
— /
/
2
- ]
B Global
> 50+
U) .
2
B Europe
| | L l 1 I 1
1880 1920 1960 2000

M1 SO:niHEOBESE

F1 BN, LKFEEIC B 51973~ T5EDSO MR (TeS/y)

Literature* -

Europet 25-30 1-6

socialistic countriest 16-17 3-5

capitalist countries 11-13 3-6
USS.RY 12-13 3-5
US.A. 13-16 4,5
Canada 3 5
UK. 2.8 4,6
GDR 2.0-2.2 4,57
GFR 1.8-2.2 5,689
France 16 4-6
Italy 16 4,5
Poland 15 3.5
CSS.R 1.5 3,5

* 1, Semb (1978); 2, Meszaros and Varhelyi (1877} ; 3, ECE-
Report (1975) ; 4, Brodskij (1977); 5 Barnes{1978):6, OECD
(1977}, 7, Moller (1982) ; 8, VDI-Bericht (1972) and 9, Uber...
(1978}

t 76 % of total SOz emission of the US.S.R. lies in the.
European part (Danilova et ol, 1977).

1
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#2 KEP~OMEILGHORBEDRREL ) (TgS/y)

v

Biogenic Emissicns

Vol- Sea- Man- Sub- From From

canoes spray made total sea land
Junge (1963) 45 40 230 160 70
Eriksson {(1963) 45 40 280 170 110
Robinson and Robbins (1972) . 44 70 98 30 68
Kellog et ai{1972) 1 44 50 89 18 71
Friend (1973) 2 44 65 106" 48 58
Bolin and Charlson (1976) 3 44 65 3 28 3
Hallberg (1976) 3 44 65 37 34 3
Granat (1976) 3 44 65 32 27 5
Garland (1977) o 44 70 152 46 106
Davey (1978) 10 C 44 60 86 26 60
Cullis and Hirschler (1980) 5 44 104 98 50 48

H1

3 Abdrk e BRI BT S RELSWEUN R O E(TeS/y)” -

1976 1976 1976
Nothern Southern
Sources Hemisphere Hemisphere Total
Natural 3
Volcanoes ' 19 2 5
Sea-spray 32 25 -V
Biogenic (land) 22 16 48
Biogenic (sea) 28 50
Subtotal 76 71 147
Man-made 98 6 104
Total 174 77 . 251
Man-made ‘ '
% of Total 56 8 41

DMS) ENB T RENEBIRELEH THLE LEZ LN TS,

Bty 775 RSO AT b 2y F A OB LR THE, K
FEERATERE X Vo 2 KEORLNEN & ICEEHD O F BN R TIZ R b D503 E
PG (SO,NKEPTHOFEFIZIHBLUTTHAYITTHY, 2i#KIIpH 8 DiEEELD
TS0 PEEBE, CRRENDL I L ELSNL Y, TR LA D LY, IO L) HEIC
BWTLE BT~ EEppt SO FEHE L T B ZEHMESIN T2, LA -T, BEH
b by B & 1 R TER OB (L B M i L OK AR CRAL S N TS0 BRI L T b b ® 2 &
BERL.
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WREL&HOEE & KAP CORILED

72, BEOBTFIZESOF A A2 G N T3, BANSOF /Naro (BRI 120.25T 4
LI EHMENTVEOT, RFICBITB508/Natlen0.25Th L+ R F L KO Rk T
HHEHMEN L, Bonsang 503 @ AFEELIC BT, BRALAIC L > GEFXNLAETFOE
BOLGCHTRTLEEL, SO /Natlh# gL 2, FOMBBIIR 2R £ 910, HEL2
pmbl 0K E R T TS0 /Nat i i3120. 255 Dz L, AT E 2Tz B nT
ITHAIERICRE( LA EHhiar, ZORMEE L TBonsang 5 i1 LSO, 2 B{ban T
e L 7B v URRMEO TR £ H1F, SO, ORISEME & L T A & 1M S N 5 REHRED
HEIbaWh h B L L1,

BIIRERRD S OB SYHHOEENETH S, 2L 5 ZMERBELE B EOTH 4
LEEH LN TWS, BrLRAETICHB S A2 FHEMBALAEYH{EICDMS) 124#40TeS/y
(36~56, 38.5TgS/y)™ERML 6N TV, 2020k 5 DMSHBAF B OBERTH
BEEZLATHEY, B LORERLFIICRLAL S A BEBLACTHEEN, 2B
bR E LT ~64TeS/ VOB B D 51T b,

44z, ik, Moller'ic k - TRHB 3 M, £PRENHALEHORKTITEIT L0

D2 D3

SOZ/Nat
W~ ot

F54321 F54321 F54321

L Average

07" /Na*
o N — o n

b

*{q—‘—‘—‘——’—.—‘—’—# ‘-i
F54321 F54321 FS5432]1

Impactor stages

2 SGEEHLAIT By A0S0 /Nathe
7 47— F, <0.6ummstage5, 0.6-1.2um; staged, 1.2-2.54m; stage3, 2.5-4.2pm;
stageZ, 4.2-9.8um; stagel,> 9.84m. D@5, N: %R, Average: & ENTFHy

— 219 —



&l S ER

E’ﬁi-’a‘u

ok iz, Hi¥ - BEOERY L EWEBIZL - TREX N3 BLTREOBRWILE 23
KM R RS HOBROP TR L TV 3 RADEBRTELWEIYEEL LD THL L

LN e AN

stirrer motor

luc“é teflon bushing
gas in= o= gas out
-—_i N
lucite
cylinder
| teflon
25.4¢cm battie

:ef[on

inin /

9 teflon tefl‘};n
shaft stirrer
biade
f———34.3cm ———
GC
rotameter
pressure
gauge
S v
/l humidifier recorder-
Ny ground
cylinder tevel

(3 s o0 E e BOMBITH G LN %E - 2 0RE
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RELEHoOKM & KEPTOBRIERE

3 ATRPEHIMALEMORILARE

3.1 SO,0B{LEI

SO, nREHICE T BR{CRE T2 DEELMET S h LR L 28-S HREE, EHFD
KBPTORGATENFLICHETH 3,

PSR TIIRERON, HO,, CH:O, 7 ¥ AN E B RIGHERTHD EFR HNTEL,
LA LBk irstic kil

HO, +50,—~0H +50;
CH,0, +50,—»CH,0+80,

NEIEFEEHITAFN, <1 X107, <5 xX10Yem?molecule!'s ! ( 1 cm®molecule*S—1=
1.5X10%ppm min~! at 300k} 13 ERBME SN TVRELI N L 21T L EVENTHEZ
AhHn, XKAERICHITES50,0¥—FHBLRGBEREE L TRINLARIGIZE EAEFSL
TnZ rdthhotz, Lo TS0,0%E b RIEKEREER, KAdhoy—KEs LTk
OHZ VAN EDRIGHERLLDOLEZ LN D,

OH - SO, DR iGn E—BR ATy N, B, RLWIL-T

S0.+0H -—HSO,

ARIETERT AHSOMEE~ P ) w7 2FIC LN, IRARZ P UIC L - THEBEEN, 20
FElcE W THREEICELRBRBEIZ 2T E TAAL S - 2247, B, Stockwell &
Calvert'™ iz k- T, NOFET T

HOSO, +0, —HO,+50,
SOs + Hzo _’HQSO4
HO,+NO —OH+NO,

DOHEE CHEATT 2 FICEEARIB 2 £, Margitan'®iz L - TOHOFE FEEBEH I N TE
ITERGEFHELI E T 21z,

SO, NS —RIGIc S+ 28 {tHl - L TCriegeehp Mk FESAHITLN B, ZHIEA Y
YA T4 RIGIEBTERT A FMERTH- T, FlzidFL Tk

CH,=CH, +0; —CH,00+HCHO

DRETCH,00¢ L THRT 3,
RKLME, 7oL r-NOSOREBRFERERE w7/ F x -2 HOTITY, SO.NHE
LEREMIRH L, FORE O.0%EKBISO,NHBIYMESNLZEEFRVIILE,

SO, +OHN RGN HEEH AV TSO,NHRECHT 30HOF LS £ AL 5 &, BRRTR
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W0%LLF LN E T Etthhate, CORRPLEDLE, ZORGRTHLT/ > —T oL
VIDRETERT2HPMEIC L 2BILOSEF AR EEBL T2,

HELWRME2 DT VL7 4 2 LA EORIBRICSO, % ML SO, 0816z £ AREOIL
BEBEN, FORRLERAICRL 2, 25V o TiaER L 72 Criegee P IS 4 85180, % §
ELIFHA, KEVAL 74 V2B IS (R, BRE(RUREGR)SLIERSIZ L
TCriegee P KN BILREN DV R L2 Z EHbH D,

CriegeePEHEII K E L RM L2 W0, #0S0.BERIBEIZESAS AL, Calvert &
Stockwel i3 kA HUC BT ABMEME N ERIICET 2 T T AR ST, EECERIALK
SR TIHIRE G & Criegee BRI &£ SO, NEBLISEEL S5+ o2 2R L7,

TA—NFRIEEETNOREOES2 LY, SARGTEELZOH L HERLE TEE L H,0,
DREDETTERELZBENTLSO,PBILEEFET LA 4 h, ORU0,DEET 2
RGO BEEASTREI LT A5, CriegeePENRIEL FO—2TH LS,

—H, BEETILBIATA-FIGOBERLERTE v, KFETICEWTSO

(80,)gas+H,0 2 S0, - H,0
SOz - Hzo = H++HSO§
HSOE =4 H++803_

DM THEET . ZIZTSO, - O FRTHERICEML T3S0, Th 3, KiEHlbT
DN LMEFEOFELERIIERNPDHIZ L > TRY 24, BFOKRAPKEOpHEM 3 ~6 T
iTHSOs»*ETH 3.

KEFTSO, £SO BT 2RI & L Tl

D 0,0z & 2Bk (SmpRiE)

@ 0, H,0.ic & 2 Eeib (i)

@ EBEAF DR HBEN0,IC & BEEL
DEENHET L, QOEBERD0,Z L 28Iz —MiIzZT LA S EBHTE2,

0;%°H, 0,12 £ 3805 %57 K4 R,

d(5C3-)

T kox (OX] (S(IV))

NEFIZRINE, 22T

(0X)= [Os (I)] F 7213 (H,0, (1]
(S(IV)) =[50, - H, 0]+ (HS03) +(S0%)
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WRILEHORUL & KA P TORILEIE

Fa4 HHroxr v 74 +ORIERERIC BT 3 S0:0EE{ LT 21

AHS/
[0ib, Na. of AQs Av.yield of
Reactant motrr tuhs {av) H2504°
ethylene 223 2 0.354 0.390 £ 0.053
167 2 0.388
112 1 0.407
56 2 0.418
ethylena-di 224 2 0.355 0.393 + 0.063
168 2 0.404
112 1 0.404
55 2 0.414
propene 27 2 0.242 0.254 = 0.023
1M 2 0.248
14 2 0.268
57 2 0.260
trans-2-butene 213 2 {.196 0185 + 0.028
166 2 0,168
111 2 0.184
56 2 0.192
isobutene 220 2 0.169 G174 £ 9.032
167 2 0.155
112 2 0.184
55 2 ¢.188
cyclopentene 228 3 0,048 0.052 £ 9.013
170 2 0.051
114 2 0.052
57 2 (L.058
cyclohexene 226 3 0.026 0,032 £ 0.024
168 1 0.02¢
N 12 2 0.026
36 2 0.052
cyeloheptene 223 2 0.024 0.029 £ 0.015
169 2 0.022
112 2 0,028
56 2 0.041 i
1-methylcyclohexene 221 2 0.065 0,104 £ 0.065
167 2 0.090 N
112 4 {108
57 2 0.152
a-pinene 224 2 0.101 0,125 = 0.040
167 2 0.108
134 3 0.126
57 3 0.151
methylene. 222 2 0.212 0.216 = 0.026
cyclohexane 167 2 0.220
112 2 0.232
56 K 0,198
A-pinene 224 2 0.248 0249 & 0.024
168 2 0.236
112 2 256
56 2 0.255
styrene 144 1 0.261 0.258 £+ 0.012
: 112 2 0.262
55 1 0.248
vinyl chloride 224 2 0.213 0.229 & 0.026
167 2 0244
111 1 0.233
55 3 0.225

“Errars are 2o
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BIRIZ 2B A A > (Fe(lll) & Mn (1) 2 EE?) > fFE+ 5% (H 2 1$Fe (ID)) TodE UL,

—d(8(IV)]

dt :kFe(]II) [FE(I[]) ] [S (IV)]

