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OUTLINE PROGRAMME
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Monday Tuesday Wednesday | Thursday Friday
9:00 |CONFERENCE| SESSION 1
OPENING Cont'd
(15 minutes) SESSION 2 | SESSION 3 SESSION 4
Cont'd Sulphur and Cont'd
SESSION1  SESSION2 Nitrogen
Greenhouse | Tropospheric
Gases Ozone
10:30 COFFEE BREAK
11:00} SESSION1 | SESSION2 | SESSION2 | SESSION3 | SESSION 4
Cont'd Cont'd Cont'd Cont'd Cont'd
POSTER
REVIEW ()
(30 minutes)
12:30 LUNCH LUNCH LUNCH
Poster Change)
14:00| SESSION1 | SESSION2 SESSION 3 PANEL
Cont'd Cont'd EXCURSION Cont'd DISCUSSION
15:30 TEA BREAK TEA BREAK
16:00| SESSION 1 | SESSION 2 |EXCURSION | SESSION 4
Cont'd Cont'd Acrosol and
Cloud
POSTER Chemistry
REVIEW (I)
(30 minutes)
17:30
18:30 DINNER
19:30 Open POSTER POSTER BANQUET
Commission | SESSION (I) | SESSION (II)
Meeting

An Opening Reception will be held on Sunday, 4 September at 19:00.
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PROGRAMME

4September; Sunday evening 15:00-

REGISTRATION (15:00 - )
ICE BREAKER (19:00 - )

. 5 September, Monday morning 09:00- 10:30

_ OPENING (9:00- 9:15) _ | <Chair:$. A. Penkeit>
-:SIESS][@N-I' Greenhouse Qases D h <Chair:R. Prinn>

Distributionand fluxes of greenhouse gases (Overview)

Paul Crutzen ' : ‘ .
Global gridded emission inventories: current assessment and future prospects '

_T. E. Graedel
Radlatlveforcmg and climatechange due to increased tropospheric ozone concentration

S. Chalita, D. Hauglustaine, H. Le Treut, J. E. Miiller and M. Pham
Lifetimesand cigenstatesin atmospheric chemistry

MichaelJ. Prather

5 September, Monday morning 11:00- 12:30 <Chair:D. Ehhalt>

Stable isotopic constraints on the distributions and fluxes of CO2: a global 3-D GCM study using
the NCAR CCM2
DavidJ. Erickson IIT and Philippe Ciais
The carbon cycle:results of a coupled atmosphericchemicaltracer transport model and an
ecosystem model
1. Dignon, J. R. Kercher, J. E. Penner and J. J. Walton
Soil C and N cycle feedbacks to elevated COz: implicationsfor CO2, N20, and NO exchange
E. Holland, P, Canadell, F. Chapin, N. Chiariello,J. des Rosiers, A. Fredeen, C. Field,
B.Hungate, R. Jackson, G. Koch, Y. Luo, H. Mooney, H. Pearson and O. Sala
Spatial distribution of trace gases and particulatematter emissions from biomass burning in diverse
tropical ecosystems '
WeiMinHao and DaroldE. Ward
The geographic distribution of CO2 emissions from fossil fuel consumption
Robert J. Andres, Gregg Marland and Inez Fung
Measurementsof trace gases in the upper atmosphere using airliner
H. Matsueda, H. Y. Inoue and Y. Sugiyama

5 September, Monday afternoon 14:00- 15:30 _ <Chair: P. Fraser>

Possible causes for the declinein the methane growth rate
K. 8. Law, S. Bekkiand E. Nisbet
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Constraints on recentchanges in the global methane biidget from isotope measurements
M. R. Manning, D. C. Lowe and K. R. Lassey _
Atmosphericcarbon emission from northern lakes: a factor of gIobal mgmﬁcance

L P. Semiletoy S. A. Zimov, Yu. V, Yoropaev and S. P. Daviodov
Anthropogenic methane emission in Russia
Sh. D. Fridman, A. . Nakhutin and V. A. Vorobyev
Atmosphericmethaneand nitrous oxide: sources, sinks and stratcgles for reducing agricuitural
emissions
K. Minami
Methaneemission from various rice fields in China: an overview
Wang Mingxing and Shangguan Xingjian '

5 Seprember, Monday afternoon 16:00- 17:30 <Chair: K. Smith>

Measurementof nitrous oxide emission from agriculturalland using micrometeorclogicalmethods
K. J. Hargreaves, F. Wienhold, L. Klemedtsson, J. R. M. Arah, 1. Beverland, D. Fowler
B. Galle, D. Griffith, U. Skiba, K. A. Smith and M. Welling
Nitrous oxide emission from biomass burning and its distribution in mainland China
Meiqiu Cao and Ya-Hui Zhuang
The global decrease of carbon monoxide and its causes
M.A K.Khalil and R.A. Rasmussen
Spectroscopic measurements of the spatial-temporaldistribution of the minor gaseous atmosphenc
constituents (CO, CH4)
E. I. Grechko and A. V. Dzhola

POSTER REVIEW(I) <Reporter: W. Chameides+ T.B.D.>

5 September, Monday eveneing 19:30-
OPEN COMMISSION MEETING

6 September, Tuesday morning 09:00- 10:30 <Chair: H. Singh>

SF6 a new powerful tracerin the atmosphere
M. Maiss, I. Levin, R. Francey, P. Fraser, R. Langenfels and P. Steele
Global distribution of CO2 and halogenated hydrocarbons
P. Fabian and R. Borchers
Measurementsof HCFCs in the Cape Grim air archive: 1978-1993
D. E. Oram, S. A. Penkettand P. Fraser
Long-term measurements and changing trends of halocarbon concentrauons 1n the atmosphere
Yoshihiro Makide, Limin Chen and Takeshi Torninaga

SESSION-2 Tropospheric Qzone et f r<C'hazrr SA Penketr>

cL e aelueansr ©
Transport of O3 and O3-precursors from anthropogenic sources to the North
Atlantic(Overview) aclt 101 292115

D. D. Parrish, Steven Bertman, James Roberts, R N Norton, Mwhaeléfrmncrand
F. C. Fehsenfeld

6 September, Tuesday morning 11:00- 12:30 <Chair:S.A. Penkett>
2.02 A study of verticaland horizontal transport of ozone and ozone precursors using aircraftdata from
the North AtlanticRegional Experiment
M. Buhr, D. Sueper, M. Trainer, W. Kuster, P. Goldan and F. C. Fehsenfeld
2.03 Pacific Exploratory Mission West/Phase B(PEM West B): an overviéw of preliminary findings
D. D. Davis, S. C. Lin, R. New¢ll and J. Hoell .
2.04 Ozone production, transport, and distributionin the western Pacificrim
Gregory R. Carmichael, Yang Zhang, Mahesh Phadnis and Young Sunwoo
2.05 Measurementsof total reactivenitrogen and ozone in the troposphere over r.he Pac1ﬁc Oceanand
Japan Sea
S. Kawakam1 M. Teda, M. Kmke H. Naka_]lmaand Y. Kondo

'2.07 Tropospheric dzdne measurementat the tdp of Mt. Fuji

Yulkitomo Tsutsumi, Yuji Zaizenand Yukio Makino

6 September, Tuesday afternoon 14:00-15:30 <Chair: M. Prather>
2.08 The global distribution of tropospheric NOx and its impacton ozone chemistry
H. Levy I, W. J, Moxim, P. S. Kasibhatlaand S. Sillman
2.09 The impactof regional ozone pollution on world food production
W. L. Chameides, P. S. Kasibhatla, J. Yiengerand H. Levy, II
2.10 Global wei ghted—avcrageconcenu'anonand trend for OH based on 15 years of ALE/GAGE
CH3CCIz data
R. G. Prinn, R. E Weiss, B. R Miller,F. N. Alyea,D. M. Cunnold D. E. Hartley,
P. B. Fraser and P. G. Simmonds
2.11 Therole of chlorine atoms in determiningtropospheric ozone: potentialsources from sea salt
reactions
B.J. Finlayson-Pitts, R. Vogt, R. Ncavyn JIM. Laux and J.C. Hemminger
2.12 A global chemical-transportmodel using the dynamics provided by the NCAR-CCM2 model
Q. P. Brasseur, S. Waltersand P. J. Rasch
2.13 A three-dimensionalstudy of the global distribution and budget of trace gases in the troposphere
C. Granier, G. Brasseur, J. F. Mullerand D. Hauglustaine
6 September, Tuesday afternoon 16:00- 17:30 <Chair:I. Galbally>
2.14  Anoverview over the IGAC/SAFARI experiment: the role of vegetationfires in the environmentof
southern Africa
M. O. Andreacand the SAFARI Science Team
2.15 Experimentfor Regional Sources and Sinks of Oxidants (EXPRESSO)
P. Zimmerman, G. Brasseur, R. Delmasand J. P. Lacaux .
2.16 Ozoneover southern Africaand the Atlanticduring the 1992 TGAC/STARE/SAFARI/TRACE-A
-~ missions.
Anne M. Thompson, Donna P. McNamara, Kenneth E. Pickering, Robert D. Hudson and
members of the TRACE-A and SAFARI Science Teams ‘
2.17 Atmosphericchemistry of the tropical South AtlanticOcean:initialresults from TRACE-A
Jack Fishman, Anne M. Thompson and the TRACE-A Science Team
2.18 Photochemicaloxidants in the Venezuelansavanna during the rainy season
Claes de Serves and AlbertoRondén
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Tropospheric ozone behavior observed with ozonesondes in Indonesia
Ninong Komala, Slamet Saraspriya and Toshihiro Ogawa

6 September, Tuesday evening 19:30 -
POSTER SESSION (1)

7 September, Wednesday morning 09:00- 10:30 <Chair: F. Fehsenfeld>
EUROTRAC:a co-ordinated project for troposphericresearch

Peter Borrell
On the behaviour of tropospheric ozone in the European Arcticand at Antarcnca

P. Taalas, J. Damski, E. Kyrt, M. Ginzburg and V. Tafur
Airbome measurements and analysis of atmosphericcomposition over Siberia

G. Inoue, K. Yzumi, T. Machida, S. Maksyutoy, 5. Mitsumoto, Y. Tohjima, Y. Kopylov,

A. Postnov, N. Vinnichenkoand V. Khattatov
Variations of lower tropospheric ozone at Syowa Station, Antarctica

S. Aokiand T. Yamanouchi .
Distributions and patterns of organic trace gases: Is there evidence for an impactof reactions with
chlorine atoms in the troposphers?

J. Rudolph, R. Koppmann and Ch. Plass-Diilmer
Analysis of seven years of continuous observations of peroxyacetylnitrate (PAN) at the high Arctic
station Alert )

Jan W. Bottenheim, Leonard A. Barrie and Alain Sirois

7 September, Wednesday morning 11:00- 12:30 <Chair: G. Brasseur>
Oceanicemissions of non-methane hydrocarbons (NMHC)
W. J. Broadgate, P. $. Liss and 5. A. Penkett
The oceanic flux of carbon monoxide to the atmosphere
Timothy S. Bates, Kimberly C. Kelly and James E. Johnson
Acetonein the global troposphere: its possible role as a global source of PAN
H. B. Singh and M. Kanakidou
Net fluxes of nitrogen oxides (NOx) from a managed tropical savanna
A. Rondén, C. Johansson and E. Sanhueza

POSTER REVIEW (II) <Reporter: B. Huebert+ TBD.>

September, Wednesday afternoon 14:00-
EXCURSION

7 September, Wednesday evening 19:30 -
POSTER SESSION (I)

8 September, Thursday morning 09:00- 10:30 <Chair:R. Duce>

SESSION-3 Sulphur and Nitrogen Cycles

Sulphur and nitrogen cycles: their roles in acidification, with emphasis on the situationin Asia
(Overview)
Hajime Akimoto
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Interactionbetween the sulphur and nitrogen cycles in the atmosphere and across the sea surface
P. S. Liss
N mobilizationin China and the United States: past, prcscnt and future
J. N. Galloway and Zhao Dianwu
Effects of land use changes in NO fluxes from savannah soils
A. Rondén, E. Sanhueza, L. Cirdenas and J. Romero
Soil nitrogen oxide emissions from a fcruhzcdpalm plantatlomn Costa Rica
MicahelKeller
8 September, Thursday morning 11:00- 12:30 <Chair: H. Akimoto>
A 3D model study of the global sulfur cycle: relativecontributions of anthropogenicand biogenic
sources
M. Pham, J. F. Miiller, G. P. Brasseur, C. Granier and G. Mégie
Simulation of the tropospheric sulfur cyclein a global climatemodel
1. Feichter, E. Kjellsttim, H. Rodhe and J. Lelieveld
Aerosol nitrate and sulfate concentrationsover the North Atlantic:estimates of anthropogenic
contributions
J. M. Prospero, D. L. Savoie, R. Arimotoand R. A. Duce
Quantificationof DMS oxidation products in the North Atlanucmannemr
S. Rapsomanikis and M, O. Andreae
Sulfur dioxide, dimethyl sulfoxide and dimethylsulfone formation from dimethyl sulfide oxidation
AlanR. Bandy, Donald C. Thomton and Byron W, Blomquist
Uncertainty and sensitivity analyses of the mechanism of atmospheric oxidation of DMS
I. Hjorth and A. Saltelli

8 September, Thursday afternoon 14:00- 15:30 <Chair: M. Andreae>

Regional background acidity and chemicalcomposition of precipitationin Thailand
L. Granat, K. Suksomsankh, 8. Simachaya, M. Tabucanon and H. Rodhe
Airborme measurementsof SOz in marine atmosphere between Asian Continentand Japan
S. Hatakeyama, K. Murano, H. Mukaiand H. Akimoto
Severe influence of the increasing sulfate aerosols on summer climateof the East China
Xu Qun
Relation in concentrationof DMS between surface seawater and air in the temperateNorth Pacific
region
S. Watanabe, H. Yamamotoand S. Tsunogai
The sulfur cyclein the high Arcticsummer - an overview of the atmosphericresearch program of
the International ArcticOcean Expedition 1991 (IAOE-91) :
Caroline Leck, E. Keith Bigg, CeciliaPersson, E. Douglas Nilsson, Davxd C. Covert,
Jost Heintzenbergand Alfred Wiedensohler
Ice age Antarcticsulfate revisited
R. J. Delmas

8 September, Thursday afternoon 16:00- 17:30 <Chair: H. Rodhe>

SESSION-4 Aerosol and Cloud Chemistry

Aerosol and cloud chemistry and their roles in climateregulation (Ovemcw)
Greg Ayers
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Vertical profiles and the microphysics, chemistry and optical properties of aerosol in the marine
troposphere
A. D. Clarke, J. N. Porter, F. Valeroand P. Pilewskie
The scasonal variationin size distribution of aerosol in the Oki Islands, Japan
H. Wakuri, M. Nakao, F. Tanaka, T. Tatano, K. Yamaguchiand H. Hara
Aerosols over the Pacificrim regions of East Asia
M. Yamato, S. Hatakeyama, K. Murano, H. Akimoto, H. Bandow, K. Imai, I. Watanabe,
H. Tsuruta, H. Mukai, S. Tanaka, H. Tanaka, Y, Ishizaka and Y. Iwasaka
Anthropogenicimpacton number concentrations of cloud processed particles over the North
Atlantic
Rita Van Dingenen, Jens Hjorth, Torsten Grone and Frank Raes

8 September, Thursday evening 19:30 -
BANQUET ‘
9 September, Fridaymorning 09:00- 10:30 <Chair: J, Galloway> -
The aerosol - wind interrelationshipand sea-salt particles over the Southern Ocean
J. L. Gras :
Diurnal variation of marine boundary-layer sulfate and MSA How much DMS is converted to
suifate?
B. Huebert, L. Zhuang, D. Wylie, A. Bandy, B. Blomquistand T. Wade
The relationship between MSA concentrationsand temperaturein marine (baseline) air at Cape Grim
A, L. Dick, G. P. Ayers, . Ivey and P. M. Walford
Scales of temporaland spatial variabilityof sulfate column burdens over the North Atlanticin
Octoberand November
C. M. Benkovitz, R, Wagener, S. Nemesure and S. E. Schwarts
Airborne studies of acrosol emissions from savanna fires in southern Africa
M. O. Andreae, T. W, Andreag, P, Ie Canut, W. Elbert, G. Helas, F. Wienhold, T. Zenker,
H.Annegam, F. Beer, H. Cachier, W. Maenhaut, I. Salmaand R. Swap
Ionic, organic components and trace elementsin background aerosols in the Amazon basin
P. Artaxo, F, Gerab, M. A. Yamasoe, J. V. Martins, A. H. Miguel, G. P. Ayers and R. Gillet
9 September, Fridaymorning 11:00- 12:30 <Chair: G. Ayers>
The role of anthropoginic sulfate in climatechange
Catherine C. Chuang, Yoyce E. Penner and Karl E. Taylor
The contribution of sulfate aerosol to light scatteringover the Pacific Ocean
P. K. Quinn, S. Marshall, V. Kapustin, D. §. Covertand T. S. Bates
Which aerosol particles form cloud droplets? .
A, Hallberg, K. J. Noone and J. A. Ogren
On the possible influenceof clouds on the nitrogen budget in the remote troposphere
Peter G. Hess, Siri Flocke and Sasha Madronich
On the influenceof gas to particleconversion on the modal size distribution of atmospherc particles
H. -C. Hansson, B. Martinsson, B. Svenningsson, E. Swietlicki,
A. Wiedensohlerand D. Covert
Low molecularweight dicarboxylicacids and related polar compounds in the remote marine rain and
aerosol samples from western Pacific :
Richard Sempéré and Kimitaka Kawamura

9 September, Fridayafterncon 14:00- I15: 30

PANEL DISCUSSION (Topics and Panelists: TB.A.) | <ChairTBD.>

POSTER SESSION (@)
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6 September, Tuesday evening 19:30-
[Display pcnod 4 September, Sunday evening — 7September Wednesday noonl -

Emission database for global atmosphericresearch: EDGAR version 2.0
J. G. J. Olivier, A. F. Bouwman, C. W. M. van der Maas and J. J. M.Berdowski
Source characterizationmetworks, frameworks and major issues
P. Middleton, D. Hopkins and H. Lansford
Global budgets of CO, CH4 and O3
M. G. M. Roemer, A. C. Baartand P. J. H. Builtjes
1" x 1" global emissions inventory for $0x and NOx scasonally resolved into emission sectors
and point and area sources ‘ '
Eva C. Wldner, M. Trevor Scholtz, Keith A. Davidson and Arthur Li
Globatl inventories of anthropogenic emissions of SO2 and NOx
Carmen M. Benkovitz, Jane Dignon, Jozef Pacyna, Trevor Scholtz, Leonor Tarrasén,
Eva Voldner and T. E. Graedel |
Sources and sinks of sulphur and nitrogen: an assessment from a semi-arid indusirial area
AnitaSaxena, U. C. Kulshrestha, N. Kumar, K. M. Kumari and S. S. Srivastava
First results of the Bor Forest Island fire experimentFire Research Campaign As:a—North
(FIRESCAN)
FIRESCAN Science Team
Study on the sources and sinks of trace gases in China
Yang Wen-Xiang

Spatial distributions of COz over Siberia in a summer season — airborne measurements of
greenhouse gases over Siberia—
K. Izumi, T. Machida, S. Maksyutov, Y. Tohjima, S. Mitsumoto, M. Utiyama, G. Inoue,
A. Postnov, Y. Kopylov, S. Shmeter, V. Nikolaev, N. Vinnichenkoand V. Khattatov
Carbon dioxide flux studies in tundra ecosystems in Taymyr Peninsula (Russia)
D. G. Zamolodchikoy D. V. Karelinand S. J. Hastings
COz budget of coastal Arctictundra at Barrow in 1993 summer
Yoshinobu Harazono, Mayumi Yoshimoto, Akira Miyata, Walter C. Oecheland George Vouritis
On the emission and regional budget of greenhouse gases in Hungary
A. Molndr, E. Mész4ros and Gy. Kiss
Effects of ocean stratificationon the uptake of greenhouse gases
Hiromasa Ueda, Takashi Karasudani and Kohji Ishi-i
Observation of carbon dioxide partial pressure in air and surface sea water in 1 the seas adjacentto
Japan
M. leota, K. Fushimi, K. Nemoto and A. Murata
CO2 trend at the Mt. Cimone (44° 12'N, 10" 42'E) baseline station
T. Colombo, G. Giovanclliand P. Bonasoni
Sources and sinks of carbon dioxide in Kashmir: a case study
AltafHussain Wani and Ya-Hui Zhuang
Land-use effects on 13C-based estimates of tropical carbon sources and smks
A. R. Townsend, E. A. Holland and E. Veldkamp
Awmosphericcarbon sequestration through agroforestry
Xiaoke Wang and Zongwei Feng
Russian forests are global sinks of carbon dioxide from atmosphere, current fiuxes and influenceof
climatechanges :
A. Q. Kokorin and I. M. Nazarov
Analysis of the climategases COz, N20 and CH4 by wide bore capillary gas chromatography with
single injectionof gas sample
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Bishal K. Sitaula, Luo Jiafa and Lars R. Bakken
Fluxes of CH4, N20O and COz in forest soil influenced by N input and soil acidification
Bishal K. Sitaula, Lars R. Bakken and Gunnar Abrahamsen

Control of methane emission from a rice paddy field by water management
K. Yagi, L. Tsuruta, K. Kanda 2nd K. Minami
Release and retention of methanein rice soils following organic amendments
R. Wassmann, M. C. Alberto, H. U. Neue, R. S. Lantin, J. B. Aduna, K. Bronson, H. Papen,
- H. Rennenberg and W. Seiler
Source strength of methane emission from rice fields and mitigationoptions
H.U. Neue, R. Wassmann and R.S, Lantin
Influence of fertilizerand water managementon methane emission and production in Chinese rice
fields and possible mitigationoptions
X. 1. Shangguan, M. X. Wang, D. Z. Chen, R. X. Shen, Y. S. Wang, R. Wassmann,
M. Toelg, H. Papen, X. L. Xie and W. D. Wang
Preliminary study on the relationship between organic acid contents and methane emission rates in
paddy soil in the red earth hilly area of south China
W. D. Wang, X. L. Xie, X. J. Shangguan and M. X. Wang .
Methaneemission from rice paddies and the effectof agriculturalmanagement
Chen Zong Liang, Shao Ke Sheng, Li Debo, Wang Bujun and Yao Heng
An estimationof methane emission from rice paddies of China maijnland
Yao Heng, Chen Zong Liang and Zhuang Ya-hui
Flux of methanefrom rice field in Thailand
W. H. Su and X. Rong
Micrometeorologicalmeasurements of methane flux over agriculturalvegetations and an esumanon
of methaneemission in Tsukuba, Japan
A. Miyataand Y. Harazono
Upper tropospheric concentrationdistributions of CH4, 03, CO2 and CO over Siberia: numerical
simulation with a global tracer transport model
G. Inoue, K. Izumi, T. Machida, S. Maksyutoy, S. Mitsumoto, Y. Tohjima, Y. Kopylov,
A. Postnov, N. Vinnichenkoand V. Khattatov
Airborne measurementof CH4 emission from West Siberian lowland
Y. Tohjima, H. Wakita, T. Machida, S. Maksyutoy, L. Matsui, G. Inoue, A. Postnov,
Y. Kopylov, V. Nikolaev, N. Vinnichenkoand V. Khattatov
Climatedependence of methaneemission from boreal wetlands: a proposed model structure
G. A. Alexandrov
‘Water vapor and methane measurements in the troposphere over the Taklimakandesert -
Tadao Aoki, Teruo Aoki and Masashi Fukabori
Local sources and behavior of atmospheric methanein Nagoya, Japan inferred from carbon isotopes
and atmosphere 222 Rn data
J. Moriizumi,]. Mase, K. Nagamine, T. [ida and Y. Tkebe
Significance of methaneemission from coastal wetlands (mangrove ecosystems) of India
G. R. Purvaja and R. Ramesh
Tropospheric level of CH4, COand O3 along the longest belt of largest population density
L. 8. Hingane
Continuous automaticmeasurements of N20- NO-, NO2- and CH4-flux rates in a N-supersaturated
temperateconiferous forest in Bavaria
K. Butterbach, R. Gasche and H. Papen
Nitrous oxide fluxes from a drained organic soil, measured by chamber/GCand chamber/IR
methods
P. Ambus, S. Christensen, H. Clayton, K. A. Smith, J. R. M. Arah, A. Scott, M. Maag,
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A. M. Lind, B. Galle, D. W. T. Griffith and L. Klemedtsson

N20 emissions from rice paddy ficlds
H. Tsuruta, K. Yagi, K. Kanda and T. Hirose

NO and N2Q emissions from fertilizedsoils in field and laboratory cxpcnments
T Hmosc and H. 'Ikuruta

The distribution of light halogenated hydrocarbons in the troposphere
R. Koppmann, E. J. Johnen and J. Rudolph
Seasonal variation of several halocarbons in the Arctictroposphere at Alert, Canada
Y Yokouchi, L. A, Barrie, D, Toom and H. Akimoto
Accuratemeasurements of CFC-114 and halon concentrationsin the atmosphere
Limin Chen, Yoshihiro Makide and Takeshi Tominaga
Atmosphericchemistry of FO2, CF3 O and FCOx radicals
Ole). Nielsen, Thomas Ellermann, Jens Sehested and Knud Sehested
Reactions of perfluoroalkyl radicals (CF3 and C2F5) with O2
H. Sato, M. Takeuchiand R. Isaki
C-C bond cleavage of fully halogenated chlorofluoroethoxyradicals
R. Isaki and H. Sato
DRS-IR measurementof the surface products on sodium chloride particles exposed to the ambient
air in the Arctic
S. Kutsuna and T. Ibusuki
Hydrogen chloride release from seaspray: field measurementsin clean and polluted air masses in a
tropicalarca '
T. M. Tavares and V. C. Rocha
Global emissions of organochlorine pesticides
Eva C. Yoldner, M. Trevor Scholtz, Keith A. Davidson, ArthurLi and Carol Slama

Airborne hydrocarbon measurements during the North AtlanticRegional Experiment, 1993
P. Goldan, B. Kuster, F. C. Febsenfeld and M. Trainer
The soluble-organic fraction of aerosols as determinedin NARE
S. -M. Li, C. M. Banic, W. R. Leaitch,P. S. K. Liu, H. A. Wiebe, X, -L.. Zhouand Y. -N. Lee
Airbome and surface formaldehyde and multi-oxygenatedcarbonyl measurements dunng the 1993
NARE intensives : :
Yin-Nan Lee and Xianliang Zhou
Trace gas measurements over southern Nova Scona during the 1993 NARE
L. Klginman, P. Daum, S. Springston, J. Lee, Y. -N. Lee, X. Zhou, R. Leaitch, C. Banic,
G. Isaac, I. MacPherson and H. Niki
Measurements of tropospheric nitrogen oxides in the central North Atlanucreglon
R. E. Honrath and M. C. Peterson
Impact of anthropogenicemissions on the North Atlanl:lcatmosphere
Prasad Kasibhatla
Modeling the role of continentalemissions on tropospheric ozone over thc North AtlanticOcean
C. S. Atherton, I. Penner, S. Sillmanand J. Walton
Trajectorymodeling of the North Atlanticregion
0. Wild, K. S. Lawand J. A. Pyle :

Largc-scalc air mass characteristicobserved over the western Pacific during the summemme

E. V. Browell and PEM-West A Science Team
Ratios of reactivenitrogens over the Pacific during PEM-West A
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M. Koike, Y. Kondo, S. Kawakami, H. B. Singh, H. Ziereisand J. T. Merrill
Reactivenitrogen over the Pacific Oceanduring PEM-West A
Y. Kondo, H. Ziereis, M. Koike, S. Kawakami, G. L. Gregory, G. W. Sachsc, H. B. Singh,
D, D. Davisand J. T. Merrill
An Assessment of the photochemicalO3 tendency in the western North Pacific as inferred from
GTE/PEM West(A) observations during fall 1991
D. D. Davis, J. Crawford, G. Chen, J. Bradshaw, S. Sandholm, G. Sachse, B. Anderson,
J. Collins, J. Barrick, E. Browell, D. Blake, S, Rowland, H. Singh, Y Kondo, B. Heikes,
J. Merrilland R. Talbot
H202 and CH3QOH distributions over the North Pacific
Brian Heikes and MeehyeLee
Effects of typhoon on semi-global scale mass transport over the northern PacificOcean
T. Kitada, T. Yamamotoand Y. Kondo
Spatial and temporal variabilityof aerosols over the North Pacific:estimatesof anthropogemc
contributions. .
J. M. Prospero, D. L Savoie, R. Arimotoand R. A. Duce
Aircrafimeasurements of tropospheric ozone over the western Pacific Ocean
Yukitomo Tsutsumi, Yukio Makino, Miwako Kegami and Yuji Zaizen

Ozone and aerosol measurements made over the troplcal Atlanticduring the TRACE—A ﬁeld
experiment :
E. V. Browell, C. F. Butler, M. A. Fenn, W. B. Grant, G. L. Gregory, B. Anderson and
J. Fishman
Simulation of convectivetransport of biomass buming emissions over Brazil during TRACE-A; -
effects on tropospheric 3 production
K. E. Pickering, A. M. Thompson, W. -K. Tao and members of the TRACE-A Science Team
Global measurements of ropospheric CO and CH4 by MOPITT and their scientificapplications
John C.-Gille, James R. Drummond, Liwen Pan, Mark D, Smith and Guy Brasseur

Stratosphere troposphere exchanges and their implicationfor the tropospheric ozone budget: results
of the European campaigns
G. Ancellet, M, Beckmann, L. Gray and G. Vaughan
Climatologicalanalysis of free tropospheric ozone in Europe: relationship between ozone variability
meteorologicalvariables and precursor gases
M. Beekmann, G. Ancelletand D. de Muer
Seasonal patterns of surface ozone measured in a three-yeardata set at Mt. Cimone
P. Bonasoni, T. Colombo, F. Evangelist, G. Giovanelliand F. Ravegnani
Variations of surface ozone at the remote stations in northwestern China
H. Muramatsu
Yearly cycle of lower tropospheric ozone north of the Arcticcircle
Markke Rummukainenand Tuomas Laurila
Ozone fluxes over farmland and natural vegetationin South Western Australia
S. Chambers, N. J. Clark, J. H. Hackerand S. Venning
Surface ozone measurements from Baring Head, New Zealand
S. E. Nichol, M. J. Harvey and I. S. Boyd
Surface and free tropospheric ozone measurements over South Africa
J. Combrink, R. D. Diab, F. Sokolic and E. -G, Brunke
Boundary layer ozone at VictoriaFalls (Zimbabwe): ground level and airborne mixing ratios
Franz X. Meixner
Status of tropospheric ozone in Delhi
Maneesha Aggarwal and C. K. Varshney
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Monitoring of surface ozone and its precursors at Ahmedabad
Shyam Lal, Manish Naja, P. K. Patra, B. H. Subbaraya and S. Venkataramam
Seasonal and longterm variations in surface ozone at Ahmedabad '
Shyam Lal, B. H. Subbaraya and Manish Naja
A new equatorial ozone sounding campalgn preliminaryresults .
M. Ilyas
Chemiluminescentsensors for atmosphere momtormg and mdustry
A. Bryuckanov, I. Zykova and V. Chelibanov

A global "telescopic" model of chemicallyactive trace constituents: apphcanonto the MaunaLoa _
Observatory Photochemistry Experiment, I. Model description
- Paul Ginoux and Guy Brasseur
A global "telescopic” model of chemlcallyactlvc trace constituents: apphcanonto the MaunaLoa
Observatory photochemistry Experiment, II. Datacomparisons
Paul Ginoux, Elliot Adas, Brian Ridley, Guy Brasseur and MLOPEX I and PEM WEST-A
Science Teams
Impact of changing natural volatile organic compound emissions on global troposphcnc chemistry
Alex Guenther, Guy Brasseur, David Erickson, Sophie Fally and Erwan Favennec
Atmosphericcomposition changes due to increased ozone precursor emissions and relatedradiative
forcings on climate
D. A. Hauglustaine, C. Granierand G. P. Brasseur |
Convective transports of chemicaltracers in global transpori models driven by analyses from the
forecast centers
Natalie Mahowald, Philip J. Rasch and Ronald G. Prinn
Generation of emission data for episodes with high temporal and spatial resolution
R. Friedrich

“ Photochemicalreactions on dust in the troposphere: a three dimensional global model assessment

Frank J. Dentener, Gregory R. Carmichacland Yang Zhang

Parameterizationof bi-directionalNH3 fluxes in the modeling of long range transport of NOx
A. Sorteberg and @, Hov

Correlations between ozone-NOx -hydrocarbon chemlstry and empmcalmmcators NOy. HCHO,

-H202 and HNO3

Sanford Sillman :
Regional aspects of the tropospheric ozone budget
"P. J. H. Builties, M. G. M. Roemer, G. Boersen and P. J. Esser
The vertical transport, transformation and deposition of air pollutants by convectiveclouds
Qin Yu, Kong Fanyou and Zhao Chunsheng
Parameterizationof ozone and aerosol particlefluxes
E. Lamaud, J. Fontan, A. Lopez, A. Druilhet, A. Labatutand 8. Cieslik
Sensitivity of the troposphieric composition of differentatmosphericregions over the earth surface to
anthropogenicinfluences *
NataliaG. Andronova and Igor L. Karol
Rate coefficientsby parametricequations for modelmg PUIposes
L Orcf and W. C. Gardiner

Possible impact of ozone column changes on the growth rates of CH3Br, CH3Cl and CH3CChB
S. Bekkiand K. Law

On the diffusional uptake of trace gases by polar stratospheric clouds
S. Ghosh and J. A. Pyle
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Evidence for ozone depletionin clouds
D. Mbller, K. Ackerand W. Wieprecht
The effect of clouds on OH and the oxidation of atmospherictrace gases
M.A K. Khalil and F. Moraes
H202, CH30OOH and CH20 as primary and secondary pollutants in fire plumes
MeehyeLee, Brian Heikes and DanielJacob
Atmosphericeffects of H20Oz2 in South-East China
X. Tang, K. Shao, Q. Sun and M. Wang
Relationship between peroxide and ozone measured over the equatorial South West Pacific
B. I. Bandy, S. A. Penkett, G. Jenkins, P. Hignettand A. Kaye
The occurrence of hydroperoxides in mid altitudesof the lower troposphere: measurementsat two
mountain field sites
W. Junkermann, P. Pietruk and F. Slemr
Tropospheric aldehydes in remote and urban areas of Japan
M. Ohtaand H. Tsuruta
Atmosphericformic and aceticacids in Venezuela
E. Sanhueza, L. Figueroa and M. Santana

Kinetics of the oxidation of SO2, NOz™ and N-§ oxides by ozone in aqueous solutions
J. Hahn, G. Lachmannand J.J. Pienaar

The non-methane hydrocarbon intercomparisonexperiment
Eric C. Apeland Jack G. Calvert
Landscape scale emission inventory of individual biogenic organic compounds in three ecosystems
inthe US|
DetlevHelmig, Lee F. Klinger, Alex Guenther, Jim Greenberg and
Patric Zimmerman
QOceanicemissions of light nonmethane hydrocarbons
C. Plass-Duelmer, R. Koppmann, M. Ratteand J. Rudolph
Laboratory experiments on the origin of C2-C3 alkenes in sea water
M. Ratte, O. Bujok, A. Spitzyand J. Rudolph
Airborme measurements of organic trace gas emissions from savanna fires in southern Africa
R. Koppmann, A, Khedim and J. Rudolph
Light hydrocarbons measured in plumes of savanna fires in South Africa
G. Helas, M. O. Andreae, G. Schebeske, D. Scharffe, S. Manoe, R. Koppmann and
J. Rudolph
Concentrations of C2-Cs hydrocarbons over the Baltic Sea and northern Finland
Tuomas Laurilaand Hannele Hakola
Preliminary research on isoprene emission from plantand soil
Lu Chun and MiaoHong
Terpenic emissions from Quercusilex and Pinus pinea at Castelporzlano(ltaly)
J. L. Fugit, B. Clément, M. L. Riba, L. Torres, J. Kesselmeierand L. Schaefer

Hydrocarbons and their derivatives in volcanic gases: origin and composition
V. G. Povarov
Atmosphericvolatile organic compounds containingnitrogen, oxygen, sulfur and halogens:
identification,quantitationand sources
Jim Greenberg, DetlevHelmig, Pat Zimmermanand Elliot Atlas
The effect of water vapour on the ozonolysis of simple alkenes under atmospheric conditions
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'P. Neeb, O. Horie, S. Limbach, F. Sauer and G. K. Moortgat

Global distribution of NOx emissions from lightning
Laura Gallardo
Measurementand analysis of rcactlvcmtrogen species in the rural troposphere of Southeast United
States
D. -8. Kim and V. P. Aneja
Characterizationof nitrogen oxide fluxes from agriculturalsoils in North Carolina, U.S.A.
Viney P. Aneja, Wayne R. Robarge, Vinod K. Saxena, Benny D. Holbrook, Lee Sullivan,
Thomas Moore, T. Pierce and C. Geron
Verticaldistribution of nitric oxide production and consumption in soil cores
J. Rudolph and R. Conrad
An optimized method for airborne peroxyacetylnitrate (PAN) measurements
W. Schrimpf, K. P. Miiller, F. J. Johnen, K. Lienaertsand J. Rudolph

Seasonal variation of CO ‘background levelsin Venezuela
E. Sanhueza and E. Ferndndez
OH radical-initiatedphotooxidation of isoprene: an estimateof global CO production
Akira Miyoshi, Shiro Hatakeyama, Takashi Imamura and Nobuaki Washida
Measurementof atmosphericcarbon monoxide for envuonmentahmpactassessment
A. Ramani
A possible impactof stratospheric 0zone depletionon tropospheric trace gases removed from the
atmosphere by hydroxyl
L. N. Yurganov