EFEREND, LEd->TINLBILRIEDH L VEBBIZ W TIRAILAL TIZ, SO0 R, ITD
BbEE %R, FRICBETR-TOEEEEK; krean RS0, 0 H0.DEHRED 5K
BIENTEL, SIVDBE, kox, KreanFIXKBEROPHRLBEICKTT 2%, —EEHT
2B A3ENRTHS(IV) DEELEE % FRHIC OV TR - 2 Fl£ RS ITRL A2, pHS
BT TRH02% 5 BIRE, 5UEIET2 0,04 2BILDFEXFRE( LB DD
ko

10° 0,,50ppbv
10°
H202.1 ppbv
10 Fe3x107 M
10 _g
oy Mn3xi0 M
= -
3 C.107 %L
- 10" "NO»,1 ppbv
-
516 HNO,,2 ppbyv
10
10
1G>

5 Sppbv #2280z & Iml/mP*N K% ELEFTO b~ F L OS(IV)EELiE R
AT REW e LBRIES TN EFNEET L L EoE, 25T,

K Gz 51 SO, NBLIIN L TH—RERORIEE, BHERORKEE Kb LnEL5HKE
WA ODWTRERNING 25 TH 2, BROHUSORMEKDBEICET 2 Br-BE O
Ry, SR LEMEPBELTORSMEE L TRZT Y 07 2 — FRECAHRIGIC X
S THERL T2 EBESNT WD,
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BELEHOHM & KAP TORILRE

3.2 CO5 C5,m%5

SELEWE L TCSRCOSHR(pLERE ATV, TR IRBEDT LT 2 —
b TOV AR T ARES R s T A, REBZT o iz on TR
BRI E HITRICLEH DY, KNEHITNERTHFRICLEET I L7 2 — F ORTEHE &
L TCrutzen®™ |z t » TCOSHELEAWMEINTHLEHLB YL L 512% - 2, Crutzeniz
COSHERIEHEZD b, ZobAIINEBRTREET, Lo oRBETRIE - 83240
#3272, L& LKurylo® 71978 24 A Je 0 — RIS H ik % Av TOH+COS, OH4CS,»
RGEEER > F N FN5.66+1.21) X104, {1.85+0.34) X 10~ "“*cm®molecule-!s~! & K oH
HTLE, IREHCLETUHER L, COSRCSHMRBN /Sy 7 777 FSO,NEEYL
BRMHEIZL » T b &5 Igflihide S iz

L& LiE#, COSRCS,EQ0HZ AN EDRIGEREERHICET A2 RIFETHIL, Lito
EiEET- T - diibeat i b R A DO (RN

Turco5320HZ Z AAOKRGPRES FHEL 28 & LTCOS, CS;, 72—+ %M
v, (1YOHZ o LVBE, (2 EEdeEoEE 797 4 — i, (3)C0S, CS,, S0,¢0H&»
RIGHEEES, (4)CS,NHRAHDBENL-D% /7 A —F— L+ L TELEY, SORE, COS
RE, YA 71— P BEZ RO CERBEE LEL 2, £OBREIrLHELE, RBEOOHBE %
INFTOREFETALLBLATWIELNESRBLLIRETHEEFETLHLEE D,
COS, CS;:OH: nEEEBEH LKurylodfEL D T - /2w B - T3,

£, fifiRavishankara 394 L — W ——fesp fE— IR AR T, Leud Smith® A7 &8
— R E T, TN FNRD2COS L Oy T m i BE 5E $is (8.8£1.0) X105, (0.6%0.4) X
10-SemPmolecule™?s™' & DARTOME & & — i+ 42 LIE/N 2, COSHORDRIEHCOSNNHRE T
BELZL»7THN, Ry 7777 FSO,NHEEL Y —ATHBENSRRELRET 5,

Torres 6355, KAFOBEOW S X, #HEEM, BESWOEREZOMOBEEN L MF
HAo GHBEL 2COSOHMRBIZH T AFRETLFETH S, 2L L TJohnson®27COSay &
7 LT, ORBE~IEK, @QOHEORIG, @fA~o i (£E L L TCOS+H,0—
CO,+H,5% 7212COS5+20H-—CS0; + H, 0N RIs 2 iBMP T 2 5, n=Z 2% F 2 THEL
HHREIZEF2CO0SnHFFMIE, @izLeunfl 4 # 5 &4 74, Ravishankara?{E» # - T L4
4T, Torrest, MEDE 4~ THLKE, BEX L »70COSKE2WTIRENL (‘ o
TehwIkichd, BFBRIGL, MEBzZB W TRIEBLACEBRTELZLNTHEI LR
TR S T w537,

—4, CS,bQH: nRIC#EEH L, Wines®, Rowland 5, Leud Smith*iz t » TH
MESH, ThFN, 1.5X107%, <3 X107, <7 X10Scm®molecule's ' & H# & 172,
Lzt n TCRz W TL0HZ 2 AN EDHBIREEL v 7 Lt N80,

L2 L, COSHMTHMETITiz—RE 2 ES 2 R (~500pptv*> ) izxt L, CSiREIZI
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B & Y, BRBIZ B2 ~0pptvd: & B HE T <3 pptvic AT 2, N
RIS LHHEIVBOA—F—ThHL LHEINTE Y, BEHICESO,2ERTRLOL
EILNTwd, LESSTCSIIHL TLArERL Ly 78 FEL TWBRTTHS. S0,
DREFFRBLN L BlEBRETECD LW 530S, L RHENEBEKFEETL Twi I eh 5
ELHE, CONMRMII EBTHENELEZ LN,

Wine & (3 CS, DB L R G

CS; +he (1 >280nm) ——CS,*

CS,* +0,~CS+S00
' 50,

PEELTIHRAR S X IR ERLA, CREBEN<JptVEEVLOTHIMED, <
W PTG FSOMEB R Y — A b3 N B v EiE L,

BRI RTE, OQ.FETIZEWTIECS,+OHD TG A IR I # W ({1.7£0.9) x
1073, (2.7£0.6) X 10 ZemPmolecule 's™! I 1 AENEAP) O L nPEH LI N TED, F
R R L, A EERT AN ETIVEEIE NS,

3.3 HHERCSYORBLRIS

ARMELAY, FICMSOREF~ORBEEIFFCIKRETH ), EELZXAPOTHE
LEHTHEH, TNETIHEAFFRIN TS -2, ZNIE—2IiClEDMSHENELRE
OEE IEEICEC (O DRI EEIE~ 9 X107 2cm*molecule™ s {(FEH SR )bz E
FBREIECIELERTHL . LAL2ETLER~NLZ LI, H#E - B0 7T — 7 7 GH#E
BEILOYoBERELEM T2 L) 1002 &, FERELSHORE S BT S BILRTICET S
RRL VL DD T N—TTFHT b ik,

FEHMENSGYORAP BT 2BEAGTRLBELRE R THOROHZ P ANLTH
%, kineticsic BT 2 RIILITOF B EL SHES R, DMS, DA FADANT 4 F, A7
YFF N, TFFA—N, FAT 2L BINT AT — B LTV R, EEERICEY
BT =g w&blcE Lo,

RIS T A 518 S AL FGHHE B4 2 BRI DMSIcBI L T 2 M (H—3i 54k x &, S
At A, A S FA—IH L Tz SEE(SHL s H -5 24k 5, CH,SH--OHM$#
R, SicitF At A5 2 b, EERS GBI T A ERI LR AN T,

L T EET L XL AT L (RONOYOERH TONTHE L 0k R L» THER
TH20HZ 2 ANERWT, DMS, A 7> F4—n, 2AFN5A0T7 4 F(DMDS) & oG
FERL, TnHORIE»HERT 2S0,mNEAZN TN, 29, 2% THhEHZ L, FEE
B wTho#&izd £ 5 AWK B (CHSO;H, MSA)Th 22 &2 8EHELAL, 212
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WHEILS Wi & kA TR LRI

5 FRHEIC BT AL AY & OH & oo It # I

Reactant  Temp.(K) em’molecule™!g™! Method  Reference
CHsSH 299.8 3.39 % 1o FP-RF a
297 £ 2 (9.04 £ 0.85) x 107 CK b
298 (3.34 + 0.4 x 1071 FP-RF [
296 (2.56 £ 0.44) x 1074 DF-RF d
293 (21 £02) x 10™M DF-EPR e
298 3.24 x 1p71 FP-RF f
CHsSCHs 299.2 9.8 £12) x 10712 FP-RF g
296 (8.28 £ 0.87) x 19712 FP-RF h
297 = 2 9.1 +14) x 19712 CK b
298 4.26 £ 0.56) x 1071 FP-RF c
373 9.2 £06) x 19712 DF-EPR e
296 £ 2 (1.0 +01) x 1071 CK i
CHsSSCH3 297 £ 2 (2.23 £ 0.80) x o710 CK b
298 {1.98 £ 0.18) x 10°1° FP-RF C
Thiophene 295 £ 1 (4.77 £ 0.63) x 1074 DF -RF ]
293 B £04) x 1p~U DF-EPR k.e
298 + 2 {9.58 £ 0.38) x 107! CK 1
298 (9.52 £ 1.43) x 10711 FP-RF m

FP=Flash Photolysis, RF=Resonance Flucrescence, CK=Competitive Kinetics,
EPR=Electron Paramagnetic Resonance, DF=Discharge Flow
a) R.Atkinson, R.A.Perry and J.N.Pitts, Jr., J. Chem. Phys., 66, 1578-1581 (1977).
b) R.A.Cox and D.Sheppard, Nature, 284, 330-331 {1980).
¢} P.H.Wine, N.M.Kreutter, CA.Gump and A.R.Ravishankara, ]J. ’hys. Chem,,
85, 2660-2665 (1981}
d) .LH.Lee and ILN.Tang, J. Chem. Phys., 78, 6646~ §649 (1983).
e) H.MacLeod, J.L.Jouldain, G.Poulet and G.Le Bras, Atmos. Environ., 18,
2621-2626 (1984).
f) PH.Wine, R.J. Thompson and D.H.Semmens, Int. J. Chem. Kinet., 16, 1623-
1636 (1984).
g) R.Atkinson, R.A.Perry and [.N.Pitts, Jr., Chem. Phys. Lett., 54, 14-18 (1978),
h) M.J.Kurylo, Chem. Phys. Lett., 58, 233-237 (1978).
i} R.Atkinson, J.N.Pitts, Jr. and S.M.Aschmann, J. Phys, Chem.. 88. 1584-1587
(1984).
i) ] H.Lee and 1N.Tang, J. Chem. Phys., 77, 4450-4463 (1982).
k) H. MacLeod, J.L.Jouldain and G.Le Bras, Chem. Phys. Lett., 48, 381-385
(1983).
1) R.Atkinson, S.M.Aschmann and W.I*.L.Carter, Int. J. Chem. Kinet., 15, 51-61
(1983).
m) P.H.Wine and R.J.Thompson, Int. J. Chem. Kinet., 16, 867-878 (1984).