Transport, turn-over times and effective sink rates of natural sulfur compounds in the remote Arctic
planetary boundary layer during the International ArcticOcean Expedition 1991 (IAOE-91)

E. D. Nilsson, C. Leck, E. K. Bigg and C. Persson
Measurementsof oceanic and atmospheric dimethylsulfide, sulfur dioxide, biogenic sulfur and
seasalt aerosols during the International ArcticOcean Expedition 1991 (JAOE-91)

CeciliaPersson and Caroline Leck
Model-calculatedparticulatesulphate in the Arctic

Trond Iversen and Leonor Tarrason
Biogenic sulfur and aerosol composition in the Atlanticand Southern Occans
C. N. Hewitt, B. Davison, R. M. Harrison, M. Schwikowski, U. Baltcnspcrger C. ODowd and
M. Smith
Dimethylsulfide, aerosols and condensauon nuclel over the AtlanticOcean

B. C. Nguyen, J. P. Putaud and N, Mihalopoulos

Seasonal variations and origin of methanesulfonicacid SO4~, and SOz at two marine and one
midcontinentalsites in Canada

Shao-MengLi, L. A. Barrie, D. Toom and H. Dryfhout
Relative contribution of natural and anthropogenic sources to the aerosol non-sea-salt sulfate at Ny
Alesund, Spitsbergen

W. Maenhaut, G. Ducastel, K. Beyaertand J. E, Hanssen
Concentrations of aerosol methanesulfonate, non sea-salt sulfate and ammonium at three sites in the
Southern Ocean

R. W. Gillettand G. P. Ayers
Sulfuric acid particles in the wintertime Antarcticatmosphere

Kikuo Okada and Teruo Aoki
Emission of biogenic sulfur gases from some Chinese and Japanese soils

Z. Yang, K. Kanda, H. Tsuruta and K. Minami
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Transport of anthropogenic sulfur from East Asiato the sea near Japan and its reaction with sca salt
particles
Shigeru Tanaka and Hisashi Ishikawa
An emission of marine biogenic sulfur from enclosed coastal sea and coastal area in J apan to the
atmosphere
Shigeru Tanaka, Reiji Tahara and Kenji Matsunaga
The origin of sulfur dioxide and sulfate in the atmosphere of the North Pacific
Donald C. Thornton, Byron W. Blomquist, AlanR. Bandy and Robert W. Talbot
A model study on the seasonal variationof MSA to n.s.s. sulfate molarratio in the marine
atmosphere
S. Koga and H. Tanaka :
Production rates, uptake rate constants and compcnsatlonconcentranonsof OCS in various soils
S. Lehmann and R. Conrad
Formation of COS and methyl thiolformatein the oxidation of DMS
1. Bamnes, K. H. Becker and J. Patroescu
Aqueous-phase oxidation of S(IV) by CH3OOH at pH1-2
H. Hara, S. Nakasato and S. Hatakeyama
ESR studies of the peroxide oxidation of aqueous sulphite
W. G Fllby and W, H. Kalus

== = CANCEL
Stomatal absorption of sulphur dioxide by pine needles

T. Vesala, K. Himeri, T. Ahonen, M. Kulmala, P. Aaltoand P. Hari
The study of sulphur dioxide pollution

S. Madhuri
Sulphur in the Siberian atmosphere

A. Ryaboshapko, S. Gromov and S. Paramonov

Modeling the global dynamics of soot and sulphate acrosol
W. F. Cooke, F. Raes and J. J. N. Wilson
Tropospheric aerosols— their characteristicsof radiative and climaticeffects
Yang Jianliang and Wang Mingxing
Physio-chemical measurementto investigateregional cloud-climatefeedback mechanisms
V. K. Saxena, J. D. Grovenstein and X. L. Bumns
Chemical composition of aerosols on a transectfrom the Sahara to the Guif of Guinea and the
influence on the element concentrationsin rain water
L. Herrmann, K. Stahr and A. Bationo
Effects of aerosols from biomass burning: a model study -
Joyce E. Penner, CatherineLiousse, Charles R. Molenkamp, John J. Walton, Ingrid Schultand
Hélgne Cachier
Regional acrosol composition in the eastern Transvaal, South Afnca, and 1mpact of biomass
burning
W. Maenhaut, I. Salma, J. Cafmeyer, H. J. Annegarn and M. O. Andreae
Large scale aircraftmeasurements of biomass burning aerosols in the Amazon basin
E Gerab, P. Artaxoand A. Setzer
Trace elements and ionic components in aerosols from directemissions from biomass burnin g in the
Amazon basin
M. A. Yamasoe, P. Artaxo, A. H. Migueland A. G. Allen -

Aerosol size distribution and water content measurements duﬁng MAGE/ASTEX
Y. Kim, H. Sievering, J. Boatman, D. Wellmanand A. Pszenny
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Mmera.l—pamclechcmlsuy and size distributions in Temote marine aerosols
J. R. Anderson and P. R. Buseck :
Aerosol dynamics in the equatorial Pacific
Antony D. Clarke
New ways of looking at atmospheric trace clementdata
R. Arimoto, R. A. Duce, K. A. Rahn and T. M. Church

Aircraftmeasurementof aerosol concentrationand size-distributionover the western Pacific Ocean
Y. Zaizen, M. Ikegami, Y. Tsutsumi, Y. Makinoand K. Okada :
Large-scaletransport of chemicalelementsin aerosols over the east coast of Asia -
AN. Medvedey M. Uematsu, G.M. Kolesov and V.V. Anikiev
Numerical modeling of transformation of Kosa (yellow sand) in polluted air over Chma
P. C. S. Leeand T. Kitada
Marineand urban aerosols observed by an aircraft
M. Yamato, H. Tanaka, K. Ohtaand K. Matsumoto
Asian yellow dust particlesobserved in Japan
M. Yamato, H. Tanaka, Y, Ishizaka, K. Arao,Y. Iwasaka and M. Nagatam
Sea-salt componenton Asian dust-storm particles ‘
N. Niimura, K. Okada, X.-B. Fan, K. Kai, K. Araoand G. -Y. Shi
Depositionand inflow sources of non-seasalts sulfate in Shimane Prefecture, Japan
M. Nakao, F. Tanaka, K. Yamaguchi, T. Tatano, H. Wakuri, H Mukai and H. Hara
Gobi dust storms and forestationin China =
Famn Parungo :
Scavenging processes of particlesby usmg natural radionuclide
M. Uematsu

Variation of tropospheric aerosol extmcnonprofilc and optical thickness over Tsukuba, Japan
observed by the NIES lidar
Yasuhiro Sasano, Tamio Takamura and Tadahiro Hayasaka
The distribution of aerosols as function of altitudein the atmosphere
R. Jaenickeand V. Dreiling
Sedimentationand subsequent deposition of the Mt. Pinatubo aerosol over Antarctica
V. K. Saxena and John Anderson
Stratospheric aerosol lidar measurements from Mount Pinatubo at Camaguey, Cuba
Juan Carlos Antufia

Precipitationchemistry in India: dusty atmosphere and alkalinerain
L. T. Khemani, G. A. Momin, P. D. Safaj, L. Granatand H. Rodhe :
Estimates of CCN spectra from hygroscopic growth factors and aerosol particlesize d1stnbut10ns
B. Svenningsson and H.-C. Hansson
Potential acid-reducing capacity of aerosol particlesand its dcpendence on particle size over northem
China
Y. Gao, R. A. Duce, R. Arimotoand M. Y. Zhou
Research into the chemicalcontent of aerosols and gases in the atmosphere over the North Atlantic,
Baltic, Mediterraneanand Black Seas
V. L Medinets
High abundance of oxalic, malonic and succinic acids in the remote marine aerosol samples
KimitakaKawamura and Futoshi Sakaguchi
Seasonal changes of dicarboxylicacids and related polar compounds in the Arcticaerosol samples
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K. Kawamura, H. Kasukabe and L.. A, Barrie
Interactions between aerosol particles, cloud droplets and ice crystals at the high-alpine site
Jungfraujoch :
M. Schwikowski, U. Baltcnspcrgcrand H. W. Giggeler
Historical and future trends of lead and cadmium air concentrations and total depositions over
Europe
J. Alcamo, L. Boz6, J. Bartnickiand J. M. Pacyna
Chemical composition of small particles and annual behaviour of ozone concentrationsin the
Eastern Highlands of Zimbabwe, Africa
W. Kosmus, R. Wippeland S. B. Jonnalagadda
Size distributed chemicalcomposition of CCN at Cape Grim
J. Cainey, G. Ayers and M. Hooper
The chemistry and size distribution of aerosol measured at Baring Head, New Zealand
M. J. Harvey, L. S. Boyd, D. J. Wylie, A. G. Allenand A. L. Dick
Physicochemical properties of Arcticaerosols
M. Yamato, H. Tanaka, X. Tsuboki, R. Kimura, T. Endou, Y. Asuma, A. Yamashita,
H. Toritani, M. Calvezand R. Gillis

Wet deposition in remote regions: implicationsfor environmentalprocesses
J. N. Galloway, W. C. Keene and G. E. Likens
The model simulations on the amount of soluble mass during cloud droplet formation
M. Kulmala, P. Korhonen, T. Vesalaand S. Clegg
A model calculationof sulfate and nitrate deposition in Japan
N. Katatani, Y. Sasaki, N. Murao, 8. Okamotoand K. Kobayashi
Increase of radiation dose due to acid precipitation
K. Ckamotoand S. Tanimoto
Influence of the growth mechanismof a snow partlclc on its acidification
T. Takahashi, T. Endoh, K. Muramoto, T. Nakagawa and 1. Noguchi
Relationship between the atmospheric particulatefraction and the ionic content of precipitation
H. Casado, D, Encinasand J. P. Lacaux
S and N wet deposition at two rural sites of the western MaracaiboLake Basin, Venezuela
1. Morales, C. Bifano and A. Escalona _
Assessment of the sulphur and nitrogen wet deposition and rain acidity over the central Caribbean
region: evidence for natural fluctuations and anthropogenic perturbations
C. M. Lépez Cabrera

A 90-year precipitationchemistry record from the Chongce ice cap in West Kunlun Mountains,
China

Kumiko Goto-Azuma, Masayoshi Nakawo and Han Jiankang
Acid deposition of sulfur in Asia

Richard Amdtand Gregory R. Carmichael
Rainwatercomposition and acidity at the Hong Kong BAPMoN site, Yuen Ng Fan

.G. P. Ayers and K. K. Yeung
On acid precipitationof Shanghai

Zhang Chao
The acidificationof atmospheric aerosol related to relative humidity and its contribution to the acid
precipitation

Yang Jianliang and Wang Mingxing
Variationof sulphate and nitrateconcentrationin precipitationin Jakarta Indoncsm and theirroles in
acidification:1983-1992

Nurlaini and Mahmud
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‘Washout of alkalinecomponents during the convectiveshowers at Pune, India

Medha 8. Naik, G. A. Momin, P.S. P. Rao, P. D. Safai, A. G. Pillaiand L. T. Khemani
Chemicalcomposition of wet and dry deposition at Delhi, North India

R. K. Kapoor, S. Tiwariand R. N. Chatterjee
Acidrain analysis

P. Suneetha
Some observations from the statisticalanalyses of major ion concentrationsin precipitationin an
industrial-coastalenvironment

A. Narayana Swamy
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1.02

Global Gridded Emissions Inventories: Current Assessment and Future Prospects

T.E. Graedel
AT&T Bell Laboratories
Murray Hill, NJ USA

Global gndded emissions inventories have traditionally been preparcd by computcr
modelers with specific research goals and specific models in mind. The Global
Emissions Inventory Activity, a component of IGAC, has the task of generating such
inventories for all species of interest and for general use. The first of these
inventories became available during 1994. This presentation will discuss both
common and distinct features of those new inventories and present a tentative
schedule for the availability of other new inventories over the next several years. -

1.03

Radiative forcing and climate change due to mcreased tropospheric
ozone concentrations

§. CHaLrral, D. HAUGLUSTAINE!, H. LE TREUT?, J. F MULLER3 AND
M. PHAM1

1Serv'ice'd’Aéronornie du CNRS, Université de Paris VI, Pa,ris,l France
2Laboratoire de Météorologie Dynamique du CNRS, ENS, Paris, France
3Institut d’Aéronomie Spatiale de Belgique, Bruxelles, Belgique

Recent work shows that changes in both tropospheric and stratospheric ozone may
have a significant impact on climate. In the troposphere, ozone is produced by com-
plex chemical reactions involving many trace gases such as NO,, CO, CH, and other
hydrocarbons, which have both natural and anthropogenic sources. Tropospheric
ozone concentrations have been calculated by the 3D Chemistry-Transport Model
IMAGES (Intermediate Model for the Annual and Global Evolution of Species) for
preindustrial and industrial conditions. In this study, we realise long pluriannual ex-
periments with these calculated global tropospheric ozone fields, which are introduced
in the General Circulation Model of the Laboratoire de Météorologie Dynamique, to
determine the radiative forcing and climatic impact due to ozone changes since pre-
industrial times. These results are compared to those resulting from other greenhouse
gases (i.e., COy, CHy, N2O, CFCs) enbanced concentrations.




1.04
Lifétimes and Eigenstates in Atmospheric Chemistry .

Michael J. Prather,
Earth System Sci_e_n'ce-, UC Irvine, California, USA

The time scales and mode of the atmosphere’s response to chemical perturbations are
described by the eigenvalues and eigenvectors, respectively, of the system. When the
cycles of different trace species are coupled (i.e., non-linedr), a change to one species
excites a coupled perturbation that decays with 2 characteristic time scale different
from the inverse loss frequencies of any individual species. A study of the eigenstates
of a simplified CH,-CO-OH system shows that the longest time constant (smallest
eigenvalue) always exceeds the lifetime defined by the steady-state loss frequency for
CH,, the longest lived gas. This eigenvalue, or response time, for a CH, perturbation
can be diagnosed from the OH-CH, coupling that has been reported for global models,
specifically the OH decrease per CH, increase. The ratio of response to lifetime can
also.be diagnosed by how close we are to a chemically unstable troposphere, i.e., how
much production of OH exceeds that minimum needed to oxidize just the global
emissions of CH,, CO, and other hydrocarbons and species. The response time applies
even to infinitesimal perturbations and to chemical systems that are not in steady-state.
This formalism is extended to a simplified atmospheric chemistry model with transport
and is compared with results from the global three-dimensional chemical transport
maodels.

1.05

Stable isotopic constraints on the distributions and fluxes of COy:
A global 3-D GCM study using the NCAR CCM2

. David J. Erickson III and Philippe Ciais!
Theoretical Studies and Modeling Secticn, Atmospheric Chemistry Division,
National Center for Atmospheric Research, Boulder, CO 80307-3000

1Also at: Laboratoire de Modelisation du Climat et de I’Environment, Saclay, France

We describe global, 3-D numerical simulations of the distributions and fluxes of
13C0O, and 12CO;, in the Earth system. An atmospheric general circulation model, the
NCAR CCM2 is used to transport a variety of chemical species using a semi-Lagrangian
approach at a 15 minute time step. The spatial resolution of the model is 2.8° x 2.8°
latitude-longitude in the horizontal with 18 vertical levels. The 13CGO; fluxes implied to
be due to atmospheric exchange with the ocean, soil respiration and the terrestrial
biosphere are used to influence the separate isotopic tracers in the model. Global source

-estimates associated with biomass burning and the combustion of fossil fuels are also
included so as to account for the time transient in the atmospheric CO; isotopic record. A
detailed comparison between model output and the observational record in terms of both
13CQ, and 12CO, will be assessed. Analyses of particular interest include the latitudinal
gradient of 13CQ,, the site-specific seasonal cycle of 13CO, and the interannual
variability and rate of change of 13CO,. An off-line version of the transport model is also
forced with the identical surface chemical boundary fluxes at an effective time step of 12
hours. A comparison of the off-line and on-line simulations will be presented. The off-
line approach decreases the computational requirements of the model substantially and
allows for the inclusion of a large variety of chemical species in addition to CO,.
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1.06

The Carbon Cycle: Results of a Coupled Atmospheric Chemical
Tracer Transport Model and an Ecosystem Model*

I. Dignon, J.R. Kercher, J.E. Penner and J.J. Walton
Lawrénce Livermore National Laboratory
P.O. Box 808, L-262; Livermore, CA 94551 USA

Human activities have created large anthropogenic emissions of greenhouse gases,
particularty carbon dioxide from fossil fuel burning and deforestation. Much of the
carbon emitted into the atmosphere is taken up by the oceans; however, balancing the
contemporary carbon budget requires a large "missing sink,” possibly located in the
terrestrial biosphere. We are developing a global scale ecosystem model with a
resolution of 1x1 which represents water, carbon, and nitrogen dynamics as a set of
ordinary, coupled nonlinear differential equations in ‘order to study the ability of
present-day ecosystem models to explain this missing sink. The initial version of this
model, called TERRA, has been coupled to our 3-dimensional atmospheric chemical
tracer model, called GRANTOUR. The two models are used to simulate the seasonal
carbon _cycle for a pre-industrial and present-day vegetation cover. Predicted
concentrations of atmospheric CO7 are compared to the atmospheric record at the
NOAA GMCC stations. Preliminary results using potential vegetation show that the
seasonal amplitude of the average monthly net ecosystem production has both a
maximum of >100 gC m-2 month-I and minimumi of <20 gC m-? month-! occurring in
the tropics. Amplitude values in the northern mid-latitudes range from roughly 40 10 75
gC m-2 month-!1. At the meeting, results of the pre-industrial and present-day
simulations will be discussed. L '

*This work was performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under Contract No. W-7405-Eng-48.

1.07

" Soil C and N Cycle Feedbacks to Elevated CO7: Implications for CO2, N20, and NO
Exchange

1E: Holland, 2p. Canadell, 2F. Chapin, 3N. Chiariello, 4. des Rosiers, 3A. Fredeen,
3C. Field, 2B. Hungate, 4R Jackson, 1G. Koch, 3Y. Luo, 4H. Mooney, 4H. Pearson,
: ‘ 0. Sala -

INational Center for Atmospheric Research, Boulder, Colorado; 2University of California,

Berkeley, California ; 3Carnegie Institute of Washington and 4Stanford University,
Stanford, California, USA.

Increasing atmospheric CO7 can alter carbon exchanges with terrestrial ecosystems,
causing feedbacks to atmospheric CO7. The terrestrial response to elevated CO2 can vary
dramatically with changes in resources such as water or nitrogen. 'We have conducted an
integerated experimental and modeling study of the response of two California annual
grasslands to elevated CO2. Using open-top chamber, microecosystems and growth
chambers, we have measured system-level responses to elevated CO7 following
experimental manipulations of resource availability. In this presentation, we focus on
feedbacks in soil carben and nitrogen cycles that could affect exchanges of CO2 and other
trace gases between terrestrial systems and the atmosphere. We found that elevated CO2
increased photosynthesis, microbial biomass, and soil respiration, but also increased C/N
ratios in litter, causing a decrease in nitrogen availability. Nitrogen limitation in turn
constrained the ecosystem’s ability to take up and store carbon. This feedback affects trace
gas exchanges by causing a release of "excess carbon" through respiration and a decrease
in N20, and possibly NO, fluxes due to the decrease in available nitrogen.
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Spatial Distribution of Trace Gases and Particulate Matter Emissions from Biomass Measurements of trace gases in the upper atmosphere using airliner

Burning in Diverse Tropical Ecosystems _ .

7 H. Matsueda, H.Y. Inoue and *Y. Sugiyama

Wei Min Hao and Darold E. Ward Gegchcxpical_Rcscarch Division, MRI, Japan
Engineering Development, JAL, Japan

Intermountain Fire Sciences Laboratory, USDA Forest Service, Missoula, Montana,

USA Airliner is suitable for frequently observing the temporal and spatial distributions of the

: trace gases in the upper atmosphere over a long period of time. Since 1991, we have

Substantial research has been carried out to determine the amount of CQ,, CO, CH,, been developing an automatic flask sampling system for Bocing 747 through a co-
non-methane hydrocarbons, and particulate matter emitted from biomass fires in operative program supported by the JAL foundation, JAL, Ministry of Transport in Japan

and Meteorological Agency of Japan. - This system was developed to collect sample air

tropical forests and savannas. The field research has been conducted in the Amazon into twelve titanium flasks of Automatic Sampling Equipment (ASE-1,2) using a metal

rain forest, Brazilian cerrado, South African arid savanna, and humid savanna in betlows pump. Since our sampling system was tested under severe conditions, it could
Zambia since 1989. The emissions of these gases and particulate matter are compared be utilized as airborne equipment on board Boeing 747's operating in the world. Since
under different combustion conditions for a variety of vegetation. Linear relationships - April 1993, monthly sampling between Cairns in Australia and Narita in Japan has been
are developed to relate the emission factors of different trace gases and particulate continuously performed using the ASE-1,2 installed in JAL airliner. After the sampling
matter to the combustion efficiency. The results are extrapolated to estimate the flight, the ASE-1,2 was returned to MRI to measure carbon dioxide (CO2) and methane

(CH4) concentrations of the sampled air collected at 10-12 km altitude. A significant

spatial distribution of these gases and particulate matter emitted from biomass burning change in concentrations of both the CO2 and CH4 was found at the Intertropical

in tropical Africa, America, and Asia with 1° latitude x 1° longitude resolution. The Convergence Zone (ITCZ). In October, lowest CO2 and highest CH4 concentrations
spatial distribution is derived from the emission factors, the aboveground biomass were observed between 10°N and 20°N, where ITCZ was located in the western Pacific
density, and the area cleared annually due to deforestation, shifting. cultivation, and region. . These results indicated that .CO2 and CH4 in the surface air was. largely
savanna burning. The results are critical for modelling tropospheric chemistry, transported upward by active convection processes. Seasonal variations of CO2 and CH4
assessing the impact of biomass burning on global climate, and developing strategies were found in the upper atmosphere, but the amplitude and cycle of their variations

for reducing emissions of trace gases and particulate matter, depended on the latitude.

1.09 1.11
The Geographic Distribution of CO, Emissions from Fossil Fuel Consumption ‘ Possible Causes for the Decline in the Methane Growth Rate

Robert J. Andres’, Gregg Marland' and Inez Fung? . K.S. Law!, S. Bekki! and E. Nisbet?
! Environmental Sciences Division, Oak Ridge National Laboratory, Box 2008, :
Ozk Ridge, TN 37831-6335 USA
2 National Aeronautics and Space Administration,

!Center for Atmospheric Science, Cambridge, U.K. ,
2Dept. of Geology, Royal Holloway and Bedford College, London, U.K.

Goddard Space Flight Center Institute for Space Studies, Analysis of CH,4 observations over the past decade has shown a dramatic slow down
2880 Broadway, New York, N'Y 10025 USA, Currently at: School of Earth and in the growth rate of CHy4 in recent years and particularly in the northern hemi-
Ocean Sciences, Univ. of Victoria, Box 1700, Victoria BC VW 2Y2 CANADA sphere during 1992 (Steele et al, 1992; Dlugokencky et al, 1994). In this study,

a 2-D photochemical model of the atmosphere is used to investigate reasons for
the slowing CH, trend. The recent decline coincided with a large reduction in the

Emissions of CO, from fossil fuel consumption and cement manufacture have global ozone which may have enhanced OH and thereby led to increased loss of CH,

been estimated on a 1° latitude by 1° longitude (1x1) grid. Maps for 1950, 1960, in the troposphere. The possible relationship between changes in the growth rate of
1970, 1980 and 1990 were created from national estimates of CO, emissions and methane in the troposphere and the observed changes in column ozone is examined.
1x1 maps of political units and human population density. The estimates show Trends in anthropogenic emissions of CH, from coal and gas sources are estimated
continual growth over most of the world with increased growth in major urban for the period 1931 to 1992. This includes substantial reductions in the emissions
areas. A southerly shift in the distribution is due largely to rapid growth in from gas pipelines which are likely to-have occurred in the former Soviet Union. The

o . . - . impact of these changes on the CH, growth rate is assessed. The results show that
€missions from Asia. Using a linear extrapolation of recent trends and a b both the decline in anthropogenic emissions of CH, and the impact of a reduced
projection based on the goals of the Framework Convention, 2 scenarios for the ozone column can make a major contribution to the slowing CH, trend.

distributiont of emissions in 2020 are included.
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Constraints on Recent Changes in the -
Global Methane Budget from Isotope Measurements

M.R. 'Mahning, DC Lowe ﬁnd KR. Ldésey
NIWA Climate Division, Lower Hutt, New Zealand

Measurements of atmospheric CH, concentration have shown a decrease in its growth rate
to near.zero over the period 1989.-.1993 (Dlugokencky et al; 1993). Measurements of
the “C/**C isotope ratio in CH, in the Southern Hemisphere over this period show a -
seasonal cycle, out of phase with that of concentration, and a recent trend towards
isotopically lighter values (Lowe et al, 1994). Here we consider how source scenario runs
from the GISS model (Fung et al, 1991) can simulate the isotopic data. This leads to’
additional constraints on CH, sources and sinks and their recent changes. Simulation of
the seasonal cycle of &'°C requires a larger kinetic isotope effect in the atmospheric
oxidation of CH, than found in laboratory studies and a seasonal influx of isotopically” -
heavy methane (§°C > -25%o) into the Southern Hemisphere, consistent with simpler
model analyses (Lassey et al, 1993). Reduced CH, growth rate is due to a reduction in
isotopically heavy sources such as biomass burning and fossil furel production, but
distinguishing between changes in these source types is difficult with the data currently.
available. The model resuits are used to suggest additional isotopic measurement sites.

1.13

Atmospheric carbon emission from northern lakes: a factor
of global significance :

I.P.Semiletov, S.A.Zimov, Yu.V.Voropaev and S.P.Daviocdov
Pacific Oceanological Institute and North Easisrn Sciencse
Station, FER, Acadenmy of sCiences,'Russia _

Northern ecosystems contain up to 455 Gt of C in the goil
active layer (SAL) and the upper levels of the permafrost,
or up to 60% of the 750 Gt € contained currentiy in the at-
mosphere as CO _.Taking into account. that CH,aimospheric co-
ntent is about®0.5% of CO,, liberation of “8ee than 1Z of
buried C in CH -form is efiough to double the modern CH,at-
mosperic burdefi. Due to aerobic predominant conditiong in
the SAL, main part of available € 1s oxidized and emigsed
to atmosphere as CO_ . Deeper buried € is become availaible
for microorganisms 3nly by way of the lake evolution. Anae-
robic lake sediments and underlayed melted permafrost pro-.
duce CH all-year-roundly. Our all-year-round measursement
of CH émission from thermokarst lakes in North Asia are
correlatea with the &' C-CH measurement of Quay et 21(1991)
and one shows that northernlakes play an important role in
the global methane cycle in the present angd past. It is al-
80 shown that the northern CH emissicn might influence on
global changes in air content“of other greenhouse species
via the thermokarst evolution. 4Also, . initizl results show
that CO_ flux from northern lakes 10 the atmosphere is only
3d soure of €O after the SAL and Arctic Ocean.
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| ANTHROPOGENIC METHANE EMISSION IN RUSSIA
§h.D. Fridman, A.I. Nakhutin, V.A. Verghyev

Institute of Global Climats and Ecology
undl'er Russian Academy of Sciance and Roshydromet, Russia

- ~Total anthropogenic emission of methane in Russia
was. estimated as 16,3 Mt/year in ‘1993, basing on available
emission factors. and natlonal economy statistios data,

_ Differing from World emission structure oil and - |
natural gas production and transportation plays the major
role (>50% of total emission) for Russia, o

Analyses of emisasion structure and trend '
demonstrates decrease of 8% for the period 1990~1593 due
to the economical crisis in spite of slow rise of emissions
from. natural gas production and landfills. - - . &

115,

Atmospheric methane and nitrous oxide: Sources, sinks
and strategies for reducing agricultural emissions

Division of Environmental Planning, NIAES, Ja_.p_;m

Methane and nitrous oxide play an important role in photochemical reactions
of the troposphere and stratosphere. Change in their concentrations exerts
a strong influence on the atmospheric chemistry. The concentration of
atmospheric methane and nitrous oxide increases by about 1.0 and 0.3 % per
year, respectively, and accounts for almost over 25% of the radiative force
added to the atmosphere. Methané and nitrous oxide are released to the
atmosphere from various natural and anthropogenic sources. Although
several globel methane and nitrous oxide budgets have been estimated (for
example IPCC), the values of individual sources and sinks are still highly
uncertain and very tentative. : ' : :

I review first the global methane.and nitrous oxide budgets estimated by
IPCC, IGBP and ‘others. Then, I introduce mainly methane production,
oxidation and emission from rice paddies, and nitrous oxide emission from
fertilized soils, Finally, I discuss plans and possibilities on how to reduce
methane and nitrous oxide emission from rice paddies and fertilized sqils,
and show some examples in detail. | :
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Methane emission from various rice fields in China : An overview

‘Wang Mingxing and Shangguan Xingjian
Institute of Atmosphetic Physics, Chinese Academy of Sciences, 100029 Beifing, PR. China

Until 1993, the methane emission rates from Chinese rice fields have already been recorded
in all the five typical rice growing areas, which are South China Region, Central China
Region, Southwest China Region, Middle and Lower Course of Changjiang River Region
and North China Region. The total emission from Chinese rice fields can be estimated 11-14
'I‘gCHq'yr’I which is rather small as we expected before, Great spatial variation has been
obviously observed, which could be coupledly caused by climate and water regimes, soil
type, rice variety, and various agricultural practice (e.g. cropping system, the way of
fertilizer application and water management), while the effect of the above individual factor
is not yet well understood. As seen from the data available, it can not simply be explained by
the crganic carbon content of the soil and annual mean temperature, but is well related to
the amount of organic fertilizer applied. The temporal variation of emission rate varies from
fields to fields and sometimes seasons to seasons: The major factors explaining the seasonal
variation (long-term) of methane emission rate could be temperature variation, cropping
system (rice-tice, wheat or other crop-rice, single rice), status of rice growing, all of which
can affect the seasonal trend of methane production and transport efficiency. The reason for
diurnal variation (short-term) is relatively simple, which is mainly the variation of methane
transport efficiency from the soil further caused by the variation of air temperature. The
application of organic manure almost always enhanced methane emission while the effects of
various mineral fertilizers were rather contradictory. The proper use of fermented fertilizer
instead of fresh organic manure, scientific water management (e.g. ridge rice, frequent
drainage) instead of permanent flooding were approved to be able to reduce methane
emission. The transport separation measurement in Hunan Province show that the role of
rice plant in emitting methane was changing greatly and depended on the status of rice
growing. The seasonal average percent (about 55% for early rice, and ca. 75% for late rice)
was much lower than estimated before,

Measurement of Nitrous Oxide Emission from Agricultural Land
using Micromeleorological Methods

K.J. Hargreaves', . Wienhold®, L. Klemedtsson®, JL.R.M. Arah’, 1. Beverland®, D.
Fowler', B. Galle?, D. Griffith®, , U. Skiba’, K.A. Smith! and M. Welling®.

ITE Edinburgh, UK!, MPI Mainz, Germany?, 1VL Gothenburg, Sweden®, SAC
Rdinburgh, UK*, TERM,University of Edinburgh, UK® and University of Wollongong,
Australia®,

The spatial variability of the N,O flux in soil makes the exteapolation to the ficld scale

very difficult using conventional chamber techniques (< 1m?. Micrometeorological
techniques, which integrate N,O fluxes over areas of 0.1 to 1 km? were therefore

developed and compared in a large ficld campaign. Micrometcorological measurements

of N,O emission from an erganie soil werc made over a 10 day period al Lammefjord,
Denmark. Flux-gradient and relaxed cddy accumulation technigues were applicd nsing
two. Tunable Diode Laser spectrometers (TDL's), a Fourier Transform Infra-Red
spectrometer (FTIR) and a gas chromatograph (GC). Bddy correlation measurcments
were also made using the two TDL's, Over the 10 day campaign approximately 5 days
of continuous fluxes-by the different methods were obiained. Fluxes delermined by
cddy corrclation, using the TDL's, were in excellent agreement, showing a mean flux
of 290 ug N m? h'! over an arca cropped with carrots. At the same time flux-gradient
technigues measured fluxes over wheat stubble. The mean flux was 148 pg N m™* k',

1.18

Nitrous‘ Oxide Emission from Bioinasé Burnidg
and Its Distribution in Mainland China* -

Mei-giu Caoc and Ya-hui Zhuang
Research Center for Eco-environmental Sciences,
.Academia Sinica
PO Box 2871, Beijing, 100085, China -

The emission factors of nitrous oxide during the combusticn of rice
strav, wheat stalk and maize stalk have been determined in an
experimental combustion facility. The experimental errors in the
determination of nitrous oxide concentration by gas chromatography and
in the sampling procedure have been discussed. Necessary measures have
been taken to ensure the quality of analytical results. The emission
‘factors thus determined for rice straw, wheat stalk and maize stalk are
84.4, 132 and 27.3 g/ton, respectively. .

The distribution of nitrous oxide emission from biomass burning in
mamland Chma has been estimated, and the results have been presented
as an 1% x 10 grig map. The blomass formation in mainland China were
calculated from the annual cereal production- in the counties and
regions.

*Supported by the Chinese National Natural Science Foundation.

1.19

The Global Decrease‘of Carbon Monoxide and Its Causes_‘

M.A.K.Khalil and R.A Rasmussen
Global Change Research Center and Department of Environmental Science &
Eng. Oregon Graduate Institute, P.O.Box 91,000, Portland, Oregon 97291 USA

Global measurements show that atmospheric CO increased during the early part of
the 1980s at about 1%/yr . Between 1987 and the present, global concentrations
have declined rapidly at about -1.4 + 0.9%fyr in the northern hemisphere and -5.2
+ 0.7%/yr in the southern hemisphere 2. Decreases can occur if the sources decline,
if the sinks increase, or by a combination of these two processes. Both possibilities may
be contributing to the current trends. Increased uv can lead to a decrease of CO in
regions where most of the CO does not come from the oxidation of CH, and other
hydrocarbons and over regions where significant ozone depletion has occurred (middle
and high latitudes). Based on cusrent data, it seems that some of the decreasing trends
in the northern hemisphere may be explained by OH increase, but most probably comes
from a slowdown in emissions. In the southem hemisphere, however, it appears that the
decreasing trends are probably due to a reduction of biomass burning in the tropics and
not due to changes in OH. The slowdown of biomass burning ‘may be permanent or
temporary and may be driven by climatic events.

References and Acknowiedgements: 1. Khalil & Rasmussen, Nature 332, 242.245 (1988). 2. Khalil &
Rasmussen, Global Decrease of Atmospheric Carbon Monoxide, Nature (submitted, August 1993). Supported
by grants from NSF, DOE, Biospherics Research Co., and the Andarz Co. Samples at some sites collectéd by
NOAA/CMDL staff.
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Spectroscopic‘measurements of_the‘spatial—temporal
distribution of the minor gaseous atmospheric
constltuents ( co, CH4 )

E.I. Grechko and A V.Dzhola
Institute of Atmospheric Phys;cs, Russian Academy of

Scienses, Moscow, Russia

First‘evidencés.of afmospheric cO 'and CH4 increase were
obtained by spectroscopic technique (Rinslahd and Levine,
1985, Dianov-Klokov et al., 1989).The abundant collection of
data were accumulated in field measurements in different
regions of the former USSR and in the Arctic,'Antarctic' and
Oceéanic regions by the Institute of Atmospheric Physics.
Spectroscoplc technique based on 'absorbtion of the solar
radiation was applied. Regular observatlons were carried out
at Zvenigorod scientific station near Moscow (56 N, 37 E) in
1970-1993. Before 1983 CO was  increasing for all seasons
(1.4% per year), since 1983 winter trend is equall to 1% per
vear, summer—-autumn trend equalls to 0%. The total trend of
CH4 in Zvenigorod for 1974-1993 is 0.5% per year.

121 SF, a new powerful tracer in the atmosphere

M. Maiss!, I. Levin!, R. Francey?, P. Fraser?, R Langenfels® and P. Steele?
1Inst £ Umweltphys1k Univ. He1delberg, Germany; 2 Div. of Atm Res., CSIRO, Austraha

High precmon long-term observations of the assumed solely anthropugemc trace gas sul-
phur hexafluoride (SF,)} at four background monitoring stations are presented: Cape Grim,
Australia (1978-94); Neumayer Station, Antarctica (1986-94); Alert, Canada (1993-94) and
Izafia, Canary Islands (1991-94). These world-wide observations considerably extend a first
data set published by Maiss and Levin [GRL, in press]. SF has increased by two orders of
magmtude since 1970 from 0.03 to 3 pptv with a recent increase rate of 8 % yrl. This is due
to a growing industrial production and emission combined with an atmospheric lifetime of
probably more than 3000 years [Ravishankara et al., 1993]. The concentration in the north-
ern hemisphere is persistently higher if compared to the southern hemisphere due to a pre-
dominant release of SF, in the northern hemisphere. Meridional profiles confirm this signi-
ficant north-south gradient from which an interhemispheric exchange time of 1.1-1.4 years
can be cilculated. The greenhouse effect of SF, on a per molecule basis is likely to be one
of the highest of any atmospheric trace gas [Rinsland et al,, 1990]; but due to the present
low atmospheric concentration (#1072 of CFC) its climatic 1mpact is only of minor relevance
today [Ko et al.,, 1993]. However, here we will show that the development of SF in both
hemispheres is an extremely powerful tool for modelling investigations in the atmosphere
and the hydrosphere. SF_ is an ideal tracer to quantify mixing processes in the troposphere
and between troposphere and stratosphere. Moreover, the atmospheric input function can
be used for dating of dee €p ocean water and firn air. Especially in the atmosphere SF is a
promising alternative to K.rypton as it is easier to measure and more regular in emission.

122

Global distribution of CO5 and halogenated hydrocarbons
P. Fabian, University of Munich and R. Borchers, Max-Planck-Institut fir Aeronomie, Germany

In-situ measurements of CO5 and various halocarbons, most of which being efficient green-
house gases, were carried out at tropical (17°N}, midlatitude (44°N) and high latitude . .
regions (69°N). Cryogemcally collected whole-air samples were analysed by GC and GC-MS
as well as infrared absorption techmques _

Average vertical profiles, growth rates and budgets coverlng the time perlods given in .
brackets will be presented for CO, (1979-1993}, CCl3F and CCIoF5 (1977-1993) as well as
CClg, CCIF3, CFy, CCloF-CCIF,, CCIFp-CCIFp, CCLFo-CFy, CF3-CF3,' CHaCl, CHCIF, -
CHg-CClLg, CBrCIF,, CBF5 (1980-1993) and CH4Br (1992.93).

1.23
Measurements of HCFCs in the Cape Grim Air Archive : 1978-1993

D.E. Oram, 5.A.Penkett University of East Anglia, Norwich, U.K.
P. Fraser CSIRO, Aspendale, Australia.

In response to concern over siratospheric ozone depletion and global warming, the
Montreal Protocol calls for a ban on the production of a number of chlorine-
containing compounds, including the chlorofluorocarbons (CFCs).
Hydrochlorofluorocarbons (HCFCs) have been proposed as replacement compounds
since they have shorter atmospheric lifetimes, due to their reaction in the troposphere
with OH radicals, and therefore lower ozone depletion potentials. The major HCEC,
HCFC-22, has been in use for many years and several studies have determined its
atmospheric concentration and distribution. The highly-sensitive GC-MS instrument
at UEA has the capability of detecting a number of other HCFCs, including HCFC-
142b (CH,CE,Cl), HCFC-141b (CH,CFCl,) and HCFC-123 (CF;CHCl,), in the
background atmosphere. The Cape Grim Air Archive consists of around 50 samples
of clean background air collected over the period 1978-1993 at Cape Grim, Tasmania
{41°8). These samples have been analysed for CFCs and HCFCs at UEA during the
summer of 1993. Trends in the major CFCs follow expected patterns with evidence
for declining emissions in recent years. HCFC-142b and HCFC-141b have been
detected in all samples back to 1978, and show rapidly increasing concentrations
since the late 1980s. Using a well proven global 2-D model, the measurements have
been used to estimate global emissions of these new potential greenhouse gases.



1.24

Long — Term Measurements .and Changing Trends of
Halocarbon Concentrations in the Atmosphere

Yoshihiro MAKIDE, Limin CHEN, and Takeshi TOMINAGA
The University of Tokyo, Tokyo, Fapan

Chlorofluoracarbons (CFCs), chlorocarbons, and halons with extremely long
lifetimes are responsible not only for stratospheric ozone depletion but also for global
warming. The ozone depletion induced by the halocarbons may also affect the global
warming. We initiated very accurate measurements of trace halocarbons in the
atmosphere as early as in 1979 in order to clarify their distributions' and trends in the
Northern and Southern Hemispheres, and also their vertical - profiles in the
stratosphere. :

The averaged atmospheric concentrations of CFC-12 (CClyF3) and CFC-11
(CCI5F) in the mid-latitude Northern Hemisphere observed in Hokkaido, Japan, and
in the Southern Hemisphere observed at Syowa Station in Antarctica had been
increasing by about 4% ayear, and CFC-113 (CCl;FCCIFz) by 10-20% a year
over the decade up to 1990. However, since then, their increasing trends in the
Northem Hemisphere have been slowing down to 0-2% a year, which are
reasonably corresponding to the international regulation of emissions according to the
Montreal Protocol on Substances that Deplete the Ozone Layer. Methylchloroform
(CH3CCl3) which is decomposed in the troposphere with OH radicals showed much
smaller increasing rate, and has been rather decreasing recently.

Although our measurement data of atmospheric concentrations of CFC~113,
carbon tetrachloride (CCls), and methylchloroform based on our originally developed
standards had shown apparently different values (such as 30%) from the ALE/GAGE
data, the gaps have been reduced by the revision of ALE/GAGE calibration.

2.01
Transport of O3 and O3-Precursors from Anthropogenic Sources to the North Atlantic

D.D. Parrish, Steven Bertman, James Roberts, R. N. Norton,
Michael Trainer, and F.C. Fehsenfeld
U.S. Department of Commerce, Aeronomy Laboratory, Boulder, Colorado USA

The North Atlantic Regional Experiment (NARE), an activity of IGAC, is aimed at
investigating the sources for ozone over the North Atlantic and the processes responsible
for that ozone. The goals and research activities of NARE will be briefly outlined.

Correlation of simultaneously measured O3 and CO at sites in the North Atlantic
region as a function of season that were carried out as part of the NARE research have
provided the basis for estimating the amount of O3 that is produced photochemically from
anthropogenic pollution in North America and transported to the Norih Atlantic. The
measured relations between the concentrations of O3 and CO indicate that the amount O3
produced from anthropogenic sources is greater than that reaching the lower troposphere in
this region from the stratosphere. This conclusion supports the contention that ozone
derived from anthropogenic poliution has a hemisphere wide effect at northern temperate
latitudes. These studies will be described and their results will be discussed.

In addition, during the summer of 1993, measurements of O3 along with NO,, and
NOy along with a suite of photochemically active trace compounds were made during the
summer of 1993 in the Maritime Provinces of Canada as part of the NARE 1993 Summer
Intensive. The relation between O3 and these reactive nitrogen species, and the relation of
reactive nitrogen oxide species to other Os-precursor compounds will be used: 1) to assess
our current understanding of the photochemistry; 2) to estimate the potential for additional
ozone production in the air masses transported into the North Atlantic; and 3} to provide
evidence that the production of O3 is NOy limited. .

202

A study of vertical and horizontal transport of ozone and ozone precursors using aircraft
data from the North Atlantic Regional Experiment.

M. Buhr, D. Sueper, M. Trainer, W. Kuster, P. Goldan, and F.C. Fehsenfeld
U.S. Department of Commerce, Aeronomy Laboratory, Boulder, Colorado USA

Measurements of O3, NOy, NO, CO, C,-C; hydrocarbons, and a variety of other chemical
and physical parameters were collected aboard the NCAR KingAir in 16 flights off the
northeastern coast of the U.S. during August, 1993, as part of the North Atlantic Regional
Experiment (NARE). Evidence for the vertical and horizontal transport of O3 and its
precursors found in these measurements will be examined using a combination of bivariate
and multivariate data analysis methods, including Principal Component Analysis (PCA).
The relationships observed between ozone and its precursors, both in general and as a
function of the air mass types identified with PCA, will be examined in terms of air mass
origin and photochemical age. Particular attention will be paid to the effect of clouds and
convective transport on the spatial distribution of ozone. A brief discussion of the
measurement methods used will be included. -

—-13—
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2.04

Pacific Exploratory Mission West/Phase B(PEMWestB):
An Overview of Preliminary Findings

S - . . . . D.DB.Davis .. : o
School of Barth and Atmospheric Science, Georgia Institute of Technology, Atlanta,
R . . GA 30332 .
Aeronomy Laboratory/NOAA, 325 Broadway, Boulder, CO 80303
.."..r'- T . R. Newell e, o .
Mass. Institute of Technology, Rm 54-1854, Cambridge, MA 02139
oo : J. Hoell . .
Langley Research Center, Mail Stop 483, Hampton, VA 23665-5225
v L PEMWesl(B) Science Team :

The Pacific Ocean is the only major region in the Northern Hemisphere that is
relativly free from direct anthropogenic influence. In remote regions of the northem
" Pacific and in most. of the southern Pacific, it should be possible to study the
biogeochemical cycles of tl_arboq, nitrogen, ozone, and sulfur in an environment almost
" unperturbed by anthropogenic activities. On the other hand, there is fittle doubt that long- -
range transport of air pollutants from Asia and, to a lesser extent, North America is’

. beginning to have a significant impact on the atmosphere over a large part of the Pacific.

- . Thus, the Pacific Basin also offers an excellent opportunity to study the anthropogenic
impact on the atmospheric cycles of nitrogen, carbon, sulfur, and ozone. In this context,
the PEMWest program has as its primary and secondary scientific objectives: (A) To
investigate the atmospheric chemistry of Oy ang its precursors (NO,, CO, CH,, and
NMHC's) over the western Pacific, and to examine the natural budgets of these species
and the impact of anthropogenic sources. (B) To investigate some important aspects of
the atmospheric sulfur cycle over the western Pacific with emphasis on the identification
of the relative importance of continental and oceanic sources. The first mission in the

. NASA sponsored PEM scries, PEMWest(A) was conducted during the northern
hemisphere fall time period of September and October of 1991, at which time the outflow
from the Asian Continent was weak, The second phase of this program (i.e.,1994) will

‘be conducted, for the most part, over the same general geographical location but during -
the early spring at which time the outflow from Asia into the Pacific basin should be near
its maximum. As part of the IGAC/APARE program, PEMWest(B) will encompass both
ground-based sampling as well as a major airborne compenent (NASA's DC-8). To be
discussed are the preliminary scientific findings of this new field initiative and how these
findings compare and contrast with those of PEMWest({A).

Ozone Production, Transport, and Distribution
in the Western Pacific Rim

Gregory R. Carmichael, Yang Zhang, Mahesh Phadnis and Young Sunwoo
s ‘ The University of Towa _
Departrment of Chemical and Biochemical Engineering
Center for Global and Regional Environmental Research
R Towa City, 1A 52242 USA :

The characteristics of tropospheric ozone production and transport in the

. middle to lower latitudes of East Asia are being studied. In this paper ozone data

from surface observations, satellite and ozonesondes are analyzed and discussed.
The sarface data includes information from the background ozone monitoring
network of Japan and the southern island site of Cheju in South Korea. The
seasonal behavior shows a spring peak and summer minimum for most of the
sites with characteristics dependent on site elevation, local meteorology, and
proximity to anthropogenic sources. Satellite-derived residual ozone shows a
similar seasonal cycle. Both surface and residual ozone show a trend with

increasing values over the past decade. ) -
The mechanisms of wansport, chemical transformation and removal of

‘ozone and other trace gas species are studied using a detailed three-dimensional

tropospheric trace gas model (i.e., the STEM-1I model). The characteristics of
the photochemical oxidant cycle and the effects of pollutant long-range transport
on the distribution of ozone in this region are discussed. Estimates of the ﬂuxes
from the Pacific Rim to the background troposphere are also presented. Finally,

_interactions between the photochemical oxidant cycle and sprnngtime dust storms

are also discussed.

2.05

'Measurements of Total Reactive Nitrogen and Ozone in the Troposphere -
over the Pacific Ocean and Japan Sea

8. Kawakami, M.,'Ied:;, M. i{diléé,:H,, '.'I\Iak@jima,, Y. Kondo
(Solar Terrestrial Environment Lab,, Nagoya University)

Measurements of total reactive nitrogen (NO,) and Ozone (O3) are presented from
three aircraft flights made over the Pacific Ocean and the Japan Sea in the winter
and autumn of 1993 at altitudes between 0.3 km and 6 km. Two flights were made on
Jan. 20 and Feb. 13 over the Pacific Ocean between 28°N and 35°N. One flight was
made on Nov. 3 over the Japan Sea between 35°N and 40°N. NO, was catalytically
converted to NO on thé heated Ay surface, and NO was subsequently detected by
NO/O; chemiluminescence. NO, was about 200~300 pptv in the 2~4 km region on
both Feb. 13 and Nov. 3. However NO, mixing ratios at altitudes below 1.5 km were
different between these days; about 1.1 ppbv, 2 ppbv, respectively. O3 mixing ratios
were also different at altitudes below 1.5 km O3 was about 38 ppbv on Feb. 13 and was
70 ppbv on Nov. 3. NO; increased from about 400 pptv to 800 pptv with altitudes
between 5 and 6 km on Nov. 3. NO, above 1.5 km was constant of about 200 pptv
on Feb. 13. The maximum NO, and O3 were found below 1.5 km during the three
flights. The correlation of O3 with NO, below 1.5 km suggests that emissions of NO,,
originated from the Asian continent associated with the photochemical production of
O3 occured near the surface of the continent.

207
Tropospheric Ozone Measurement at The Top of Mt. F uji

Yukitomo Tsutsumi, Yuji Zaizen and Yukio Malkino
Meteorological Research Institute, 1-1 Nagamine, Tsukuba, Tbaraki, 305 Japan

Mt. Fuji (35°21'N,138°44'E) is not only the highest mountain in Japan whose height
is 3776m in the middle troposphere but also an isolated and dormant konide volcano
whose summit has an only 800m in diameter. These conditions suit the background
measurement of tropospheric ozone. Since the August of 1992, ozone concentration
has been measured at the top of Mt. Fuji to make clear the background feature of
tropospheric ozone in the East Asia, '

During one year observation, the diurnal amplitude shows quite small variation
throughout the year. At the top of Mt. Fuji, it appears to be little affected by the
mountain and valley winds. The maximum concentration of monthly mean ozone at
Mt Fuji. was 60.0 ppbv in May and the minimum was 32.1 ppbv in August.
Summertime day-to-day variations are highly variable and sometimes marked very low
concentration around 20 ppbv. This is attributed to the horizontal advection of ozone
poor dir.in the troposphere. In wintertime, the deviation of ozone concentration is
small. High steep peaks higher than 80 ppbv were frequently observed in spring,
These peaks have different patterns from surface ozone at Tsukuba (36°03'N,140°
08'E). - -



2.08 :
The Global Distibution of Tropospheric NOx and its Impact on Ozone Chemistry

H. Levy I and W, J. Moxim
Geophysical Fluid Dynamics Laboratory/NOAA, Princeton, New Jersey, 08542, USA
P.S. Kasibhatla
EAS, Gcorgla Institute of Technology, Atlanta, Georgia, 30332, USA
- §. Siflman
AOSS, University of Michigan, Ann Arbor, Michigan, 48109-2143, USA

The GFDL Global Chemical Transport Model [GCTM], with the six known sources of
mopospheric NOx and an off-line chemiswy for 3 tansported reactive nm-ogcn
surrogates, “NOx”, “HNO3” and “PAN", [Kasibhatla et al,,1993; Levy et al., 1994], is
used to determine the global distribution of tropospheric NOx The resulting NOx fields .
are shown to be in harmony with available observations. The simulated 3-D monthly
mean NOx ficlds, along with specified 3-D fislds of T and water and 2-D fields of
hydrocarbons, carbon monoxide, and ozone, are then used as input for a comprehensive
photochemical model [Sillman, 1991], which calculates 3-I> maps of ozone net chemical
production and destruction, While net ozone chemical producnon 1s found to occur over
much of the Northern Hemispheric troposphere, its rate varies greatly with season,
latitude and altitude. With the exception of the tropical and subtropical South Atlantic,
most of the Southern Hemisphere experiences net ozone chemical destruction. Both
seasonal and regional variations in NOx and the net ozone chemistry are discussed.

209 ' The Impact of Regional Ozone
Pollution on World Food Production

W.L. Chameides and P.S. Kasibhatla
School of Earth and Atmospheric Sciences
Georgia Institute of Technology
Atlanta, Georgia 30332

J. Yienger, and H. Levy, I
Geophysical Fluid Dynamics Laboratory
Princeton University:
Princeton, New Jersey 08542 -

Three regions of the northern mid-latitudes presently dominate global industrial and
agricultural productivity. While covering only 23% of the earth’s continents, these regions
(referred to as Continental-Scale Metro-Agro-Plexes) account for most of the world’s
commercial energy consumption, fertilizer usage, food-crop production, and food exports.
These regions also account for more than half of world’s atmospheric nitrogen oxide
. emissions and as a result are prone to ground-level O pollution during the summer months.
On the basis of a global simulation of atmospheric reactlve nitrogen (NO, ), we estimate that
about 10-30% of the world’s food crops may be grown in parts of these regions where Oy
pollution may reduce crop yields. Exposure to yield-reducing O4 pollution may triple by the
year 2025 if rising anthropogenic NO, emissions are not abated. The impact upon world
food production and the economic costs of compensations for this impact may be significant.

2.10

Global weighted-average concentration and trend for OH based on 15 years
of ALE/GAGE CH3CCls data.

R.G. Prinn (Masssachusetts Institute of Technology, Cambridge, MA),
R.F, Weiss & B.R. Miller (Scripps Institution of Oceanography, La Jolla, CA),
E.N. Alyea, D.M. Cunnold, and D.E, Hartley
(Georgia Institute of Technology, Atlanta, GA),

P.B. Fraser {CSIRO, Australia), and P.G. Simmonds (Bristol University, UK)

Reactions with OH comprise the major loss mechanism for many environmentally
important trace gases including CH3CCls, CHy, hydrochlorofluorocarbons, CO, and
CH3Br. Real-time in siny measurements of CH3CCl; have been made continuously since
1978 at the globally distributed ALE/GAGE/AGAGE stations. Using optimal cstimation
inverse techniques, these data are utilized together with recent estimates of industrial
CH3CCl; emissions, and new absolute calibrations for this gas, to provide quantitative
estimates of the magmtude and trend in the CH3CCl; lifetime, Recent kinetic data, and
estimates of oceanic and other non-OH-related removal rates, are then used to provide
estimates of the weighted-average global OH concentration and trend. ‘We present these
new results, and from them provide estimates of the lifetimes of CH,, key
hydrochloroﬂuorocarbons and CH3Br due © r.hezr reaction with OH.

2.11
The Role of Chlorine Atoms in Determining Tropospheric Ozone: Potential Sources
from Sea Salt Reactions

B. J. Finlayson-Pitts,2 R. Vogt,2 R. Neavyn,2 J. M. Laux band J. C. Hemmingerb
aDepartment of Chemistry, California State Uriversity Fullerton,Fullerton, CA, 92634; b
Department of Chemistry, University of California, Irvine, CA, 92717, U.S.A.

Chlorine atoms, if produced in the troposphere in significant quantities, may play a
key role in the formation and fate of ozone either by a direct reaction or alternatively, by
generating O3 via reactions with organics and NOy. Hence atomic chlorine may
potentially impact global chemistry, and since ozone is a greenhouse gas, possibly play a
role in the radiation balance as well. While sea salt particle reactions may generate
photochemically active chlorine atom precursors, relatively little is known about the
kinetics and mechanisms of such reactions. We report here laboratory studies of the
kinetics and mechanisms of the reactions of NaCl, the major component of sea salt
particles, with NOy, NpOs5 and HNO3 using the techniques of diffuse reflectance Fourier
transform infrared spectrometry (DRIFTS), a Knudsen cell and X-ray photoelectron
spectroscopy. The reaction of NO3 is shown to be too slow to be significant under typical
tropospheric conditions, while that of N,Os to form the photolabile nitryl chloride
(CINO5) may equal and possibly exceed that of HNO3 to form HCL.  The effects of
water on the surface chemistry will also be described and shown to provide an expla.natlon
for field observations of almost complete replacement of chloride by nitrate in some sea
salt particles.
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A Global Chemical-Transport Model Using the Dynamics
provided by the NCAR-CCM2 Model

© G.P. Brasseur, S. Walters and P.J, Rasch |
National Cenifer for Atmospheri¢ Research, Boulder, CO, USA

.. . A chemical model describing key chemical and photochemical processes in
the troposphere (and stratosphere) is coupled to a transport model at T42
resolution (2.8 degrees in longitude and latitude) to describe the formation and
fate of approximately 25 chemical trace constituents betweer the surface and the

level of 5 mbar. Advection is simulated by a semi-lagrangian transport scheme. -

driven by winds produced by the NCAR Community Climate Model (version 2).
‘Boundary layer and convective exchanges are parameterized. Surface emissions

and deposition velocities are either specified or calculated as a function of the -

model meteorology (temperature, precipitation, solar flux, ete.).

The paper presents global distributions of several key constituents which -

will be compared to available observations. The focus will be on nitrogen
compounds (NOx, HNOQ,, PAN) and their relations with the ozone budget. The
relative effects of chemistry, transport and wash-out processes on the distribution
of these compounds will be discussed. The role of dynamical fluctuations at the
resolution captured by the model will be analyzed.

2.13

A Three-dimensional Study of the Global Distribution
and Budget of Trace Gases in the Troposphere

C. Granier', G. Brasseur', I.F. Muller? and D. Hauglustaine®

* 1 National Center for Atmospheric Research, Boulder, CO, USA
2 Belgian Institute for Space Aeronomy, Brussels, Belgium
? Service d'Aéronomie CNRS, Paris, France '

A global three-dimensional chemical-transport model of the troposphere has
been used to study the production and destruction processes of key tropospheric
* chemical species. This model, called IMAGES (Intermediate Model for the Annual
and Global Evolution of Species) has been used to simulate the three-dimensional
behavior and seasonal evolution of a relatively large number of trace constituents, and
to estimate their global budgets. The-changes in the global budgets and lifetimes of
tropospheric species and in the oxidizing capacity of the atmosphere in response to
changes in the surface (anthropogenic and biogenic) emissions of trace constituents
will be evaluated. The impact of these changes on the radiative forcing of climate will
be discussed, with a particular emphasis on the impact of the tropospheric ozone
increase in the Northern hemisphere since the preindustrial period.

IO bt s b

Ar Overview Over the IGAC/SAFARI Experiment: The Role of Vegetation Fires
in the Environment of Southern Africa ‘

MO Andrea;e an(i ﬁle.SAPARI Science Team

Max Planck Institute for Chemistry, P.O. Box 3060, D-55020 Mainz, Germarly

Recent studies demonstrate that pyrogenic emissions affect regional ozone concentrations
and the oxidative characteristics of the tropical atmosphere. Fire also has both short- and
" fong-term effects on trace gas emissions from affected ecosystems which, for instance in the case
of CO, and N,O, may be more significant than their immediate release during the fire. Burming
alters the long-term dynamics of the cyeling and storage of elements within terrestrial ecosystems,
thereby altering their significance as sources or sinks of various frace gases. Finaily, deposition of
pyrogenic compounds on pristine tropical ecosystems may affect their composition and dynanzics.
The first large, coordinated program being ¢onducted under IGAC/BIBEX is the Southern
Tropical Aflantic Regional Experiment (STARE), an aircraft and ground-based measurement pro-
gram to investigate the role of fire in the aimospheric and terrestrial environment of the region
from South America to Africa. The sources of trace gases, their atmospheric transport, and the
chemical processes in the atmosphere which lead to elevated levels of O, CO, and other trace
gases over the southern Atlantic, a5 well as the role of fire in the savanna ecosystems have been
investigated. During the 1992 fire season, SAFARI-92 (Southern Africy FirefAtmosphere -
Research Inifiative), the African component of STARE, took place successfully. Some
measurement sites remaind in operation to investigate the seasonal and longer term trends in the
distribution of pyrogenic emissions and ecosystem behavior. A follow-up experiment (SA"ARI-
94) will take place during the wet season to establish the atmospheric background in the absence
of fires. An overview over the concept and results from these experiments will be presented. .

2.15
EXPeriment for REgional Sources and Sinks of Oxidants (EXPRESS.O)

P. Zimmerman and G. Brasseur
Atmospheric Chemistry Division, National Center for Atmospheric Research, USA

R. Delmas and J.P. Lacaux
Laboratoire D'Aerologie, Université Paul Sabatier, France

Tropical biomes are the most dynamic, yet most poorly understood on Earth.
Tropical forests are being cleared at a rate of ~1% per year. Biomass burning, ubiquitous
in African savanna, exerts a dominant influence on ecology and atmospheric chemistry.
Biogenic fluxes of reactive or radiatively active trace gases are concentrated in tropical
land areas and are strongly influenced by land use change and biomass burning. Future
human population increase is projected to be higher in tropical areas than in any other
region and will accelerate changes in land use. The interplay of global change, climate
change, biogeochemical processes, population increases and resource limitations are
likely to effect more people in the tropics than anywhere else. ‘

Plans for an international experiment, EXPRESSO, to investigate tropical _
biogeochernistry will be presented and discussed in relation to the goals of various IGAC
programs. The goals of EXPRESSO are: 1) to better quantify the exchange fluxes of

_reactive trace gases and aerosols between the biosphere and the atmosphere in the tropics;
2) to analyze chemical interactions between the savanna and the tropical forest; 3) to
isolate the roles of photochemical and meteorological processes; 4) to characterize the
effects of ecological processes on trace gas fluxes; 5) to assess the impact of these
tropical processes and land use change on the giobal atmosphere.



2.16 OZONE OVER SOUTHERN AFRICA AND THE ATLANTIC
' DURING THE 1992 IGAC/STARE/SAFARI/TRACE-A MISSIONS

Anne M. Thompson,' Donna P. McNamara,' Kenneth E. Pickering,’
Robert D. Hudson? and Members of the TRACE-A and SAFARI Science Teams

Characteristics of total and tropospheric O; in southern Africa and the adjacent
Atlantic Ocean during the IGAC/STARE/TRACE-A/SAFARI-92 (International Global
Atmospheric Chemistry/South Tropical Atlantic Regional Experiment/Southern African Fire
Atmospheric Research Initiative/Global Tropospheric Experiment/Transport and
Atmospheric Chemistry near the Equator - Atlantic) field experiments have been studied
using a variety of data sources: 1) Nimbus 7/TOMS, for total ozone and for tropospheric
ozone column by a new technique; 2) tofal ozone instruments at Okaukuejo (Namibia) and
Irene (Pretoria); 3) Ozonesondes at Ascension, Brazzaville, Okaukuejo, and Irene; 4)
SAFARI aircraft O, measurements: at Victoria Falls; DC-3 flights over South Africa,
Namibia, Botswana, and Zimbabwe; at the Kruger Park controlled burn site; coastal
Namibian flights. 5) the DC-8 in-situ O, sampler and uv-DIAL instruments.

Trajectory analysis and AVHRR fire count data show the likely contribution of
biomass burning to high ozone events, although large-scale dynamics may also play a role
over the Atlantic. Concentrations of Oy precursors (NO,, hydrocarbons, CO) near active
fires are used in a photochemical model to calculate rates of O, photochemical formation.

I Address: NASA/Goddard/916, Greenbelt, MD 20771, USA; 2 Dept. Meteorology, Univ.ersity of Maryland,
College Park, MD 20742 USA .

2.17 Atmospheric Chemistry of the Tropleal South Atlantic Ocean:
Initial Results from TRACE-A

Jack Fishman
NASA Langley Research Center, Hampton, Virginia, US.A.

Anne M. Thompson
NASA Goddard Space Flight Center, Greenbelt, Maryland, US.A.

and the TRACE-A Science Team

The IGAC-sponsored Transport and Atmospheric Chemistry near the
Equator--Atlantic (TRACE-A) field experiment was conducted in
September-October, 1992, to investigate the chemistry over the tropical
South Atlantic Ocean which is characterized by unusually high
concentrations of tropospheric ozone initially identified from analyses of
satellite observations. A suite of chemical and meteorological
measurements were obtained aboard NASA's DC-8 “Flying Laboratory” and
other ground stations to provide an understanding of the complex
chemistry and dynamics in this heretofore unstudied region of the world.
Experiments were designed to identify how much of this ozone was
produced in situ, how much had been transported from Brazil and southern
Africa, and how much may have been recently transported from the
stralosphere,

2.18
Photocherical oxidants in the Venezuelan savanna during the rainy season

Claes de Serves! and Alberto Ronddn?
1. Department of Meteorology, MISU, Sweden
2, IVIC, Atmospheric Chemistry Laboratory, Venezuela:

Formaldehyde, peroxides (H,O+organic peroxides), O3, and NO, NO, were
measured together with the photolysis rate of NO, and total actinic flux, during the wet
season, September 1993, at a remote Venezuelan savanna site. These measurements
constitute a part of the ASTROS (Atmospheric Studies in the TROpical Savanna)
campaign, a joint Venezuelan, German, and Swedish field experiment, to further
characterise the remote tropical savanna atmosphere, to investigate the formation of
organic acids, and to examine photochemical processes. -

Preliminar results from the campaign shows a pronounced diurnal variation for
peroxides, formaldehyde, and Os. The peroxide concentration reached an afternoon
maximum concentration of ~2.5 ppbv which decreased drastically at sunset to about
0.1 ppbv during the night, At sunrise there was again a sharp increase. Formaldehyde
had maximum concentrations at 1-2 ppbv and a night time low of less than 0.5 ppbv.
Ozone fluctuated from 22 ppbv around noon to less than 2 ppbv at nights. NO, values
were also very low, NO and NO, mean concentrations were 0,1 ppbv (<0.025-0.7
ppbv) and 0.4 ppbv (<0.1-3.0 ppbv), respectively. Boundary layer conditions,
photochemical and dry deposition processes will be put into perspective to explain
g_lcsc dil(:imal variations. The photostationary state (NO-NO;-O3) will be further

iscussed. : '

2.19
Tropospheric Ozone Behavior Observed with Ozonesondes in Indonesia

Ninong Komala, Slamet Saraspriya
Ammospheric Research and Development Center, LAPAN,Bandung, Indonesia
and
Toshihiro Ogawa
Graduate School of Science, University of Tokyo,Tokyo, Japan

We analyzed ozonesonde data obtained at Watukosek (73°4'S, 112°38'E),Indonesia
during the period between November 1992 and December 1993, The ozonesonde data
were verified for surface ozone concentration using a Dasibi ozone monitor. The integrated
amount of tropospheric ozone indicates the largest value in September and the smallest in
March, ranging from 20 to 43 milli-atm-cm. The average profile shows that the partial
pressure of tropospheric ozone is relatively high near the ground surface, gradually
decreases with altitude and reaches the minimum near the tropopause. Enhanced layers -
were sometimes found at a pressure level around 400 hPa (~7 km). :
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EUROTRAC: a co-ordinated project for tropospheric research

7 PeterBorrell
EUROTRAC ISS, _Fr@unhofer_ Institute (lF[I),'Gh;nﬁs;h—Parten]drchen

EUROTRAC, the European co-ordinated research project within the EUREKA
initiative; addresses three major scientific problems in tropospheric research:

" - the formation of photo-oxidants; -

= acid precipitation; ‘

' - biosphere-atmosphere exchange of trace substances. _
The project has achieved a remarkable success since its start in 1989 in bringing

together international groups of scientists to work on problems directly related to
the transport and chemical transformation of trace substances in tl_le troposphere.

The contribution wiil outh'n.e the organi_sﬁ_on of the project and illustrate in a
pictorial fashion some of the more significant results obtained by the 250 research
groups involved within the 14 subprojects. .

The néwly formed Applicatibn Project, which is intended to extract and interpret

the results so that they can be used by policy makers, will also be described as wil
proposed future project to follow EUROTRAC in 1996.

On the behaviour of tropospheric ozone in the European Arctic and at Antarctica '

P. Taalas, J. Damski and E. Kyr6
Finnish Meteorological Institute, Finland

M. Ginzburg and V. Tafuri
Servicio Meteorologlco Naclonal, Argentina

Regular ozone soundings have been performed in Northern Finland, Sodankyld (67 ‘°N)
and at Antarctic Peninsula, Marambio (64 °S) since late 1988. Both stations are using

. Vaisala ground unit and ECC-sondes. The NOy/EHIC emissions in the European Arctic

are fairly low, but the area is lying in the downstream of other European and Us
emissions. Antarctica may be considered as more natural area with no major influences
of man-made NO,/HC compounds. The long- and short-term variability of
tropospheric ‘ozone at high latitndes of both hemispheres during 1988-93 has been
studied. The tropospheric ozone content is fairly equal at both hemispheres during
midwinter. Large interhernispheric differences are seen after the photochemical
activation in spring. In the Arctic (e padial pressures of vzone are 2-3 {imes higher
than at Antarctica during spring and summer. The photochemical activation Jeads to a
loss of ozone at Antarctica due to low NOy concentration of the background air.
Special anomalies related to chemical and dynamical factors have been analysed. 3-
dimensional trajectories based on the ECMWE global analysis fields and local sounding
observations of humidity, temperature, wind speed and direction have been used for
the interpretation.

222

AIRBORNE MEASUREMENTS AND ANALYSIS OF ATMOSPHERIC.
© . GCOMPOSITION OVER SIBERIA.

~ G.Inoue, K. [zumi, T. Machida, S. Maksyutov, S. Mitsumoto!, Y.TohjimaZ,
" ¥Y.Kopylov, A. Postnov, N. Vinnichenko and V. Khattatov® ~~~ ~
INational Institute for Environmental Studies, Tsukuba, Japan.
~ 2Faculty of Science, Tokyo University; Tokyo, JTapan
‘3Central Aerological Observatory, Dolgoprudny, Russia

Because of scarcity of direct m_easureménts of greenhouse gas concentrations and their
"emission rates over Siberia, it was difficult to constrain emission and sink estimates for
that area by observational data. ‘Airborne observations of ozone, methane, carbon
dioxide performed over Siberia in 1992-1993 provided first mid-tropospheric .
composition data available for that area. In 1993 several large scale dynaniic events
were observed which transport air masses up from the surface layer and down from -
stratosphere. Those large scale vertical transport events are related to the interface .
between low and high pressure systems. CO and Hy concentrations, measured with a
‘gas chromatography system, are affected by sink processes at the stratosphere (CO)
and ' the land surface (Hp). Stratospheric ozone intrusion event was observed and
‘simulated with a global tracer transport model. Stratospheric air characterized with
low huinidity and high ozone concentration was observed in many occasions. Multiple
vertical concentration profile observations were obtained which are useful for
estimation of vertical mixing and the surface source/sink rates.

293 - Variations of lower tropospheric ozone at Syowa Station, Antarctica

S. Aoki and T. Yamanouchi
National Institute of Polar Research, Japan

Continuous measurement of the lower tropospheric ozone have been made at Syowa
Station, Amntarctica since February 1988. The diurnal Variation of the lower tropospheric
ozone was observable only for the austral spring and the variation could not be seen in the
other seasons. The average amplitude of the diurnal variation reached a maximum value of
about 2 ppb at most on September and October. The maximum and minimum
concentrations of the diumal variations appeared. before sun rise and afternoon,
respectively. The daily mean ozone concentrations showed a clear seasonal cycle with
maximum concentration in winter and minimum concentration in summer and the mean
amplitude of about 20 ppb. Minimum concentrations of the seasonal cycle were almost the
same for each year but maximum concentrations were variable from year to year; higher
concentrations appeared in 1988 and 1990 and lower concentrations appeared in 1989,
1991 and 1992. These variations might be ascribed to changes of atmospheric circulation in
the Antarctic. It was found that extremely low values of lower tropospheric ozone with
periods of a few days appeared sporadically between August and October every year. The
ozone destruction phenomenon should be related to the photochemical process of the
antarctic atmosphere. '
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Distributions and patterns of organic trace gases: is there evidence for an impact of
reactions with chlorine atoms in the troposphere?

-J. Rudolph, R. Koppmann and Ch. Plass - Diilmer
Institut fiir Atmosphérische Chemie, Forschungszentrum Jiilich, 52425 Jillich, Germany

Presently there are speculations that reactions with Cl atoms may significantly contribute
to the turnover of organic compounds in the marine atmosphere. One of the arguments is
based on changes in the pattern of nonmethane hydrocarbon concentrations in the remote
troposphere which cannot be explained by reactions with OH radicals only. We made
several series of measurements of a broad range of organic trace gases during a ship
cruise in the Mediteranean Sea and the North Atlantic. These data are analyzed for Cl
reaction induced changes in the concentration patterns. No significant evidence fora Cl
reaction induced removal of organic trace gases could be found. :

Another possibility to look for the impact of Cl atoms on the removal of organic trace
gases in the troposhere is to study the budgets of compounds which react with Cl atoms
much faster than with OH radicals. The rate constants for the ethane and tetrachloro
ethene reaction with Cl are by more than a factor of 200 higher than those with OH
radicals. From several series of measurements in the remote troposphere we derived an
estimate of their tropospheric concentration distributions and seasonal cycles. Together
with OH fields from model caleulations-we car calculate their tropospheric removal by
OH radicals. Within the uncertainties the calculated removal agrees with the known
emissions of these substances. In spite of the substantial uncertaintics of these budgets,
the relatively high reactivity of these substances towards Cl atoms allows to estimate
upper limits for the average tropospheric Cl atom concentration. '

2.25
ANALYSIS OF SEVEN YEARS OF CONTINUOUS OBSERVATIONS OF
PEROXYACETYL NITRATE (PAN) AT THE HIGH ARCTIC STATION ALERT

Jan W. Bottenheim, Lecnard A. Barrie and Alain Sirois
Atmospheric Environment Service, Downsview, Ontario, Canada

Substantial buildup of pollutants from anthropogenic origin occurs during the winter in the
arctic troposphere. For the case of nitrogen oxides (NOy) it has been documented that
PAN is the main constituent, with spring maxima as high as 600 pptv. An arctic reservoir
of ozone precursors (NO, and hydrocarbons) might make an important contribution to the
spring maximum of ozone in the northern hemispheric troposphere. To evaluate the
magnitude of the arctic NOy, reservoir a program of continuous observations of PAN at
the Canadian high Arctic station Alert was initiated in late 1986, and we report on the
results to date. Long term and seasonal trends are investigated, and covariances with
other chemical data explored. It is found that PAN is highly correlated with sulphate
aerosol in contrast to nitrate aerosol or ozone, Using multivariate statistics it is confirmed
that most PAN originates from anthropogenic sources in mid latitude regions. The
question whether this arctic PAN has an impact on mid latitude regions is addressed by
comparing incidental observations at rural sites in Canada during the late winter/early
spring with the Alert data. :

2.26
Oceanic Emissions of Non-Methane Hydrocarbons (NMHC)

W.]. Broadgate, P.S. Liss and S.A. Penkett
University of East Anglia, Norwich, NR4 7TJ, UK.