RO E, CHSHizk L Tt ftime 2 niga 5ig,

CH,SH+OH—CH,S(0H)H
CH,5(OH)H—>CH,S+ H.0

DMDSIZM L TLfnE 2tk a@Th b E@EL 72,
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CH,S5CH; +OH—CH,S(OH)SCH,
CH,S(OH)CH,—CH,S0H+CH,S

AS T AT T B RIGHIEIC 12, BIEWineb izt - TE N ERNAERTFHCLLT
— PHEER N, B L ORISR LR, |

DMSizxfL Tit, H—5la k&, S~onffmomibirl - CTwaIl s y#EL L0 5, #4
2220 T EH AR R R REESIE L 2B a0,

Nikis Wy FEEL L ELFEE2HAVTOHEDMSOE G 2ET L, SO0 L TEELD
RRELCETHERYZ2HE L2, KIoHEES L 73, H-S[aKaE»EThd tHEHLTE
N, ZosIBEL T, 4% BCRESLETHL,

BEEELDNIAE Y 7 F = F Hv 2 ppmiB EHE TDMS O£ 8L ROE 2 FFFE L,
SO, E L T29+ 7% 52802, ZoXKBERTIEDMS (~1.3ppm) —NO(~0.7ppm) —EHD
RICHBE 21T - 1288, RISHHOOH T A iz L 48R IEHAHEZ - T v 2B Ti250,0
WWaEiE21+ 5 % LR, BB ATV ERACWLZERL OROERTE L (KL Tw27
DMSAIITHBENTL I - 2B LSOy RN, BERINELHTZOL YK ELE L
5o i BEELPEMES—HBERL, TAPBRLICHHL TS0 P ERT o8By b2 b0 &
Einnbd,

ST, L~y FEREL OB ERE D EERMIT T4 A0k v B
(RSO,H) THh 2, Lido TRAFDLT O/ NIRRTy ALK B EhTwaiT
Tha,

Panter & PenzhorniisE L 2 KEHF NI T oy 2 27V 4 5 o TREL 2#%FPDO A A
7wt 727 THN L IMSAGFESHEL, ZAXFKREPFTOEBRER{ILSHOBILERYD
Tha ) L#ELL,

o, Saltzman 550t KEhn T o vE Ly - Iuw 7T 7 THNL,
MSANFLEAFEE L 72, MSAITIEHIEMESOI- L RS 72 7o VI B W TBE» S <,
KEGT O ARSI L > TER L RBTFTH 2 I & £ ﬁ&"L’CH %o
5 DBE L HUZTMSANDBEEX0.009~0.0752g/m* T4 Y, HEIZB W TR THL TIEEE
SO 76.7% % MK I2i20.001~0.034mg/ i 2 3, 51 £ - MSAHER P TOHIZ
ARG TS0 L L BBYPHBZLERWIZL 72, KAPOHLSYHOEER £ LR
T3z, 4% FIIMSAOKREBR, BIrhBECARR oL Gl T s MErBnET
N, DMSSCMSANEY: « BH - F L2 LIRD AN TAFEFTLIAZ EEE NS,

4 t&w
AT D 5 OSOHE Bz 2 MInL, 200046i21349100TeS/vi2iET a4 m b, L
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WERILAHOME & kR R TOBItRE

PLSONFERIHLIATHRIZLprbsT, AFCEYTEIZE b ~#Eppt SO, EE
LTWwanT, PAFNLANLT 4 FIDMS), A 2>F4—, PAFLLZNT 4 FigE%E
EORETH I L ARIENL, 2 -DMSORAERILBE TTS/y, & hT64TeS/y 2 5%
Az,

Pl Eo@ETmELaHIOH: KEL T80 A > Ak B (MSA) #£KT 5, MSA
THEELRARTREE N, MSARKBEZ 7oy AdhTCOHE EIGL 7805 & & 28508
BBEZEHNRNWIZTENTHS,

FRXRIUBAYZL CLEBRICENRBZ 7T oV AYEET S Z &5, CrutzeniiCOS,
CS,HEEMAIEHL 2. COS, CSMBRHIZA2LIE, 108 LHEINTED, FHHEERA
TI12COSIEA0.5ppbT—H, CSix FZBRBESETL Twa Y, £NLOEEHFRSLOHELD
G Ekahivw 28803t BHI LTy,

51 A X K

1) Msller, D. (1984) : Estimation of the global man-made sulfur emission. Atmos. Environ,, 18, 19
-27.

2) Eriksson, E. (1963) : The vearly circulation of sulfur in nature. J. Geophys. Res., 68, 4001-4008.

3) Cullis, CF. and M.M. Hirschler {1980) : Atmospheric sulfur: natural and man-made sources.
Atmos. Environ,, 14, 1263-1278.

4) Maroulis, P.J., AL. Torres, A.B. Goldberg and A.R. Bandy (1980} : Atmospheric 50,
measurements on project GAMETAG. J. Geophys. Res., 85, 7345-7348.

5) Georgii, H.-W. (1982) : The atmospheric sulfur-budget. n: Chemistry of the Unpolluted and
Polluted Troposphere. Georgii, H-W. and W, Taeschkeleds.), Reidel, Dortrecht, 295-324.

6} Bonsang, B.,, B.C. Nguyen, A, Gaudry and G. Lambert (1980) : Sulfate enrichment in marine
aerosols owing to biogenic gaseous sulfur compounds. J. Geophys. Res., 85, 7410-7416.

7) Barnard, W.R., M.O. Andreae, W.E. Watkins, H. Bingemer and H.-W. Georgii (1980} : The flux
of dimethyl sulfide from the oceans to the atmosphere. J. Geophys. Res., 87, 8787-8793.

8) Andreae, M.Q. and H. Raemdonck (1983) : Dimethyl sulfide in the surface ocean and the marine
atmosphere : A global view, Science, 221, 744-747.

9) Andreae, M.0., W.R. Barnard and }].M. Ammons (1983) : The biological production of dimethly
sulfide in the ocean and its role in the global atmospheric sulfur budget. Ecol. Buil., (Stockholm),
35, 167-177.

10) Adams, D.F., 5.0. Farwell, M.R.Pack and W 1.. Bamesberger {1979} : Preliminary measurements
of biogenic sulfur-containing gas emissions from soils. J. Air Pollut. Control Assoc., 29, 380-383.

11} Mbiler, D. (1984) : On the globa] natural sulphur emission. Atmos. Environ., 18, 29-39.

12} Graham, R.A., A.M. Winer, R. Atkinson and J.N. Pitts, Jr. {1979 : Rate constants for the
reaction of HO, with HO,, $0,, CO, N,0, trans-2-butene, and 2,3-dimethyl-2-butene at 300K. J.
Phys, Chem., 83, 1563-1567.

13) Sander, S.P. and R.T. Watson (1981) : A kinetic study of the reaction of SO, with CH,0.. Cham.
Phys. Lett, 77, 473-473.

14} Hashimoto, S., G. Inoue and H. Akimote {1984) : Infrared spectroscopic detection of the HOSO,
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15)
16)
17)
18)
1%
20
21}
22)
23)
24}
25)
26)
27)
28)
29)
30)

31)

32)

33)

34)

35)

36)

37)

radical in argon matrix at 11K. Chem. Phys. Lett., 107, 198-2062,

Stockwell, W.R. and J.G. Calvert (1983) : The mechanism of the HO-50, reaction. Atmos.
Environ., 17, 2231-2235.

Margitan, }.J. (1984) : Mechanism of the atmospheric oxidation of sulfur dioxide. Catalysis by
hydroxyl radicals. J. Phys. Chem., 88, 3314-3318.
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VUV Photochemistry of Simple Molecules
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Abstract

The abscrption cross-sections of eight molecules (H.Q,, HNO,, HBr, N.O, NH;,
CF,H, CF;Cl, and CF;Br) related to atmospheric chemistry measured by a synchrotron
orbital rabiation in the vacuum ultraviolet region are reported. The fluorescence
cross-section and quantum yield of fluorescence from the nascent excited fragment
species formed by photodissociative excitation of the above molecules are also
reported. The newest and most reliable results are chosen. These data should be
useful for the studies of atmospheric photochemistry.
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Chemical Reactions of Sulfur Compounds in the Stratosphere
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Abstract

Sulfur compounds reached in the stratosphere are converted mainly by gas-phase
reaction to sulfuric acid (H,30,) and/or sulfate (S0%7) which are the constituent of the
stratospheric aerosols (Junge layer). In this chapter, reactions of sulfur compounds
(including radicals and atomic species) invelved in the chemical transformation
processes are reviewed with recently publinhed data. A pertion of sulfur emitted from
the glebe reaches in the stratosphere mainly as OCS, CS,, and 50,. Among the
reactions, it is pointed out that information on HS and HSO reactions which may
involve in the proceés from OCS and CS, to 50, is quite rare at present and the
reaction of HOSO, which is important for 50, oxidation to H; SO, (and/or SO} 7) is still
uncertain, and therefore further studies on reactions of these compounds are required.
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EHELAGT2I0nm%E A~ A 7HEE T4, B0nmDBEE 4 TF L 2 gk +350nm £ T
WLzt Tumcoih®k 1),

OCSoEE{bBn:RIE & L THABOMIIOHRVORF L ORESML T b,

0CS +0Hﬁ-+pr0ducts (2)

0CS+0¢P)-*0c0+50 (3)

Fs{2 o # B & # (k)12 > v T Leu & Smith®3 (1.3+£0.3) X 10 %exp(—2300+100/T)
molecule™lem®s  (JEE300~520K) 2 KH T w3, THA LB LN L2BKTHEEFH5.8%
10~ "%molecule 'cm?s!}E Ravishankara 2% R - B (8.8+1.0) X 10-5 (298K) J' D &, —iF 72
LB/ 2 vy, NASA panel'iiLeu Smith?d 7' — # L Friedl & (RER) DT — 7 & fiv Th=
3.9x 10 ¥exp(—~1780£500/T), ##IEL L THRAL T, ZOREOEmHICEL T,

Kurylo??120H X OCSOME 2 2 TSHE g+ 2 24805 L 72, Kurylo & Laufer®|3'SOH
ECO,XIRCOENRIETOREFOTHEA ALY, B0CO, CPONERT 5 Z & 2 HEMMTET
FERL, EBIZAALR=IALEW EOHDRIBIc v TR B TKENBBH IR 2 &
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RBEI LT 2 RE LSRRG

L7z, OCSOBAIZ LOH-OCSHIMR ##2TO L SOTMmHRE, SHOEH T 5 Z & ')
Fanas,
XCS+OHw—>[X_(J:_S ]‘—axcmsn X=0, § (2)
OH

Leu s Smith® 2 B R HE 4 B TOH+OCSO R GBI IzSHE B2 L1, 4 h 0
RBREEEG2I0—KEEWE L TSHACOFTETLIIEERL T2, 20RER T,
BT ah, ERETHE L I1CS,+OHMRIE TlE 7 OB ERIZOMERTED H 5 = &
PHILNTED, ZO0MBIIOH-CSMAMELOMNICLZLDEEI LN TS, LT
B Thiz DT LOMENHET B2 EHEZ LN, ZOEIIOCTHENANLAT
Wi, ‘

OCS+OCP) D RIS E B Rkl BFNT — % & L TWei & Timmons™, Manning 5% ¢
Yoshida & Saito*Vic L3 L 0% N v —HERL T b, Weilk Timmons® 1 iR EKF LB
NTBENELNAHERIZE.020.3) % 10-“e>q)(—21z10+40/T)nmlecule“lcmﬂ‘s4I (239—-404}() T
#H5b, Hsub*iz, COL—H— éi\ﬂ%ﬂ)iﬂlrii%m“f}ir‘i&%’c%%CO@TEEJ%*E’&«F% %
DFERD LRG| EHSITLORIA LHHL TS

LM:@T-?#»;EEJ%‘Wc:BtTéOCvaﬁvﬁzﬁ&% Rify <& 5, RE(1)iz & 50C8
DR, MA4HSHE L TRRORERG#312.5nmE T2 REXFHATL 2H5 #5615
KkmMOFET~ 7 X107 &b, Molinab®oF— 7 5B+ 5 %, M5 Tib L A302.50m
DBBITE A ERRIZAZOT, IBkmICB T2 HME L LTH 4 X107 & w5 Ex 18

b, —H, Hib(2), (3)NBEIkmIz BT 2 EEFERIIE 2 OEES A Th(15km) =9.9x%
10-'%, B (15km) =9.5x 10" "*molecule™'em’s~* & % 3, 1bkmTaHfAEN L OH, OBE(E 2)
EFRWDERE(2), (3)i0k 20CSOH N MEMET &< (3.0~9.9) X10-1, 5.2X10 s e 7%
B, L7285 TISkmtHE TIROCSOWMER & L TRIE( 1) 570~80% % & % (Molina 50
F—2ind B~ 4 X107 TEHE), OHIz & 2 BiG(2)220~10%, OBFick 5Kt (3)
W0%RE L Bl 52 c':b"C Eh, BESLATHCONTESBEEN R, T -T (A5, O
(3P)®?§f*6%‘\i§iﬁ—iﬁﬂﬂb R (3)nFE@ELHIzKkE( A>T 3,

3.2 CS, .
BBEMNIZE TANIRAA T BCS,NRIZOCSIZA~ATH % ) B v (i 1 /I00EETH S 5 )
EEZLND, HIBE L TROLONBETH D,

€S, +he (1 >280nm} —CS? (4)
CS; + OH—products ' (5)

— 257 —




WE W

CS,+0 —CS+S0 6a)
' —0CS+S (6b}

FG(4) TR 5 CS3 (CS.NFHERIE) 120, L DRIGIZ 20 TRDL DA EL L5,

C5;-—CS5+500 (47a)
_‘_’CSZ +Oz ( 4’ b)

{4'bHIO Uz L WA TH B, (47 a)DRIGIZDT, Wood & Heiklen® 13 CS,/0,12 55 18
51 (A =313nm) #4Tv, £ DORIGERBOFH» 5L (47a),/(4'b) =0.060 % H722. —Fh, N,
ICd o TLCSHIMMET 20T, KAPIEITL 4 a)nBFIEZH01E REL LN, |
ZNMER AV T Wine s 3 CS, DRINMIE 2 & CS.ORAFTHHaE REL -2, HonF
BIZHE 2 I 1I0kmic BT 2 CS. MBI 2 ) S BEE LW I X7 E RBL A EATE
5.