NMHC influence the oxidising capacity of the troposphere via reaction with
O, and NO; and OH radicals. The oceanic source of NMHC is potentially a
significant proportion of natural global emissions due to the large surface'area
of the ocean. Recent measurements suggest that the ocean is supersaturated
in NMHC with respect to the atmosphere. However measurements of
emissions are poorly documented and there is little spatial and temporal
resolution with considerable variability in concentrations. In this study
measurements of C, - C; NMHC were carried out in seawater and the
atmosphere from the Southern Ocean (50°S - 70°5; 53° - 88°W) during a cruise
on the RRS Discovery in November/December 1992. In contrast to this,
emissions of NMHC from the North Sea are shown over a full seasonal cydle.

2.27
The Qceanic Flux of Carbon Monoxide to the Atmosphere

Timothy S. Bates, Kimberly C. Kelly and James E. Johnson
NOAA, Pacific Marine Environmental Laboratory, Seattle, WA, USA

Carbon monoxide (CO) is photochemically produced in the surface ocean and emitted to
the atmosphere. To assess the magnitude of this ocean-atmosphere flux, eight cruises
were conducted by PMEL throughout the Pacific Ocean from 1987-1993. During this
seven year period over 7000 CO measurements were made in surface seawater and the
overlying atmosphere. These data will be used to reassess the seasonal, regional and
global oceanic CO flux to the atmosphere.



2.28
Acetone in the global troposphere: Its possible role as a'global source of PAN

" H. B: Singhland M: Kanakidon2
1. NASA Ames Research Center, Moffett Field, CA 94035, USA
2.Centre des Faibles Radioactivites, F-91198 Gif sur Yvette Cedex, France

Oxygenated hydrocarbons are thought to bé important components of the
atmosphere but, with the exception of formaldehyde, very little about their
distribution and fate is known. Aircraft measurements of acetone (CH3COCH3),
PAN (CH3CO3NO2) and other organic species (e. g. acetaldehyde, methanol and
ethanol) have been performed over the Pacific, the southern Atlantic, and the
subarctic atmospheres, Sampled areas extended from 0 to 12 km altitude over
latitudes of 70°N to 40°S. All measurements are based on real time in-situ analysis
of cryogenically preconcentrated air samples. Substantial concentrations of these
oxygenated species (10-2000 ppt) have been observed at all altitudes and
geographical locations in the troposphere. Important sources include, emissions
from biomass burning, plant and vegetation, secondary oxidation of primary
nonmethane hydrocarbons, and man-made emissions. Direct measurements within
smoke plumes have been used to estimate the biomass burning source.
Photochemistry studies are used to suggest that acetone could provide a major
source of peroxyacetyl radicals in the atmosphere and play an important role in
sequestering reactive nitrogen. Model calculations show that acetone photolysis
contributes significantly to PAN formation in the middle and upper troposphere.
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NET FLUXES OF NITROGEN OXIDES (NO,) FROM A MANAGED
TROPICAL SAVANNA.

 A. Rondén', C. Johansson® and E. Sanhueza'. .
1. IVIC, Atmospheric Chemistry Lab., Apartado 21827, Caracas 1020-A, Venezuela.
2. Department of Meteorology, Stockholm University, 8-106 91 Stockholm, Sweden.

Nitrogen oxides are important in the photochemistry of the tropical atmosphere. Some
efforts have been made to evaluate the strength of soils as source of nitrogen oxides
in this region. However, much less in known about the dry deposition of these oxides
to soil and vegetation. In this study, net fluxes of nitrogen oxides (NO,=NO+NO,) and
ozone were measured in a grassland savanna site in Venezuela using the aerodynamic
method. Simultaneous measurements of NO, NO,, O,, water vapor, wind speed and
temperature were made at four different heights above the surface, at the edge of a
grassland area with ~ 200 m of fetch. NO emissions were also measured using a closed
chamber technique. The rate of emission of NO strongly depends on the soil moisture,
ranging from 0.1 to 15 ng N m? 5. NO fluxes derived from the aerodynamic and
chamber methods are compared. From the emission of NO and the dry deposition of
NO, a small net flux of NOx to the atmosphere is calculated for this savanna ecosystem.

3.02

Interaction betweén the sulphur and nitrogen cycles in the atmosphere and across
the sea surface * -

C P.S. Liss SR o
School of Envirohmental Sciences, University of East Anglia, Norwich, UK.

The reduced forms of the elements sulphur (largely dimethyl sulphide-DMS) and
nitrogen (NH3 and methylamines) play important roles in controlling the acidity
and climatology of the atmosphere. The cycling of these elements between the:
-oceans and atmosphere has previously often been studied element by element,
However, recent work (Liss and Galloway, 1993, In: Interactions of C,N, P and § -
Biogeochemical Cycles and Global Change, Ed. R. Wollast et al., Springer,
Berlin, 259-281) has shown that there is considerable evidence for interaction
‘between the cycles. For example, in atmospheric aerosol and rain samples
collected away from terrestrial sources, nitrogen and sulphur occur in a molar
ratio which generally ranges between 1:1 and 2:1, and further this is
approxirmately the ratio with which the precursor compounds (DMS and NHg3) are
emitted from seawater. This implies a rather tight linkage of the elements
‘between the ocean and atmosphere, without the need to invoke land sources. In
this presentation the evidence for such coupling between the sulphur and nitrogen
cycles will be assessed and possible reasons for it discussed. : L

3.03

N Mabllization in China and the United States: Past, Present and Future
J. N. Galloway Zhao Dianwu
Environmental Sciences Department Eco-Environmental Sciences Center
University of Virginia ] ‘Academia Sinica
Beijing, China

Charlotiesville VA, United States

Globally, the anthropogenic processes of combustion, fertilizer production and legume
cultivation convert nitrogen from unreactive Nj to reactive N species [e.g., NOy, NH,] at
about 150 Tg N yr-1 compared to the natural biological fixation rate of 140 Tg N yr-1. The
amount of N fixed by human activities has grown with time because of increases in

opulation and level of development. This paper tracks the time course of N mobilization
or two countries, China and the United States from 1950 to 1990 and makes a prediction
for 2020.

[n 1950, the most significant process mobilizing N in both countries was combustion
of fossil fuels in the USA [about 4 Tg N). In 1990 it was fertilizer consumption in China

- [about 18 Tg NI; the second largest rat¢ was fertilizer consumption in the US [about 8 Tg
NJ. By 2020, it is predicted that fertilizer consumption in China will grow to >50 Tg N,

far exceeding other sources of reactive N in both countries.

More than 50% of the N mobilized by human activities is emitted to the atmosphere,
resulting in extensive dispersal within and downwind of both countries. In addition, much
of the anthropogenic N accumulates in the environment. This increasing reservoir of
reactive N ¢ontributes to regional and global environmental change [e.g., oxidizing capacity
of the atmosphere, ecosystem productivity, acid deposition, greenhouse effect].




3.04
Effects of-land use changes in NO fluxes from
savannah soils

A. Ronddén, E. Sanhueza, L. Cadrdenas and J. Romero
Atm. Chem Lab., IVIC, Caracas, Venezuela

NO fluxes were measured from natural and managed savannah
grasslands, and cultivated . soils in Venezuela.
Measurements were made using a closed chamber technique
and a chemiluminescence analyzer. No significant
differences were observed from natural and managed
savannah grassland; soll emissions strongly depend on soil
nitrate and moisture, and very weakly on soil ammoniun and
temperature. Higher enissions were observed from
cultivated soils; soil plowing increases surface area and
transport within the so0il promoting NO emissions to the
atmosphere. Very different emissions were observed in two
different years. During the period May-July 19%} the
average emission from cultivated soils was 50 ngN/m*“s (~6
times higher than non cultivated 50115), whereas during
the same period in 1992 the average emission was only ~1
ngN/mzs {(~4 times higher than the uncultivatgd
grassland); the main cause of the difference between this
two growing seasons was due to the fact that 1992 was a
very rainy year and the gravimetric soil moisture was most
of the time >12%, conditions where NO enissions are
strongly inhibited from these soils.

3.05

Scil Nitrogen Oxide Emissions From a Fertilized Palm Plantation in Costa Rica

Michael Keller
USDA Forest Service, Rio Piedras, Puerto Rico

Previous studies estimate that nitrogen fertilizer additions to agricultural soils lead to
emissions of about 1 Tg of N2O-N annually. However, published studies concentrate
on temperate zone agriculture mainly in North America and Europe. Our work in the
Atlantic Lowlands of Costa Rica, suggests that N20O emissions from tropical agriculture
may greatly exceed their temperate zone counterparts. We used chamber techniques to
measure field fluxes of N20 and NO emissions. Semi-permanent sampling sites were
located on sandy loam and clay textured soils supporting a crop of pcach-palm (Bactrzs
gasipaes) grown for palm heart. Ammonium nitrate fertilizer (200 kg-N ha 1 yr- 1y was
manually broadcast in 6 bimonthly applications. We sampled emissions over a one-year
period from several sites at a range of time scales. We found large emissions associated
with fertilization events. Soil-atmosphere fluxes generally peaked within the first week
following fertilizer additions. Peak emissions for N2O and NQ exceeded 250 and 50
ng-N cm 2 h-1 respectively. NO emissions generally remained above background
levels for approximately a week following fertilization. N30 emissions remained
elevated for periods approaching one month. In several cases, the combination of large
emissions and long periods of elevated flux result in calculated yields of N2O from
added fertilizer N of greater than 10%. Similarites between this site and others suggests
that large nitrogen oxide emissions may be common at tropical agricultural sites.

3.06

A 3D model study of the global sulfur cycle :
relative contributions of anthropogenic and biogenic sources

M. Pham!, J.F Miiller?, G. P. Brasseur®, C. Granier® and G. Mégie!
1 Service d’Aéronomie, Paris, FRANCE
? Institut d’Aéronomie Spatiale, Bruzelles, BELGIUM
® National Center for Atmospheric Research, Boulder, U.S.A

Sulfur compounds play a major role in the atmophere. Besides their direct _
impact on the environment, they influence the budget of both tropospheric and strato-
spheric ozone and have an impact on the climate through the formation of aerosols
and the backscattering of solar radiation. Eight sulfur compounds (DMS, SQ3, SO,2-,
COS, DMSO, MSA, H,S and CS,) have been investigated in the 3D tropospheric
chemlstry-tmnspmt model IMAGES (Intermediate Model for the Annual and Global
Evolution of Species). Results for preindustrial and industrial cases will be presented
in terms of sulfur deposition, global sulfate aerosol distribution, and climate forcing.
Comparisons with measurements show a broad consxstency between model concentra-
tions and observations. The calculations show an increase of more than two orders of
magnitude for sulfur dioxide concentrations in some parts of the northern hemisphere
since preindustrial times. Distributions for biogenic compounds have also been mod-
ified because of the changes in the oxidizing capacity of the atmosphere. Over the
most polluted areas moreover, the increase in sulfates deposition has reached a factor
of 30.

3.07 Simulation of the Tropospheric Sulfur Cycle in a Global Climate Model

J. Feichter
Max-Planck-Institute for. Meteorology, Hamburg, Germany.
o E. Kjellstrdm and H. Rodhe
Department of Meteorology, Stockholm University, Sweden.
J. Lelieveld

Department of Air Quality, Agricultural University of
Wageningen, Netherland

The tropospheric part of the atmospheric sulfur cycle has been simulated in a global,
three-dimensional GCM (Hamburg climate model ECHAM). The principal goal of
modeling the sulfate aerosols as a function of precursor concentrations by means of a
climate model is to get a better understanding of the sensitivity of the climate system
due to changes in the aerosol distribution. The model calculates on-line with the
meteorology the emission, transport, chemistry and deposition processes for the three |
sulfur compounds: Dimethylsulfide (DMS), sulfur dioxide (SO2) and sulfate. The
chernistry part considers the gas-phase reactions of DMS and SO2 with the OH-radical
and aqueous-phase reactions in liquid water clouds -the liquid water of clouds is a
prognostic variable of the model- with H202 and Q3. In<cloud and below-cloud
scavenging is parameterized using the model calculated precipitation rates. The scheme
was evaluated by comparison of calculated and observed concentrations of sulfur
species in the atmosphere and in precipitation. The approach used for the
parameterization of chemistry and wet scavenging and some results of the comparison
with observations will be presented. A comparison is also made with previous
simulations using a simpler, climatological, model (MOGUNTIA).



3.08
Aerosol-nitrate and sulfate concentrations over the North Atlantic:
. estimates of anthropogenic contributions. o

J.M. Prosperol, D.L. Savoie!, R. Arimoto?, R.A. Duce3,

1University of Miami, Miami, FL, 2University. of Rhode Island, Narragansett, RI
.. 3Texas A & M University, College Station, TX . - -

Aerosol nss-$O,~ and NO,- have been continuously measured over the North Atlantic
from 1989 as a part of the Atmosphere/Ocean Chemistry Experiment (AEROCE).
Measurements are made in the marine boundary layer at Barbados, Bermuda and Mace
Head, Ireland; and in the free troposphere at Tenerife, Canary Islands. The annual
mean concentrations for 1989-1993 at these stations are, respectively (in ug m3): NO;-
- 0.53, 1.06, 1.49, and 0.77; nss-SQ,=.- 0.78, 2.19, 2.03 and 0.92. Mean NO,
concentrations are 5-17 times higher than those measured in the remote central South
Pacific; nss-SO,= values are 2-7 times higher. Based on the concentration of MSA (a
surrogate for oceanic DMS) and Sb (a tracer for pollution) we estimate that
anthropogenic sources account for 50% of the total nss-SO,= at Barbados, 70% at
Bermuda, and 85-90% at Mace Head. Our measured concentrations of nss-SO,=
aerosols equal or exceed those used in models (Charlson et al., 1992; Langner and
Rodhe, 1991) that suggest that anthropogenic aerosols have a significant cooling effect
on climate in the Northern Hemisphere. : : '

3.09
Quantification of DMS oxidation products in the North Atlantic marine air.

8. Rapsomanikis and M. O. Andreae
Biogeochemistry Departrent, Max Planck Institute of Chemistry,
~ P.O. Box 3060, 55020 Mainz, German_y._

Dimethyi sulphide (DMS) is ubiquitous in the marine environment and is the
ain sulphur compound that is emitted to the atmosphere from the oceans. In
the remote and unpolluted areas, it is the main source of methane sulphonic
acid (MSA) and non sea sulphate (NSS). These two oxidation products of
DMS, contribute to marine aerosol number concentrations and may play a
rofe in new cloud formation and hence global cloud albedo. indirectly, DMS
may affect the earth's climate leading to a climatic cooling [Charlson et al., -

. 1987]. Howeaver, a number of questions remain unanswered about the
quantification of the cycle that leads to cloud condensation nuclei. For
example, given an atmospheric DMS concentration, in clean marine air, the
proportion that is converted to SOp, MSA and NSS, condensation nuclei (CN)
and cloud condensation nuclei (CCN) needs to be quantified. -
We utilise the research station at the west coast of Ireland, Mace Head,
where “clean marine air" originates from the North Atlantic, at certain times
of the year and with westerly winds. All the above parameters are measured
together with a number of meteorological parameters. Results of the long.
term sampling wilt be presented. . . _ : o

3.10

Kirabati (Christmas Island).

Sulfur:Moxide, Dimethyl Sulfoxide and Dimethyl Sulfone
Formation from Dimethyl Sulfide Oxidation

" Alan R..Bandy, Donald C. Ihomton and Byron W. Blomquist ~
o ' © . Chemistry Department T
" Drexel University
Philadelphia, PA 19104

A study of the chemistry of atmospheric dimethyl sullide was conducted on the istand of
Measurements of sulfur dioxide, dimethyl sulfide,

dimcthylsulloxide, and dimethyl sulfone were made with a frequency of onc sample per 15
minutes (o obtain highly resolved diurnal variations. Measurements of non-sca salt sulfate
and methane sulfonate (Batry Hucbert, University of Hawalii) and studics of condensation

nuclei {Tony Clarke, University of Hawail) are reported in companion papers,

will

This paper
discuss the efficiency of the formation of sullur dioxide, dimethyl sulfoxide and

dimethylsulfone from the oxidation of dimethyl sulfide. Also discussed will be the rate of

loss

3.11

of these specics to aciosol and the ocean surface.

Uncertainty and sensitivity analyses of the mechanism of atmospheric oxidation
of DMS

J. Hjorth and A. Saltelli
Commission of the European Communities, Environment Institute, JRC, Ispra, Italy

The main oxidation pathway for DMS in the atmoéﬁﬁere is generally believed

to be initiated by the reaction with the OH radical. Based on the available
experimental studies of the reactions involved in this oxidation process and the
hypotheses about the main reaction pathways that have been presented in the
literature, a chemical reaction scheme has been set up. An uncertainty and sensitivity
analysis of the kinetic model represented by this reaction scheme has then been
carried out to identify the uncertainties (on reaction rate constants as well as
concentrations of chemical species) that most significantly contribute to the overall
uncertainty on selected output parameters of the model. This analysis thus serves to
help identifying the parameters which it would be most relevant to study in order to
reach an adequate understanding of the atmospheric chemistry of DMS.

The rate constants and concentrations of trace gases involved in the model

have been assigned uncertainty ranges reflecting the level of our present knowledege
about them. Particular emphasis has been put on an analysis of the various possible
pathways to formation of HpS04 and SO including the possibility of a direct
pathway from DMS to H>804, not involving SO2 as an intermediate.
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Regional background acidity and chemical composition of precipitation
‘ in Thailand

L. Granat!, K. Suksomsankh?, $. Simachaya2, M. Tabucanon? and H. Rodhe!
1Department of Meteorology, Stockholm University, Sweden
2Environmental Research and Training Center, Bangkok, Thailand (ERTC)

In a joint Thai-Swedish project within the framework of the IGAC/DEBITS/CAAP pro-
ject, precipitation has been collected for chemical analysis on a daily basis since mid 1991
at two sites in the countryside in Thailand. The quality assurance plan includes
investigation of the effect of different sampling equipment (including wet-only collec-

tors), sampling time and stability of samples collected in tropical conditions. Consistent

results, not biased by local conditions, have been obtained.

The data show striking day-to-day fluctuations, reflecting changes in transport direction -
and an inhomogenous atmosphere. Mean concentrations are similar at the two stations but
correlation between daily samples is low as can be expected for a distance of 500 km. A
seasonal variation could not yet be significantly determined. The best correlation between
components is found for NH4 - SO4 and mutually between Na, Mg and Ca. Absence of
correlation between Ca and S04 suggests that SO4 is not soil derived.The samples are
generally slightly acidic (H*:10 peqg/l) which, stoichiometrically, can be explained as an
imbalance between acidifying components in modest to low concentration (SOg: 20,
NO3:8 peqg/t) and neutralizing components in somewhat lower concentration (NHg:11
and "alkaline dust" including K:2, Mg:3 and Ca:10 peg/1). Additional (dry) deposition
can be inferred from aerosol and gas phase measurements at one of the sites. Preliminary
model calculations of the dispersion and deposition of sulfur compounds in the $-E Asia
region will also be presented and compared to the observed data.

3.13 Airbome Measurements of SO9 in Marine Atmosphere
between Asian Continent and Japan

~ 8. Hatakeyama, K. Murano, H, Mukai, and H. Akimoto t
Division of Global Environment, National Institute for Environmental Studies
T Research Center for Advanced Science and Technology, The University of Tokyo

East Asian area is one of the biggest region in the world of the antbropogeﬁic emission of
NOx and 80j. On account of population growth and rapid development of industrial
activity, this area is anticipated to become the largest source area of NOx and 303 in the
world in the 21st century. In order to avoid such a situation, it is necessary to analyze the
present status of air pollution over East Asian and Western Pacific region, to evaluate the
amount of anthropogenic emissions, to predict accurately the future situation by use of
computer models, and to apply these results to work out a countermeasure. For this
purpose we have started aircraft observation of atmospheric pollutants named
IGAC/APARE/PEACAMPOT Survey from 1991. In November 8-12, 1992 we surveyed
over East China Sea as well as Sea of Japan at 4 altitudes and observed a high
concentration of SO over Sea of Japan between Korea and Oki islands, Japan. Resuits of
1994 March survey mission will also be presented.
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3.14 .
Severe influence ©f the increasing sulfate aerosqls,
on summer climate of the east: China

’ Xu Qun ‘
Jiangsu Meteorological Institute, Nanjing 210008,China

Summer climate of the eask China las expiernced a notable:
change since 1980, the high summer monsoon rainy helt has
moved abnormally southward with persistent. droughts occurring
in the north: China and more floods in the mid-lower Yangtze
through recent 14 yearss (1980-1993), whick is actually ax
unique phenomeno since AD 950. This: change may be caused by
a significant. downward trend of solar radistiom inh China, the
total downward ranges: of the direct solar radiation and glo—
bal radiatiom of clear skies im China (data of 9 statioms)
for recent thirty winters (1959-1988) liave reached to 20.9%
and 12.7% respectively. A dominant role of this reduction in
S5 has been played by the 1a§g§ amounts of discharged SO2,
which had reachied fio 202X102t in year 1992 mainly occurred ,
in the. industrialized east China: with area of aboul 59X105km
only, it means the annual meanm cplumn burden of SOi in the
east. China has reached to 21mg/mZ. Fence this source of
anthropogenic sulfate aerosols may be the: largeskt of our
globe. We should take vigilance to the fact that this high
concentration of sulfate aerosols will still increase at an
annual rate of 5% resulting severe influence on our ‘summer
climate not only im the east China, but of global scale.

3.15 Relation in concentration of DMS between surface
seawater and air in the temperate Neorth Pacific region

S. WATANABE, H. YAMAMOTOQ and S. TSUNOGAI
Department of Chemistry, Faculty of Fisheries,
Hokkaido University, Hakodate 041, JAPAN

The concentrations of DMS in the surface seawater and in the
air were measured at the same time during a cruise across
the North Pacific around 40°N in August 1988. Those in the
surface seawater ranged widely from 44 to 542 ngsS/1l ( n=37 )
with a mean value of 189 ngS/l and those in the air ranged
more widely from 4 to 694 ngS/m” ( n=23 ) with a mean value
of 176 ngS/m3. The relation in the concentration between
the surface seawater and the air, however, was fairly well.
The linear correlation was analyzed with a simple model
introducing an assumption that the atmospheric DMS released
from sea surface was oxidized with a first drder_photochemi—
al reaction induced by OH radicals in the air. The rate
constant for the oxidation or the turnover time of the _
atmospheric DMS were obtained to be 1.4 x 1072 sec™! or 1.0
day with an uncertainly of 50% or more.




3.16

The sulfur cycle in the high Arctic summer - An overview of the
Atmospheric Research Program of the International Arctic Ocean
Expedition 1991 (JAQOE-91),

‘Caroline Leck; E, Keith Bigg, Cecilia Persson, E. Douglas Nilsson,
David C. Covery, Jost Heintzenberg, and Alfred Wiedensohler.
~-.Department of Meteorology, Stockholm University, S__wlcdcn

‘The.remote marine boundary layer of the summer Arctic provides a unique environment
for interdisciplinary studies aimed at quantifying the chemical and physical processes
thar conrol the evolution and properties of the aerosol relevant to radiation fluxes and
forcing of climate, The summer high Arctic not only provides an opportunity to
determine the chemical, physical and optical properties of the natural aeroscl system,
but also establish a background. against which to quantify. any anthropogenic
perturbation, - S o oo :
Measurements during TAOE-91 showed a seasonal variation with highest values for all
gas-acrosol parameters in August and lowest values in October. The seasonal variations |
are consistent with previous studies in the Southern Hemisphere, The interchange of air
between the surface mixed layer and the stable cloud layer, related to low level jets,
dominated the short-duration (~1 hour) changes in sub micron aerosol number
concentration and thus had a strong influence on the chemical and physical progesses.
that control the properties of the acrosol. This mixing process deserves more attention-
in future work. Overall, non-linear relationships were found between atmospheric DMS
(dimethyl sulfide} and CN/CCN (cloud nuclei/cloud condensation nuclei). _Howeve'r,
the relation was linear for a relatively narrow range of low DMS concentrations. This
paper will give an overview of the essential findings related to the formation, growth
and fate of the DMS-derived aerosol particles produced within the Arctic region.

3.17
Ice age Antarctic sulfate revisited

R.J. Delmas
Laboratoire de Glaciologie et Géophysique de I’Environnement, CNRS, France

Atmospheric sulfate particles play a specific and significant role in the troposphere as
cloud condensation nuclei. However, the link between marine sulfate (derived mostly
from gaseous dimethylsufide, DMS, produced by marine biogenic activity) and the
climate is still not very well understood and modelled. :

The Vostok ice core has documented decisively the atmospheric sulfate and MSA.

(methanesulfonic acid) concentrations at high southern latitudes over the last 1ce age. ;It
was concluded from the data that the source of biogenic sulfur was more intense in

glacial than in interglacial climatic conditions (Legrand et al., 1988). On this basis, -
speculations have been made about the interplay between atmospheric sulfate a:;cl global

climate.

In this paper, an alternative interpretation of the Vostok sulfate and MSA profiles is

proposed which leads to the conclusion that the strength of the marine DMS source, as

estimated from ice data, probably did not change significantly during the studieq period
of time. The SO, and MSA variations that were observed can be better explained by_

atmospheric chemistry processes rather than by marine productivity changes.

4.02

Vertical profiles'and the microphysics, chemistry and optical -
. properties of aerosol in the marine troposphere

A. D. Clarke; J. N. Porter, F. Valero’ and P. Pilewskie! -
Department of Oceanography, University of Hawaii, ‘Hawaii
'NASA Ames Research Center, California’

The potential climatic effects (radiative forcing) by aerosol as well as their influence upon
the retrieval of radiances observed from satellite are topics of current and related interest
(Penner at. al., 1993). The relative influence of anthropogenic and natural sulfates,
windblown dusts, sea-salt etc. upon column optical properties are important to understand
if progress is to be made in resolving uncertainties associated with these effects. We have
utilized a variety of rapid and size-resolved aerosol measurements and thermal volatility
in order to characterize these properties in marine regions. These data and the resultant
equilibrium size change in response to changes in relative humidity are used to establish
closure between observed aerosol properties and measured radiative effects. Vertical
profiles over both the Atlantic and Pacific Oceans will be presented to illustrate and
characterize the aerosol properties and their diverse contributions to aerosol optical
extinction in these regions. - o

4.03

The seasonal variation in size distribution of aerosol in the Oki Isiands, Japan

H. Wakuri, M. Nakao, F. Tanaka, T. Tatano, K. Yamaguchi
Shimane Prefectural Institute of Public Health and Environmental Science, Japan
o and H. Hara ' ‘
The Institute of Public Health, Japan

The particle-size distribution and the concentration of major ionic components were
measured in the Oki Islands located in Japan Sea, ca. 60 km north of the prefectural
capital, in order to elucidate the seasonal variation of the distribution and
concentration levels. Aerosol samples were collected by using an 8-staged Andersen
impactor during the following periods covering the four seasons:; Jan. 18 - Feb. 8,
1991 (winter), Sept. 3 - 23, 1991 (fall), Mar. 30 - Apr. 27, 1992 (spring) and June 30
- Aug. 4, 1993 (summer). The distribution showed commonly reported bimodal nature
with a minimum at 1 - 2 um in the f'o_ur cases. Non-seasalt sulfate and ammonium ions
comprised a predominant poition of fine particles (20 - 50 %, 4 - 14 for mass)
whereas coarse particles consisted of $odium and chloride ions (5 - 23, 6 - 36). Non-
seasalt sulfate concentration was suppressed in summer (1.8 ug-m'3) compared with
those for the other sedsons: 4.6, 4.5 and 3.9 ugm-3 for spring, fall and winter,
respectively. these concentration levels were discussed in term of meteorology.




4.04
Aerosols over .the Pacific Rim regions of East Asia

M.Yamato', S.Hatakeyama® K.Murano®, H.Akimoto®, H.Bandow®,
K.Imai', I.Watanabe®, H.Tsuruta®, H.Mukai®, S.Tanaka’,
H.Tanaka®, Y.Ishizaka®, and Y.Iwasaka®

'Gunma University, “National Institute for Environmental Studies,
SUniversity of Tokyo, “University of Osaka Prefecture, ®The Institute
of Public Health, ®National Institute of Agro-Environmental Sclences,
"Keio University, "Nagoya University, Japan

Free tropospheric and boundary layer aerosols over the East China
Sea, Yellow Sea and Japan Sea have been examined by aircrafts in the
PEACAMPOT field campaign in October 1991 and November 1992 under the
IGAC-APARE program. Particles were analyzed by vapor-deposited
thin-film techniques in conjunction with electron microscope. HzS0.
particles were predominant in the unpolluted free froposphere.
Mineral dust particles and black carbon (BC) particles were
frequently transported from Asian continent via free troposphere. In
the marine boundary layer at 0.5 km altitude, ammoniated sulfate
particles are internally mixed with nitrate {NOs™). The presence of
nitrate in the marine boundary layer Is well correlated with high NOx
mixing ratio measured by Hatakeyama and Bandow (1993). They seems to
be transported from Asian industrial and urban regions. :

4.05  Anthropogenic impact on number concentrations of cloud processed particles
over the North-Atlantic

Rita Van Dingenen, Jens Hjorth, Torsten Grine and Frank Raes
Commission of the European Comimunities, JRC Environment Institute, Ispra, Italy

The pronounced minimum round particle diameter 0.1 pm in the number size distribution
(i.e. between nuclei mode and accumulation mode) of remote marine aergsol has been
explained by Hoppel (1990) as due to cloud processing of those particles that are larger
than the critical size for cloud nucleation. Hence, identifying the accumulation mode
(AM) with cloud processed particles, their properties can be studied relatively easily with
size-discriminating instruments. ' :

We investigated correlations between the number concentration in the AM on the one
hand and tracers for biogenic (methanesulphonate [MSA], dimethylsulphide [DMS]) and
anthropogenic (black carbon) activity on the other hand, during a cruise between Halifax
and the Moroccan coast and back in September - October 1992. Our analysis shows that
the AM concentration is much better correlated with black carbon and with non-gea-salt
sulphate than with MSA. No correlation was obtained between AM concentration and
DMS in sea water and in the air. This suggests that long range transport of anthropogenic
pollution, coming from Europe and the American continent, has affected cloud
condensation nuclei populations over the North Atlantic.

4.06
The aerosol - wind inter-relationship and sea-salt particles over the Southern Ocean

JL. Gras ,
Division of Atmospheric Research, CSIRO, Australia.

Covariance between methanesulfonate (MSA) and cloud condensation nucleus {CCN)
concentrations in seasonally averaged data was reported for Cape Grim by Ayers and
Gras (1991). This showed a linear relationship within a limited range of MSA
concentrations but a relatively important CCN offset that is observed when MSA
concentrations approach zero. A similar relationship exists between dimethylsulfide
(DMS) and CCN concentrations. Wind generated sea-salt is a probable major source for
these "offset” particles and this component needs to be understood to deterraine the full
climatic importance of remote marine particles. Indeed, Latham and Smith (1990) have
proposed that such wind-produced CCN may play a more important climatic role than
previously recognised. The relationships between wind-strength CN, CCN and size-
resolved aerosol concentrations have been examined in Southern QOcean air at Cape Grim
(41 °S} and Macquarie Island (54 °S). These show the presence of a systematic signal
that can be attributed to wind-produced sea-salt particles. However, this work also shows
a- complexity- of the relationships between aerosol components and meteorology that
reinforces the need for caution in simple predictions of climate change effects.

407

Diurnal variation of marine boundary-layer sulfate and MSA:
How much DMS is converted to sulfate?

B. Huebert, L Zhuang, and D. Wylie
Department of Oceanography, University of Hawaii, Honolulu, HI 96822 USA

o A. Bandy, B. Blomquist, and T, Wade
Department of Chemistry, Drexel University, Philadelphia, PA 19104 USA

Modeling the climatic importance of changes in DMS emissions requires an estimate of
the fraction of DMS which is ultimately oxidized to non-sea salt sulfate (NSS). Many
existing models assume a high efficiency conversion of DMS to SO,, followed by
competition between SO, dry deposition and both homogeneous and heterogeneous
oxidation pathways to sulfate, The UH group measured the diurnal variation of NSS and
MSA during July and August of 1994 at Christmas Island (2°N, 157°W), while the
Drexel group measured DMS, SO,, DMSQ, and DMSQ,. A. Clarke measured aerosol
properties vs size. We also used MOUDI impactors to observe the chemical size
distribution and a sonic anemometer to estimate resistances to dry deposition. From the
diurnal variations and estimates of dry deposition fluxes, we will make inferences about
conversion efficiencies. ' :




4.08
at Cape Grim
AL Dick!, GF. Ayers?, J. Ivéﬂ and P.M. Walford!-
! Cape Grim Baseline Air Pollution Station, Smithton, T asmavia, Australia

. 2 Division of Atmospheric Research, CSIRO, Aspendale, Australia
3 Australian Govemmcnt An'xlyncal Laboraxoncs, Kingston, Tasmania, Australia

IFthe posnﬂated feedback mechamsm by whtch marine meogwal activity rmght control _

troposphcnc temperature’ does operate, then a relationship should exist between sea-
surface temperatare and emissions of reduced sulphur gases such as DMS (duncthyl
sulphide) from marine organisms. Concentrations of acrosol MSA {methane

sulphonate), a major oxidation product of DMS, have been measured at Cape Grim . -

(41 S, 145°E) since 1978. This quantity may be used as a surrogate measure of DMS
emissions. A continnous detailed record of air temperature at the site allows the
separation of marine air temperatures from the 'baseline’ sector, considered to be a
proxy for sea-surface temperature in the region, from the overall averages which
include all wind directions. After removal of the mean seasonal cycle for both
variables, residual MSA concentrations are compared with the baseline air temperatuce
‘anomalies’ to test for correlation. An attempt is also made to examine other factors
which might iafluence the relationship, such as wind speed, rainfall amount and air A
mass trajectories,

4.09 Scales of Temporal and Spatial Variability of Sulfate Column Burdens over the North
Atlantic in October and November, 1986

C.M. Benkovitz, R. Wagener, S. Nemesure and S.E. Schwartz
Environmental Chemistry Division, Brookhaven National Laboratory, Upton, NY, USA

Anthropogenic sulfate aerosol is thought to enhance clear-sky and cloud albedo and thus
influence climate (Twomey et al., 1984, 1977; Charlson et al,, 1992). Indications of the
enhancement of cloud albedo have been obtained using ssteihte data averaged monthly or
annually over regions with extent of several thousand kiflometers (Kim and Cess, 1993;
Han et al,, 1994). Here we report studies of the scales of temporal and spatial variablhty
of the sulfate column burdens over an area of the central North Atlantic well away from
anthropogenic sources during Octaber and November, 1986 using an Eulerian transport
and transformation model with fine temporal (6-h) and spatial {1.125% resolution, driven
by observation-derived meteorology. The l/e-{olding time characterizing the temporal
variability averages 13 hours, with 95% of the values being 25 hours or less. Likewise,
the characteristic distance of spatial autocorrelation for this region is shart; the average is
1600 ke, with 10% percentile value of 400 km and 90® percentile value of 1700 km.
These results demonstrate the need for fine temporal and spatial resolution in the analysis
of satellite data to discern influences of anthropogenic sulfate.

The relationship between MEA concentrations.and femperature, in marine (baseline)-air

4.10
Airborne studies of aerosol emissions from savauna fires in southern Africa

M.O. Andrese, T.W. ‘Andrese, P. le Canut, W. Elbert, G.Helas, F. Wienhold and T. Zenker
(Max Planck Institute for Chemistry, P.O. Box 3060, D-55020 Mainz, Germany)
H. Armegam F. Beer (University of Witwatersrand, Johannesburg, South Afnca)
' H. Cachier (University of Paris VII, Paris, France) -
~'W. Maerhaut, I. Salma (University of Gent, Belgiuim)
R. SWap (University of Virginia, Charlottesville, Va, USA),

The emission of simoke aerosols from savanna fires. was mvesugated during the SAFARI-92
experinment in southern Africa (South Africa, Namibia, Botswana, Zimbabwe, Zambia, Swaziland
and Angola). The background aerosol over this region in the shsence of fires was studied during
the wet-season experiment SA'ARI-94, Particle number and volume distributions as a function of
size were determined with a laser-optical particle counter, the black carbon content of the asrosol
with a reflectance aethalometer. For the determination of its chemical composition, we collected
aerosol on quartz glass filters and on stacked filter units, consisting of a prefilter for particles larger
than ca. 1 um and a Teflon second filter for the submicron fraction, and on cascade impactors, The
samples were analyzed for soluble ioni¢ components, organic carbon, and for trace elements.

We determined the emission ratios for aerosols (relative to CO, and CO) from fites in
savanna, forest, and agricultural ecosystems by airborne sampling of fire plumes close to prescnbed
and incidental fires, We mvesngated the regional and large-scale distribution of pyrogenic and
background aerosols on survey missions of several days duration through the entire study area, and
on several shorter flights. In spite of an intensive drought, which had reduced the biomass available
for burning in 1992, we found high levels of aerosols throughout southern Africa. Our results
suggest that pyrogenic emissions had a pronounced influence on the chemical and optical properties
of the troposphere in southern Africa during the study period.