FEi(5)om 5 6, TIREEOEER LS ((<1.5%X10 ¥ melecute 'em?s™!, 297K*), K&
IGERSIIOCSHSHTH A L EL LTV 51, —7F, Jonesh ™ R (XBarnes 591k Z D RE
DEEDONEETERICMEEND Z & &, HGEBRYHS0,+0CSTHL®Z L& RniZL
2o ZHUEZ DRSS '

CS, +OH+MZ2HOCS, +M (5'a)
HOCS, +0,— - —0CS + 50, (5'h)

THRITLTWB I & #RL TV 5, %7 Barness™id RIERE (SET00Torr—5E) NG BEKF &
FTr, TOERBEEILZ AL —HMOBEH N, | O ) IcKFL TvaZ L ERL Ty 5,
IAE T — 4 5 NASA Panel™ i3 K16 (5)0E s & L Th=2.0X10""%(exp(2200+
500/T)} x P{Torr)molecule*cm’s ' % KA F2KLI T OB A O#ERE L L THREL T d,

R (6) g EE RO AEREED Lo & LT Weik Timmons? & (*Graham & Gutman®?¢)
LAONED, BLHITERIIEEE=(2.820.4) Xx10~"exp(—650+35/T)molecule 'cm®s™!
(218~293K) T, #EIF &) HEEMK 2 TEEENLEH~(249~500K), 206K T EEELHIZ
(4.1£0.2) X107, BWIEOEEL N 10%IZ X ERIIBGELRL T2, FLHESIEETHN
EID L ) REROAOCS/ACS,h & 6b)/ (6D Ak # K A, B i20.098(249K) » &
0.081G00K) HiBED FBICHE - TEPNIECE T3, $Hub i3 (6)0RIGTCO+S;
57 5BEBBKTLAN BB L FBREL Tn3EY,

FTRA by, BDEEFBAGCTISkMO L 2 ZTACSNEEEELHET L &, HIG(5)Tit
(2 ~5)x107°s (P=90Torr & L CEtH), BG(6)THB X103 LA NOHF AL LD
oL ZilEsREy, 27 LB BT ACS,nFa» N5 ARE(FICOHZ 20128 2
R TiHe) E BHL b 50T, KEFICHMH 2 ABCS, I AT o HREE TRGE L TL v,
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BBz 51T 2 BRI S LRI

EHCS,HTETHRIBEICANRAT AHHROB I v, LaL, OHI a0 (57
a), (5'b)IcE NOCSHRIBERME L 20T, ElLiIZALNLRKENCS, D AAP~niL
IBOCSIZHEEL THRIBREAMEDER S k> Twb,

3.3 8
BB BT ESEFENRERNDLDEBOCSOEAFRB (L (INICLZLDTHE, HEH(1)
THEET HSIEFRKES(D) DL ODIEIF0.7E SN 2L VESICHBET 3,

SUD} +N,—S(P)+N, (7}

k=85 X 10 "'molecule *cmis! ©

~%, S(D)E0 ¢ NFIGTEER L EE S LTy 2%, ZONBRRIEIME & bLE R iEom A
PRE-TwL EEbNLS,

SUD)+0,——S¢P) +0; _ (8a)
—50+0 (8b)

k=5.3x10""molecule lem?s ! ¢

EERENSCPIOREE L Tk

S4+0,—50+0 {(9)
ky=2.3% 10" "*molecule 'cm3s~! *¥
S+0,—50+0, (10)

be=1(1.240.3) X 10 "molecule~'cm’s ! *V

BIZ2oWTIHIE A YEREREES W bbb o Tnd, hli288KTOT— 7475 2775107
12H5 ZoORIGLIEEILZ AKX =T L A 0T, hiREATREIEEEL LN D,

by L koD EBBEIZE T30, 0,0 %% 2 5 LSHERITITIFING G (9) TilkiTL T
WhEEITRY,

3.4 Cs
CSRCS,wRIE{4'a) (6 a)hr Lkl T 5, lili‘u‘-.(ioz. Oy, OLDRIEATA~NLN TV S,

C5+0,—0C5+0 (ila)
—CO+80 11b)
ke =2.5 %107 ¥exp (— 1850/ Ty molecule™!cm3g~! ™2 '
bialbn=1.249, >100%
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HE 14

CS5+0,—0CS+0, (12)
ki, =1{3.0%0.4) X10~"*molecule”'cm?s~!, 2938K*

CS+NO,—0CS+NO (13)
b,=(7.621.1) X10 " "molecule'cm3s~!, 298K*?

C5+0¢P)—CO+5 (14)

b,=1{(2.610.4) >_<10“°exp(—76()i140/T)molecule“cm3s“ 49)

Turcos™3Eis (112 )iz B L T Richardson®293R 495K Ic BT 2 b _2DEH L T L =
AT A —F—FEHL TvwE, BfBlack 5N3208Kic BT 2k, & L T(2.920.4) 107"
DEFHELTE D, ZO{#EIZRIchardson? 293Kz 51T 5 kM ((4.5+1.7X1071) (2R W
xRl Tv5, 72771, NASA Panel'*iiRichardson?® 7 — 7 2 &5 kKeh b Wiz G & 0
F— 860K A A2 & Z2i2B LN AT L =7 ADAfactor X Z DD RIG & LTI RFIZNE
W& AL T3, Richardsonid3*@RIE(11b) #ETERT 250,00 @ % 0CSN A& &
B LT, Aua/bpDHAIMELLETH B & L 2oizst L TWood & Heicklenl2 CS, /0, iR &S
W LN L~ (CONOCSINBEL TR 2 aTHH T2 2 212L ) khun/kn?Dli#1.25 3K
bz EEFREL T b,
B (12), (130 B L TizBlack 54z & A208K TN T — 5K 5770 TH 5,
B (14} o i B2 2 $ it Lilenfeld & Richardson®®iz & - T150~300K & v ) {KIETER S & 1Lz
TS ThEY, FRAENEZENE TERBHIRKH LA TOEYER—HZTRT,
IO F— o LREBISkmit BT ACSOT LIRS A REL 5 L, RIb(lla)oEE
FEH AL 6X10 ®molecule lcm®s~ (215K} E BH T/ E WL A D, G,iREHE.1X10"molecule
cmEREWT s, MEAEISTXI0S T EE L, ZILHCRWTHEFRKEVDIZDNWT
A5 ERIEA) AL E L ENFEEILL AT —2F2EE 2 L1225k, (215K) </, (298
K :%arfliEansd, Lad-TIBkmiZH 13202 L 2CSMDIEEEREIL 3 X107 T &
2, 042k 3400 1/I0BTOFESL kv, KIGADICH L Tk £ 0iRERFER (1L
a)/ (b)) NFEICTEE L BERHIRE CDTEROFRILETH 5,

3.5 SH

SHiz Bz v T H,SoBLBROhn BELTMETH 2 FHEEICHEWTL 3.1,
3.2TCACTERLEIIEXCS(X=0, S)OHIz t b Eb@ETER L T 2 EELFMWIKTH
Do BI04, 0,9, NOQ,#®, NO™850 H,0,*, CH,*", ¢ ORICEEERIZOWT
RIETF— g - Ta1

SH+0O,—products(SO+0H 7) {(15)

ks < 1 X10 - 7"molecule'cmis™!, 298K
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KEE IS 2B S B R

SH+0,—HS0+0; (16)
kis=(3.2+1.0) X 10 *molecule”*cm® !, 298K ‘

SH+NO,—HSO+NO (17)
ki, =(3.5£0.4) X 10~ "molecule *cmis™!, 298K:® '

SH+NO+M—HSNO+M {(18)

hyg = 107443080 T-28203molecyle~?cmes ' M=N,, 250~d445K5"

b3 L CHRAL 7z ERERFriedl s T — s #7200 Thd, o7 L—74 20K
EERHE~N, &o2R4 25 HRMHEG.2X1075 47, 4 X1077 *Pat 298K) 2 HiE L Twv 5, RIB4EH
LTI RERARISOZER-S0+0H, AH~23kcal/mol, 300K#5E 2 51 Tv 5,

RIS (16) 1244 L T Friedt s> 3 148 & T3 2 16 o TitEL= AL X — 2 BAR L - TL 3,

1 & (2 HS-0yMopen-chain? #&4 % #5E L, Benson®group additivity method % Hv» T
fbxv o —4%Ksh, ZORENDAfactor s LT 3 X10 ®molecule™'cm®s™ #1872, 22
EREME AN =PRI O TR L L EICHET 5. £ A2HMRENCI+0,~CI0+0,,
Br+0;—BrO+0, & FfEEMAfactor (F 4, 2.8X107", 14X ) 2D RET S L #
SLBENTWAE L G I2H Lkcal/molfBENE(L AN ¥ — %2 FT L Lith b,

R (17) (£ SHO FHKOH THOH + NO,— > HONO, IR IE T B 2 & 4 T 1o By
L# LBlack*3 88 3thkooHeEJ7 % 28.57% 5 300Torr & THEILS T L HIGHEEAELL v 2
Y RWEL TV B, %720 0SS 5SH+NO, +He— HSNO, + Hed e 0 LIRE % 7 X
¥ molecule™*em®s™' & BRFE L TV 5, IGHMWIEHEE S LTy ey, IR GE
HSNO, LA TIIHSO+NO»F & R AR E W (—22kcal/mol, 30K) LIGHETHE, 72
FEHLz AN Y- EEEBENRES»LHE L CODBEEEL L LB TS W E(]
kcal/mol LL F) & % 2 &5 41 %, Friedl 5490 {H{3.00.8) X 10 "'molecule 'cm?®s~, 298K (i
Black?dfi & kv —E %R Tv 5,

Tiee 5 ASH+ANODKIGIZ DWW T ZRRIGTH LD T — s #MB L €, BEEHE L T
5.6X 10" ¥moleculelcm?®s~ (BiR) 2 L5 L Tv» 3, Blacks™n 7 — i385 5 12SH+NO®
HEOHIFBERTFELRL TED, FLRBERYE L TR GEBRHMHASNOLLA 125
ZIZ Wl E L IoRERZREGEEZ LA,

FEkmIZ B 2 ERIGIC L A2HSOEREREY A2 &, 0,0 <8s7', 051 2~3.557,
NO; : 6 X107%7!, NO:@ ~ 3 x10% (7L, RAEE 4 X10®¥molecule cm™3, [NO) =
1 X10°molecule cm™, GEN ¢ UEIKE L THOMEEZ L DERE) X5, ZHTATH
itk iz, Ok BiHESFMAONO, NOL O LA k& v, 0,0 LERE8sHI208KT
DhsDEREFFOETEIRACTHDLH, KGO0 EHELANF - REVWEEZEZ LNLD
TZBRKIZ B2 h:DEIR I X10VED R SIS wintBEbLs, L L, SHOEXRARE
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BE H

LT LNHTR0EORENREEERRERTELSH O T o RIGEEY, R
B DEEREEAS SICHAIIHRINALESS S,

3.6 HSO ‘ |
HSORSH+0, % 22 AN, » RIETHIT 5. HSON RIH Iz 21 TR0, & DRG0 I = 8
12BAL CFriedl > o) fLk L § 255 5775 Th B,

HS0+0,—HS+ 20, (19a)
—0OH+50+0, (19b)

kie=1(1.0%0.4) X 10" ®molecule”'em®s™!, 298K*

b1k, HSORIE % HERES (DF) - L — ¥ — B4t (LIF) THS# €2 7 —F 5 = & 12
I DA, HSHOMERBIZE T, O.MBEFEWE ERIEHENE - I ATHSOHE
PRBE U, TAEES BERMTHBUSOL 0,0 £ 5 Loy &% 2, HSOEH HiEn
B b ke DIEE ML - 12, % 72 HSOIBBIREHA 4 5D X L % G (19) & 26 RIEFR T
bk tT =5 — b LTHEL, hells BL 72, #50EETIEH,S2 HSOMI - T
W 2 G (19D ) TT A HOH & HiSORG I & » T b HSOE LT 5 ARt 57 - 72 72 5,
1o S 2 DR IEARERE DT HEE T 720 OHOR M AEBE S B & ORI B T8 T
55 OEREETI BT LOHN Y 7 F L btd b o e 2 b, 3 7-SDIZ B2 KK
EBWT, b LRIEA(19D) THAT S & L Ao B 2 15 BEABR A ke LT H 7 20
ez e LRI (198) TEITT 5 LML 2, BHNSES b5 I RIiEA(10a) THITT 5 &
TR (16) & DA S D HS-HSOE ¥ o ) ¥— &+ 50,580/ F b T2 B

Tl e,

HS-+0, —HS0-+0, (16}

:LE[HE 2 034_““’ 3 02

kol b % & CHIL LT B D058 4 2 LOH-HO,, CI-ClO, Br-BrO# &Rt
EEEHI S LT 3 FHS-HSOY { 7 v B oo hEnwEEER 2 H-Twa 2 &
bbb, Lizhi-T, HS, HSO: Oy RIGiz it BB 7 o VY VERIZE ARG HOE
(b s LTEETHAEP N Th(, KEBBA YV OREZEHD TV 2ERLLCEEL

éﬂ
WEMREEECET AT — 23 cvwd, HSOMMEARE s L TO, ¢ NIEHFAHi bbb,
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BHBI 5 B HEib A LERE

HS0+0,—HQ,+50 (20}

EZOLNDRLGERME L TIZHO+SO0TH A, g RML A -HSOMB#ERZ - 71
b ——1.4+1.9kcal/mol® % B 5 ¥ K I (2001349 6 + 2 kcal/mol7Z (T BR = % 3, 2R
WA T EBAUB B (B 2 £15km) TG (19) L ST 2 &M & R 2 &, T 22RL 120, 00
D5 ky (215K) = 1 X 1075k CBK)RRENETHILUIREF LEFL 2 Lich b. ko kp?id
BEREFEIZ2CTOMBRBLA TR WA, L LEICFREEOEEb ALY —2FT2L0
EIRETE L, 2BKT Okl L TREL LNLEDL S LOBEF RHL e~ 1 X107
molecule~'cm®s™, 298KizfA%+ 5,

Ly—aR2OTF—FH LR 30kmlltan s A TEE - L 2T HEEEE L TO
CP) L DRIt b A, '

HSO+0O(*P)—0QH+50 (21a)

HSOEd# k= > 0 — & LT —1.421.9kcal/mol® £ 95 & KI5 (21a), (21b)a KIG
Bl Fa—472 2, =24t 2kcal/mol: L N TR LBBREGTHE, 259 AL—F Y HNLE
T dh B2k, FHURIEHO, Ok & EHA13.0 X 10 Yexp (+ 200+ 200/ Ty molecule'cm?3s™!
THEYWZ b EZ Ty EIRIC ~10" DMk 5 B b Db, ZORIGDHERILZ AL
¥Rl oprBTHEI &, kJIB6 CEDEHREzANF SO 2 F L 5 & W21
1330kmTRIG(19) L EEEORE 4 5,

HSOIZB+ 2 4O E L Tk G (19) OIREKTESE & FOCEROMEL, Rk, kDRI
By ke b DHDBRESLETH 2, HSOR KA T ICHM I N AFRILEYHD ) bTLEOKR
WED % WH,S, €S, OCSHARELBRETEELRICEROPME: L2246, 2115
RICEZRNERIIRINFREN—2THS,

3.7 SO

BRBEICS TS0 & LTEEL LI, Kl(9), {11b), (15), {20), (2la) i &HF
Zoith, LA TRETF— 25 E 50w,

ANLENTOUERIEORTEEL L & LT0,; 0O, NOMEEFLILA,

ko = (2.47234) X 10 Yexp( —2370728/T) molecule™'cm?s™!, 230~420K?
S0+0,—S0,+0, (23)

k= (4.8%18) X 10~ exp(—117048 /T molecule 'em?s~?, 230~ 420K
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S0+NO,—S50,+NO (24)
Ay =(1.48+0.20) X 10 "'molecule”'cm?®s™, 298K>¥

Bt T 2 E Tl O—BITES TE Gy, LBV aic Sl (440K 1) TER
AL EN Tl b #Z 513, Breckenridge & Miller® 4y Th, # BRI THIFEL, A<
8 X 10 "molecule-lem®s™!, 297K ERRME %187, Z O fEIdBlack 520 Kp i TLr =7 2K
LRSI B2TKTHEE L —HT 5,

Black 552 7K & 7z ks 13 Halstead & Thrush®™z L » T3 & & #L72H(2.5+0.3) X10™Zexp
(—1060-:200/T) ({2223 ~303K) & R\ —¥ %11,

b DBERFCDWTOT =73 T 0, REKFEYH - TLES T EwERTL AL
¥—lkcal/molAT) &% LTy,

15kmiz BT 2 SONHRHEZEIZERIGIZ2WT0; 7 357, 0 2 X107%7!, NO, : 3 x10-2
SIEEHEENE, O NO,TEAH %I ENHFSTHRBFI0, L OEIETIHNRT 2,

3.8 S0,

SO 3 THA I & 5 T RBE A SBHILEUC & » THREBBICA DAL T 2 bnanfkiz, =
NETATELBBECET D - EOMELAHEEEARE T L RS ERT S, KBE T
SONEEE LTERL AT NE LWL UTALNTHS,

$0,+0H+M—HO0S0,+M (25)
s | AER
80, +0+M—80,+M (26)
kys =3.4 X107 %exp(—1130/T)molecule~2cm®s—' M=N,, 220~ 353K*"
S0, +hyr—S0+0 (27)

ki =1.9x10"'s'at 15km, 2.8x107s~'at 30km?"

RIG25) I 2V THAD & A b AL M —RICTHRERIOEVWRE4 80— bz -
THBLT— 7252200 : L TWineb™n@lEdH 5o, 539 AXSE(FP) -k
RF)BE#MVTOHZ YA NVDEFES AL Z ik D k2K 7, RIBEE260~420K, £F
13~696Torr, #3{4ke L THe, Ar, N, SF2HWTW3, 85 0S8,

A(T)IMI. Y _,

I Thstd, (M), T340t b ZknEIEEH, &(T)=0.521.0) x10-*(T/
300} 3" *molecule ?em®s™!, R (T) =1(1.26%0.30) x10-2(T/300) ~%"***molecule 'cms™,
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BRI 51T 2 RS OLHERIG

M=7f s L CEHEIN:, s T— Fiifall-off region® #8— L TWr 3 @izt L T Leuw’”
[IDF-RF#EIZE » TR LR 2 @~/ 7272 LDFEOR R CeE R {UE (He T10Torr LATF) T
LaiFadee, L LBABENT—F0—FzRv, Winesb @R % AV T15kmiz 532 0H+
SO,OEEERAITET B & ks (215K) =8. 1% 10 *molecule ' emis™ (72 12 L £ ENTorm) & 4
b,
RITTRL 2k DEE 3RS TANBELHEL 2 LT 5 &, 15kmic BT 5 kLI £ (215
K)=7.3x 10" %molecule'cm’®'& % 5,
N kL 15kmic 817 50H, ONBE L H W TSO,NMNAEE+ B L 2 tOH.: (2
~8)X1077s1, O 4 X1 Vst RN, BEALTNTHOHIZL LD THEZ Eitbir b,

3.9 HOSO,
ZORIGIARBIZ BT S0, H —~H, SO £/ & v 5 e Mo MBI EE» 2 H D 2H
DNRVGHRFOBESC L > T KIETH S, BHEO EORELZHFANLR T3,

b= (4 = 2) %10 ®molecule”'cm?®s™ ¥

Margitan®i30H+ S0, DRI RIZ0, ¢ NOEFRF 342 2 Xt I NOHZ 2 ANPEEL T
(BT rdL, #FN0HT o H LEEHSEG(28) TTE72HO, 8 NOME W UG

HO, +NO—OH+NO, (29)

LB LNE L Thy# 7 A~ ENFHHEZATV D% KD 2. F 22 Bandow &
Howard®{31DF-v —H#—m &t (LMR) # A TOH+50,+ 0, & THO £/ » BN
FHILIERML, ShC E LEER, S 4 Torrli sy CHEG (8 iR 4 RGBS THS =
FEEGWSTL 2. 2 HO,OHEHE Y & KO- byiiMargitanO R 12 & — BT 2HTH -
P

41N BEE LT, HOSO, o F R, snsrHwi- L) L RESENBIE. &
E, EKEMTHHO,H 2 W ISOEENREFLETHL ERbNS,

3.10 S0,
SORBEILELICRAET I LHICEORIGIRIZEATHEEN T,

SO, +H,0—products(H,S0O, 7 ) {30)
k= 9 X 10~ ¥molecule~lcm®s~!, 300K ¥

2OHSO,MRIEE LT LT/ WEBTORIGL %4 LA,

— 265 —



HE 19

S0;+aerosols {H,0)——aerosols (H,50,) {31)

4 3w

KITEE A B ERE L - BT L RBE =T/ i b 2502 L » CTEMER A2 - T
Wi, I3 TATELL ) IZZDLT oV ILORE & 2 EMELEWIIE L L TOCSHET
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4 BOALE
Chemistry in Cloud

HIIEEEL
Masahiro UTIY AMA!

Z KB

FOLEORIGRE L TOMMEEE L, TRORBEIRACHEIERTI LHET
AZHRE , SOPNO,NER A~ BEEE I ER ToB{LRICIZ~NTXKEwa T, &
N & DENZ 2T Henry's constant, M TORGREEH & RAETOMEEH &1L
BRETIIT L v, EBNEKNHH,0,, Fe, Mn, carbonyl compounds MR E & UE
D80, (gas| BE BT, BB LNIRO LN AEEE 4 &b TERTIEEIZH,
SO T2 T RIS, /A U THNO iz 2w Uik & L THEET 2, T 72, TZOEE
BES L TEH BN TREOR GG L ToEMIZEEL 52 5,

Abstract

The character of a cloud as a reactor is presented. The droplet diameter in cloud
is such large that the surface effect of droplet is negligible in cloud chemistry. The
mas transport of N, and 80, is fast enough that the oxidation reaction in cloud is
represented by Henry’s law constant and the oxidation rate constants in both phase.
The concentrations of H;0;, Fe, Mn, and carbonyl compounds in a real cloud
droplet and the rate constants obtained now indicate that cloud droplet is working as
a reaction media/container for H.S0, and container for HNO,. The sea salt-a
popular condensation nuclear-seems to have an effect on the behavior of cloud droplet
as a reaction media.

1 fEREORE

PEolbF KR E FATTREDE L WY T2 20, KFnEshdnl tizdd
HEICFRIEH B i3 EEicgR e WRY, TZEoibd,) FHCSMEL—RIE LGRS
B UFSAD HAE~NERBREOHTH ), Z0OE) HRIIEFOEBRAONMR LI L LT 2L
LitZev,

HREOBNFR LRI RBRIFETHY

1, FESEWRE KARESD TI05 Sz SEE s BEEEN16H 2
Atmospheric Environment Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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ML EEL

REOMFLE >> FEHEA

PR EN TS L B2, RERNMEAMBAEOBBERCL LW ErERMZTENT
ETWAY,
FEDEAZEFTFEEQ0 M L LiZiZEa - TE LY, EROEZI0 MBEETHE 25,
EREETORBBNFERIKFEENF N EELLWTHA G, Ldi-T, SHERKRUW
HNUZBANKETH D Z L SR WAL BT,
[A—BRAECORILARIETH S5, HLVIIRETHEL 2 LGRS HYE  EEN
B d ) L SO E T 2 B BA R TIVNKIEH AR TR SR
EWZEIZLY, ol ) LROBRRSEFCERL AL ALY,

Kl TS0, (gas—S0,{aq.), S0.(aq)—S0 (aq) N A + VERFIEHHZ 2 &, SO D
BREIHEZ Y (B - TREOWHERN TS0, (aq.) DBREHIEEMNENSO, (ag) DBIEL N K2
(e M), 50,(gas) S0, (aq.) H#EBEARRES L2 TR S B,

2 MEHsLACLBE

PEMEFE N IRMERE AT, ERNZNDTRISHEITL Tv 5 BEHEWI#HE1E2 2 &t
WIRTHDH, TOk) TRAIHL L v,

Hegg &P A8 % AV TR E (wave clouds) R THBBIEO S MAEE 2 HTLI - 2 2R
Atz BREZHICRAT, RO LR ETHRT7 4 Ay —Fic L NS FREREFEEL, B
BRERETRTO7 4 VT —DHBEROER L BRENFERARE (TP B0E, 82t
T0%) 7 o EHGREE Z 2, DGR & EAR, pH, SO,(gas), O.(gas) & DB s 5
ANz, EOBRENF—ETEWAHOREBEYBICSURIER ( d(S0F)/di=k(H*)*(SO Jexp
(—b/T)# BRA L L TBRABE AT 2 Lz, BEL2H LIZRT, Bon