4.11 Tonic, organic components and trace eléments in background
aerosols in the Amazon basin

P. Artaxo(*), F. Gcrab(*) M.A. Yamasoe(*), J V. Martms(*) AL Mlguel **), G.

P. Ayers(***), R. Gillet(***).

(*) Instituto de Fisica, (**) Instituto de Quimica, Universidade de Sdo Paulo, Brazil,
(***) Division of Atmosphcrlc Research CSIRO, Australia.

Background atmospheric acrosol particles composition in the Amazon basin was
studied in three sampling stations. Acrosols were collected continuously since July -
1991 in three background stations in Cuiaba, Alta Floresta and Serra do Navio
sampling sites. The natural biogenic as well as the anthropogenic biomass burning
component was measured. Ion chromatography was used to measure K¥, NHy ¥,
NO3*, PO47, CI7, SO4™", Nat, Mg*, Cat+, CH3COO~, HCOO™" and C»04". Trace
elements (Al, Sl P S, CL, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Sr, Se, Zr, and Br )
were measured by the PIXE tcchnique. Soot carbon was detcrmincd using a
reflectance technique. Fine and coarse aeros] mass concentration was also measured.
Size distribution was measured using a MOUDI cascade impactor. More than 200 fine
and coarse mode aerosol samples were collected for each sampling site. Multivariate
statistical analysis diferentiate three main acrosol components: The natural primary
blogemc the biomass burning and the soils dust component. For two of the sites there
is a clear diference between the natural primary biogenic and the biomass buming
components. Long range transport of biomass burning aerosol can be observed for the
Serra do Navio sampling site.




4.12
o - The ‘Role of Anthropogenic Sulfate in Climate Change*

Catherine C. Chuang, Joyce E. Penner, and Karl E. Taylor
Lawrence Livermore National Laboratory, U.S.A.

Anthropogenic sulfur emissions dominate over natural emissions by a factor of 2 on a
global average. Photochemical reactions of these emitted sulfur compounds lead to a
large increase in the concentration of sulfate over and around industrialized regions.
Sulfate can scatter solar radiation, thereby, directly changing the planetary radiation
budget. For the indirect effect, sulfate-containing aerosols modify the microphysics of
clouds by acting as cloud condensation nuclei and enhancing the cloud reflectivity .

We couple a climate model with a 3-D global chemistry model to investigate the forcing
by anthropogenic sulfate. The mass concentration of sulfate from fossil fuel
combustion and biomass burning is calculated in the chemistry model and provided to
the climate model where it affects the shortwave radiation. We also investigate the
indirect effect, with cloud nucleation parameterized in terms of local aerosol number,
sulfate mass concentration, and updraft velocity. Simulations show that the range of
annual average anthropogenic sulfate forcing is between 0 and - 5 W m-2. We estimate
that current concentrations of anthropogenic sulfate have direct and indirect effects that
may be comparable in magnitude and at least locally will tend to mask the warming
effects of increased greenhouse gases. Sensitivity tests to quantity uncertainties will be
performed in a future study. . :

* Work performed under the auspices of the U.S. Department of Energy by the
Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48,

4.13
The Contribution of Sulfate Aerosol to Light Scattering Over the Pacific Ocean

P K. Quinn, S. Marshall, V. Kapustin, D.S. Covert, and T.S. Bates
NOAA/Pacific Marine Environmental Laboratory, USA -

The clear-sky climate forcing due to the backscattering of solar radiation by
tropospheric aerosol is a function of the aerosol mass concentration, number size
distribution, chemical composition, and particle shape. To assess the spatial and
temporal variability of these parameters over the Central Pacific Ocean, measurements
were made during two cruises along 140°W between 54°N and 70°S. The first cruise
took place during the Austral fall of 1993 and the second during the Austral summer
of 1993, Measurements were made of the number size distribution from 0.02 to 9.6
Km, mass size distributions of non-seasalt sulfate, ammonium, and sodivm from 0.08
to 4 pm, and light scattering at 0.449 and 0.690 um., During the first cruise, aerosol
scattering at 0.690 um dominated that at 0.449 pm between 50°S and 10°N. Between
10°N and 40°N, however, scattering at 0.449 Jm was greater than at 0.690 pm. This
difference was due to a changing chemical composition and number concentration as a
function of size. A lower accumulation mode number concentration occurred in the
southern hemisphere accompanied by a higher coarse mode number concentration, To
determine seasonal variability, these data will be compared to those obtained during
the second cruise. In addition, the results of a Mie calculation applied to the measured
mass and number size distributions will be presented to indicate the contribttion of
non-seasalt sulfate and seasalt to light scattering and hemispheric backscattering.

4.14 .
Which Aerosol Particles Form Cloud Droplets?

' A, Hallberg, K.J. Noone?, J.A. Ogren®
Department of Meteorology, Stockholm University, S-106 91 Stockholm (Sweden)

Ground-based simultaneous measurements of cloud droplet residual particles and
interstitial particles in ambient clouds have allowed us to characterise these particles
in terms of their physical and chemical nature. The size dependent partitioning of
aerosol particles between interstitial air and cloud droplets was studied as a function
of time, The partitioning curve was s-shaped with a plateau at larger particle sizes
that did not reach unity. A small variation over several hours of the partitioning
curve within a cloud event was observed. At particle sizes smaller than ca. 0.2 tm
diameter a small fraction (<10%) of the total number of particles at each size were
found as residual particles indicating that only a “"favoured few" of these particles
formed cloud droplets. Among the residual particles however, 75% of the particles
were smaller than 0.25pm diameter. So, even though a small fraction of these
particles formed cloud droplets they dominate the number of cloud droplets.
Concurrent measurement showed that a substantial fraction of hygroscopic particles
of the same size as those that formed cloud droplets remained in the interstitial air.
Hypotheses are discussed as to why only a few hygroscopic particles formed cloud
droplets, while many other hygroscopic particles of the same size did not.

Present affiliation:

3Center for Atmospheric Chemistry Studies, Graduate School of Oceanography, Narragansett, RI
(02882-1197 (USA) :

bNOAA/CMDL/R/E/CG, 325 Broadway, Boulder, CO 80303-3328 (USA)

4.15 On the Possible Influence of Clouds on the Nitrogen Budget
in the Remote Troposphere

Peter G. Hess, Siri Flocke, and Sasha Madronich

Atmospheric Chemistry Division,
National Center for Atmospheric Research, Boulder, CO USA

In this study we examine evidence for the influence of cloud processing on the
nitrogen budget in the remote subtropical middle troposphere. The ratio of HNOj3 to
NOy has been measured at 3.4 km on the island of Hawaii from 2 May 1988 to 3 June
1988 as part of the Mauna Loa Observatory Photochemistry Experiment (MLOPEX).
Clear sky model studies of the photochemical budget of nitrogen species indicate the
ratio of HNO3 to NOy should be about 6 times larger than observed. To test the
hypothesis that cloud processing may be an important sink for HNO3 we have
coupled backward trajectories from the Mauna Loa Observatory with cloud data from
ISCCP (International Satellite Cloud Climatology Project). The length of time since
the trajectory was last subjected to probable cloud processing is correlated with the
ratio of HNOj3 to NOy observed at Mauna Loa. The data suggest that nearly all
trajectories have encountered clouds within a five-day period. The ratio of HNO3 to
NOx tends to be high when the parcel trajectory has not recently encountered clouds.
Low ratios are correlated with recent episodes of possible cloud processing.




4.16 On the influence of gas to particle conversion on the modal size distribution of

" atmospheric particles. ©
HC Hansson"z, B. Martinssonl; B. S'yénningssonl_, E. Swietlicki]
' A. Wiedensohler® and D.Covert' ‘
e lDep.artmerit'qleuclcar Physics, University of Lund, Lund, Sweden :
z Department of Meteorology, University of Stockholm. Stockholm, Sweden

3 Institute of Tropospheric Research, Leipzig, Germany
* Department of Atmospheric Sciences, University of Washington, Seattle, USA

Atmospheric particle number distributions with high size resolution obtained with
Differential Mobility Analyzers (DMA) has started to appear in literature. We also have
obtained numerous particle size distributions in several extensive field campaigns in -
Europe. Close examination of this data shows consistently that the number size
distribution is actually comprised of two, approximately log normal, modes in the
accumulation size range, i.e. with geometric mean diameters between 40 and 200 nm.
Very recent measurements down to 3 nm show that at times a third mode of ultrafine
particles less than 25 nm in diameter exists simultaneously with the two larger modes.
We will present available measurements and give indices for particle growth mechanisms
that support the hypothesis that the observed size distribution is the result of a combina-
tion of uptake from gas phase, liquid phase chemistry (in both the aerosol phase and the
droplet phase) and particle scavenging by clouds. If this hypothesis can be supported, it
allows us to estimate the mass transfer from gas phase to condensed phase through liquid
phase chemistry both in and outside clouds directly from particle size measurements.

417 Low molecular weight dicarboxylic acids and related polar compounds in the remote
marine rain and acrosol samples from western Pacific

Richard Sempére 1,2 and Kimitaka Kawamura 1
1 Department of Chemistry, Faculty of Science, Tokyo Metropolitan University, Tokyo,
Japan and 2 | aboratoire de Microbiologie Marine, CNRS, Marseille, France

Wet precipitation and aerosol samples collected from the remote marine areas (Pacific
Ocean), were studied for the molecular distribution of C3-C10 o, o-dicarboxylic acids,
Cy-Cy g w-oxocarboxylic acids, pyruvic acid and C2-C3 a-dicarbonyls by capillary gas
chromatography (GC) and GC-mass spectrometry. Wet sdmples were also analyzed for
dissolved organic carbon (DOC), whereas aerosol samples were studied for total carbon
(TC), total nitrogen (TN) and water soluble organic carbon (WSOC). Total diacid
concentration range was 36-958 ,ugI:l for the rain and 7.1-605 ngm'3 for aerosol .
samples. These values were lower than those observed for the urban arca of Tokyo.
Diacid carbon accounted for up to 5 % of TC and 15 % of WSOC in the remote aerosol
samples. Rainwater analyses showed that diacid carbon comprised 0.12-0.71 % of
rainwater DOC. Both rain and aerosol samples showed that the smallest diacid (oxalic
acid, C2) was the most abundant and comprised roughly 50 % of the total diacids.

P Emission Database for Global Atmospheric Research: EDGAR Version 2.0

J.G.J. Olivier', AF. Bouwman', C.W.M. van der Maas' and J.J.M. Berdowski®
! National Institute of Public Health and Environmental Protection (RIVM), Bilthoven
2 Netherlands Organization for Applied Scientific Research (TNQ), Delft

Atmospheric chemistry and climate modellers require. gridded global emissions data as
input. into their models. Also, scenario models such as RIVM’s climate assessment
model IMAGE require underlying data - on grid or by region - as input in_their
scenario models. To meet this urgent need a global emissions source database called
EDGAR has been developed by TNO and RIVM in oxder to estimate on a regional and
on a grid basis.base year emissions of greenhouse gases (CO, CH,, N,0, CO, NO,,
non-methane VOCs, SO,), of NH,, and of ozone depleting compounds (halocarbons) .
for all major known sources, both biogenic and anthropogenic. Version 2.0 comprises a
complete and’ consistent set of data required to estimate ‘the total source strength in
1990 of ‘the ‘various gases at an 1° x 1° resolution (altitude resolution of 1 km), as
agreed upon in the Global Emissions Inventory Activity (GEIA) of the International
Atmospheric ‘Chemistry Programme (IGAC). The data comprise separately activity
levels and emission factors for major source categories; and allocation functions, such
as demographic data, land use distributions, point sources; etc. Due attention is paid to
flexibility regarding the disaggregation of sc_mrceS,* spatial and temporal resolution and
species. The objective and methodolology chosen for the construction of the database
as well as the type and data collected will be presented. Examples of inventories for
one compound as well as for a specific source category will be presented. "

p002 . Source Characterization: Networks, Frameworks and Major Issues .

- P. Middleton, D. Hopkins and H. Lansford :
Assessment/Communication Team, ASRC, SUNYA, USA

Development of emissions inventories for regional and global studies benefits from co-
operative networking among inventory developers and modelers, development of flexi-
ble frameworks for cvaluating and modifying data bases, and continued responsiveness
to major issues and uncertainties in source characterizations. Some recent advances in
these areas are discussed. An update is presented of the networking activities of the
Global Ewissions Inventory Activity (GEIA) Data Management and Information |
Exchange Center, with a focus on the development of intercomparison strategies for
basic data bases, such as population, that are used in many of the GEIA inventories.
The extension of geographic information systems, currently being used for regiopal in-
ventories such as those for the Southern Oxidant Study in the United States, to the de-
velopment of more flexible frameworks for global-scale inventorics also is discussed.
Finally, the importance to regional and global climate and related air quality .
assessments of characterizing acrosol emissions by.particle composition and size is
illustrated by analysis from the regional Denver Air Quality Modeling Study in the
United States. ‘ ‘




p003 Global Budgets of CO, CH, and O,
M.G.M. Roemer, A.C. Baart and P.J.H. Builfjes
TNQ Environmental Sciences, The Netherlands

A global two-dimensional model of the troposphere has been used to calculate regional
and global distrbutions of CO (carbon monoxyde), CH, (methane) and O, (ozone). The

emissions in the model stem from the EDGAR/GEIA emission database. Calculated ..

concentrations are compared with measurements from global networks and satellite
observations and agree in general reasonably good with the observations. Calculations are .
performed to identify the sensitivity of CO, CH, and O, distributions with respect to
changes in ground level and. high altitude emissions, the parametrization of -deep
convection, an increase of UV radiation in the upper and middle troposphere aad to some
changes in the chemistry. b : :

‘The model indicates that in the current global tropospheric ozone budget stratospheric-
influx and net ozone production are of about equal importance, the sum of them balanced
by the loss through dry deposition. The net chemical ozone production is the small
difference between two large termis: ozone production and ozone destruction. Major,
sources regions of net chemical production are the lowest layers of the northem
midlatitudes and to a lesser extent the upper troposphere, The most important sink .r_egion
is the equatorial middle troposphere. Calculations with pre-industrial emissions
(anthropogenic emissions almost negligible) not only show much lower' ozone
concentrations, especially at northern midlatitudes, buf also that at that time the
troposphere might have acted as a small photochemical sink to ozone. ‘

p004 1°x1° Global Emissions Inventory for SOy and NOy
Seasonally Resolved intoEmission Sectors and Point and Area Sources

Eva C. Voldnerl, M. Trevor Scholtz2, Keith A. Davidson? and Arthur Lil.

An anthropogenic global emissions inventory with both seasonal and sector distribution on
two emission height levels (0 - 100m and > 100m) has been prepared for emissions of
S04, SO4, NO and NO», The two height levels are based on the effective height of
emission after allowing for an expected plume rise. The inventory has global coverage ona
1° x 1° latitude/longitude grid and is for the base year 1985 where data for this year are
available. For SOy and NOy, several national, regional and global data sets were used in
compiling the global inventory with seasonal and sectoral resolution. The 0 -100m
emissions are resolved into mobile, non-mobile and minor point sources, while upper level
emissions- are provided separately for power plants, smelters and other major point
sources, - Not all of the available data sets used have the required two-level, sectoral
breakdown; in these instances, the unresolved portions of the emissions are provided as
gridded unclassified totals. In total, 76% and 67% respectively, of the global total sulphur
and nitrogen, have been disaggregated into the above classes. The remaining unclassified
emissions are ekpected to be mainly at low level but will likely include some emissions into
the >100m level.

1) Environment Canada, Toronto, Ontario, Canada
2) ORTECH, Mississauga, Ontario, Canada

p003 L :
Global Inventories of Anthropogenic Emissions of SO, and NO,

Carmen M. Benkovitz', Jane Dignon?, Jozef Pacyna® , Trevor Scholtz,
Leonor Tarrasén®, Eva Voldner® and T.E. Graedel”

'Brookhaven National Laboratory, Upton, NY 11973, USA; ? Lawrence Livenmorc
National Laboratory; * Norgewian Institute for Air Research; *ORTECH Intemational;
Norwegian Meteorological Institute; *Atmospheric Envitonment Service, "AT&T Bell’

: _ Laboratories.

One of the most important scientific tools used in the assessiment of atmospheric chemis-
try, air quality, and climatic conditions of the past, present. and future is mathcmatical
madels of transport and wansformations in the atmosphere. These models rely on inven-
tories of emissions constructed on appropriatc temporal and spatial scales, and including
the required species. Under the Global Emissions Inventory Activity (GELA) an in-
ternational project has assembled annual global inventories of anthropogenic emissions of
S0, and NO, with 1° horizontal resolution for base year 1985. The data were derived
from regional inventories for the United States, Canada, Europe, Asia, South Africa and

* Australia, and from the global inventories of Spiro et al. (1992) and Dignon (1992).
Analyses of the resulting data will be presented.

p006

Sources and Sinks of 5, N: Assessments from a Semi-Arid Industrial Area
A. Saxena, U.C. Kulshrestha, N. Kumar, K.M. Kumari and 5.8 Srivastava

Department of Chemistry, Faculiy of Science,
Dayalbagh Educational Institute, Agra 282 005, India

Reactant (S50z, NOx) and product (504, NOz, HROsz) species were measured
as functions of phase (gas, aerosol, wet and dry deposition) and part-
icle size at Agra, a semi-arid industrial area in India. Mean levels of
S0z, NOx were 7.7, 24.9 pg m~2 respectively; mean atmospheric S04, NO3
were 10.2, 6.3 pg m~3 respectively. S0a1 levels were equal to values
reported from highly industrialized cities in Europe, China but the
presence of 42% of 504 in the coarse fraction of size-segregated samples
suggested its origin from soil or oxidation of S0z on soil surfaces.
Relations ~between ambient S0z, S04 indicated that S0z conversion is
favoured by the alkaline nature of the aerosol. The relation is best
described by y=ax®, (y= % of sulphate in total S {504 + 80z}, x= concen-
tration of total S in air). Correlations between NOx and each of HNOsz,
NOap indicated that NOa, is also contributed by crustal ‘sources and
formed by the reaction of HNOs on soil surfaces. Using a local source
inventory, emission and removal rates by wet and .dry deposition were
evaluated. For S, sources and sinks roughly balanced, the background of
S being mainly natural with anthropogenic sources exerting only a small
influence. The sink of NOx was smaller than its source; this imbalance
may partially be explained by defining the horizontal and vertical
dimensions of the area over which the N cycle would be considered closed.




p007 First results of the Bor Forest Island Fire Experiment

Fire Research Campaign Asia-North (FIRESCAN)

‘ FIRESCAN Science Team
¢/o Johann G. Goldammer, Blogeochemistry Department
Max Planck Institute for Chemistry, Mainz, Germany

In 1993 a conference on Fire in Ecosystems of Boreal Burasia and a subsequent Fire
Research Campaign Asia-North (FIRESCAN) were organized in tandem in Krasnoyarsk
Region, Central Siberiz. The aim of the conference was to compile, discuss and publish
the state of knowledge on fire in boreal ecosystems, particularly in Eurasia. The research

campaign was designed to investigate hypotheses developed by the International Boreal -

Forest Research Association (IBFRA), Stand Replacement Fire Working Group. These

hypotheses are related to quantitatively understanding boreal ecosystems, the role of fire.

in boreal ecosystems, and modeling and predicting forest dynamics. The involvement of
atmospheric scientists through the structures of  the International Global Atmospheric

Chemistry {GAC) Programme, a core project of the International Geosphere-Biosphere.

Programme (IGBP) gave additional insights into aspects of fire emissions and
atmospheric chemistry, On 6 July 1993 an experimental high-intensity stand replacement
fire was set in a light taiga coniferous forest dominated by a Pinus silvestris and a
lichen-dominated ground cover (Cladonia sp.), on Bor Forest Island, Krasnoyarsk
Region. First results of describing fire characteristics and ecological and atmospheric
chemical impacts of the fire are given. The medium- to long-term objectives of follow-up
research and implications for fire research strategies are discussed.

p008 Stwdy on the Sources and Sinks of Trace Gases in Chima

Yang Wen-Xiang
(Research Center for Eco-Environmental Sciences,
Academia Sinica, Beijing,China.100085)

Abstract

In the past five decade years,the rate of increasing of trace gases in the
atmosphere grew so rapidly. Some serious environmental problems, we are faced today,
always Telate with the trace gases in air. It is important to study the sources and
sinks of trace gases im China. :

. The emission of C€02,CH4,N20,CF4,C2F6,M0x in China are estimated. At the present
tine,the emission of 02 is believed to occur from fossil fuel consuaption,cement
production and deforestry. Two kind of methods were used for estimating the emission
of C02. And it was G34.4 TgC in 1990.

Rice paddy is one of the important sources for methane. China is the largest rice
production country in Asian. The area of rice paddy is about one fourth of the
cultivated area in China. Dr.Wang M.X. estimated that the emission of methane from rice
paddy would be about 23 TgCH4 in China. The other sources of methane are helieved to
occur from livestock, fossil fuel combustion,biomass burning,coal mine,oil and natural
gases leakage etc.. The total emission of methane was estimated to be 45 TgC in China.

The emission fluxes of nitrous owide from different kinds of eco-envirenmental .
system are studied. The amount of %20 emission from fossil fuel burning,hiomass
iening, fertilizer used and from farmland $0il is about 0.018 Tg¥20-N in China.

The significant known anthropogenic sources for CF4(CFC-14) and C2FG(CFC-116) is
primary azlueiniun smelting. The emission of CF4 and C2F8 from aluminium production
factories are eslimated to be 1540 ton of CF4 and 192.5 ton of C2F6 in Chira in 1991.

The sinks of some trace gases are studied. The photolysis and photooxidation of
BKS, HCFC~22, HRC-134a,CFC-12 and 20 have been investigated. The reaction rates of some
trace gases with OH are measured by using discharge flow resonance flucrescence method.
The chemical processes for the sinks of trace gases are suggested.
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- .-Spatial distributions of CO7 over Siberia in a summer season
--Airborne measurements of greenhouse gases over Siberia-—-

K Tzumil, T.Machida!, S.Maksyutov!, Y.Tohjima2, S. Mitsumoto!,
M.Utijramal; G.Inouel, APostnov3, Y. Kopylov3,‘ S.Shmeter3, V.Nikolaev3,

© N.Vinnichenko3 and V.Khattatov3 ’ '

INational Institute for Environmental Studies, Japan. 2L aboratory for Earthquake
« Chemistry, Faculty of Science, Tokyo University, J apan.,3Central Aérological
: : Observatory, Russian Federation, . e

Horizontal distributions of CO; were obtained in July of 1992 and 1993 during transit
flights (about 7000m), which traversed the Continent of Eurasia along a latitude of
60deg N (Moscow to Yakutsk) and along a longitude of 130 deg.E (Sendai to Tiksi).
CO3 concentration was found to be predominantly affected by large scale motion of air
masses such as.a high or low pressure system. Vertical profiles were also measured in
taking off and landing. They showed interesting features, which reflected the nature of
Siberian vegetation: CO2 concentration was rather uniform, being about 355ppm, over
the northern part of Siberia, in which the activity of vegetation is quite low. On the'
other hand, over the area, where Taiga forests are developed, the concentration was
low near the ground surface and concentration difference between the free troposphere
and the mixed layer was large, exceeding 10ppm. ._ o .

p010  Carbon dioxide flux studies in tundra ecosystems in Taymyr Peninsula (Ruésia)

D.G.Zamolodchikov
Center for Ecology and Productivity of Forests, RAS, Russia
D.V Karelin
Biological Department, Moscow State University, Russia
S.J Hastings
Biological Department, San Diego State University, USA

In July 1993 we did field measurements of carbon dioxide flux in Taymyr Peninsula
most representative tundra ecosystems on a peak of seasonal productivity. All
diurnal -measurements were made using a portable infra-red gas analyzer Li-Cor
6250 and chamber method for determining carbon flux. The investigations were
carried out at four sites along a 450 km latitudinal transect including: south shrub
tundra (70 51N, 89 54E), limit between south and typical subarctic tundra (71 26N,
89 14E), typical tundra (72 17N, 85 45E) and limit between typical and arctic tundra
(73 I5N, 90 36E). Data show, that south tundra ecosystems had a positive net
ecosystem carbon flux (0,252 to 0.688 gC/m2 per day), while typical tundra - negative
flux (-0.049 to -0.313 gC/m2 per day). The biggest values of carbon flux into
atmosphere were found in arctic tundra (1.899 gC /m2 per day), in spite of the fact
that the time of measurements was close to peak seasonal productivity., Analysis of
the carbon flux data shows a strong correlation with climatic (soil temperature, thaw
depth) and vegetation (fractions phytomass and cover) characteristics resulting in
regression equations with low residual sum of squares (10-30%). ‘
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CO2 budget of coastal Arctic tundra at Barrow in 1993 summer

Yoshinobu HARAZONO*, Mayumi Yoshimoto®, Akira Miyata®,
Walter C. Oechel** and George Vouritis** '
# National Institute of Agro-Environmental Science, Tsukuba, 305 Japan
*% Dept. of Biology, San Diego State Univ., San Diego CA, USA

There are large carbon stocks at northern ecosystems (tundra and boreal forests), which
seemed to affect the event of global warming, because there is considerable uncertainty
whether this northern ecosystem will act as a COZ2 sink or not. In this study, CO2 flux
was measured using aerodynamic method and eddy correlation method over an Afctlc
tundra near Barrow (71017'42"N, 156041'10"E), Alaska. The results were examined
comparing with that of IBP in 1970's obtained by the same aerodynamic method. The
measurement was carried out at two sites (polygonized moist tundra and wet tundra)
from June 8 to August 25, 1993, which covered almost full of growing active period of
the vegetation. Diurnal CO? flux at polygonized tundra in 1993 was approximately-1/5
of that at vegetation in the temperate zone. Total budget at polygonized tundra was small
efffux (upward) during the period, while that at wet tundra was downward. As the soil

- temperature was lower at wet tundra, the paddy condition at wet tundra seemed to

decrease the decomposition rate of soil organic matter and the water surface seemed to
prevent to diffuse CO2 to the atmosphere. In 1970's CO2 budget at the same
polygonized site was downward and the tundra acted as CO2 sink, wh.lle today it has
changed to a source, major reason was thought as the atmospheric warming (about 2 °C
higher) and drying of tundra eventually.
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On the emission and regional budget of greenhouse gases in Hungary

A. Molnar, E. Mészaros and Gy. Kiss _
University of Veszprém, H-8201 Veszprém P.0.B. 158, Hung

Hungarian sources and sinks of atmospheric carbon dioxide, methane and nitrous
oxide are estimated for the time period between 1988-1992. The total strength of CO2-C
emission for 1988 is in the range of 92-102 Tegyr-1. This range is somewhat lower for 1992
(8797 TgCyr1) owing to economic changes in the country. Thus, the anthropogenic
release decreased between 1988 and 1992 from 21 to 16 TgCyr-1. Since the vegetation
removes annually from the air over the country a carbon mass of 57 Tg, our region is a net
carbon source, even if anthropogenic effects are neglected. The total methane release of
the country lies between 0,4-0,6 TgCyr-lwith some decrease in the time period mentioned.
The emission is controlled by anthropogenic sources like solid waste treatement, natural
gas production and distribution as well as animal husbandry. Preliminary data shm?.r that
CH, concentration in Hungary is near 1,9 ppm. Taking into account this concentration as
well as a tropopause height of 12000 m and a rate constant of 5x1 0-15 em3molecule~1s-!
for the reaction with OH radicals (5x10° ¢m3), a chemical removal of 0,1TgCyr 1 can be
calculated for the tropospheric air above the country. The comparison of this figure with
the methane emission range indicates that the atmospheric box above the country is also a
source of carbon in reduced form. Finally, the emission of nitrous oxide is 0,017 TgNyr"l
for 1988, while the corresponding figure for 1992 is 0,014 TgNyr-1. Calculations show
that the nitrous oxide emission is determined mostly by the use of feriilizers.
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Effects of ocean stratification on the uptake of greenhouse gases

Hiromasa Ueda, Takashi Karasudani, Xohji Ishi-i
Research Institute for Applied Mechanics, Kyushu University, Japan

Uptake of greenhouse gases into the ocean (s caused by liquid-side tur-
bulencé just beneath the air-sea interface, which is induced both by
wind over the sea and by buoyancy on the liquid side. However, the ocean
uptake of CO0= estimated hitherto have been taken into account the wind-
induced turbulence only {e.g., Liss and Merlivat, 1986). A laboratory
experiment and theoretical modelling are made for the effects of
buoyancy and reveals their large contribution on the ocean uptake. At
first, exchange coefficient due to convection beneath the free surface
is. sho¥n to be twice as large as that in convection over a solid wall,
vhile it is decreased drastically by stable stratification. Secondly,
contribution of oceanic convection in the middle and high latitudes
gives rise a larger absorption rate of C0=, e.g., that in the East China
Sea attains to the effeet of an wind of 3-5 ms~T over the sea, while
stable stratification in tropical oceans gives a smaller desorption rate
from the ocean. These facts suggest the neglect of buoyancy effects
leads to a significant underestimation of the ocean uptake of CO= and
other greenhouse gases and pollutants.
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Observation of carbon dioxide partial pressure in air and
surface sea water in the seas adjacent to Japan

M. HIROTA, K. FUSHIMI, K. NEMOTO and A. MURATA
Marine Department, Japan Meteorological Agency, Japan

To understand the role of ocean as the source and sink of the atmospheric 0., the
JMA started operational observations of pC0, in both air over the sea and surface sea
vater in the seas adjacent to Japan and in the western North Pacific in 1989.

The observation is done four times a year in the seas adjacent to Japan. The obser-
vation along the fixed line off Boso peninsula shows that this region was a sink of the
atmospheric C0. all the year. THowever, there was a large seasnal variation {about 60ppm)
in pCO, in surface sea water. The maximum and minimun were observed in October and June,
respectively. This seasonal variation was parallel with that of the SST, and opposite to
that of the atmospheric pC0.. The results will be discussed in relation to other oceano-
graphic/meteorological data.



p015
‘CO5 trend at the Mt, Cimone (44°12' N, 10°42' E) baseline station .

"' “T.Colombo!; G.Giovanelli2 and P.Bonasoni? -

Italian Meteorological Survics, via Jelle Ville 100, 41029 Sestola (M), llaly.
'2CNR - FISBAT Institute, via Gobetti 101, 40127 Bologna, Italy. .

The trend of atmospheric COp measured since 1979 at the Mt Cimone station (44”12
N, 10°42' ¥, 2165 m ool) io roported and diocuoced. ML, Cimono, ¢ bojoling sonmain
station in Ialy's north—central Apennines, is part of the WMO Background Air Pollution
Monitoring Network (BAPMoN). ' -

The atmospheric CO5 concentration is known to be influenced by global phenomena.
Thus, the present paper thus also discusses the effects thar the violent cruprions of the
Mount St Helen (1980), EL Chichon (1982) and Mt. Pinaubo (1991) voleanooe, topsthar
with the "El Nino" phenomenon, have had on the COp trend registered at Mt.Cimone.
Gruptious of (Lis natuse geneiale vulcanic douds in the stistosphere: tral dininish the-
amount of solar radiation reaching the surface of the occan and the carth and, hence, tend
to cool the carth-atmosphere system as well as directly influence ocean surface
lemperature, which m tum plays a deternnnant role in the Cl7 sink—souree process.
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Sources and Sinks of Carbon Dioxide in Kashmir: A Case Study

Altaf Hussain Wani' and Ya-Hui Zhuang?
1Asian Institute of Technology, G.P.O. Box 2754, Bangkok 10501, THAILAND
2] awrence Berkeley Lab., University of California at Berkeley, CA 94720, USA

An attempt has been made to estimate to CO, budget of Kashmir valley, India. The
study delineates and assesses the CO, emission patterns from different anthropogenic
sources and net primary productivity of the vegetation which serves as a principal
sink for these emissions. Fluxes considered include fossil- and domestic- fuel
combustion, limestone processing as well as changes in the carbon stores in forests,
and their relative contribution towards the total annual emissions. From the emission
inventory, domestic sector ranks first with its contribution of about 2 million tons,
followed by transport and industrial sectors, in the total annual CO, emissions of 2.79
million tons. The estimates indicate that these CO, emissions are currently
accumulating in terrestrial ecosystem, mainly in the form of forest biomass, and if the
current accumulation of carbon by the forests is subtracted from the direct emissions
resulting from fossil fuel combustion and other sources, the net contribution of CO,
is zero. Based on these results the region is altogether internally CO, neutral, with
a significant potential to confront the global CO, buildup by checking the trans-
boundary releases, in addition to sequestration of local emissions.

p017 _ _
- Land-use effects.on 13C-based estimaites of tropical carbon sources and sinks

AR. Townsend!, E.A. Holland!, and E. Veldkamp?
- - INCAR, Boulder, CO; 2L a Selva Biological Station, Costa Rica

. Carbon-13 measurements of atmospheric CO; and atmospheric transport models
can help resolve terrestrial and oceanic sources and sinks in the global carbon cycle..
Such models specify the isotopic fractionation associated with exchanges of carbon
bet}veen the terrestrial biosphere, the atmosphere, and the ocean. For example,
photosynthesis discriminates strongly against 13COj, and decomposition of soil organic
carbon formed decades ago, when the atmosphere contained more 13C than at present,
can cause respiration to be enriched in 13C relative to newly fixed plant carbon. Modeled
estimates of this "biospheric disequilibrium™ are ~19/44 in boreal and tundra biomes, and
accounting for the disequilibrium in a tracer model can change the partitioning of carbon
sources and sinks between land and ocean by more than 1 Gt. : '

) A second "biospheric disequilibrium” arises from tropical land-use changes. The
widespread conversion of Cj3 forests to C4 pastures and croplands causes a sudden
change in the 13C fractionation in photosynthesis by typically 10-139/5,. The isotopic
change in soil carbon lags far behind because of the decadal to millenial time scales of
soil organic matter turnover, and CO3 respired will be much lighter in 13C than
photosynthesis for decades. Using the Century Model and data on land-use, we show

that the 13C disequilibrium between respiration and photosynthesis due to land
conversion in the tropics could significantly alter inverse model estimates of tropical

carbon sources and sinks. The modeled estimates are supported by measurements of 13C
in respiration and recently fixed plant carbon taken from several field studies.

- p018 Atmosphéric Carbon Sequestration through Agroforestry

Xiaoke Wang and Zongwei Feng
Rsearch Center for Eco-Environmental Sciences
Academia Sinica, PO Box 2871, Beijing 100085, China

Two types of agroforestry systems, namely, the tree-belt type with poplar
growing along the boundaries of crop field grid cells and the interspersing type
with paulownia-crop mixed plantation, have been demonstrated in Fenggqiu’
County, Henan Province, for the study on atmospheric carbon sequestration.
Both types of agroforestry systems gave a higher crop productivity, total
biomass, productivity and carbon sequestration rate, as compared with the
conventional agricultural systems. The trees in the crop fields play a three-fold
role, i.e., {i)they provide timber which is a long-lived carbon pool, (ii)they
furnish firewood which can substitute fossit fuel and thus reduce the net carbon
release into the atmosphere, and (iii)they promote the crop yield by reducing
the detrimental impact of the local dry and hot wind during the growing season.

According to our estimation, the existing agroforestry systems in China,
comprising of 2 million ha. of crop-tree mixed plantation and 1 million ha. of
farmland shelterbelt, can sequester about 1.2 million tons of carbon annually,
which is 0.16% of the total carbon release from fossil fuel cambustion and
cement production.
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Analysis of the climate gases CO, N,0 and CH, by wide bore capillary gas
chromatography with single injection of gas sample

Bishal K. Sitaula, Luo Jiafa and Lars R Bakken
Agricultural University of Norway, 1432 Aas- NLH, Norway

A gas chromatographic method is described which gives sensitive and rapid (3.3 min)
measurement of the three greenhouse gases CO,, CH, and N,0. A wide boreT capillary
column operated at optimal conditions gave sufficient separation to allow a sw1tch. of the
column flow between two detector systems (TCD and FID in series, and ECD) durmg. the
chromatogram, thus all three gases could be analyzed with a single saEmple injection.
Application of a peristaltic pump allowed gas samples to be u'ansferred.dxrectly from gas
sampling vials, through a drying agent [(Mg)CIQ,),] and into the injection loop (0.5 ml).
Back flushing of the injection system (pump and drying agent) with He between ea‘ch
injection ensured minimal carry over between samples (< 0.6 %). Experiences w1t'h
storage of gas samples in vials with butyl rubber septa are described. The be_st result is
obtained by a minimization of storage, Thus, there is a need for a rapid analysis systems,
such as we have attempted to achieve with the present GC system.

p021 . .
Fluxes of CH,, N,O and CO, in forest soil influenced by N input and soil acidification

Bishal K. Sitaula, Lars R Bakken and Gunnar Abrahamsen
Agricultural University of Norway, 1432 Aas- NLH, Norway

Effects of N inputs and soil acidification on fluxes of CH,, N,O and CO, was studied in
soil from 100-year-old Scots pine forest of Norway. N fertilization [30 kg (Medium) and
90 kg (High) N ha' y'] increased N,O emission by a factor of 1.2 to 6 times with
medium N and 4 to 7 times with high N treatments. Soil acidification (irrigation with
artificial rain with pH 3, pH 4 and pH 5.5) with most acidic "rain" (pH 3) resulted in
decreased N,O and CO, fluxes and increased CH, uptake in soil. The estimated fertilizer
derived N,O-N emission during summer period was 94 and 93 mg d* kg? of added
NHNO;-N for medivm and high N respectively. High nitrogen input decreased CO,
concentration by 10-60% and CO, fluxes 12-16% compared to medium N treatments, Soil
CO, concentration were significantly lower (2-12 times) in the most acidic treatment
comtpared to pH 4 and pH 5.5 treatments. The significant reduction in CH, uptake and
increase in N,O release due to input of nitrogen demonstrates the potential double green
house effects of nitrogen deposition. The effect of rain acidity for decreased N,O and CO,
release and increased CH, uptake in soil seems to be pronounced only with extreme or
most acidic "rain" (pH 3). Hence, the usual ambient rain acidity of pH 4.2 - pH 4.9 is
only likely to have minor effects on these gas fluxes in soil. ‘
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- Control of methane emission from a rice paddy field by water management

K. Yagi, H. Tsuruta, K. Kanda, and K. Minami
National Institute of Agro-Environmental Sciences, Tsukuba, JAPAN

Effect of different water management on methane emission from a Japanese rice paddy
field to the atmosphere was studied by using an automated sampling and analyzing
system for three cultivation periods. The flux data were collected every one hour by this
system. The test site was divided into two plots. The plots were flooded from May to
August with or without short-time draining practices. Effects of drainage on methane
emission were significant. Large methane fluxes were observed immediately after
drainage, following the rapid decrease of the fluxes. After re-flooding, the drained plot
kept emitting significantly lower amount of methane than the continuously flooded plot.
Soil redox potential (Eh) was increased by the draining practices, suggesting a decrease
in methane production rates in paddy soil. The effects on the increase in soil Eh and the
decrease in the emission depend on the length of the drainage. The total amounts of
methane emitted to the atmosphere were reduced to 55-58% by the short-term draining
practices compared with the continuously flooded management. These results indicate
that water management practices can be applied as a possible mitigation technique for
methane emission from nice paddy fields.
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Release and retention of methane in rice soils
following organic amendments

R Wassmann1,2) M.C. Albertol), H.U. Neuel), R? Lantin!), J.B, dunal),
K. Bronsonl), H. Papen2), H.Rennenberg2), and W. Sellﬁr2
 Dinternational Rice Research Institute, Los Banos, Philippines; 2 Fraunhofer
' Institute for Atmosph: Environm. Research, Garmisch-Partenkirchen, Germany
‘The effect of organic amendments on the methane budget of rice fields was
investigated by (1) recording the flux rates. of methane emission and ebullition

(release of gas bubbles) as well as (2) by determining the amount of gaseous and
dissolved methane in the soil. Incorporation of organic material, Le. rice straw and"

green manure, generally incr methane emission and ebullition, especially
subsequent to incorporation. During the latier stages of the growing seasot,
emission and ebullition rates were generally high irrespective of the type of N-
source added. : L o

The seasonal patterns of methane flux rates correlated with the variation of methane
pools retained in the soil. As a consequence of the incorporation of organic material,

.

high methane concentrations in the soil solution and an immediate build up of -

" gaseous methane reservoirs in the soil were observed. In the absence of organic

amendments, the development of pools of gaseous methane was restricted to the

latter stage of the growing season. .~ woe ,
_ These findings provide evidence that the incorporated methanogenic substrates were

dissipating during the first half of the, vegetation period, while methane production
based on recently produced substrate gradually increased.

p024 Source strength of methane emission from ricefields and mitigation options.

_ H.U. Neuel, R. Wassmannl:2, and R.S. Lantin! .
1International Rice Research Institute (IRRI), Los Bafios, Philippines
2Fraunhofer-Institute for Atmospheric Environmental Research (FhG),
Garmisch-Partenkirchen, Federal Republic of Germany

Recent progress made in understanding factors and processes that control methane
emission from ricefields has opened up various options to mitigate emmissions. The
large uncertainties of regional and global CHy emissions (annually 20 to 100 Tg)
‘remain because respective mechanistic models and geographic information systems
are lacking. Rice production has to increase by 70% within the next 30 years. This
will increase CH4 emission if feasible mitigation technologies won't become
available. Generally, higher yields mean higher plant biomass which results in
higher CHy fluxes. New rice cultivars with a higher harvest index and less but only
productive tillers per unit area have the potential to lower CHy fluxes. Midseason
aeration periods and field drying before harvest reduce emission but could increase
N,O emission. Sulfate containing fertilizer lower CHj, emission while any addition
of easily degradable carbon increases it. Changes of rice cultivars and water
management will probably have no trade off in productivity. Less use of easily
degradable organic inputs may take place with increased use of mineral fertilizer.
Reducing CHy emission while increasing production of irrigated rice is feasible.
Raising the low production of rainfed rice will probably increase CH4 emission.
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Influence of fertilizer and water management on methane emission and
production in Chinese rice ficlds and possible mitigation options

) © X.J Shangguan M.X. Wang D.Z. Chen’ R.X. Shen Y.S.Wang
Institute of Atmospheric Physics, Chinés'é‘Academy of Sciences, Beijing 100029, China
. R. Wassmann M, Teelg  H. Papen - o
Fraunhofer Institute for Atmospheric Environmental Research, Germany
: .. -X.L. Xie. W.D. Wang : :
Changsha Institute for Agricultural Modernization, Academia Sinica, Changsha, China

CHy emission and prodiiction rates were recorded in Hunan Province, central region of
China, in the years of 1991-1992. The fertilizer treatmenis were based on identical doses of -
nitrogen, but with different ratio of organic/mineral fertilizer, The locally used combination -

- of organic and mineral fertilizers yielded seasonal average of 8.0~50.1 mgCHgm2h-1. The

-averages for pure mineral fertilizers were rather lower whereas the exclusive use of

. unfermented organic manure made the highest emission. The effect of residues derived

from biogas generators was up to its treatment before applied as manure (airdried or wet).
The seasonal averages of CHy production rates of the combined and organic treatment did '
not differ by means of statistics and varied from 57 to 114 mgCHgm 2h-l, while
significantly lower in the plot with pure chemicals, The rather low efliciency of carbon
transformation to CHj4 was observed in the field with pre-fermented organic manure.

- Average CHy emission in deep water covered field was relatively low in early rice but
- relatively high in late rice compared to the other three plots. Constant moisture field always

yielded the lowest emission, and CHy emission rate was almost identical in the fields
received normal water cover and 3-day frequent drainage. The averages of CHy production
rates during-both early and late season decreased with the decreasing of water level. The
main CHy producing area was in the upper part of soil {3~7 cm), in the fields with better .
water supply, while in deeper soil (9~13 ¢m) with not encugh flooding water. After the soil

moisture lowered down to certain extent (26%~31%), CHy emission went almost to zero,
even after the ficlds reflooded, it did not resume in a very long time. The combination of

“fermented organic manure plus mineral ferilizers with a suitable timetable frequent

drainage can be ore option to reduce CH, emission. The lag phase between the time of
reflooding and resuming of emission should be especially studied.

Preliminary study on the relationship between organic acid contents
and methane emission rates in paddy soil in the red earth hilly arca of
south China

W.D. Wang and X.L. Xie
Changsha Tnstitute of Agriculiural Modernization, Acadenmia Sinica, Changsha, China
X.J. Shangguan and MLX., Wang
Institute of Atmospheric Physics, Academia Sinica, Beijing, China

A¢ Taoyusn County, Hunan Province of P.R. China (28055' N, 110930" E), the
measurements of organic acid contents in the paddy soil and methane emission were
camied out by spectrophotometry and gas chromatography respectively. It was observed
that the temporal vadation tendencies of organic acid content in the so1l were uniform for
all the fertilizer treatment fields. Regression anatysis shows that a very obvious correlation
between organic acid content in the seil and methane emission rates could be found (0.980
and 0.860 respectively) for the plots received fully organic manure and locally used
fertilizer {organic phus mineral); for pure mineral fertilizer and fermented fertilizer (sludges
fram biogas pils) freatment fields, the comelation was very poor (0.350 and 0.021
respectively). The correlation coefficient bétween organic acid contents and methane
emission rate in all the four plots was 0.87. For the four water management plots, the
temporal variation tendencies of osganic acid content in the soil were also uniform, so were
those of CH emission rate from three water treatment plois except constant moisture plot.
Regression analysis shows that except for constant moisture plot, CHy emission rates
correlated quite well with organic acid contents with correlation coefficients as 0.99, 0.91,
Q.71 respestively for the other three plots received deep water cover (~8cm), 3-day
frequent drainage, normal water cover (~3cm). A close relationship was found between all
CH, emission rates and all organic acid contents in the four water management fickd
(R=0.97). The determinations of organic acid and methane production rates at different
depth of the soil were also carried out by spectrophometry and head-space gas
chromatography respectively. which show that the vertical distribution of organic acid
contents in paddy soil was roughly consistent with that of methane production rates.
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Methane Emission from Rice Paddies and the Effect of Agricultural Management

Chen Zong Liang', Shao Ke Sheng® Li Debo® Wang Bujun? and Yao Heng'

t.Départment of Atmosphere Environment, Chinese Research Academy of
Environmentzl Sciences. Beijing 1006012

a.center of Environmeniul Sciences, Peking Tiniversity. Beijing 100037

3.Nanjing Research Fnstitute of Enviranmental Sciences, Nanjing 210042

4.Crop Breeding and Cultivation Institute, Chinese Academy of Agricultural
Sciences, Beijing 100081

During three yesr experiment(1990-1992), the methane emission rates {rom three
testing sites in Beijing and Nanjing area had been measured. studies
concentrated on the effect of agricultural management On the methane emission
from rice paddies. The observing results ipdicated that seasonal and daily
methane emission pattern are very complicated. They varied with the physical and
chemical properties of paddy soil, agricultural management and climatic condition.
in our study the maximum emission rate usually appeared in the afternocon and
affected by sojl temperature. Meanwhile & basjcally bi-mode pattern of seasonal
vaciation with the bizhest peaks appeared about in the tillering stage and
reproductive stage. Under common field management, the determined results of
methane emission rate in Beijing area were 17.5, 20.4 and 15.0mg/hr.m? for the
iee after wheat in 1990, 1991 and 1992, 10.0 and 8.5,mg/hr.m’ for spring rice in
1691 and 1992 respectively. In Nanjing area, they lo.amg/h::.mz for the normal
urganic fertilizer application in 1990, and 19.8 mg/hr.m? for winter flooded paddy
in 1992, Tntermittent irrigation was found both to decrease methane emission and
increase rice yield. Ridge cultivation in the southern ares is favorable to reduce
methane cmission from winter fiooded rice paddies. Dry seeded cultivation in
Beijing obviously reduced Lhe methane emission also. Application of organic
rertilizer enhanced the methane emission. Reasonable application of some kinds of
chemical fertilizer may reduce the amount of methane emitted from rice paddies.

p028 An Estimation of Methane Emission from Rice Paddies of
China Mainland

Yao Heng, Zhuang Ya-hui and Chen Zong Liang
Department of Atmosphere Environment. Chinese Research academy of
Environmental Sciences, Beijing 100012. P.R.China

Methane emission form rice paddies of China mainland was estimated
using three methods. The first technique we used was based on the
methane emission rates obtained in Beijing, Nenjing, Hangzhou, and Tuzu
by local! research groups. Regional classification of rice cropping area
and a land-use data base jdentifying rice-farming regimes were used for
this estimation. The second and third method were base on the Neue’s
assumptions that methane emission from rice paddies is proportional to
the land net primary production and rice grain production. Through these
techniques total methane emission was calculated between 15.7 and 27.3
Tg/Yr. Aone degree diagram describing methane emission from rice paddies
in each cropping regions was presented. TFurther improvement on method
for estimation of methane emission from rice field was also discussed
in this paper.

p029 Flux of Methane from Rice Field in Thailand

pO3

W.H. Su!? and X. Rong'

'Environmental Engineering Program
School of Environment, Resources and Development
Asian Institute of Technology
G.P.0O. Box 2754, Bangkok 10501, Thailand

2Research Center for Eco-Environmental Sciences
Chinese Academy of Sciences
P.O.Box 2871, Beijing, 100085, PRC

The agriculture sector contributes more than 90 percent of total methane emission
in Thailand, most of which comes from paddy field. Measurement of CH, flux
have been performed in the paddy field, Pathumthani, Thailand, by using a closed
chamber technique with gas collector. Gas samples were analyzed by gas-
chromotography instrument with FID detector. The flux data shows variations
with the rice ages, water and soil temperature, and also exists dial variation of
flux. It is shown that there are some differences between CH, flux figures for gas
samples collected in different environments of rice growth and the differences are
so large as in several times. These problems are discussed on basis of mechanism
and modelling work. Comparison of data from this study and other works are
made and discussed. Annual emission rate of methane from rice paddy field is
estimated.

0 Micrometeorological measurements of methane flux over agricultural vegelations
and an estimation of methane emission in Tsukuba, }apan

: A. Miyata and Y. Harazono
National Institute of Agro-Environmental Sciences, Japan

Methane fluxes over a paddy field and a grassland were measured by gradient
method. Concentration gradients of methane over each canopy were measured
continuously with NDIR(Non-Dispersive Infrared Analyzer) and gas diffusion velocities
were evaluated from wind profiles. Over the paddy field under continuous flooding and
with no application of organic fertilizers, obvious gradients of methane corresponding to
its emission from the paddy were observed all day. The methane flux showed the
diurnal variations with the maximum in the afternoon, which was closely related to

changes in soil temperature. The daily emission ranged from 80 to 210 mgny2day-!.
Over the grassland, which was managed with no contamination of fertilizers, significant
downward gradients of methane were observed under strongly stable atmospheric
conditions. This indicated methane was absorbed at the grassland surface. Under the
circumstance, a proportional relation was observed between the gradients of methane and
those of CO2 at night. By using the relation, the nocturnal methane flux over the
grassland was estimated at four orders of magnitude smaller than the respiration rate.

Nocturnal methane flux on a tract of land of several kilometers was assessed using a
simple one-dimensional model from the concentration buildup observed at a height of 25
m under stable conditions. It showed a considerable emission of methane out of the
ground even in winter when paddy fields were dormant as a methane source. This
suggests the methane budget on the similar scale is regulated by natural sources as well
as paddy fields or anthropogenic sources.
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UPPER TROPOSPHERIC CONCENTRATION DISTRIBUTIONS OF CHy, O3,
CO5, CO OVER SIBERIA:: NUMERICAL SIMULATION WITH A GLOBAL
TRACER TRANSPORT MODEL.

G. Inoue, K. [zumi, T. Machida; S: Maksyutov,S. Mitsumotol, 'Y.Tohjimaz,
Y. Kopylov, A. Postnov, N. Vinnichenko arid V. Khattatov3
INational Institute for Environmental Studies, Tsukuba, Japan

2Faculty of Science, Tokyo University, Tokyo, Japan
3Central Aerological Observatory, Dolgoprudny, Russia

Airborne observations of ozone, methane, carbon dioxide and carbon monoxide were
performed over Siberia in 1993. Analysis of large scale concentration distributions
revealed existence of several spatial scales which. are characterized with different
correlations between tracers. A data filtering technique is proposed to select between
different air mass which is based on correlation between different tracer concentrations
in order to derive averaged longitudinal and latitudinal profiles. Global tracer transport
model was applied to the simulation of large scale CHy, O3, CO3, CO concentration
distributions over the area of the measurements. Model was driven by the observed
winds and reproduces the observed weather patterns and corresponding concentration
variations. The model simulations of tropospheric (about 400 mbar) concentration
distributions could explain qualitatively the concentration variations caused by the
large scale air motions such as stratospheric folding and upward transport from lower
troposphere, ' ' ) ' ~

p032 - Airborne measurement of CH, emission from West Siberian Lowland -

Y. Tohjima’, H. Wakita®, T. Machida?, S. Makshyutov?, 1. Matsui?, G. Inoue?,
A. Postnov?, Y. Kopylov?, V. Nikolaev?, N, Vinnichenko® and V. Khattatov>
1 aboratory for Earthquake Chemistry, The University of Tokyo, Japan
* ?National Institute of Environmental Studies, Japan

3Central Aerological Observatory, Russia

In July, 1993, we carried out in situ airborne measurements of CH, concentration
over the West Siberian Lowland, where vast wetlands are distributed. After non—
methane hydrocarbons in sample air were removed by oxidation on Pt catalyst,
CH, was continuously detected by a flame ionization detector (FID). An aircraft
(Ilusin-18) equipped with systems for measuring trace gases traversed over about
100 km area of wetlands at several different altitudes sequentially; most of the
flights were at 150 m, 500 m and 1000 m above ground level. The flight observa—
tions in three different wetland areas showed high CH, concentration in the lower
‘troposphere near the ground surface. The daily variations in the spatial distribu—-
tion of CH, over wetlands revealed that the CH, emitted from the wetlands was
transported to the overlying atmosphere with the growth of the mixed Jayer. From
the vertical profiles of average CH, concentration, we estimate the spatially
averaged CH, fluxes over the studied areas. This resuit confirms the importance
of the West Siberian Lowland as a source of global atmospheric CH, budget.

p033 N ‘ . : .
Climate dependence of methane émission from
boreal wetlands: a proposed model structure

" G.A! Alexandrov
- Institute of Atmospheric Physics, .
Russian Academy of Sciences, Russia.

A number of global scale estimates and site scale field -

‘observations were made to evaluate the role of boreal
 wetlands as a-source of methane. But a reliable -

- prediction of climate feedback (increase of methane
flux due to global warming) from boreal wetlands is

. hardly to be drawn yet. One part of the problem is wide
scatter of flux values measured in the field, another =
part is the difference of ways by which the global
scale estimates can be drawn. Toward resolving the
dilemma, a regional model (compatible with some of
global carbon cycle models) of methane production in -
taiga landscapes is proposed. '

p034 Water vapor and methane measurements in the
troposphere over the Taklimakan Desert

Tadao Acki, Teruo Aoki and Masashi Fukabori
Meteoralogical Research Institule Tsukuba, Ibaraki 305, Japan

A ground-based instrument has been developed to remotely measure the ver-
tical profile of irace gases in the troposphere, where the absorption lines of trace
gases are selected by a very narrow band pass filter and scanned with a tunable
etalon. Measurements were made with the resolution of about 0.05¢m=! for the
absorption line of water vapor at 6541lem™! and that of methane at 5972em™t.
From the experiments in Tsukuba in Japan it has been found that the accuracy of
column amount of the retrieved water vapor is a few percent, which is much better
than those of current satellite observations.

Using this instrument measurements have been made for the water vapor and
methane at two sites of Taklimakan Desert; Hotan in October 1992 and Qira in
October 1993. Diurnal variations of the total column amounts of these gases are
discussed.



p035 Local sources and behavior of atmospheric methane in Nagoya, Japan,
inferred from carbon isotopes and atmospheric **Rn data

J.Moriizumi, J.Mase, K.Nagamine, T.lida and Y .Ikebe
School of Engineering, Nagoya University, Nagoya, Japan

To clarify the sources and behavior of atmospheric methane, we monitored the concentration
of atmospheric methane in Nagoya and measured its carbon isotopic composition. The
concentration fluctuated diurnally, and we collected air samples of various concentrations
for isotope analysis. Trace amount of methane in the sample was separated from the other
components and enriched with active carbon at -196°C. The enriched methane purified
with a gas chromatograph and combusted to prepare for isotope analyses. There was a
weak inverse correlation between the "“C content and the concentration of methane in the
samples. The correlation suggests that-fossil methane of little '“C content contributes to
the diurnal variation. We also monitored the concentration of atmospheric *“Rn. which is
one of trace components in the atmosphere, and we compared the concentration of the
2P with that of methane. They were similar in diurnal fluctuation. Radon-222 is a
radioactive and inert gas, and it is released from the ground to the atmosphere.
Meteorological factors such as stability of the atmosphere cause its diurnal variation. A
numerical simulation shows that the **Rn which contributes to the diurnal variation is
mainly originated from local area within several ten kilometers. For the similarity of
diurnal variation between methane and “Rn concentrations in the atmosphere. the fossil
methane is released from the same local area that the **Rn which contributes to the

diurnal variation is released.

p036 Significance of methane emission from coastal wetlands
(mangrove ecosystems) of India

G.R. Purvaja and R_Ramesh®
Centre for Water Resources, Anna University, Madras, India
8 presently at: Department of Earth and Planetary Sciences, Harvard University,
Cambridge, MA, U.S.A.

Methane is produced mainly by anaerobic bacterial methanogenesis, which occurs in

- wetlands, paddy fields, ruminant digestive systems, tand fill sites etc. Emissions from
wetlands are the largest natural source of methane (about 115 Tg/year-based on recent global
budget) to the atmosphere. Wetlands, consisting primarily of mangroves in sub-fropical and
tropical regions, typically occupy low-wave energy protected coastlines in bays, estuaries
and lagoons. Mangroves represent the dominant sofi-bottom plant communities of the
inarine ferrestrial transition zone and are both major source and sink for various trace gases
like methane. The chemistry of this ecosystem is strongly affected by natural and
anthropogenic processes and 4 variety of greenhouse gases are released to the atmosphere
through the sediment-water interface of the mangroves. The adverse changes due to
anthropogenic or human driven activities such as sewage discharge, oil pollution and
aaricultural runoffin the emission of methane have been determined spatially and temporally
from three different mangrove ecosystems of south India.

To refine estimates of source from the natural wetlands and to understand the processes
leading ta the production and emission of methane from the mangroves, year round field
measurements have been carried out, adopting the Closed Chamber Technique and analyzed
using a Gas Chromatograph with Flame lonization Detector. Properties of soil and water
influencing the emission and absorption of ‘methane are also discussed. [Estimates of
methane emission from the Indian mangroves to the atmosphere assume special significance
due to their enormous nature to emut methane. From the present investigation, lowest
methane emission was recorded at the site influenced by oil pellution, due to suppression of
gaseous exchange from the sediment to the atmosphere, while peak and highly erratic
emission rates were observed at the site severely affected by domestic effluent discharges.
The dats chtained from the year round survey was extrapolated to project 2 minimum-
maximum range using precalculated extent of mangroves along the Indian sub-continent to
determine their contribution of methane to the global atmosphere. The present study
indicates about 11 10 51 Tg CH, per year is contributed by the major mangrove ecosystems
of India. Attempts have also been made to predict the impact of naturaf and anthropogenic
forcing on the chemical composition of the atmosphere.
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p037 Tropospheric lavel of CH ; €O and Q. alon
g tha longest
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By .

L.8., Hingane
Indian Institute of Tropical Mateoxolegy, Pune-411008, INDIA

ABSTRACT

"In the llght of increasiny worldwida mixing ratic of ozone
precuracr gases like méthdna (CH,) . carbon monoxide (CO),the tropo-
upheric level of ozone has been azsessed over a region which remained
eonc  what unnoticed by the researchers but should be considered
important as frar as the bicganic activities are concerned. This
regien which lles along the foot of the Himalayas in Asia constitutes
1% of the world’s land area and supports 10t of its human population
as wall as 9%of herbivorous animal population. The production of CH,
by enteric fermentation of herbivorous animals and paddy fields "and
that of ©0 and N0z from burning of biomass and fossil fuel, over the
region has been estimated. The values obtained from this estimation
are uzed to define the lower boundary conditions in a one-dimensional
(3~P}) photochaemical dynamical model which is employ;d to examine the
tropoapheric level of ozone during winter {as residence time of air
during this season Is relatively more). It is, within the linitations
of 1-D model, clearly seen that the emission of enormous amount of
CH, and CO at the surface are escalating the tropospheric level of 0y

Obsgervational values also give the same indications.

p038 CONTINUOUS AUTOMATIC MEASUREMENTS OF N,0-, NO-, NOy-, AND
CH4-FLUX RATES IN A N-SUPERSATURATED TEMPERATE CONIFERQUS
FOREST IN BAVARIA

K. Butterbach, R. Gasche, and H. Papen
Fraunhofer Institute for Atmospheric Environmental Research,
D-82467 Garmisch-Partenkirchen, Germany

In an effort to establish a broader data base for the estimation of the contribution of
temperate coniferous forest soils to the global and regional budgets of N5Q, complete
annual cycles of NpO emission rates are determined by use of fully automated measuring
system in a-N-supersaturated coniferous forest in Bavaria (The "Hoglwald"). Since NO
is involved in the formation of troposheric O3, which istself is a greenhouse gas, NO ané
NO, flux rates are also measured continuously using a completely automated measuring
system. In order to estimate the sink strength of this N-supersaturated forest ecosystem
for atmospheric CHy, complete annual cycles of flux rates of this radiatively important
trace gas are also followed. Furthermore, the impact of liming of the acid soils on the
ﬂux rafes of these trace pases is studied. The design of the completely automated
measuring systems as well as first results obtained during autumn, winter, and spring
1993/1994 will be presented.
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Nitrous oxide fluxes from a drained organic soif, measured by chamber/GC
and chamber/IR methods

P. Ambus and S. Christensen (Department of Population Biology, University
of Copenhagen, Denmark); H. Clayton, K.A. Smith, JR M. Arah and A.
Scott (SAC, Edinburgh, UK); M. Maag and A.M. Lind (Soils and Crop
Research, Foulum, Denmark); B. Galle, D.W.T, Griffith and L. Klemedtsson
' (IVL, Gothenburg, Sweden)

During a two-week field campaign'in August 1993 several chamber methods
were used to measure NO fluxes from an organic soil in land reclaimed by
drainage. The site is characterised by high fluxes arising from denitrification
at ca 75 ¢m-105 cm depth. Arrays of closed chambers (<1 m* in size) were
employed, to%ether with both automated and manual GC . systems, 0
characterise the spatial and temporal variations in the flux. Ultra-large
(>60 m?) chambers were also used, to%etber \iilth 1Iong-path IR systems.
Fluxes were of the order of 50-100 g NO-N ha™* d7%; good agreement was
obtained between the different chamber methods, and between chamber and
micrometeorological methods (described in another poster presentation:

YT ncmvanviac at ol )

N,O emissions from rice paddy fields

H. Tsuruta, K. 'Yagi,.,K. Kanda, and T. Hirose
National Institute of Agro-Environmental Sciences, Japan

It is well known that rice paddy fields are one of the major sources of atmosphcr.ic
CH,. N,O flux, however, was not measured from paddy fields, although paddy soils
after water drainage for harvest are a possible source of atmospheric N,O. We have
initiated to measure N,O flux from a Japancse paddy field since Augus.t 1992 b'y a
closed chamber method, in addition to fluxes of CH, and CO,. The vertical proflle__s
of these gases in the soil have been also measured. In the no flooding period,. .fmm
August or September to coming April, when the s0il was under redu.ccd conditions,
N,0 and CO, were emitted, while the emission of CH, stopp-cd._ ‘During 2-3 fqonths
after the water drainage, N,O and CO, fluxes were higher with the dftcomposmox} of
organic matter, and the uptake of CH, to the soil was observed. In winter and spnng,
the emissions of N,O and CO, were much lower than in autumn due to the lowcf soil
temperature. No detectable emission or absorption of N,O was not found dunng a
flooding period from May to August in 1993. These results demonstrate thaf rice
paddy fields are also one of the sources of atmospheric N0, and the -NZO emission
rate from tice paddy fields is expected to be higher in the tropical region where soil
temperature is much higher than in the mid-latitude region.

p41

‘NO ‘and "N, O cmissions from fertilized soils
in field and laboratory experiments

- T. Hirose and-H. Tsuruta o
"’ National- Institute of Agro—Environmental Sciences; Japan

NO is emitted to the atmosphere from natural and fertitized soils as well as N,O. The
production processes and the factors controlling the emission ‘of NO, however,. have
not been made clear compared with N;O. We have carried out the field measurement
of NO and N,0 fluxes from fertilized soils with the application of nitrogen fertilizer -
to volcanic ash soils. The flux measurement confirmed the results of our previous
measurcments that NO flux was larger than N,O flux, and temporal change ‘of the
ratio of NO-N to N,O-N was observed. The measurement on the vertical profiles
of the NO and N,O concentrations in soil atmosphere showed that the depth of the
highest concentration was different. A few data from the measurement in a paddy
field after water drainage, however, showed NO flux was lower than N,O flux..
Focussing. on the factors controlling the temporal change of the ratio of NO flux to
N,0 flux, an incubation experiment is being performed. : o

p043

The Distribution of Light Haldgehated Hydrocarbons in the Troposphere

. R. Koppmann, F.J. Johnen, and J. Rudolph
Institut fiir Atmosphirische Chemie, Forschungszentrum Hilich, 52425 Jiilich, Germany

Halogenated hydrocarbons of different atmospheric lifetimes and similar source
distributions can be used as tracers for urban and industrial emissions and long range
transport. During the cruise ANT VIII/1 of the German research vessel Polarstern in
August/September 1989 the distributions of the atmospheric concentrations of light
halogenated hydrocarbons (CH3Cl, CH,Cl,, C,HCI; and C,Cly) were measured over the
Atlantic between 45°N and 30°S by in-sltuv gas chromatography. The methylchloride
distribution was uniform with an average mixing ratios of 532 + 8 and 550 + 12 ppt in
the Northern and Southern Hemisphere, respectively. Dichloromethane increased linearly
between the ITCZ and 45°N with average mixing ratio of 36 + 6 ppt and was almost
constant in the Southern Hemisphere with 18 +1 ppt on average. Tetrachloroethene
mixing ratios were between less than 1 ppt and 10 ppt in the Northern Hemisphere and
always below 3ppt.in the Southern Hemisphere. Similar to dichloromethane
tetrachloroethene was constant in the Southern Hemisphere and increased north of the
equator linearly towards more northern latitudes. This is compatible with the
predominantly industrial origin of these compounds. Trichloroethene varied between
0.3 ppt and about 15 ppt in the Northern Hemisphere with an average of 3 + 1 ppt and
was generally lower than 1 ppt in the Southern Hemisphere. These findings agree with
the results obtained during the STRATOZ {II aircraft campaign in 1984. In general, for
the halocarbons, except CH3Cl, the north-south gradients. are similar. Due to the
relatively long atmospheric lifetimes only small vertical gradients were found.
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Seasonal variation of several halocarbons in the Arctic troposphere at Alert, Canada

Y. Yokouchil, L. A. B'arriez, D. Toom?2 aﬁd H. Akimoto3
INational Institute for Environmental Studies, Japan, 2 Atmospheric Environment Service,
Canada, 3Research Center for Advanced Science and Technology, Tokyo Univ., Japan

Recent studies (Barrie-et al., 1988; McConnel, 1992) have shown the importance of -
halogens in the Arctic tropospheric ozone chemistry. Volatile halocarbons are possible
sources of the halogens (Cl, Br and I) through their chemical reaction. However, very
limited data are available for their seasonal change in the Arctic area. Therefore, we
conducted weekly measurements of trichloroethylene (CoHCI3), tetrachloroethylene
(C»Cly), dibromomethane(CHpBr;) and dibromochloromethane(CHBroCl) as well as
bromoform(CHBr3), through January, 1992 - September 1993. All the compounds
except for CHpBry showed significant seasonal variation. The concentration of C3HCl3
was around 6 ppt in December - February, and rapidly decreased to as low as 0.1 ppt
during March-April when the surface-ozone depletion occurred. CoCly showed less
seasonal variation in the range of 3 - 12 ppt. - The difference in their decrease ratio in the
summertime was almost consistent with the difference in their reactivity with OH radicals.
The concentration of CHBr3 (0.3 - 3.5 ppt) was approximately one- third of the values at
Point Barrow, Alaska reported by Ciceron et al.(1988), although its seasonal trend was
similar to each other. CHBrpCl and CHyBry which are likely to be natural-origin, did

not exceed 1 ppt.

p045  Accurate Measurements of CFC-114 and Halon Concentrations
in the Atmosphere

Limin CHEN, Yoshihiro MAKIDE, and Takeshi TOMINAGA
The University of Tokyo, Tokyo, Japan -

Among the chlorofluorocarbons and halons which have been internationally
regulated according to thc 1987 original Montreal Protocol and the following
revisions, 1eliable atmospheric measurement data and the distributions of CFC-114
(CCIF,CCIF;), Halon-1301 (CBrFs) and Halon-1211 (CBrClIF;) were not reported
because of their extremely low concentrations, some interferences in the analysis,
and difficulties in preparation of pptv (10-12 v/v) level calibration standards. We have
established an accurate measurement system and the analytical procedure for CFC-
114 and Halon concentrations in the atmosphere.