R=33X10°£6.2x10° s~ M, a=1.1£0.1, b=3.5%X10¥+3.3x10%

B MR LIEE L pHIR KT T 22 20 hh b,

Richards 5212 L - T1981/114- 551982/ 5 iZ & 11 T Los Angelesi# | 72 72 4 d o» NO3,
Sbf', pH % EDREIITH Lz, EARFTONO;, SO DMK 100ug/ (F28E TFE 0 pHI
3.2, BEOPHIE2.4Th - 72, sulfur(IV) DBIEE KA NSO, 7 2 BE & Z Ak pl 2+ 5 F
MENLLOLD LI00EL ENBETH -2, SUV) L HO, (aq) nBAMEEH—F+E 1 10T
T Thkeasulfura14%sulfur{lV) & L TH,0,(aq) EE£FL T 5 (HoO,35(IV) # 524012
ik TE v, ZofEREsulfur (V) -carbonyl (L&D HFESZTEL TV EEZ Lil, £
72, ZRTOHNONERDTREM 2 DO 526000, HHIZENF 7)) 79 T b,
FERX TR PNDTNTOHNO, (aq.) #KD R IG
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PREDICTED RATE OF SULFATE PRODUCTION [MOLES LITER™ S

i el el ul .
10 o Lol W " 1° le)
GBSERVED RATE OF SULFATE PRODUCTION (MOLE LITER™ S™)
B01 #REh TortL7 o 4 F )t FE)E oy i & G955 S0 T DIl & o) Fedie @)
WEBHE I & A — L 2 Rt

1 MRk F ST V) E ORIESHILY

Measured cencentration

Date  Start Location 5032 S(V) HzOp
Time ppb " aM oM

21 May 2257  Etiwanda 10 52 9.1
2349 Fontana 48 183 2.8
0025 Fontana . 58 365 9.4
0102 Pomona—Corona 6. 29 13
0132 Pomona—Corcna 4 33 2.8
02086 Fontana 13 51 0.91

NO, {(gas) + O, (gas) — NO, (gaé) +0, (gas), NO,{gas)+ZH—HNO;{aq.)

THRTHE L2 &0, HNO(aq) mERT 2 0L B4 i 1 ~ 318/ & AL s/,
¥z, Richardss 31983 ~19844 {2 Los AngelesiZ b2 T SHMEA ORRE £ S URBRIT
CE DT OBIEEIT- 72, SO BEZRLBF(<ppb) LT TH Y, sulfate(>10ug/
m)IREEIZR WSS A, sulfurllVYBE o TAZ 2 - 2200 1ug/m*)e TR 6N E
13, SOPBCEGHAERTHEHTENI LA TET 2, B0~ THOTRFTIZEM S 1,
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P ILEEL,

BUTH0,DBEE Z 629 E~NT, FMSO: (L LEETIULD OBLIcE ST 2 5 Lz s &,
SulfateD R % 7 ~20% MM 2B TH -7z, TRPIZH,OMHW2ZE3h b 2k &, SHIC
SO RnZE N4 v Z S ISO,NEEEEF TELIETL T b 2R L Ty 5, sulfate? 2
~ 3% LFNCarbonyl{b&HA TR A IZ BRI 2 4172, TH s o free-sulfur (IV) #7carbonyl-
sulfur(IV) complex g FHEE THR E D, [AHN SO, B E 490, (gas) - free-sulfur (IV) &) #2
Henry's LawsFSi Tz 2 £ T2 &, SAESO.OBEIIHppt s 7 2,

EIAT, BT THOSO,MELKIG IRk BE2H 5, (1)H0.42 & 5 Eefl, (2)Fe
and/or MniZ8#E 2 120,02 & 281k, (3)0512 % 5E(L, (4)carbonylE @ REG, 4,
BRSAELEEET S EH0 L 2B — R EHEERII0~ s nERECH E %
5o Fe/Mniz I 2Esbiz0. 01 IBETH D, H,00E LG T 1005 L FB v, Ohlz &
SEELRICIIEEIC X WA N, SO,MEREFHEMRGHERLT 2 I >N TEAT 207,
pH# 4 ~ b OFRUNTIZ Z @RI L 5 BILRIGIEEETIE 4w, Los AngelesiENZpT
DIZDMBIEIZ L B80,MEELIZ0.1% - h X REL 51T w3,

HEOKRR[TIRIEFRIENO, > NO+O,EEZ 5 L v DT, NO+O,—»NO,»#E BRIz
&1, EZETEHNOZZ A2 M, NO3IE10~30gg/m? (filter +cloud water), NO.id 2
~1WppbT, —Fl% kv Tnitrate>NO, ThH - 72, (N in NO7)/(N in NOJIZ 1 # 5 3. 30 &8
A9, THUEINO Hnitrate~NEHABO~T5% TH L Z & IcHLT 2, LaL, BELL
BATHE L 3 izERPOnitrateNBIEFZT EF XL HFRERERBL T 20T, THLDHEDE
RN EF 2 5, '

3 EFN

My vEEHEORE, RBT—FOWVRWE, EE0BBEOGELEL, - 0HREE
OV EYEGEE L KA~ OWE NI AABE (KEZ) OB EMEOBRENSHLOT, 12T
BI(CE b,

BroxT &z 5N Twa LI Thad, RUBMCKBOFESTM T 21208, B
HL Twa NS —HO BRI RIGEE & VEREIZEV L LT, A A 28+
i kv, Bz

NO, (gas)—NO, (aq.) 3|
NO,{aq.) + Reactants(aq.)— Product {aq.) o y)
Product{aq.) ——Product (gas) T k3

T, EoiR5EIRR]L, k3> >RZEFREL TWVEI Ll D, LM T

NQ, (gas)—Product {gas) k4
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k4=RTL k2 Hyo, pro.2e 72 Lpno, | xo®RE, Hyo, ! NO,O~y | —%8, L RLIGRD
Wk kDiBE, R:GKEE T 8E 40, #2 T3 R THOProductd £ &EIZ KD
BRipdsZLich b,

Lizdia, MERRDL HbEio~r ) —Ek e ZREF ST (PRI —Ric e &
(R -T oy, EOHEERBICEKRRE L TR2ITLC, BRDISH SLEEN N TDO
ERAERT(H VMR T T ELT L

THARESE S L TR TEY (, HREBTHR TERT 2B NFGOE C ST L¥E
(CS;. CH:SH etc) # tHiftB L~ ICHBE T 548K e L TE LA€7 /Y (The vacuum
cleaner model) L & %.

4 LRI

BELEC BT —RICR & REMICERL LREIFH Y,

VWA, EEEEITHEE Y % ANO,/NO(gas) ~HNO, (aq.) O K IGiZ 2w TR —RESRIT
Lo (P NEERE D S L ER AL 2, BRI EBEONO, 7 A (200ppm~ 1 %) THFFE AT
bR TEL, REBELE~EIGIZ W TIE Schwartz 512 L 2 ML HBM»H 5,

NO,-EAMRE &SR TOBLER I £ (HNO,, HNO;)ogE4sE <, [E~ORE »ER

TEAWEHI, BRIEZTE2EFEL TH CEEFEC L 2HNO,M S #R% &i3E 2 70 ») i iR
Mo n, B2, Andrew &5 'Y NO, ¢ #7 2 B 20ppm~ 2 %O FE TNC, @ Kk~ DU IR %
B (sieve-plate reactor) #97v, FORBELH 2 IORTRMESICL VIFL . £ LTk &
SR AEL, (DRBETel c+dOBEAEETNONRELIMNZ 5120t -» Tetdnli
HEEICLD, (2)ithEvr L bBETLEETR Y,

¥ 72, NO,(gas)—HNO;(aq) "B EERREIL, KTHRE 54, REOEERNOME, KE
iR TE L EORBOTHMTOLEBERT, F0EANO,/N,O,—~HNO;, HNO»
AAREEDESIHMEL S, '

L, ERECRTELSATOBETOORGRABFFEETETTSLEEDATY
b

FfLee & ML EIRE (NO, | 1 X107~ 8 X10~* atm, 100~800ppm) T®, ZDHEGOBE
B¥T- 7, KBRESRTIE, KENO, (gas)~HNO,+HNO il &K R0 IG 7 A & -F
®ioh D, KIGEEAENGTETT A X v TFLTHY 2 N GEMNEE)HE), Ho, (~
)R &

2NO,(aq) (N,0,{aq))—H*+NQO; +HNGQ,(H*+NO;) k5
DESE LT, &4 7 X100°M atm—, 1 x10°m~'s~ % 487z, 275 L, &5 @ E(NO, 1 3%10°°

atm) T2 N,0, (aq.) 2 2 ) NO,ARINDEE Z Z AET L E@b Y (4
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M ILEZEL

WHEFZOE*HCTKOBEL=1gm3 L LT, EOHTOIORENFEHRGE AL
7285 pno,=10"fatmT 1 £ 2800, ZOBZENFHRFH(Th) L H~NTHERFIKRE, E
OB TR NI EECEEL v, /2, FHETHONO, HOH-HNO,NFHFH (1 H) &
DLIFFIZAREY, LT, TP TOIORGRETLEWES L5,

KEBEPOSO,OBLABRICYDWTIRRLWIZLAFEMEBHI S, B EMIZE

GAS PHASE [ LIQUID PHASE
— N
% “
— 0
NO j
— HNoz-——L HNO, HNO—
(ed) J -
—NO NO H20 NQI_NZO4

Absorption mechanisms (c) and {4).

GAS PMASE T T LICUID PHASE
—NO, = NOy

[{AN

MO HP,

MOy
—_— la.f} J—
—o j-——”"""z *1'“?2 HNO3
— R/ —
= o
NOg ] ' .

Absorption mechanisms {e), {/) and (h).

GAS PHASE T LIQUID PHASE
—
—NOT— MO HpO
NO E i ‘
“—NO-TTHNO, HNO;™ o
N——
HO + HNO., {k
MIST

Absorption mechanisms (/) and (k).

2 NOz& NOOH0~OIR UL L
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SO, (gas) ~S0, (aq.), SO, {aq.) >SOF DB TH 0, BH AR (R U R i BIK) 0 A~
ENpBhtotntBhnsnT, SO (ag) BN TOEERZIT+E 2 UL v,

48 2 T B 00, % BIGH & F 5 S(IV) —S (V1) 00— I R i B S 13 K e 7 9
20 1~ D RBOEAEE S N TE ), pHIKFOER S KL%, &) BILiENX
OB LRI LS BB AN TS D, Larson ™20, O, BILAI X LT
NaHS0; (aq.) PR L Z ATV 0,2 2w TR

d( S0 Y/di=4 HQ, PO, L HSQ; 1(HH - (=£(0,){HSO; 1(HM)-0,
k=4 4X10°M "%

28EL, pHSSER P T30, (>00ppb) B0z L2 L bV EMT I L H1c%h b L
=72, SOCELRIEHERTOMESE S 7> (Fe, Mn, Co etc.)iz & 0 BIEER % 2112
IR ECMLNT VDA, FIGHRE, EEE LERHEL Tk, BEEER, fioE{bFl
(Hy0:, HNOH oW T I it TORBEFHEAH VKL (AL T3,

Larl, BLEL 7L 512, EBOEAPIZIEH0»FEL, HyO: L 2B R=3X 10" M
sTUHY)(H0,) T b 8T 5. B4 A2, AR Richards s HBRI(1983, 1984) DERAT
DENEMHT(EH : 3, (H0,) ! 20ug, L@ 1g m3) TNSO,—~SONE— IR IGDFfiL0s
REX L5, _

AP TS0, SO N RIGCEE L T, KAFTOH0,OBERUVAATDEERTHB
Bt (0, ete) iz & 2 H O, ARG H BB 2 L 27z,

KEFOH,0,NBEIZSWTRUTOBHTWEZICERTESHEIBLA TS W, Zika
510 IR MUE T AR OH, 0,0 % & A RIZ, KAFD0:H 3 ik T F iR AR
W TH,0, % s B PR L, R (75— 2 AV L 0) B RAHR N0 IHEE NS
SEFRGLL, ZoREITHelks I X D FIZRET SN, AP —2FHRTHO,
H 0. W Eii 4 v &y ¥+ —EENLE L BERNOEFEIRE L T2 L LTERS L2, #
Bas oy r—OMEIZONRERIEREKFTZ(TFERD{ Py — 22 & &
DOORIGRIZY I AHBOEFN LRV L ENIEE L D50% K E W),