Atmospheric samples collected in Hokkaido or at Syowa Station in Antarctica
and stored in our laboratory from 1986 were analyzed. Sample aliquots in canisters
were preconcentrated and analyzed by electron—capture gas chromatography (ECGC).
While the halon and CFC-114 peaks arc usually overlapped with other halocarbons
and ECD-sensitive isomer CFC-1l4a (CCLFCF3), respectively, the complete
separation of these compounds were attained with the double column system or with a
special column for isomer separation. Vertical distributions of CFC-114 and halons
up to the mid—stratosphere were also obtained by analyzing the stratospheric samples
collected with a balloon—borne liquid-helium cryogenic sampler. The annual
increasing rates of these compounds in the troposphere have been slowing down since -
1990 while they are still larger than other major CFCs (such as CFC-11 or CFC-12).
Even after the complete phase out of these compounds, it will need a long time before
the concentrations begin to decrease due to their extremely long atmospheric lifetimes.

p046 ATMOSPHERIC CHEMISTRY OF FO,, CF,0 and FCO, RADICALS

Ole I. Nielser, Thomas Ellermaunn, Jens Sehested and Knud Sehested
CRS, ES&T Dept, Risg National Laboratory, DK-4000 Roskilde, Denmark

'Ifl:fe atmospheric chemistry of FO,, CF,0 and ¥CO, radicals have been studied
using pulse radiolysis combined with UV absorption spectroscopy. Upper limits for
the rate constants of the reaction of the FO, radical with Q;, CH,, and CO were
determined to be <3.4x10%, <4.1x10, and <5.1x10% ¢cm’molecules™, respec-
tively. The rate constants for the reactions of FO, radicals with NO and NO, were
measured to be (147=0.08)x10™ and (1.050.15)x10" crm’molecule™s?, respec-
tively. From computer modelling of experimental absorption transients at 254 nm
and 276 nm, upper limits of the rate constants for the reaction of CF,0, and
CE;O radicals with ozone were determined as <05x10™ and <1x10% ,
cm’molecule™s™. UV spectra of FCO and FC(O)O, radicals were measured aver
the ranges 265-275 and 220-290 nm, respectively. The decay of UV absorption was
used to study the kinetics of the self reactions of FCO and FC(O)O, radicals.
Observed self reaction rate constants weie (1.1£0.2)x10™ and (6.0£0.7)x1072
cm’molecule™s™. A rate constant, (12+0.2)x10™ com’molecules™, was derived for
the addition reaction FCO + O, ~ FC(0)0, in 1000 mbar of SF, diluent. Rate
constants for the reactions of FCO, FC(0)O, and FC(0)O, radicals with NO were
determined to be (LO+0.2)x107%, (13+0.7)x10™, and (2.5*0.8)x10™,
cm’molecule™s™, respectively. An upper limit of <6 x 10 cm®molecnlels? was
measured for the reaction of FC(O)O radicals with O, Results are discussed with
respect to the atmospheric chemistry and potential ozone depletion of HFCs.

p047 Reactions of Perfluoroalkyl Radicals (CF, and C,F,) with O,

H. Sato, M. Tzkeuchi, and R. Isaki
Department of Chemistry, Faculty of Science,
Science University of Tokyo, Japan

Hydrofluorocarbons (HFCs) have been used already as alternatives to fully
halogenated chlorofluorocarbons (CFCs), because HFCs are less stable in the
?tmosphcrc than CFCs and thus have greatly reduced global warming potentials. It
1s necessary to understand their degradation mechanisms in the atmosphere in order
to assess the lifetimes of HFCs and secondary pollution by their degradation products.
CF, and C,F; radicals are formed during the tropospheric degradation reactions of
HFC-134a (CH,FCF3), HFC-125 (CHF,CF;), and 5FP (C,F,CH,OH). Therefore, the
reactions of these perfluoroalkyl radicals with O, have been studied by using FT-IR.
To generate CF, and C;F;, the H abstraction reactions of CHF; and CHF,CF, and the
photodissociation reactions of CF;I and CF,CF,I were performed. These fluoroalkyl
radicals reacted with O, to form the peroxy radicals, and finally to form CF,COF,
CF,0, and CF;000CF, as the major products. The effect of the O, partial pressure
on the yields of these degradation products was also investigated to evaluate the F
abstraction reaction by O,. The possible atmospheric significance of these degradation
products is discussed.




p048 p050 HYDROGEN CHLORIDE RELEASE FROM SEASPRAY:

C-C Bond Cleavage of Fully Halogenated Chlorofluoroethoxy Radicals

R. Isaki and H. Sato”
Department of Chemistry, Faculty of Science,
. Science University of Tokyo, Japan' -

Many investigations about the degradation mechanisms and products of
hydrochlorofluorocarbons (HCFCs) and hydrofluorocarbons (HFCs) under atmospheric
conditions have been reported already. In those degradations, the “fully halogenated
chlorofluorocthoxy radicals can react by two main pathways; (a) unimolecular
decomposition by C-C Bond Cleavage, and (b) unimolecular decomposition by
chlorine atom climination. - ' o

CCXCX,00 + (M) = *CX; + CX,0 - (@)

CX,CCXO* + M) — CX,CXO + Cl .. 7 . :
The branching ratios of these pathways (1) and (2) about CX,CCLO, CX;CCIFO, and
CX,CF,0 (X=F,Cl) have been studied by using FT-IR. Thesc haloethoxy radicals .
were formed by the Cl atom-initiated oxidation reactions of CHX,CX.. CX;CXO0 and
CX,0, the degradation products, were determined from the FT-IR spectra in order to
obtain the branching ratios: The branching ratios are found to be comelated to the
differences in the heats of decomposition reaction, -AHg—-AHg,, which are obtained by
the group additivity ‘method (Benson, 1976) or the ab initio calculations.

p049  DRS-IR measurement of the surface products on sodium chloride particles
exposed to the ambient air in the Arctic - '

S. Kutsuna and T. Ibusuki
National Institute for Resources and Environment, MITI, Japan

The role of heterogeneous reactions on sea salts in the formation of nitrous acid (HONOQ)
in the Arctic during polar sunrise was studied. A diffuse reflection type FTIR
spectrometer was used to measure surface products on sodium chloride (NaCl) particles
exposed to the ambient air at Alert, North West Territories, Canada (82.5°N, 62.3°W),
The ir absorption bands due to nitrite ion (NO2-) on NaCl were observed in both win_tcr
and spring, while the intensity in winter was greater. In winter a heterogeneous reaction
of dinitrogen pentoxide (N205) on NaCl is probably the major formation pathway of
NOq~ on NaCl, by considering the accomulation rates of NOy- owing to several nitrogen
species in our laboratory and their atmospheric concentrations at Alert. The formation

of NO2" in spring may imply other heterogeneous reactions involving some gaseous

reactants other than NoOs,

FIELD MEASUREMENTS IN CLEAN AND POLLUTED
"~ AIR MASSES IN A TROPICAL AREA e

. Tavares, T.M. and Rocha, V.C. .-
Chemistry Institute, Federd! University of Bahia, Brazii - % -

"Hydregen chioride represents a- chicrine reserveir: specially'in’ winter fow
temperature stratrespheric clouds over the artic regions. One of the largest
source of HC in the atmosphere is the Seaspray as a result of its relsase
due to adsorption of S0z andlor HaS04, NOp andfor HNO3 and other
gaseaus species from the atmosphere. fts most important removal process in
the troposphere is reaction with NH3 and wet deposition (washout or closed
incorporation followed by rainout). C- ‘

Field measurements in the coastal area around 120375 and 380wy have been
made simuftaneously for 24h sampling for gaseocus NHy and S0z using
denuders tubes, for gaseous HCI and HNO3 and fine parliculated NH4NO4
and HyS504 with a thermodenuder system and for anions and Na* in

N parhculgs fractionated by size with a six stage Bemer impactor.
Determination were camied out by fen chromatography for anions, flame
photometry for sedium ion, spectrophotometry with pararcsaniline for S0;
and with indophend biue for NH*4. . o

Concentrations of gaseous HC) and of CF in seaspray particles ranged
respectively from 0.51 to 1.9 (average 0.98) and from 5.2 to 11 po/m3 in
clean air masses from the Atlantic and from 0.075 to 1.5 and from 0.7 to 6.5
in same air masses enriched by industrial poliution. Taking sea salt
production as 1,000 Tg/yr and HCUCI* ratio of 1/5 cbtained for these tropical
conditions, annual production of HCI from seaspray would be 100 Tgiyr.
Chloride deficit in particles were higher than accounted by levels of NO-3 and
S0=4 present, indicating adsorption of other species onto seaspray particles,
H?:i pllus NH4C! tevels did not account for all the chloride deficit in the marine
particles.

p051 Global Emissions of Organochlorine Pesticides

Eva C. Voldnerl, M. Trevor Schoitz2,
Keith A, Davidson?, Arthur Li! and Carol Slama2

Estimation of pesticide emissions to the atmosphere are essential input to global scale
mod}els for the transport, transformation and deposition of organochiorines. Such models
are Important tools for determining the historical and future trends of the impacts of
pesticides on sensitive areas. The trends in emissions are also important for understanding
and predicting the response times of various components of the ecosystem to changes in
the atmosphetic loadings of these sir toxics. Estimates of emissions for areas of heavy
Eestlcide use, worldwide, have been made for several pesticides of concern such as DDT,
l{ndane, toxaphene and atrazine using a numerical air-surface exchange model. The model
simulates the movement of pesticides in soils and their volatilization from the surface and
canopy to the atmosphere following application to agricultural lands and crops. The
emissions are dependent on pesticide application practices and use rate, as well as
meteOfology, soil properties and the physical/chemical properties of the pesticides. In
preparing the inventory, pesticide use data and model input data characteristic of each area
were used in the air-surface exchange model. '

1) Environment Canada, Downsview, Ontario, Canada,
2) Ortech, Mississauga, Ontaric , Canada
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Airbome Hydrocarbon Measurements During The North Atlantic Regional Experiment,
1993 '

P. Goldan, B. Kuster, F.C. Fehsenfeld and M. Trainer
U.S. Dept. of Commerce, Aeronomy Laboratory, Boulder, Colorado USA
H. Niki
York University, Chemistry Dept., Toronto, Ontario, CANADA

An automated gas chromatograph, capable of immediate analysis of whole air samples for
the light alkane, alkene and alkyne hydrocarbons from ethane to pentane, was flown aboard
an aircraft based in Portland, Maine, USA during August 1993 as part of the North Atlantic
Regional Experiment (NARE). Samples were acquired and analyzed every 15 minutes
allowing the determination of vertical distributions from central Massachusetts USA
(72°W) to Sable Island, Nova Scotia, Canada (60°W). Samples acquired during low level
over flights of ground based measuring sites and during paired flights with other aircraft in
the NARE program provided hydrocarbon measurements for comparison with other data
sets. The use of these data to better understand the spatial distribution of anthropogenic
ozone precursors in the North Atlantic region and as corroboration of other anthropogenic

tracer measurements will be presented.

p053 The Soluble-Organic Fraction of Aerosols as Determined in NARE

§.-M. Li, C.M. Banic, W.R. Leaitch, P.S.K. Liu, H.A. Wiebe
Atmospheric Environment Service, Downsview, Ontario, M3H 5T4, Canada

X.-L. Zhou, and Y.-N. Lee
Brookhaven National Laboratory, Upton, New York, 11973, USA

During a five week period in August and September, 1993, aerosol chemical and
physical measurements were made near the coast in southern Nova Scotia, Canada as
part of the North Atlantic Regional Experiment (NARE). Aerosol samples were
collected on teflon filters both at a coastal ground site at Chebogue Point (37 filters of
approximately 3 hour duration each) and within a 100 km radius at altitudes up to 5
km with the Canadian Institute for Aerospace Research De Havilland Twin Otter.
aircraft (39 filters of 30 minutes to 1 hour each). During filter collection, dry aerosol

size distributions were measured continuously at the surface and aloft using Particle

Measuring System-PCASP-100X light scattering probes. Total small aerosol
concentrations were determined with a TSI 3025 Ultrafine Condensation Particle
Counter and at surface with a TSI 7610 CN counter. The CCN concentrations at 0.3%
supersaturation were measured at the surface with a DH Associates MI CCN counter.
The filter samples were analyzed for inorganic ions including SO,~, NO;, CI', NH,",
Na*, K*, Ca™, Mg™ and for water soluble organic species including formate, acetate,
propionate, pyruvate, oxalate, glyoxylate, pyruvate, methanesulfonate, formaldehyde,
and glycoaldehyde. This paper investigates the relationship between the inorganic and
organic species. It will also assess (1) the abundance of the organic species compared
with the water soluble mass and compared with the total mass determined by the
PCASP probes, and (2) the efficiency of these species as CCN.
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Airborne and Surface Formaldehyde and Multi-Oxygenated Carbonyl Measurements
During the 1993 NARE Intensives

. . Yin-Nan Lee and Xianliang Zhou
Environmental Chemistry Division, %rookhaven National Laboratory, Upton, NY
.S A

Formaldehyde (Fa) and mulﬁ-oxygcﬁated carbonyls, including glycolaldehyde (Ga
glyoxal (Gly), methylglyoxal (Mgl), glyoxylic acid (Gl-A) anﬁ g;ruvic acig (P)S—A)):
were measured both on the ground at a coastal site (7-min integrated every 30 min) and '
?lofL up to 5 km, on bgard a Canadian NRC Twin Otter (3-min integrated, continuous)
in southcn-x Nova Scotia, Canada, during the 1993 NARE summer intensive. ‘The
concentrations of Fa on the ground and aloft ranged up to ~3 ppb and ~4 ppb,
respectively. The multi-oxygenated carbonyls exhibited concentrations in decreasing
order: GI-A > Ga~Mgl~Gly > Py-A, and on occasions surface concentration of GI-A
approached that of Fa. While the photochemical reaction products Fa, Ga, Gly, and Mgl
correlated strongly, GI-A, Py-A and an unknown soluble carbonyl, which were also well
correlated, displayed a distinct diumnal pattemn decoupled from the photochemical
signatures, suggesting possible local biogenic sources for the latter group. The vertical
distribution of formaldehyde and its relation with that of ozone and accumulation mode
particle concentrations permitted assessment of the relative importance of photochemical
production and transport in governing ozone in both boundary layer and free
troposphere. In the shallow marine inversion layer, Fa showed markedly reduced '
concentrations with respect to Oz, indicating that deposition to surface water is an
important loss process for Fa. The relationships of the carbonyls with hydrocarbon
precursors and the contributions of the carbonyls to free radical, O3 and CO budgets in
this geographical region will be discussed.

p055 Trace Gas Measurements over Southern Nova Scotia during the 1993 NARE

L. Kleinman, P. Daum. S. Springston, J. Lee, Y.-N. Lee, and X. Zhou
Brookhaven National Laboratory, Upton, NY, USA

R. Leaitch, C. Banic, and G. Isaac

Atmospheric Environment Service, Downsview, Ontario, Canada

I. MacPherson

Institute for Aerospace Research, Ottawa, Canada

H. Niki '

York University, North York, Ontario, Canada

As part of the summer 1993 NARE intensive, the Canadian National Research Council
Twin Otter was used to measure the concentration of O, and O, precursors in a series of
more than 40 vertical profiles over the NOAA surface site in Chebogue, Nova Scotia.
Under conditions of southwest flow this location is downwind of plumes from major
eastern US cities. Elevated concentrations of O; (up to 120 ppb) and other pollutants
(CO, VOC’s, NO,, SO, and aerosol particles) were observed in distinct layers at altitudes
petween 500 and 3000 m. Correlations between pollutants are similar to that observed
in cor.lﬁnental locations. We will present an overview of these trace gas measurements
focusing on concentrations as a function of aititude, dew point, and photocherrﬂcal age
as determined by the ratios of light hydrocarbons. Evidence will be presented for an
anthropogenic influence on O,, even in dry layers at high altitude. '
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Measurements of Tropospheric Nitrogen Oxides in the Central North Atlantic Region

R. E. Honrath and M. C. Peterson
Dept. of Civil and Environmental Engineering
‘Michigan Technological University, U. §. A.

We report the. results of measurements of NGy (total reactive nitrogen) and ‘.NO made
at a site in the Azores Islands during August 1993 (27.35°W, 38.73°N, elevation 1 km).
Thése measurements were made during the summer intensive of NARE (North Atl_a.nt%c
Regional Experiment), with the aim of inyqsti'gating the extent of impacts'o_f anthropo genic
emissions (primarily North American) on the photochemistr?r ?f the nud-N;orth Atlantic
troposphere. Air sampled at the site was frequently characteristic of the marine bQIfndary
layer (MBL) in that region of the North Atlantic; however, free tropospheric-air was
observed following passage of cold fronts. NO, mixing ratios ranged ffom below IOQ PPty
to >1 ppbv, with the higher levels refiecting periods when the site was influenced by, 1s}and
sources and, on at least one occasion, free-tropospheric air unaffected by local emissions.
The extent to which evidence of anthropogenic impacts on tropospheric'compositil_c.)n was
observed will be discussed using these measurements, in conjunction with observations of
a number of other species made at the site by collabqfating investigators and the results of
back-trajectory analyses. ' -
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Impact of anthropogenic emissions on the North Atlantic atmosphere
Prasad Kasibhatla, Georgia Institute of Technology, Atlanta, Geargia, U.S.A

The 11-level GFDL global chemical transport model {GCTM) has befan u_sed 10 assess the
impact of anthropogenic and natural sources on the global NO, dismbuu?n. The Gm,
whicly has a horizontal resolution of ~265 km, is driven using meicurolugwa.l data from a
GFDL general circulation model, NO,, HNOs, and PAN are expliciﬂ).,r treated in the F}CTM
as transported specics, with their chemical inierconversion rales speci fied ﬁl'on"n ofl-line cal-
culations. NOy, sources specificd surface-based fossil fuel combustion enussions (21 tg_EIN
year'l), biomass burning cmissions (8.5 tg N yci,m"]), biog_cnic: cmissions (5.6 tg N year™),
production in lightning discharges (3 ig N year’ h produculon in the stratqsphere (0.65 12 N
ycar‘l), and sub-sonic aircraft emissions (0.45 1g N year™), The model is curre:nuy being
cxtended to include a more complete on-line tropospheric chemisuy.modu!e. in order 1o
study the factors governing the distribution of tropospheric ozone and of its precursors.
Analysis presented here will focus on detailed comparisons of model results with Incasure-
ments taken during the NARE 1993 field campaign over the north-western At]antfc QOcean,
The mechanisms governing the spatial and temporal variability in model fcsults will be elu-
¢idated, and concurrent analysis of obscrvations, using tools such as trgjectory box model
calculations, will be performed to shed light on the factors regulating the export of anthro-
pogenic emissions to the North Atlantic atmosphere. Such s stuc_ly can be used to test our
understanding of the chemical system in this region, as well as 10 interpret the spatially- and
teraporally-limited measurements in terms of a broader basin-scale and seasonal context,
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Modeling the Role of Continental Emissions on Tropospheric Ozone
"+ Over the North Adantic Ocean* .

C.S.: Atherion, 7. Penner, 8. Sillman?, and J. Walton,
- -. Global Climate Research Division ,
Lawrence Livermore National Laboratory
) P.O. Box 808, L-262, Livermore, CA 94551 USA
TDepartment of Atmospheric and Oceanic Science, University of Michigan,
: o -‘Ann-Arbor, MI 48109-2143 USA ' -

- - Man's activities may significantly affect the concentrations of a number of
.chemically and radiatively important tropospheric gases, including O3, OH, PAN, and
NOQOy. We have developed a global, three-dimensional, chemistry-transport-deposition
model of the troposphere (GRANTOUR) which includes the oxidation cycles of CO,
CHg4, and non-methane hydrocarbons (NMHCs). The model predicts the concentrations
-of 76 species, including O3, OH, PAN, NO, NOg, HNOQO3, CQ, isoprene, and other
NMHCs. Here'we investigate the role of North American emissions on ozone levels over
the North Atlantic Ocean and adjacent regions. Model simulations are conducted using the
IGAC emission databases for anthropogenic NOy and biogenic hydrocarbons, as well as
CO, NMHCs, and other NOy sources, We examine a base case and two scenarios in
which emissions cver the North American continent are significantly reduced to assess
the effect of North American emissions on the North Atlantic and nearby regions. To’
assess its validity, model results from the base case simulations are compared to data
from the NARE campaigns. ' C

*This.work was performed under the auspices of the U S, Depanmém of Energy by the Lawrence
Livermore National Laboratory under Contract No. W-7405-Eng-48, '

po59 , Trajectory Modelling of the North Atlantic Region

0. Wild, K.5. Law and J.A. Pyle
Centre for Atmospheric Science, Cambridge, U.K.

Measurements taken over the Azores and Tenerife by the Meteorclogical Research
Flight during the OCTA Campaign in August 1993 indicate the possibility of long-
range transport of pollutants from North America to the western coast of the At-
lantic. To test this hypothesis, analysed wind fields are used to perform a trajectory
analysis for the region of Izafia, Tenerife, to determine the sources of air masses for
the period of August. These 3-D back trajectories are used to define a climatology
for the period. A photochemical trajectory model is run along a number of represen-
tative trajectories to determine the sensitivity of the chemistry to the meteorological
conditions. The sensitivity of the chemistry to a range of realistic initial chemical
conditions is also investigated. These runs are then used to assess the importance
of North America as a source of pollution for the western coast of the Atlantic. The
relative contributions of photochemically aged air from Europe and North America
to the composition of the air at the site is also examined. :
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Large-Scale Air Mass Characteristics Observed Over the
Western Pacific During the Summertime

E. V. Browell! and PEM-West A Science Team
INASA Langley Research Center, Hampton, Virginia, U.S.A.

Remote and in situ measurements of gases and aerosols were made with airborne
instrumentation to investigate the sources and sinks of tropospheric gases and
aerosols over the western Pacific during the NASA Global Tropospheric
Experiment (GTE)/Pacific Exploratory Mission-West conducted in September-
October 1991(PEM-West A) . At low latitudes, the airflow was generally from the
east, and the air had low O3 and low aerosol loading. The O3 was less than 10
ppbv near the surface to less than 30 ppbv in the middle to upper troposphere.
In the mid and high latitude regions, the air flow was mostly westerly, and the
background O3 was generally less than 55 ppbv. On 60% of the PEM-West
flights, O3 was observed to exceed these levels in regions that were determined
to be associated with stratospheric intrusions. In convective outflows from
typhoons, near-surface air with low O3 (<25 ppbv) was transported into the
upper troposphere (>10 km). Several cases of continental plumes from Asia were
observed over the Pacific during westerly flow conditions. These plumes were
found in the lower troposphere with O3 levels in the 60-80 ppbv range and with
enhanced aerosol scattering. The frequency of observation of these air mass
types and their average chemical composition are discussed in this paper.

po6! Ratios of Reactive Nitrogens over the Pacific during PEM-West A

M.Koike!, Y.Kondo!, S.Kawakami! H.B.Singh?, H.Ziereis?, and J.T.Merrill*
1. BSolar Terrestrial Environment Laboratory, Nagoya University, 3-13 Honohara,
Toyokawa, Aichi, 442 Japan
2.NASA Ames Research Center, Moffett Field, CA 94035
3. German Aerospace Research Establishments (DLR), 82230 Wessling, Germany
4. Center for Atmospheric Chemistry Studies, Graduate School of Oceanography,
University of Rhode Island, Narragansett, RI 02882 '

Measurements of total reactive odd nitrogen {NOy) and known individual odd nitro-
gen species were made over the Pacific Ocean in September and October 1991 during
the NASA Global Tropospheric Experiment, Pacific Exploratory Mission - West A
GTE/PEM-West A). The ratios between active nitrogen (NOx), peroxyacetyl nitrate
PAN), and NOy have been investigated in these data. The NOx/NOy ratios in the

continental air showed a C-shaped vertical profile, while they generally increased with.

altitude in the oceanic and tropical air. In the middle troposphere, the NOx/NOy
ratios were similar in continental, oceanic, and tropical air. The PAN/NOy ratios in
the continental air were systematically: higher than those in the oceanic and tropical
air. The observed features show that the influence of the anthropogenic emissions on
both the continental and the oceanic air. The high latitude air is characterized by
low NOx/NOy ratios and high PAN/NOx ratios probably due to the low atmospheric
temperatures. ‘
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Reactive Nitrogen over the Pacific Ocean during PEM-West A

Y. Kondo,! H, Ziereis,2 M. Koike,! 8. Kawakami, [G.L. Gregory,3 G.W. Sachse,3
___ H.B. Singh,4 D.D. Davis,5 and J.T. Merrill6
1 Solar Terrestrial Environment Laboratory, Nagoya University, Toyokawa, Japan
2 German Aerospace Research Establishments (DLR), Wessling, Germany
3 NASA Langley Research Center, Hampton, Virginia :
4. NASA Ames Research Center, Moffett Field, Califormia ‘
5 School of Earth and Atmospheric Sciences, Georgia Institute of Technology, Atlanta
6 Cpnten: for Atmospheric Chemistry Studies, Graduate School of Oceanography
University of Rhode Island, Narragansett, ’

Aircraft measurements of NO and NOy were carried out during NASA’s PEM-West-A.

Measurements were made over the Pacific Ocean, predominantly over the western Pacific

Ocean in S_eptembe_r and October 1991, The NO, calculated NOy, and NOy mixing ratios

in the continental air are significantty higher than in the maritime air, In maritime atr, NO

increased with altitude. In continental air, NO and NOy mixing ratios showed aC

shaped profile, NO_i: didn’t show an apparent altitude dependence neither in maritime nor

In continental air. The lowest values of NO, NOy, NO,}, PAN, and O3 were observed in :

tropical airmasses throughout the whole altitude region. PAN, O3, CO, CHa, and CoHg i

%itgsgz;\;a bse:g usitzgotszdg tl;le bud;glet of the reactive nitrogen over the Pacific Ocean. 4
gest that photochemical production of O i £

continent is important for the O3 budget%) 3 from precursor spacies aver the 4

An A ent of the Photachemical O, Tendency fn the Western North Pacific as . ' i
Tnferred from GTE/PEMWest{A) Observations during Fall 1991 :

D.D. Davis, J. Crawford, G. Chen, J. Bradshaw, and §. Sandhoim i ‘
Schoot of Earth and Atmospheric Sciences, Georgia Institute of Technalogy, Adanta, |
GA 30332 i
G. Sachse, B. Anderson, J. Collins, J, Barrick, and E. Browell : ‘
NASA Langley Research Center, Hampion, VA 22331 ’ : "
D. Blake and S. Rowland '
Dept of Chemistry, University of Califoria at frvine, Irvine, CA 92717y i
H. Singh !
NASA Ames Research Center, Moffett Ficld, CA 94035 i
Y. Kondo d
Nagoya University, 3-13 Honohara, Toyokawa, Aichi, Japan 442
B, Heikes and 1. Memill il
University of Rhode Island, Narragansett, RI 02882-1197 i‘
R. Talbot L
University of New Hampshire, Durham, NH 03824 . i

Based on the results from nearly a (housand independent  observations, ;
photachemical box modelling calculations have been used [o explore the photochemical “‘
ozone tepdency of the western Pacific during the fall season of 1991, By filtering the ’ i
ob.se:vaucms according 1o a fixed zenith angle range {c.g. 30°-55°), meaningful :
[atitudinal and altitudinal trends were d for mode! estimated values for the ozone ' |
tendency, P(0;). The bulk of these dam Fell into two large geographical zones having 1 ‘
distinetively different chemical characteristics. The first of these zones has been labelled ' h
the North Pacific Rim region and the second the tropical western North Pacific corridor. : J‘
The first zone covered the latitude range of 45 to 18°N, the second from 18 to 0°N. H
With the exception of a small sub-set of data collected in the polluted marine boundary ) Il
layer near the coast of Japan and China, the altitudinal trend jn P(O,) tended to be out - \I|
of phase vmb other erilical pholochemical parameters such as OH. For example, with ‘
!he' exception of the coastal data, P(Q;) was on average negalive at all latitudes for i
altitudes Jess than 6 km. However, for the latitlude range 18-42° N and altitudes above
6 km, P(O,) was nearly always positive. Between 0-18° N and above 6 km, P(O,) was ' i
found to be much lower in magnitude and to oscillate between negalive and positive 1

~ values. In general, therefore, the calculated value of P(0,) was shown to have increasing
positive values with increasing latitude and altitude. Correlations with other
photochemical species/parameters revealed that the mixing ratio for NO was the single
most important factor controlling the sign and magnitude of P(Qy). To be discussed are
ﬁe dc:ailed rc:;:m;q%j processes ;onrtlrollin% P(0,} as a function of altitude and latitude, ||

€ nature of the NQ, source at high altitudes, and the photochemical .
western North Pacific. ¢ 7 emical O budget or the

-3 - i ;‘\ii
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H,0, and ‘CH;00H Distributions Over the North Pacific

-+~ ... Brian Heikes and Mechye Lee ~ . .- .~ ..
GSG/CACS, University. of Rhode.Isla:_l,d,' RI, USA

xploration of tropospheric net-ozorie production and "sulfur','_'oxil(.iatlo.n over the
g‘e;r;rﬁxggrﬁlpaciﬁc OEea:I:, Hzog'and_'CI:-I3:OOH__wetc‘mea§u::d using'a coﬂ-cql}l)pgﬁr
HPLC-analysis method. The measurements were man_ig dqnng ,the__I\I_ASA/G’I“Ed -
West:A ‘fﬁiss_idn and were part of the IGAC/APARE program. The airborne study. (;vztxs
conducted in Sept. and Oct. of 1991 and cxtended- from 0.3. to‘12._5.km anq from. 0
60 N Latitude. Results show a latitudinal gradient in both peroxides at all ?lutufies,fe. g,
between 3 and 5 km H,0, median values decrease fr9m_ 1700 to 500 pptv in going from
0-15 N to 45-60 N, and the corresponding decrease in CH3OOH was 1100 to 200 I;fts
Concentration maxima are observed in both species at altitudes of 2 to 3 km with 'Ozf )y
concentrations below 1 km lower by 30%, 10% for CH300}I, and by a fa;_:tor' of 1 '(t)l:
both above 9 km. The H,0, to CH,O00H ratio increa§ed \;flth alu‘tude.ax}d lantudg \;.1'1 _t
ratios <1 in the tropical surface layer and ->2-at mid-latitude h1gh.a1t1t'ude.- -H]hg es
peroxide concentrations were encountered over the. Celebes Sea in air Whli: \lvai
impacted by aged biomass fire and urban poliutants. CH;OOH was b_elow the e:vtei o
detection in stratospheric air, H,0, exceeded SO, 95% of the time, with the exceptions
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- "Spatial and temporal variability of aerosols over the North Pacific:
estimates of anthropogenic contributions.

I.M. P:OSpe;'Ql, D.L. Savoiel, R. Arimoto?, R.A. Duce3,

"University of Miami, Miami, FL, 2University of Rhode Island, Narragansett, RI
Texas A& M University, College Station, TX
Aerosol measurements have been made almost continuously in a network of stations in
the central North Pacific beginning in the early 1980's as a part of the SEAREX
program. In 1991 the network was augmented in the western Pacific in conjunction
with the NASA Pacific Exploratory Mission - West (PEM-West). At all sites weekly
filter samples are collected (daily during intensives) and subsequently analyzed for a
variety of species: nss-SO,= and NO;y-; selected trace metals (including Sb, Al, V and
Se) that provide information on source regions and source type; and methanesulfonate
(MSA) which is used as a surrogate for oceanic DMS. There is evidence of substantial
anthropogenic impacts at all sites in the North Pacific. At the western Pacific sites
(Hong-Kong, Taiwan, Okinawa and Cheju, Korea) the mean concentrations of NO;
(1.9-5.1 ug m3) and no -sea-salt SO~ (4.2-9,3 uo m3) are among the highest that we
have observed in any ocean region in the world; they are about an order of magnitude
higher than those at the three central Pacific locations (Shemya, Midway and Oahu)
where the means are 0.22-0.35 ug m3 for NO,-, 0,37-0.53 pg o3 for nss SO,=. At the
central Pacific sites, oceanic DMS (based on MSA) contributed over half of the nss-

generally above 9 km. Above 3 km, O, increases with decreasing H,0, and CH,0CH.

$O,=; in contrast, at the western Pacific sites oceanic DMS contributed less than 5-
Below 3 km, the O,-CH;00H trend is the same but Oj increases with increasing H,0,. : , o _ . ‘

10% of the nss-SO,=,
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Effects of Typhoon on Semi-Global Scale Mass Transport

r the Northern Pacific Qcean Aircraft measurements of tropospheric ozone over the western Pacific Ocean
ove

Yukitomo Tsutsumi, Yukio Makino, Miwako [kegami and Yuji Zaizen

T. Kitada', T. Yamamoto' and Y. Kondo? Meteorological Research Institute, [-1 Nagamine, Tsukuba, Ibaraki, 305 Japan

'Dept. Ecological Eng., Toyohashi Univ. of Tech., Toyohashi 441, Japan

w i : i - ‘ . -
!STE Lab., Nagoya University, Toyokawa 442, Japan ¢ made an aircraft observation of tropospheric ozone between Japan and Philippine

in January 1993. The round-trip flights ranged between 4.2 km to 4.6 km altitude were
made over Okinawa islands in Japan, Luzon island, Cebu island, and Mindanao island in
Philippine (from 34.5° N to 4.65° N) along the longitude of 125° + 5°E,

The weather condition on the southbound flight route to Davao was fine except over
Okinawa where covered with nimbostratus below the aircraft. The high ozone mixing
ratio about 50 ppbv and low water vapor mixing ratio were observed from Osaka to
Cebu except over Okinawa marked a few ppbv lower ozone level and higher water vapor
mixing ratio. The weather condition of local flight over Davao (~4.65° N) was rainy and
water vapor mixing ratio was high and ozone mixing ratio was very low (about 20 ppbv).
The ozone mixing ratio of transition area between fine and rainy condition (about 10 - 8
° N on south bound and 10 - 14° N on north bound) was variable. ‘

The ozone mixing ratio changed from 55 ppbv fo 30 ppbv across the boundary at 24°
N. Isentropic back trajectory analysis of air parcels starting from several points on the
flight route was made, It appears that the ozone decrease around 24° N was attributed to
the difference of the trajectory paths. The air parcels around 21° N came from south
part of China, on the other hand those around 25° N came from Pacific Ocean.

The results of the Pacific Atmosphere Chemistry Experiment from Australia to Japan
will be also reported.

ul —~ 74— -7~
]

| During the months of August to October, typhoon, i.e. a tropica% cyclone
born over equatorial Pacific ocean, frequently reaches to the mid-
latitudinal Japan area. Strong vwinds in associstion with the typhoon

: should largely contribute to the mass transport into bgth upper
troposphere and remote Northern Pacific of anthropogen%c pollutants
discharged over East Asia. In this study, a 3-D Eulerian tran§port/
chenistry model in spherical coordinate, with 29 advected species and 930
i chemical reactions, is developed and used to simulate spatial

| distributions of trace chemical species over east Asia and the porth—

: vestern Pacific ocean for the latter half of September in 1991.

The simulations were performed by using the Global Analysis Data for 3D
meteorological fields by the Japan Meteorological Agency and anthro-
pogenic emission sources in East Asia. The results are compared

with PEM-WEST(A) data, and analyzed, for instance, in terms of upward
mass fluxes due to the typhoon and effects of precipitation on
concentration-distributions.
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Ozone and Aerosol Measurements Made Over the Tropical Atlantic
During the TRACE-A Field Experiment

E. V. Browell, C. F. Butler, M. A. Fenn, W. B. Grant,
G. L. Gregory, B. Anderson, and J. Fishman
NAGSA Langley Research Center, Hampton, Virginia, U.S.A.

Large-scale distributions of O3 and aerosols in the froposphere were obtained
over the tropical Atlantic with remote and in situ airborne instrumentation during
the NASA GTE/TRACE-A (Global Tropospheric Experiment/Transport and
Atmospheric Chemistry near the Equator - Atlantic) field experiment conducted
in September-October 1992. Gases from extensive fires in Brazil were transported
by convective storms into the upper troposphere where O3 was photochemically
produced and advected eastward over the Atlantic. In central Africa, the fires
were widespread, and in the absence of convective storms, the fire plumes were
advected westward at low altitudes (below ~6 km) over the Atlantic. There wasa
positive correlation between O3 and aerosols found in plumes that were not
involved in convection. High O3 (>75 ppbv) was observed in the low-altitude
plumes, and in the upper troposphere, O3 often exceeded 100 ppbv with low
aerosol loading. The remote and in situ measurements of O3 and aerosol
distributions have been used to determine the relative contribution of various
processes on the buildup of high O3 over the tropical southern Atlantic.

p069  Simulation of Convective Transport of Biomass Burning Emissions
over Brazil During TRACE-A: Effects on Tropospheric O, Production

K. E. Pickering', A. M. Thompson', and W.-K. Tao' and
Members of the TRACE-A Science Team

A major outbreak of deep convection occurred during the Brazilian component of tpe

TRACE-A experiment, which took place in the latter part of the 1992 cerrado burning season.
We have used the nonhydrostatic version of the NCAR/Penn State Mesoscale Model (MM5) to
simulate the sequence of convective storms that occurred over the region during a two-day
period. An associated tracer advection/diffusion model was used to transport burning-related
species (e.g., CO) with lifetimes considerably longer than the simulation length. We compared
the simulated CO fields with regional CO measurements taken from the NASA DC-8.
Meteorological profiles from MM5 were used to initialize a cloud-resolving model (Goddard
Cumulus Ensemble Model). We used the cloud-scale model to simulate the specific cloud
system from which upper level outflow containing greatly enhanced CO, NMHCs, and NOx was
sampled at 9 to 11.5 km with the DC-8. Profiles of ozone precursor gases before and after
redistribution by the cloud were used ina 1-D photochemical model to estimate the perturbation

to ozone production in the cloud outflow layer.

I Address: NASA/Goddard Space Flight Center, Greenbelt, Maryland USA
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Global measurements of tropospheric CO and CH4 byIMOPITT
and their scientific applications

John C. Gille,* James R. Drummond,* Liwen Pan,* Mark D. Smith* and Guy Brasseur*
*National Center for Atmospheric Research, Boulder, CO, USA

+University of Toronto, Toronto, Canada

The Measurement of Pollutants in the Troposphere (MOPITT) experiment will fly on the

AM Platform of the NASA’s Earth Observing System (EOS), measuri i
radiances from which the vertical distribution of %O,Y and thf:Etotal) column arﬁ%ul:nlt)‘gt? lclllltlli
can be determined over the globe. We briefly describe the retrieval methods, and show
results of data simulations which indicate that a precision of 10% or better can be obtained
for CO, and about 1% for column CH4, for realistic instrument parameters. Plans for
ground-based and aircraft tests will be described, and preliminary results presented.

Such data will be very useful in aiding the understanding of tropospheric chemistry, and
improving tropospheric chemical models. A possible way to use such data in models wil
be described, and preliminary results of some experiments will be presented.

p071

Stratosphere Troposphere Exchanges and their implication for the tropospheric
ozone budget: results of the European campaigns

G. Ancellet], M. Beekmannl, L. Grayz, G. Vaughan3
Service d'Aéronomie, Paris, France

' Rutherford Appleton Laboratory, Chilton, UK.
University of Wales, Aberystwyth, UK

During the last four years, several studies were conducted in Europe to improve
the knowledge of the Stratosphere Troposphere Exchanges (STE) on tropospheric ozone
budgeF by climatological studies using ozone records in Europe and meteorological
analysis, and by coordinated campaigns in Europe to assess the respective impact of
tropopause foldings and cut-off lows. The climatological studies includes an estimate of
the sea;onal and altitudinal variability of the ozone to potential vorticity ratio, and a
comparison of the ozone variability for air masses with a recent stratospheric origin
compared to the variability of the tropospheric background. During the European
campaigns, wind profiles, ozone profiles, and tropopause structure were measured at
several stations in Europe. These data were interpreted by the means of ECMWF analysis
to compute potential vorticity fields and air mass trajectories. Modelling studies were
per:formed using & 3D wacer model including transport and radiative processes. The
estimated transport by tropopause folds is smaller by at least a factor of two than earlier
studies. Impact of cut-off low dissipation show for some cases no contribution to STE
while another other case exhibits a contibution similar to the tranfer by a ropopause fold,
Modelling studies were able to reproduce the observed evolution of a cut-off low. .
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Climatological analysis of of free tropospheric ozone in Europe: _relationship between
ozone variability, meteorological variables, and precursor gases,

M. Beckmannl, G. Ancelletl, D. de Muer2
: 1Service d'Aéronomie, Paris, France
2Institut Royal de Météorologie, Bruxelles, Belgique

- Ozone profiles were measured at several stations in Europe during the last 10
years. Part of this work was done in the frame of the Tropospheric Ozone Network, which
includes also a network of more than 15 ground-based station to monitor 0zone precursor
gases. The work presented here includes the analysis of ozone vertical performed at two of
these stations (the French Observatoire de Haute Provence (OHP), 44°N,6°E, and the
Belgium Uccle station, 51°N, 2°E). To assess the impact of transport processes on the
observed ozone variability in the free troposphere, potential vorticity (PY) was used as a
criteria for impact of stratospheric input in the tropospheric, and air mass trajectories were
used to classify the ozone profiles according to. different source regions. Prelirinary work
shows that the impact of stratospheric input is rather large on the observed ozone
variability (correlation of 50% between PV and O3), but that the overall contribution to
tropospheric should remain rather small (15 & 10 ppb). Results on the impact of source
regions is currently analysed and will be presented. The contribution of photochemical
production or destruction from precursor gases will be assessed from a Lagrangian model
using air mass trajectories calculated with the ECMWE analysis, and a gas phase chemical
module. The initialization of the lagrangian model will use either precursor climatology
from larger scale model output or in-situ measurements from existing aircraft campaigns.

p073  Seasonal pattemns of surface vzone moasured bt a Unce—year Jdata set at Mt.Cimone
P.Bonasonil, T.Colombo?, F.Evangelistil, G.Giovanelli! and F.Ravegnanil

1CNR — FISBAT Institute, via Gobetti 101, 40127 Bologna, Ttaly.
2[talian Meteorological Service, via delle Ville 100, 41029 Sestola (Mo), Italy.