2 ORI 04 b DT TOH0, 0 k) THEME & T 545, #4201 TLee®i30, %
(vl & LTk ToH,0, HCO,H, H,CO, C;H,, PAN, NO,»E{LRIE % e L 2. £
DEER, DHLL DOV TILBELN A S TRV 2 L £ R Lz, FIZ0°Ma)
BENO, EH,0: ORIETHH, 0,0 KR MEUT Th 72, 372, O:DKPTOECHE
VTR MOBRNHR L (1) Bt Cld o pHic & 6 % v, (2)RERHOIZ—®,
(3VEEEHIII0 s at pH=2, * VI ETR-HL 2, THLOERSLBLNLZAAR
BHRTN0,NECHRIEDFEGIE S5 X10Ph&E Loz, Lizdi-T, KARBPTOEBIZLS
0,0 HTAERFH,CO ete. ORIBIZ & 2 BB D LK (H,0, etc)IZERTEDLZ 20
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PILLIBEEL

5,

EBENZOFTEUNE AIH,0,0HEZODWTER T VWY, SHTHOHI VA LIZL D
H.O. (gas) » 1, W48 TN HO,(gas) ~HO,(aq), HO,(aq)+0, (aq.)—~H,0;(aq)® K
AIREE N T B,

KEHFNMBEEO T IV IBENREPSATERETH D, BHERL IERPICIZ SR
FHET 5455, NaCllag)etc. dRENF~DEELE 2 LB H 2,

Clarke 5 I3 ERE A ERE BT ToONa,SO0E{LR )G, BERE LI T7To /LR r§5
SO BLEm L T b,

Na,50;(aq.) (3 ~ 5 X10—°*M) »Eg{b K A NaCl, MgCl,, NH,Cl, CaCl,, KCl#fnz 727k
BRAIZO2BRL TGN, RITRTHERELEBL, ZoFRE-dS0V))/de=32.8(8
(VI (CI)2 (HH) S {(M/min) » B ER, CloA A RO THHEN L L TE 2 &7
bArs, IMUEALCIHITLEREVMKTIEE ST, > 1 MTIEEIE 1min. LIRIZEET
Lo BRI THESELTE, THORYE, WREZZNFZOBRTIBEZERENTIL v,

Sy FRREIEEF Ay TMgClL, NaCl, (NH,},S0,2 7 a v W~ S0, (gas) ( 1 ~20ppm)
OIRIARH O ~85% TREF SN TWE™, MBS NI NLOZT oV L3HAKDEE L N T

3
NoC\ 025M /
X

MgCl, 0.IM

MgCl; QOSM

/Mg: 00t M

hvd

NaCl 0005Mm

. L
o] 20 40 60 BC

Time, min

1/50v) 10° L mot”

/+

X3 ‘fiﬁ}ﬂ?ﬁ'ﬁi:ﬁ‘ﬂ“‘f% 1/S(Vhynr 7w (18
S(IV) ARELA(SAV)] D K THD L L &L T3,
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Tk

REWORNES 7T, SO 7o/ LakaizBRET 24, SO.0BEICEL Tk
BERTh-7. TNHOEZToYLIZEBOMi* 4 A 2WNMLCLHTLOBRLIALN
T, FRHA~NONO, (gas) NIEMBWHERIZNARELZ 5L 5,

iz, @ R&koERK, ATEKEBCCERA, BRKEIVERL T3y L THS0.H

Bt s R — R E TR 2020, BHEARGO KIGERLNEG(2.52) 2 » #RiTiE, #
B LERERER-OERF B LN, L2H T, BELPHBEORA TIREEL T (EH) T
DO,z L HEEDT, M A H =L 8 (0, HO, iz L 5EE) S N ERIZ T 2 ieEd b 5.

EZAT, [ HRERFS Y, A—REE MRS 5 B A — RIS RIT IR

FTINLLUARBLIEONEL, L, LERGERICEIL THRINTEL, ORI H—
BEREoBROLVEENS Y E I LR EHAFITTIERRELTE

a) REEABEA~OCO,DRINOFEEMIZCO,NLERTH ), RIGITBEENTETT 5.

b) HEHEEES Y 7 AKEER~OBEOREN TIE I 90 4 4 2R EICHRMLEEE LT
Bz, XTha—NTREellEEIND, CoRBIFOHLEL, Gl oW TokH
FIGdEdiz LN o, 1, 228E&3nTwad,

¢} BT ALY EHE(PH9)~ANO,, NO-NO,NRILANO, 2T 5 RIGKIKIINO,DIBE
CEFT A,

d) BELKEK~ONONREFHET & 1725, 4NO+6H,0,—-4dHNO,; +4H,0 #IEH &
WEREARE O BAR TEIT LIEEEY R T 5. FUGKRERNO, H0,9 R F 22w T—K
TH - 122,

e) LefersZi3Bilt & M2 EEB T NO+2HNO;—»3NO, +H,O o RIEH FE I FiT4R
HHTHEITT S E2RL I,

f) KuoZlzKigiisp TH0,0 B2 pH2 2~11. 00 @HE THETL, O.02BFEEIEHEN
PHICHE (IEHT A2 L2 Rnir L,

g) phenol®o-chlorophenol’s ¥ QKB E~DCL, DEIIE 7 2 —7 4 LB THKIBEERD
pHIZ&H 4 527,

h) T+ b rkiglnClLick 2EHRbIE, H5EETTRCLIZDWTERTH -2,

i) CLldk~mRINEH, K Cl,+H,0—=H"+CI-+HOCI #&177 34, ZHdE—KkKRIG
Td 728,

5 &w

THARICHB & N 2507 PN A ERHNOTAE (H SV iz RE) G TERL Twd L9 8
B 7 B AEE L 25 2, LT T v, BRALE RGO RIGE R LR 01K & L CHtRed
DIEHBETHLEBLLATVD, HELHESFRITEREOMRIIAS L, TRHAOREG
(ZBB KBTS & & B, EBR, RAE TSO0BREL KA ANCHREINTE T
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PYLLE3L

5.

ERMENHEPHO E RO BeM(E HNO/H,SOM L2 b Bbnsay, ERP T
HNO; i ¥, SHETHA L 2 HNO AR E M5 b L B2 5N T b, ZHOSONE
fLEEII D TR E L EDF TSSOt ER» I (< 1 min)BibE3 3., LAy -7, ZIINOY
oW TiEKE LTSO oW T RS /84 » UUEakl, “The vacume cleaner
model” £ LEE T Mo PBREHEHONKE LH~owmRic L5 T2 8iik 5.

Clarke 5 DR VA L LB I NS L I CERDAER—WROBE(BEEREEZE»H S
T5)ERTOCEMENFHIRE CREL RIZTrL LA, 72, BAHREISN
T L v, BSHRETOHSO, % FOBEREEEGERIITHILT v, BigHk
BRI R EMETRER N AR BERTY b FTREANLABEEEL L EEEDL
RLwh KBBSP4 A A REEIRGHREBTRELIEESZ L v), REEORETOHE
HibnA N F— iR EHSI L D &L 2 TeEsH ), FKiRfhL TRESNCREKTFEZA
b RGIEE O EEHKE~ o FEO B LI T2 4By H 5, BRATHLEEOEHORE
BB RELr S BEEREERF(AMUETKMB» 2L 0 E LD L5104 5)TD
S0, NO,Z& &N FMRNRUEERN L HRIBEL B2y, LHLIDLEILT—FD
EHIZ L, i

ks, SOF ENO; WP LA BB 2 5Bt b 2 Tw a4, ZiLS0:-,
NO; &Kz 5T 550, NOOFRRFHILETHY, LronifticEFS T 20H, H,0,
DBEERE b2 TolwoT, FORETAIRETH S,
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5 BYIDRIE & BA~OHEDR Y A&

Cloud Physical Processes and Incorporation of Pollutants into Precipitation

KEZH—!
Toshiichi OKITA!

E g
HELTHEBRELHEYORA~OR VAABBTRIL 2. foditdEnyR
k% TR, FZ - LT oV ARSOBRER - BRI~ DAL,
R - B RONE & FOBEAEE L OBE, BAKOHIHETH L, SHEETNEH
BrLT, KA T oV - ¥ ARGOSH, E9 - ZETORHK, By .
Bergeron®BEMNERTH 5., T, Kb, ABEORESH, ZKRB, SPOFEERK
HIr AT BBV ER T2 B8EETFTHD,

Abstract

Important subjects in cloud physical processes and incorporation of pollutants into
precipitation are reviewed. The review describes physics and chemistry of clouds,
dynamics of clouds, mechanism of incorporation of gas and aerosol species into
cumulus and frontal types of precipitation, measurements of scavenging-coefficient
and -ratio and their relation to precipitation intensity, and statistics of precipitation.
The followings are the subjects whose extensive study has to be done in the future.
Distribution of aerosol and gaseous species in the atmosphere, air flow in and under
cloud layer, and whether the precipitation is of warm- or Bergeron-type. Further the
size distributions of cloud droplets, ice particles and rain-drops, and liquid water
content and vertical air velocity in cloud layer are important factors in the study of
rainout processes,

1 Lya :
KEPWHOEMEBEREORNAKEZR 1 IR L2, T2bbERRE LML IIIEYRES
FALFED L) 2 T R L D, ZoHRCBAROMEIED &) L ABIRL IS I b

ik b,

1. EEAEWNTER ASREL  T305 58RI ET 4 M ERaT /B 163 2
Atmospheric Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Long range transport ) Statistics of
model ’ Precipitation
7

‘Scavenging < i Cloud dynamics

coefficient

Scavenging . Cloud physics

) . x
ratio Cloud chemistry

A

Pollutantsl

]Source]

1 WHEOEELHARY

2 BoEFiy

EWEELFLLELULER, Bl BH~0&EESR, LT oV ARSOIRY) AABELH 2
R L7z, ZoREHTORS Lrainout, EE FOKEEwashout & v 5, BEAERHICHY
AEFNALTHTEBARS LTI EIALLPT, T TRERTAIELEE LY
Bhith sy, 0L 50k 3tRERBRABAOYE S FoBRARBICHL LT3 EER
FEDHTTOEBEER B2 S0, ~S0) 7 b > TL ) WL S5, LTr- T
AahEe (BRK AR/ Bk LEELCRFTH B,

Bk KA BRI L EHLHET 58 M &, Bergeron#iEio KAl 5,
BETIHESHER, 1B E KA EIERENLREOHOKEREOEN 2D, EiF
DARDERL, KEPBELEL, BARRETICL S, ZOSSCRERACHER =T OV L L
N EEAREFIIBEL v, Lal, dSHOERD L S ICKEPERHLHREHST 2 (riming)
EEIZE, BAVENE JIZE L D BK~OWEBE M ThLS,

FRERSMBAHI N TBEHIZ TS &, BERELPLEL TERFERKIND, BTO
R %A ERIET 2402, EAARE P TIARNE BFHEREFCLVRESNL Y,
H,S0,, (NH,).S0, NHNOKTFTOWITNTHRELERIALN I -0, HMIERIZED
{ BB REIZ RRTO~100%ThH A EvbhTwd, THEER L FEICHNO,, NH.HNKiE
WHFZLERPICRIAENS, K- AT AEHETLEACZHESERIREURETHEN
pH, ZiEWNS0;, NOsENREZ & (EHHAL Y

S0, MK EADRAFIE—HFIKE W EIEEb ATV, HNOmKE~NDBF I, LN KE
{, IAHE, 2OBKPNSOF, NO;OEBNEIFSHLTwE LN BN,
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EYMHAE L RAK~OHENR N AAWEE

Water Vapor
Condensation | Sublimation
Particulate Nucleation | lce Nuclei | o . Particle
Matter
‘SO"—, NO;. Cloud Ice Adsorption 635891—5
- e Droplet Crystal Material
Cl NH
' 4! . HNQ3, HCI, NHy
Na K T Reaction
LR Ditfusion [I‘ Mel't’ingij Y™ Absorption 502, NGy, O3
Ca, Mg " L ! - HzOz, RCOOH
Inertial Q Diftusion  [Coagulation .
Impaction ,/G?aupel \l. Radical
Raindrop Snow Adsorption
i Reaction
i Absorption
Ground Ground '

2 [EAROYEELY AL

PR EME S B THET LT RSEN (Scavenging coefficient) 2% ¥ ¥t ¥ It (Scavenging
ratio) H7*$H 2, BBIH=Cw/CaTHEIH 5, Cw  MEOBKDBE, Co HEONERHR
BMETHD, LURRBOCaH B Ic L 6T —FL b, k=pH/hTH5 L6015, p BAKHE
B, h fEOFHETHS,

1978% 7 RI MR B OMIETIT » el 377 —REPIZ £ 0, 1L 0 BEI50mE T
0., 807", NO3;, NO,, HNO,, NH,, NHioEEFHB 2 KH72, Oy, SOT3H2 %0 —5%
mESMERLLY, MOWHIZOWTIIBRMITBENE ( EE2TRIEC T 589WT, FC
NH,, NH{THZEL 772, RAEREERE L T T ARLERKEET AT, HEABANORE
PBEILR L T—#2BE, RWIEELIZOH IHEOWMENHEN LI NTH,
CRAR L VBB TE MBIt b LEbNDY, AL BRAFRICE2ERIKA
AN

3 BonF

Eor b OWROUEMRF RET 256, TOWEN, H¥MBEIEECRFL YL, BE
HZEOWMEORTIITER TEE ZARTHL, B3VCHEROUENET OS5 O—H
ERLE. BOEHIZR ERAROFESBATH B2, LAMKELEELETFCHE. B
T3 LEEEH - B o, ERRTKRANMT 5, MPRIREFOBRS, BELL
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DGR RRNEA (Entrainment) 12 & ), TAEOMS, ELLVESCIEFNOERIEL

% (4 955),
LN LARROKELRFAN DR O —FI%E 59K L 2, RIGE L SHBEHEC 518

{c)

X3 MEEPOWELEFHZ/HHY
(a) HER(em) (b) ZHEEHcm™3) (¢) ZkE(g/m?)

35S r
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\
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0 n i n

0] 0.4 0.8

{4 SERE R TOTARO EE)/(BBeH & FE L 23 )

o
»
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HEIGHT ABOVE CLOUD BASE (km)
o
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TR L BEA~NYHOB ) AL EE

HEEL 5 7, #lzifBergeron®iEii v T, FHARENNSWEZREHNERIZLD
KEANBEREIVEMT A, KEVE EEEFOHRABI L ZKENRENEHET 5.
TLERT LTI LD RTHERB L ) Eh~LEFRYHIEREND, Lo - TZEER
+ANEOBEAOREOREOMEALETH LY, TOREDHREERBEERE N2 ~72,
LAL, ZOSKEERBCLY 2ERBOEESFOMEERHIC & ) EM%E (Rainout) & E
BT %% (Washout) HDEI& DT 5. .

FEBEORT A7 — ALl 2B RER LV OpA LN B, HEL{WiE-TH) —&
Wi, Heitn—FLERL 2™,
Eﬁ%ﬁ%%?w?m,%Mﬁﬁ%ﬁ@%ﬁﬁw&&wﬁﬁﬁ%tfwé&wvﬁm@T bEF
BErEOLON S8, BREOETATRI VEELRR L DHEOBESHLEY AND
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Measurements of Radical Concentration in the Stratosphere
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Abstract

In this proposal paper, the role of OH radical in the atmospheric chemistry has been
reviewd shortly in view of the global air pollution. Further, the history ot OH
detection is reviewed. A new laser-induced fluorescence method is proposed to detect
OH radicals, which is also applicable to the urban atmosphere. This method is based
upon recent new techniques and simulation calculations. HO, radicals will be
detected as well by this method.
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EHEETH B (M5)Y LHLEFREELBEL), OHORKIZNAEERIIE ) BEL T
STEYN, POREFEFMIMETOREKDBEE LML Tnd, HEEDREIRET NS
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CEIRITE) L 0 L0 aE SR DR a0 ItRELCRETE 20, XEFANL
FETHH(HT).

5“ neet

ArfH,0

to HT
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2 AL HErAnderson' Mz L - TAET AR FLZ P A LDEIzAVv LNz, S
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5 XWemHBEOBIERTOBERNTICRINL 2, IBOREEZHOHNBERNZEIZ L kI
L. (19764), 10'molecules-cm*EENEZ15/-12(K 8),

KA TOFIENAE L, BEETORNE NSO DREEN S5, B—io, HPHR
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REV, TRIBCTRARATIHRELEEE LS, B2, 272V DdH LHEW I~
B - TRIERTWEE L 20, Baicd» THEERCHABRE2 52 5. B, XROER -
MR E NOHOEKIELIEHL L, HICH,0nBEELz L a8 kzw, EHiZ, X8®
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OHX*S*{v=1)+M—OHMI+M . (29)
—0OH=Z  (v=0)1+M (30)
OH¥Z* (p= 0 ) —OH U (y=0) +309nm (31
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THLH, OHELOWELL —F—X 19272 V0OHD#E» 1 RETF - AZABETHY,
RELLTEMETES LOTR Y72,

MHBES L3 i2@ e =28 TRV EZBZ SR TwWizd, HinicTioREy
ARG ot b= —RHEHE 74— 2T 5 L H,O0H 2 HF RN TH8E LOH & 4
BT Edthtr o2, BHCL—F—2HBEL LVWBET L0/ H00HET 2 HTII0 AV —
F—N28ImETHFER S HODIEL, TR LH,OENRETOHMEL L Z EAHLE S
Lotz LizdioT, BREZ ETLHIIL—HF—iEL LFELvwi v Bifih Lot
Bavwz iz, Qr—t—oBads 2oz b, @ ramsz8< L, 00D) EH,00K
AR BRIV —F—HAWELDL912T2", Qr—F—bE—L2MRTLLENTRE,
BEDT 5 OBRETIVEE & -7z,

LaL, 05, HLOOBEFRWEHETTIEIOTERHRIINE DT, 2AF v FFrrri—
EBRTOHBENESEA S ALY, oAV Lz L 20 lem™ D5 BEEE, 0.3us0-<
JLZNE, 0.2m]/pulsed v ZANE—, BNELIF0.1HzE W) b N TH -2, RIGRIEF L
I¥NO/NO,/C;H, # 0,160Torr, Heb00TorricFHFR L, # 1 F1n3.5/0.3/1~2ppme& L 723
NTHDB, ZZTHeZ Az nid, NAKH~NOH*EEMEEI /AR, HROEI RS
LTH3, TORGESFTIENONBENIE DT, BIEL 72 2 BFRILIN TR0, DB E L 10pph
LTFTé N, H:X0=12Torr T L 0./H. 00 F 3512 5 X 10°molecules em=TH %, Izl s
f17:0H=1.3x10'molecules:cm I}t ~EHR T 2 5. FZ-HONONDKSBIC L BFHIZ 5 X
10°molecules-cm™f2E X B L s Tv b, BIESNACOHBEORBELREUCZHAE 21T,
CHmEF» L #EwE L 2OHBE & Lvw—& 7 L7z ([310),

4.3.2 RTWCIHOHBREDRAE
TA—FDOTA—TIALER, Va— YT LEXRYENDavis?) 7 A — T RITHICL —F—
ZIEEHL, 0.5~ 6kmoE S T2.0X107% 53.7X 10°molecules-cm D OH I FE £ B 5E L 72 (3%
210, FNLATLRYAGHENERL -2 RiEL L, KEZRITBOMUTEH» H 34 72
o THBMNITHALBOHMCBT IV IHRTH 7N 7L, OHOELEZBET I LNTH
LR, ZZTHEFEL -V —oREElL, RITEORDSERICL S Y0 FTES
ADENE E I ERT AICKELE N bR, 72, FRL )TN IERES &
BisZ), OHMERTELNINFHIT22 2 ANERTHEL, BALEH- 2. Bl
RIZLEN v DENPBEEL—F -2 h v P LEEDAZBT L VT ELENITRALT
Hh, UEEZ LNABEENKENFEMEREL 22N 7wy 7 PIKETHRIIE LS,
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Davis & DRATH 2 & A RGE TN U T L R 2 MEBA o 3 17222, 19814 12 B E N REHEIS
L0/ H O TH3R% R L D, (05) X (H,0) A7 4 x 10%ppbv X TorrBBE N 4T, REE
L 22~R0%DTFEH DB I EMNREE LTV B,

COMERBITL ST A — FOINL—T L —F—EEERh Y — RO HERE B
7229 RIE T BRI & 9 R RO RFEE - 8h w0, SERNEV0E
HTHD, ETIKANEEEEOOL EVETELTA- TS, FoiL - LS
DEOTFHOBELLIRE SV, BB T TRBENSAT Iy 7v i b
LiLTewd, cwb—F—TIEBZERAEOMENE G, F oL —F-RBREHAIEFERTH
N, EIMBL T OSIEN REMESICERTEL EVIFLLH L, INHETWang 531
molecules-cm 3 2ENOH A B TE 2 LiEL T 522,
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KEROT U HIVETEH

#2 OHoHEHR

OH Concentra-

Time, Altitude, tion, 10°
PST feet Approximate Location molecules/cm®
. March 22, 1979
1330- 1430 33,000 Excoltos Alijos, Mexico 03 +2

1500-1530 37,000 N 22-00 Latitude 2+2
’ W113-00 Longitude
West of Baja Calif.

1600-1700 39,000 enroute from Baja Calif. 22

1640-1700 39,000 Los Angeles, Calif. 25 +2
March 23, 1979

1350-1430 33,000 San Bernardino, Calif. 206
March 27, 1979

1030-1130 35,000 south of San Diego 10 £ 4
March 28, 1979

1211-1326 33,000 enroute to Denver 1+3

1520-1540 33,000 enroute from Denver 0Lt5
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W, ATT4 2 DT N—T11, O/H,ONFHEEMH  FHike LTHET L —F—#%
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AEEFE L TOMD) +H,00 A2 NOHE AR T 25H-OH,HREEB I 5 2 LIET &
e,

(¢} EH#E

KAFH 7L TRET Ty — Y —#HIEAEF T 2H4N0H 2 L 5EF L 0;/H0C &
ZFHEBRLIL Yoy b LEoMRUTHE, 22 TI120,%15ppb, H,0%22.3Torr, OH,=
10°molecules-cm 2 & L TEHEBEL TH L, ENE 1 RESS200TorrlcB L TH 2 2 2 TI120H
O & REr IRz E Vv 0 Tdetailed balancetkTE & & 0, OHpio L 2 HIIZIEKTF & &84
V', Oy/H,003h %43 1/ 2 EEE T 5, W0TormE R TESSEIMTOE, OH* D%
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BORELRE, MNEE ENBRNBEARVEET 2 0IHMI 42 5 tH0H D HE AL EL &
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GREFHEENARTHY, BOdHELLE XL TILI 22 M TE 5,

(e) (0— Q) THETE A,

—fZiZOHO& IR (1 — 0)F#282nmTOH* (v= 1) izcFr#E L, OH*(v=1)—-0H(s=1)
A1 — 1} ESRQ@Mom) &, OH*(p= 1)+ M—->0H* (o= )+ MTIREEFE L 22N (0 —0)
A (309nm) FRE L T d. ZHUIBEL E HH L 9 2nmbl BN TEY, T, LA )—
HELCTFEEF» HSOBERLEANTEZ2HTHE, L Lud b, L, (0—0)FHRTH
EL, B—#SRETHEXAETEL L6, §—I, BEREEMENZLS 0:NBWIAE CO('D)
NERBLI/40012 P TE, #22, OHolo L AHRILE SEEEM(h 5, LLI0—0)H
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Lidar Measurements of the Global Scale Atmosphere
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Abstract

The measurement of global atmospheric environment from hemisphere to
mesosphere by lidar are presented. The examples of the measurement on aerosol
distribution in troposphere and stratosphere, cloud, air density at more than 30km
height, O, in troposphere and stratosphere, Na layer at 90km height, Ca and Ca* layers
at 90km and IOOkm, respectively, H,0O distribution in troposphere, and wind velocity in
troposphere are introduced. OH radicals in stratosphere and temperature in
troposphere are also pointed out as new targets of lidar measurements.
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Measurement Techniques for NO, in the Troposphere
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Abstract

Detection requirement for NO, in the global troposphere is surveyed, and promising
measurement techniques are reviewed. At present, only NO measurement by
chemiluminescence meets the requirement. Measurement methods with sufficient
sensitivity and accuracy are being developed for NO,, HNO;, PAN, NO;. On the
other hand, basic study is necessary for measuring NO,, HNO,, HNO,, N,0O,.
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Measurements of the Atmospheric Temperature, Aerosol and

Trace Gases by Satellite Sensors
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Abstract

Satellite image sensors are widely used in the field of meteorology, land use classifi-
cation, resource search and marine monitoring. “Sounders”, another type of satellite
sensors, which derive the spatial profile of meteorological parameters and atmospheric
species from multi-channel data, also show steady progress. In this report, satellite
sensors used for the derivation of atmospheric temperature and trace gases are
surveyed with some examples of the measurement.
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