Troposphere ozone concentration has been monitored since March 1951 at the Mt
Cimone Dbservatory (44°17' N, 10%42' F_ 2169 m ash), a mid-latitude mountain site far
from sources of anthropogenic pollution. It shows that the progressive diminution
registered in date is alsn faund in the tefal-rolimn meaSUTEMENLS recnrded af the nearby
Dobson station at Sestola. This surface ozonc decrease can be correlated to the UV
radiation inarease resniting from the drap in sfratospheric ozone recorded over Europe in
the last tew years and/or to the diminished flux of stratospheric ozone. In this connection
the prosent study reports and discusses a scasonal analysis of the UVB radiation
monirored ar Sestola since 1992, Tropuspherlc vzone cvinces a distint stasunal
variation marked hy a maximum in spring and summer and a minimum in winter. The
measurement site is marked by a seasonal reverse diumal variation over the summer
months, when the Observatory finds itsclf at times above and at times below the local
planetary boundary layer (LPBL). Durlng this periud, horizonlal banspul plicnsmeus of
air masses Tich in phatnchemical azans producsd in the Pa vatley, source of anthropic
pollution, can occur. Because Mit.Clmone Iy situated in a cyclugenetic aca, whicl: 13 &
fairly common situation in the Mediterrancan Basin, stratnspheric intrusions, which are
usually associated with cut—ott lows or slanting dry air, have also been reglsiered.
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Variations of sirface ozone at the remote stations in northwestern China

. H. Muramatsu
Disaster Prevention Research Institute
Kyoto University, Gokasho, Uji, Kyote 611, Japan

The daily maximum mixing ratios of the surface ozone at Zhangye and desert
stﬁtions are lower than at Uji and show the maximum in July, the same month at
Uji. The maximum in seasonal variation at Uji is determined by photochemical
effects in surnmer, while at northwestern China it is determined by the transport
from the free troposphere,

Synoptic scale disturbances lead to high correlation between ozone mixing ratios
at northwestern China and Uji in winter, induced by the enhanced vertical transport
of ozone. In summer correlation is low because of the photochemical effects at Uji.

Hour.ly mean ozone at desert in winter increases with wind speed and approaches
three different extreme values of ozone in the specific time of a day, except the day
overlaid by the ridge in upper layer when only one extreme is recognized. These
extreme values of ozone originate from the degree of the coupling between the surface
and the free troposphere. The daily maximum of the surface ozone decreases below
the ridge in the upper layer due to the decrease in the ozone in the free troposphere.

p075 Yearly cycle of lower tropospheric ozone north of the arctic circle

Markku Rummukainen and Tuomas Laurila

Finnish Meteorological Institute, Finland

Tropospheric ‘ozone is a climate gas affecting radiation transfer in the UV, as
well as longer wavelengths of the spectrum, High levels of ozone in the Arctic
boundary layer are also detrimental to boreal forests. Tropospheric ozone bud-

- get is largely regulated by long-range transport, vertical exchange with the stra-
tosphere and local chemistry. The relative, as well as absolute, importance of
these is dependent on the geographical location and the altitude. In order to elu-

. cidate the relationships between these three factors in the European Arctic, we
have analysed two years of surface ozone data from three measurement sites
north of the arctic circle in northern Finland. The southernmost station, Oulan-

. ka (66.3°N), represents a continental, boreal forest site, while the northernmost
one, Sammaltunturi (68°N), is a mountain site with a more oceanic character. -
At the third site, Sodankyli (67.4°N), regular ozone sonde launches have provi-
ded information also on the vertical distribution of ozone and vertical exchange
processes. A trajectory climatology has been obtained for mapping the pattern
of advection of polluted air from Middle Europe and the Kola peninsula, as
well as cleaner air from the Arctic Ocean.
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Ozdne Fluxes over Farmland and Natural Vagetation
ln South Western Australia:

S. Chambers, N.J. Clark, J.H. Hacker and 5. Venning

Flinders Institute of Atmospheric and Marine Sciences
Flinders University, Adelaide, South Australia

A vermih—proof fence running SE to NW -in the 5¥W of Western Australia
forms s boundary between wheat lands and natural vegetation which is
visible on a continental scale AVHRR image of Australia; it is well
removed from coastal influences and major topographic features. Fluxes
of sensible heat, water vapour and trace gases have been measured by the
eddy correlation method over natural and agricultural areas using
detectors mounted on a Grob 109B motorised glider, Ozone deposition
velocities were measured by coumarin dye, and iuminol chemiluminesenci—
pased methods with the two systems mounted in serles in the same sample
stream. Each method is temperature and humidity seqsitive to varyipg
degrees. Deposition velocities corrected for these interferences are
presented for summer, autumn and winter/spring conditions when
agricultural growth varlies from genescence to vigoraus.

p077 Surface n7one measurements from Baring Head, New Zealand

$E . Nichol, M.J. Harvey, and LS. Boyd
National Tnstitute of Water & Atmosphetic Research Ltd., Lower Hutt, New Zealand

Surface ozone measucements were made at Baring Head (41°8, 175°E) in 1991 anﬁ 199?
using a Dasibi UV ozone monitor. Air for these measurements was drawn S;lom ’
metres above the ground through a dedicated teflon tube. The.nTeasureme}?ts m:;l

strong seasonal cycle with a winter maximum and 4 summer minlmu. Tbe mor‘;tthy
mean surface ozone values for the winter months are typically arand 30 ppbyv, and the
means for the summer months are close to 15 ppbv. The maximum and r::gxml;nl;nl
hously values observed during the year are a5 ppb'v and 6 ppbv.respectwely. 1 a;u;m !
cycle is evident throughout the year; with a maximum occurring at 3 pam. aj:c fime
and a minimum occurring at 9 am. local time. The amplitude of the dmfn ;.yc o is
about 2.5 ppbv. The highest ozone valpes are generally oi?tmned durmgth as:.f :ﬁe
conditions (ie. southerly winds greater than 10 knots}. Compz.nnsons nmad::.l “;;3 slu ce
ozone data from the Australian Baseline Station at Cape Grim (41°S, 145 } show a

similar seasonal eycle.
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SURFACE AND FREE TROPOSPHERIC OZONE MEASUREMENTS OVER SOUTH AFRICA

J. Combrink, Diab, R.D., Sokolic, F. and Brunke, E-G*

Department of Geographical and Environmental Sciences,
University of Natal, King George V Ave, Durban, 4001
*.EMATER, CSIR, P O Box 320, Stellenbosch, 7599

An account of the diurnal, daily and seasonal behaviour of surface and free
tropospheric ozone is provided for South Africa. Continuocus surface ozone
measurements, from Cape Point and the Eastern Transvaal highveld, vertical
ozone profiles at Irene (Pretoria) and TOMS (Total Ozone Mapping
Spectrometer) total columm ozone data have been investigated. Cape Point
is representative of a background monitoring station which is remote from
pollution impacts, whereas the Eastern Transvaal Highveld (ETH) and Irene
are situated in an area of intense urban and industrial activity. At Cape
Point the surface ozone diurnal cycle is small, the seasonal cycle shows
a winter maximum and a summer minimum. In contrast, the ETH stations show
a spring maximum in surface ozone with evidence of a summer enhancement.
Comparison with Cape Point data suggests that photochemical ozone
production accounts for about 50X of the background wvalue. Seasonal
variation in total ozone is consistent over South Africa, indicating a

cycle which is independent of varying surface or tropospheric ozone
concentrations.

p079

Boundary layer ozone at Victoria Falls (Zimbabwe):
Ground level and airborne mixing ratios

Franz X. Meixner
Max Planck Institute for Chemistry, Biogechemistry Department, Mainz, Germany

During the TGAC-BIBEX experiment SAFARI'92 (Southern African Fire-Atmo-
spheric Research Initiative) ground level monitoring of ozone, CO; and meteorolo-
gical parameters was performed at Victoria Falls (Zimbabwe), end of the dry season
(September/October 1992). These measurements were completed by gradient sur-
face flux mesurements and some 20 aircraft ascents extending over the daylight lo-
cal mixed layer (1000 - 4500m a.s.l.). Surface Os mixing ratios generally show
strong regular diurnal variations which may be due to the combined actionpf che-
mistry, downward mixing from the free troposphere, and dry deposition.
Furthermore, the influence of local and regional biomass burning on mean Qs levels
is demonstrated, Attempt is made to establish surface O3 fluxes by the CBL (Con-

. vective Boundary Layer) budget method which integrates over scales of some ten to
hundred km?2,
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pl81 MONITORING OF SURFACE OZONE AND ITS

PRECURSORS AT AHMEDABAD

Shyam Lal, Manish Naja, P.K. Patra, B.H. Subbaraya

and S. Venkataramani

Physical Research Laboratory, Ahmedabad 380 009, India

ABSTRACT — Measuraments of ozone, carbon monoxide, methane and NO.
have been made in different months each time for three days continuously at
Ahmedabad. The measuring site is located on the western edge of the city which
has a population of about 3.5 million. Surface ozone data show a systematic
noon maximum while GO and NO, data show morning and evening increase in
the concentartions, Methane does not s;how any appreciable diurnal variability
during sommer months, however, in winter it increases in night periods. All
these species show very high values in winter months during night hours. The
wind data show that during night period the direction of the wind is from the
city side. High levels of ozone are also observed during winter months suggesting
higher production of ozone due to photo-oxidation of ozone precursors during this

period.

pO82 Seasonal and longterm variations in surface ozone at Ahmedabad

Shyam Lal , B. H. Subbaraya and Manish Naja
Physical Research Laboratory, Ahmedabad 380009, India

Abstract — Surface ozone at Ahmedabad is being monitored regularly since Novem-
ber 1991 using a UV absorption based microprocessor controlled analyser. The data
collected at 15 minutes interval show diurnal, day te day and seasonal variations.
Ozone is maximum in the noon hours and low during night hours. However, the min-
imum in ozone concentration is reached in the morning some time after the sun rise.
The noon, night and morning values show considerable variability with season. The
highest concentration is reached during winter months ,in particular in January, when
the average monthly noon values exceed 55 ppbv and the night time values around
20 ppbv. Ozone concentrations are low in summer menths with noon time maximum
around 30 ppbv and night time minimum around 15 ppbv. However, the lowest ozone

concentrations are observed in the monsoon months of August and September.

The present data is compared with the measurements made in 1954/55 at this
place itself.- The present ozone values are found to be larger by a factor of 2 to 2.5

during the winter months.

p083 A New Equatorial Ozone Sounding Campaign: Preliminary Results .

M. Ilyas
Astronomy and Atmospheric Research Unit,
University of Science Malaysia, 11800 Penang, Malaysia

In the 1980% a series of studies involving ozone soundings, surface ozone and ultraviolet
radiation was undertaken at Penang. Under a re-organized and intensified atmoépheric
research programme, new physical infrastucture has been established to undertake an
expanding research programme including atmospheric composition, minor constituents,
ultraviolet radiation and other related parameters. An intensive ozone sounding campaign
involving weekly/twice weekly flights one of the earliest projects initiated. The inaugral
launch was made on 4 January 1994. Preliminary is results from available data will be
presented with a view to examine data improvements over the previous series as well as
other aspects. A brief discussion of the overall new set up in the context of future
research programme will also be included. ' ‘
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CHEMILUMINESCENT SENSORS FOR ATHOSPHERE MORITDRING ARD
IRDUSTRY

A .Bryuckanov, I.Zykova, V.Chelibanov 3
OPTEC Company Ltd., St.Petersburg, Russia
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ic" i i tituents:
A global "telescopic” model of chemically active trace cons
Applicatiogn to the Mauna Loa Observatory ‘Photochcrmstry Experiment. 1. Model
description.

Paul Ginoux! and Guy Brasseur
National Center for Atmospheric Research, Boulder, Colorado, USA
and

1 Free University of Brussels (ULB), Belgium

: » - - 3 - bcing
regional-global model of chemically active trace consituents 1s o
dcvclop‘:dr!c‘:)sﬁﬁ)wg&ctaﬂefl examination of aunospgggc chemistry a}.)r;éi i}g:lllr;:ggi ﬁft?lc;.atcd
i i grams. The model uses a varial
o expcnmamcnntal iaosular mesh which provi fficient numerical approach for
smoothly varying triangular mesh which provides an efficie ch o
i i i ble resolution, in effect, allows one to
T o b ssociic region, d ssively larger grid is applied as one
in" for high resolution in a specific region, and a progressively s cd as
i f 40 species is computed at each one
moves to the global scale. The distribution 0 ) ted at cach one hovr
i . hemical mechanism includes 120 reactions, most of ther C
El?f?.’ls«':flg l?;ld?-:carbon chemistry. Advection is treatzcll 1;1l seT-LglgrangIlla? Oigiltext with the
FE method. Diffusion due to eddies in the PBL is calculated with a n _f o of the
izati i ion by deep cumuli is parameterized as a func
O tation, The boun ditions for the chemical species at the surface
amount of precipitation. The boundary conditions for the c cal species at fhe surlace
i biogenic and anthropogenic source emissions. This pape p
gfxli;?i%g%? tﬁc Egdel and a companion paper will examine the application of the 18%%3)1(
to a specific period of the Mauna Loa Observatory Photochemistry Experiment (ML

1I).
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A global "telescopic” model of chemically active trace constituents:
Application to the Mauna Loa Observatory Photochemistry Experiment. II. Data
comparisons

Paul Ginoux, Elliot Atlas, Brian Ridley and Guy Brasseur
National Center for Atmospheric Research, Boulder, Colorado, USA
and '
MLOPEX IT and PEM WEST-A Science Teams

A nested regional-global model of chemically active trace consituents is being
developed to allow detailed examination of atmospheric chemistry and dynamics associated
with experimental measurement programs. The model is described in detail in a
companion paper. Here we apply the model to the MLLOPEX II measurements during the
period associated with Mission 20 of the GTE Pacific Exploratory Mission (PEM-WEST
A). A large suite of photochemically related species were measured both aboard the
aircraft and at the ground based site at Mauna Loa Observatory, Meausurements at both
locations included non-methane hydrocarbons, ozone, PAN, nitric acid, NO, NO2,
HNO3, hydrogen peroxide, and organic peroxides. This paper will examine model
predictions in relation to the measurements from both platforms. Application of the
independent measurements tests the ability to combine data sets from separate campaigns in
the context of 2 regional chemical model. Detailed source emission inventories from the
Hawaiian Islands and from ocean sources allow further examination of the impact of
boundary layer/free troposphere exchange processes on the chemistry of the mid-free
troposphere near Mauna Loa Observatory.

p087
Impact of Changing Natural Volatile Organic Compound Emissions
' on Global Tropospheric Chemistry

Alex Guenther, Guy Brasseur, David Erickson, Sophie Fally, and Erwan Favennec
Atmospheric Chemistry Division, NCAR, Boulder, CO, U.S.A.

Perturbations to future earth climate systems could have a significant impact on
global volatile organic compound (VOC) emission rates. Conversely, changes in global
VOC emission rates can influence the oxidation potential of the troposphere and ambient
concentrations of a number of atmospheric constituents. This may result in further
perturbations to global tropospheric chemistry and clirmate.

A high resolution surface emissions model has been developed to generate
estimates of global natural VOC emissions. The model incorporates recent advances in
our understanding of the processes controlling natural VOC emissions. Annual global
emissions of 420 Tg of isoprene, 130 Tg of monoterpenes and 560 Tg of other volatile
organic compounds are estimated for the year 1990. In this study, the sensitivity of global
-natural VOC emissions to potential changes in CO,, precipitation, temperature, and land
cover is investigated. The results suggest that VOC emissions could change by as much as
a factor of two or more. The results of a three-dimensional global tropospheric chemistry
and transport model indicate that this could result in significant (>10%) deviations from
current concentrations of Os;, OH, CO, H,0,, NO, and PAN over some marine and
terrestrial regions. The model also predicts significant (>10%) changes in the global
average lifetimes of CQ and CH,,.
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Atmospheric composition changes due to increased ozone precursor
emissions and related radiative forcings on climate

2 , 2
D.A. HAUGLUSTAINE!, C. GRANIER? AND G.P. BRASSEUR

*Service d’Aéronomie du CNRS, Université de Paris VI, Paris, France
2National Center for Atmospheric Research, Boulder, Colorade, USA

A two-dimensional (2-D) model of the troposphere, st.ra,tospherfa a.nd mesospheFe,
in which dynamics, radiation and chemistry are treated inter.actlver. is used i.:o in-
vestigate the atmospheric composition changes and the radiative forcings of climate
associated with increased ozone precursor gases emissions {e.g. methane, ca.rb9n
monoxide, nitrogen oxides, aircraft emissions). Several scenarios of inc.rea,sed emis-
sions are adopted to compare and quantify the sensitivity of tropospheric ozone fmd
other key species to the perturbations. We examine the relative impacts of emissions
from natural and from anthropdgenic sources. With this climate-chemistry model,
particular attention is given to the induced changes in radiative forcings e.Ln.d on tl?e
analysis of chemically induced radiative perturbations through ozone mixing ratio
increase in the troposphere. The relative importance of the various climate forc-
ings is illustrated and discussed. Our results stress the potentially important role of

‘chemical feedbacks on climate.

Convective transports of chemica) tracers in global transport
models driven by analyses from the forecast centers.

Natalie Mahowald (Massachusetis Institate of chhnology. Cambridge, MA),
Philip J. Rasch (National Center for Atmospheric Research, Boulder, CO) and
Ronald G. Prinn (Massachusetts Institute of Technology, Cambridge, MA)

ifivity of tracer transport to formulation of the moist convection and '(_Joundary
g‘zﬁ)r;sr;%ne%ﬂzaﬁons in glgbal transport models is investigated by corparing I{Inasi
fluxes and tracer distributions derived from several different parameterzations. The Hac
(1994), Feichter-Crutzen (1990}, Emanuel (1991), and Tiedtke (1991) parameterizations
of moist convection are considered, The Holtslag-Boville (1992) anfl a supplc adi'zlt"tilaug
mixing parameterization for boundary layer transports arc also investigated. I ese
parameterizations are initially compared in a one-dimensional model, so that the effects
of moist convection and boundary layer processes can be isolated. Then _c:on:mpansmlzfi arg
made in an "offline” global transport model, in which the winds are read in from arc! h",eh
datasets. Results demonstrate that tracer distributions are sensitive tt‘? w tllmc
parameterization is chosen, especially for species with atmospheric lifetimes o aleilsa an
one year. The resulting distributions are also compared to available observation ta in

order to evalnate the parameterizations.

p0o0
Generation of Emission Data for Episodes with high temporal and spatial resolution

R. Friedrich
Institut fiir Energiewirtschaft und Rationelle Energieanwendung
Universitidt Stuttgart, Germany

The formation of photooxidants is a highly time- and space dependent nonlinear process.
To describe it, complex atmospheric transport and chemical transformation models are
necessary. To be able to create reliable results, these models need accurate emission data
as input data. The emission data needed are hourly data for a square grid during episodes
of two to seven days. The species, that should be covered, are NO, NO,, CO, NH,, SO,
and VOC split into about 30 classes. However, there are no emission data available, that
fulfill all these features. So, the necessary emission data have to be caiculated with often
quite complex algorithms using available information. In the paper, methods to calculate
space and time dependent emission data for atmospheric models are presented and results
for Europe as a whole and various parts of Europe are shown. E.g. the hourly course of
emissions can be estimated by using parameters like outside temperature, wind speed,
solar radiation, typical working hours for industrial branchs, consumer habits, monthly
and daily energy consumption and others. The results are used in different national and
international projects on atmospheric research (e.g. EUROTRAC).
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Photochemical Reactions On Dust In The Troposphere:
A Three Dimensional Global Model Assessment

Frank J. Dentener
Wageningen University, Air Quality Department, Wageningen, the Netherlands
' Gregory R. Carmichael and Yang Zhang
University of Iowa, Ctr.for Global & Regional Environmental Research,
Iowa City, Iowa, USA

. Semi-arid and arid areas provide large amounts of dust to the atmosphere,
thereby offering a significant reaction surface for trace gases in the lower and
middle troposphere. Major source areas for dust are the Sahara and the desert -
areas in Northern-China and Mongolia.

‘We assess the importance of heterogeneous reactions on dust by using the
Moguntia global three-dimensional (3D) tropospheric photochemistry-transport
model. We first calculate size-resolved mineral aerosol concentrations originating
from arid regions, and compare these with a host of measurements,

The surface offered by these dust particles serves as a sink for HNO3,
N20s, and HO2, species which play key roles in determining the oxidizing
efficiency of the troposphere. The latter reaction is thought to be catalyzed by
reactions with trace metals present in the acrosol. The importance of these
reactions are assessed by use of the Moguntia model. We calcolate that in large
perts of the troposphere heterogeneous reactions on dust can significantly
influence the photochemical production of 03. Major uncertainties in the study
will also be discussed.
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Parameterization of bi-directional N H; fluxes in the modelling of long
range transport of NO..

‘ .A. Sorteberg and @. Hov . :
Departemet of Geophysics, University of Bergen, Norway.

The current description of dry deposition processes in the long-range
transport model for NO, is empirical and does not give a mechanistic
description of the different processes controlling the deposition rates.

By introducing deposition to leaf surfaces and bi-directional NHz
fluxes from stomata it is possible to give the deposition velocities a me-
teorological and biological dependence. This is especially important for
NH, because of large spatial differences in the deposition and the ex-
istence of bi-directional fluxes related to an NH; 'compensation point’,
defined as the concentration at equilibrium with aqueous NH in the sub
stomata cavity of leaves,

By running the long-range transport model and comparing the new
and the current deposition parameterization, the importance of a mech-
anistic deposition description in long-range transport modelling is inves- .

tigated. -
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Correlations between ozohc—NOx-hydrocarbon chemistry and empirical indicators: NOy, HCHO,
H2072 and HNO3
Sanford Sillman

AOSS, University of Michigan, Ann Arbor MI 48109-2143, USA

The chemistry of ozone in urban environments shows two distinct regimes, a NOx-sensitive
regime and a hydrocarbon-sensitive regime, depending on_precursor concentrations and
meteorology. The ability to distinguish between NOx- and hydrocarbon-sensitive chemistry is
important in terms of air quality policy and is also associated with seasonally fluctuating
photochemical behavior in the remote troposphere (e.g. Kieinman, 1991). A central problem for
urban photochemistry is to identify measureable species that may serve as "indicators" for NOx-
sensitive versus hydrocarbon-sensitive chemistry. This paper discusses model correlations
between ozone chemistry and four potential indicators: NOy, 03/NOy, HCHO/NOy and
H2072/HNO3. Correlations with total peroxide concentrations will also be presented. It will be
shown that H202/HNO3 correlates closely with ozone sensitivity in models for gas-phase
chemistry only, but the correlation may not hold if either species is removed through
heterogeneous processes (fog or haze). The other species show a less exact correlation with ozone
sensitivity but may still be useful as diagnostic tools. Examples of concurrent measurements of
indicator species in urban and suburban locations show instances where a consistent indication for
either NOx-sensitive or hydrocarbon-sensitive ozone is found.
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Regional aspects of the tropospheric ozone budget

P.I.H. Builtjes, M,G.M. Roemer, G.Boersen and P.J. Bsser
TNO Environmental Sciences, The Netherlands

An Eulerian grid model, covering the whole of Europe, with a vertical extent of about
2.5 km, coupled with a global two-dimensional tropospheric model has been used to
study the regional budget of Oy, CO and CH,.

The _Europegn, regional ozone budget is of importance both for its impact on the radiative
forcing and its large spatial inhomogeneities, and due to the elevated ozone concentrations
- the harmfu] effects on ecosystems and human beings. Model calculations including data
analysis of concentration measurements indicate that the European precursor emissions
of CO, CH,, VOC and NO,, contribute about 30% of the northern hemispheric
tropospheric ozone budget. :

V1c:e. versa, there are indications that the averaged ground level ozone concentrations over
conunenta% Europe are to about 30% determined by the anthropogenic determined
concentrations in the free troposphere from sources outside Europe.

The measur'ed trend in O;, NO,, VOC and PAN ground level concentrations has been
analyzed using the two dispersion models, pointing out that trends in emissions can to a
large extent expiain the observed trends.

p095

The Vertical Transport, Transformation and Deposition of Air Pollutants by
Convective Clouds

Qin Yu Kong Fanyou Zhao Chunsheng
Department of Geophysics, Peking University
Beijing, 100871, PRC

A (_Jonvt?ctive transport model is developed by joining a set of concentration conservative
€quations into a two-dimensional, slab-symmetric and fully elastic numerical cloud model.
Results of numerical experiments show that an isolated, weak storm is able to pump
Pollutant gases out PBL, and transport them to the mid-troposphere, whereas a deep,
intense thunderstorm can very efficiently transport air pollutants up to the mid and uppe;:
troposphere and laterally spread with anvil, forming an extensive concentration surge layer
at ten odd kilometers' altitudes. Each type of convective transport results in concentration
t.hundgrstorm significantly increases and pollutants enter into clouds on the down shear
side at Jow-level and spread downwind in anvil Iayef. The pictures of transport fluxes
through vertical and side bounds of the cloud columns are given. .

. A condensed chemical mechanism including gaseous and aqueous reactions is coupled
mtol thi;loud model and transformation and deposition effects of pollutants by storms are
evaluat ‘
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PARAMETERIZATION OF OZONE AND AEROSOL PARTICLE FLUXES" Rate Goefficients by Parametric Equations for Modeling Purposes
E.Lamaud, J. Fontan, A. Lopez, A. Druilhet D8partme§£ g;eﬁhemstw

Laboratoire d'Aérologie, Université Paul Sabatier, Toulouse, France, Technion — Israel Institute of Technology, Baifa 32000, ISRAEL
and . . W.C. Gardiner
. D_epartment of Chemistry
A. Labatut, S. Cieslik University of Texas, Austin, USA

Joint Research Centre, Environment Institute, Ispra, Italy

Unimolecular ar;ul bimolecular rate coefficients are used in modeling
schemes of chemical reactions which are involved ip atmospheric angd

Surface fluxes represent a step in the cycles of minor atmospheric constituents.
combustion chain reactions. They are functions of pressure and

Their parameterization is an essential tool for understanding which factors

govern the overall process and is required for modelling purposes. The present temperature. The high pressure values (Arrhenius parameters) can differ
work is devoted to the fluxes of ozone and aerosol particles, which have been E h°r‘_1e’-'3 of magnitude from falloff and low pressure values. Use of
measured, together with momentum and heat fluxes, by the eddy-correlation rhenius parameters to model reactions under low and moderate pressures
method at three South European sites with different types of vegetal cover: can cauge very large errors. Finding the correct rate coefficients
pine forest, dry bare soil, and cultivated beet field. Parameterization has been requize 2 solution of a master equation with RRKM theory individual
made against various variables: friction velacity, heat flux, Monin-Obukhov :ne;;gz;:eﬁendem_: rate coefficients. This is an impossible computational
length, mixed layer height, stomatal conductance. 1t appears from the results r:ﬁ ¢h requires very large computational facilities and financial
that particle deposition is mainly controlled by the friction velocity and mixed a ;’;‘;E:sc’i An gltemat""e way is the use of interpolation formulas with
layer height, i.e. by purely dynamical effects. The diurnal variation of ozone formul_aseandm:: Ert of lparam“ers' The present work discusses such
flux is strongly correlated with that of heat flux, and is almost independent sample reactiongoin; values of the unimolecular rate coefficient for two
from the type of vegetation, which suggests that stomatal aperture is not the variety of weak anj”sir‘;’;decﬁ‘fﬁe.gﬁ pressures and temperatures and a
only process governing ozone deposition. A reasonable results are gbtaine;\l whz:rt::;;;redlt w;:hSh::ctha;a :::i

equation-RRKM theory calculations.
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3 Sensitivity of the tropospheric composition of different atmospheric regions p
‘ over the Earth surface to anthropogenic influences E?-i:,sible impact of ozone column changes on the growth rates of CH;Br, CH3Cl and
| | sCCls
Natalia G. Andronoval and Igor L. Karol 2
lpepartment. of Atmespheric Sciehces, UIUChampaign, USA S.Bekki and K.Law
2Main Geophysical Observatory, Russia Center for Atmospheric Science, Cambridge, U.K.

] Global total ozone as recorded by the TOMS instrument during th
. ; et : e last 15 years
. In this .pap.er we follow the idea of '.I‘homp-son et al (1990) of existing of shows an irregular behaviour with a net decrease from 1979 t051985 N mod}f;ra.te
_ photochemically coherent atmospheric regions over the Earth surface. ) increase from 1986 to 1990 and a drop from 1991 to 1993. Models prédict that the

Deferences between regions are defined by deferent content of the trace gases ozone column changes should have been accorhpa.nied by Signiﬁca.nt cha.nges in OH

in atmosphere and strength of their external sources and sinks. This radical concentrations in the troposphere. Here we investigate the impact that these

among of changes may have had on source gases (e.g. CHaBr, CHsCl, CHsCCls, ...) which
are primarily removed by reaction with OH on short time scales compared to CH..
A two-dimensional model is used to assess the variations in OH and in the growth
rates of theses source gases. Attempts are made to compare the calculations with
available observations. Possible correlations are discussed.

}; deferences produce the deferent systems of interactions
‘ °  atmospheric species and different sensitivities of the system variables to
external influences. To analyze system’s feedbacks and determine how the
sytem’s sensitivities are formed we built an im age model, which determines
| the changes in tropospheric concentration of the trace-gas groups for
oxygen, nitrogen, hydrogen and carbohydrate. The model includes “water
vapor - temperature” feedback, and for the northern continental conditions
“wetlands - temperature” feedback is included. The telative influences of
greenhouse-gas and stratospheric-ozone changes on trace-gas
concentrations in annually averaged conditions. are quantitatively
determined and compared with similar estimates from comprehensive
atmospheric photochemical models. The Cause-and Effect is applied to
study structure of the system’s interactions. As result the main feedbacks
among variables and the main pathways from external influences to
internal system’s variables, which are responsible for formed system’s
sensitivities, are shown and evaluated.

90 — - 91 —
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On the diffusional uptake of trace gases by polar stratospheric clouds

S. Ghosh and J. A. Pyle _
Centre for Atmospheric Science, Cambridge University, England

The stratosphere holds a variety of particulates like polar stratospheric clouds
(PSCs) and sulphate aerosol which catalyse chemical reactions that cause
changes in the composition of the stratosphere, including the redistribution
of active chlorine which might lead to ozone destruction. As a result during
recent years a lot of effort has been directed towards the quantification of
the uptake of trace gases like CIONO,, HCI, etc. into these particulates.
However, it has been observed that many of the two and three dimensional
models consider only the collisional uptake neglecting diffusional contribu-
ticns altogether.

This paper describes a theoretical approach to estimate the heteroge-
neous uptake rates for 23 gases on both types of Polar stratospheric clouds
(type I and 1) . It is found that for gases like NyOs, CIONOz, and HCI on
PSCs, diffusional uptake is important and contributes significantly to the
heterogeneous reaction rate. A complete Lennard-Jones calculation is used
to accurately compute the trace gas diffusion coefficents.

p201 o
Evidence for ozone depletion in clouds

D. Mdller, K. Acker, W. Wieprecht
Fraunhofer Institute for Atmospheric Environmental Research,
Division Cloud Chemistry (ELC), Berlin, Germany

At the Mt. Brocken Cloud Chemistry Station (Germany) we found
a strong indication for ozone depletion within c¢louds as
predicted recently by models (Lelieveld and Crutzen, 1990;
M8ller and Mauersberger 1992). On the Brocken we often
observed a rapid decrease in ozone concentration with passing
clouds, where the interstitial ozone concentration could be up
to 50 % lower than that before the cloud event. When the cloud
blew away the ozone concentration increased again to around
its former 1level. The fall in ozone concentration within
clouds was observed to be statistically significant. For the
cloud events which were cbserved, 30 % showed no fall in ozone
concentration. For both classes of cloud events we found large
differences in the chemical composition of cloud water. We
assume that the temporary ozone decrease with passing clouds
is not due to local processes but a result of chemical
processes during the cloud pathway. Based on the experimental
results we conclude that (a) clouds depletes and destroy ozone
and (b) that this removal capacity increases with pollution,
the results support the different ozone removal pathways
hypothesized by models.
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The Effect of Clouds on OH and the Oxidation of
Atmospheric Trace Gases

M.A.K.Khalil and F.Moraes

Global Change Research Center & Department of Environmental Science and
Eng., Oregon Graduate Institute, P.O.Box 91,000, Portland, Oregon 97391 USA

Clouds block the solar radiation that causes the photolysis of O, needed to make O(D),
which in turn makes OH. Below the clouds there is very little OH. Above the clouds
there is more OH than under clear sky conditions, because clouds reflect solar radiation
and increase actinic flux above cloud tops. Clouds, therefore, redistribute actinic flux and
OH. The effect of clouds on the oxidation of environmentally important trace gases is
to reduce the total annual oxidation, This happens because the density of most trace
gases decreases with altitude as the scale height of the atmosphere, or faster, and because
the reaction rate constants also slow down because of the decreasing temperatures in the
troposphere (or in the case of CO, because of the decrease of atmospheric pressure with
altitude). Using our detailed photochemical model for OH we calculate that 30 Tg/yr less
CH, and 130 Tg/fyr less CO are removed from the atmosphere than would be expected
without clouds. The role of clouds for methane, therefore, is comparable to the annual
emissions from the major anthropogenic sources, namely rice agriculture, cattle, and
biomass burning, all are between 50-90 Tg/yr. Acknowledgements: This work was
supported in part by grants from NSF and DOE and the resources of the Andarz Co.
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H,0,, CH;00H, and CH,O as Primary and Secondary Pollutants In Fire Plumes

Meehye Lee and Brian Heikes
GSO/CACS, University of Rhode Island, RI, USA

Daniel Jacob
Earth and Planetary Sciences, Harvard University, USA

Atmospheric measurements of H,0,, CH,OOH, and CH,O will be presented which are
significantly elevated with respect to typical background values. The data come from
MLOPEX-I, -II, NASA/GTE/TRACE-A and /PEM-West:A experiments. H,0,,
CH,OO0H, and CH,O concentrations in unperturbed conditions will be characterized.
Event specific measurements from the above field programs will be presented which are
factors of 2-3 greater than the unperturbed values for peroxides (ROOH) and factors of
3-10 higher for CH,0. Using key chemical and meteorological data from the respective
experimental archives and existing photochemical theory, it is proposed that the high
ROOH and CH,O values encountered are the result of direct emission, as well as,
secondary production. The significance of a pyrogenic ROOH and CH,0 source on the
near field photochemistry of biomass fire impacted air will be described. For example,
approximately 1/2 of the odd hydrogen radicals could come from CH,O photolysis with
the photolysis of H,0, and CH;OO0H contributing an additional 1/4, and O, contributing
the remaining 1/4 (assuming diurnally average photolysis rates for solar equinox at 30
lat. and CH,0 = 5 ppbv, H,0, = 5 ppbv, CH;00H = 2 ppbv, and O; = 50 ppbv).
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ATMOSPHERIC EFFECTS OF H202 IN SOUTH-EAST CHINA
=20 .
X. Tang, K. Shao, Q. Sun and M. Wang
Peking University, Beijing, China

H202 is a chemical reservior for odd-hydrogen radicals as well as a m=
ore direct indicator of odd-hydrogen concentration variation which po=
tentially express the chemical reactivity of the troposphere. These e=
ffects are particularly significant in the formation of acid precipit=
ation and aerosol production.
Since 1987, H202 concentration in ambient air, cloud droplets, rainfa=
"lls and fogs have been observed at different heights by aircrafts and=
different mountains and surface areas in southem and central parts =
of China. The vertical profile and.the latitudinal gradient of gaseou=
s H202; the H202 concentration variation in cloud, fog and rain water=
and the relationships among SO2, S04, 03 and H202 are calculated and=
discussed. These results demonstrate that H202 concentration in air=
and precipitation reflects the oxidizing potential of the tropospher=
ic air in the studied regions.
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Relationship between Peroxide and Ozone Measured over the Equatorial South
West Pacific

B. ]. Bandy, S. A. Penkett, School of Environmental Sciences
University of East Anglia’
Norwich, Norfolk. NR4 7TJ, England

G. Jenkins, P. Hignett, A. Kaye Meteorological Research Flight
DRA
Farnborough
Hants, GU14 6TD, England

Peroxide and ozone profiles have been measured up to an altitude of 6 kilometres
over the Equatorial and Tropical Pacific. The ozone concentrations recorded in the
boundary layer are typically below 10ppbv and in many cases a negative correlation is
observed between ozone and peroxide at altitudes between 2 and 6 kms when the air has
an easterly origin over the remote Pacific, In these situations the data shows detailed
structure with altitude with a strong positive correlation between peroxide and dew point .
Il:l a few cases a positive correlation is observed between peroxide and ozone in
circumstances where the dew point declines monotonically up to the top of the profile, and
tr_ajectoneg suggest that the air has its origin from a westerly direction. The data is ’
discussed in relation to the photochemical control of ozone in the troposphere over the
remote equatorial oceans.

p206  The occurence of hydroperoxides in mid altitudes of the lower troposphere:
measurements at two mountain field sites

W. Junkermann, P. Pietruk and F. Slemr
Fraunhofer Institut fiir atmosphérische Umweltforschung, Germany

Peroxides play a significant role in the atmospheric radical chemistry and in the
conversion of pollutants into acid precipitation, Organic peroxides are phytotoxic and
are suspected to contribute to forest damages observed within the last decade.
Consequently, peroxide measurements were performed at two field sites in a remote
area (Wank mountain) in the Bavarian Alps, one site at mountain top at 1780 m a.s.1,
the other in mid elevation in an area with intense forest damages at 1175 m as.l..
Measurements were performed for a one year period in 1990/91 using the enzyme
fluorimetric technique providing the H,0, concentration and a semiquantitative
signal for the sum of organic peroxides.

The data obtained show a strong dependence of the peroxide concentrations both on
local and long range transport processes. Free tropospheric air cloud be observed as
well as moderately polluted air from the planetary boundary layer. The H,0O, data
agree well with results of aircraft ascends and are consistent with model calculations.
The results of the organic peroxide measurements are higher than expected especially
in the planetary boundary layer and point toward a significant source for organic
peroxides in lower elevations. Ozonolysis of naturally produced biogenic emissions
seems to be an efficient production process for organic peroxides. :
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Tropospheric aldehydes in remote and urban areas of Japan

M. Ohta® and H. Tsuruta®
1. Yokohama Environmental Research Institute, Japan
2. National Institute of Agro-Environmental Sciences, Japan

Aldehydes such as HCHO and CH,CHO in the troposphere are one of the precursors
of photochemical ozone, and CH;CHO is one of the sources of PAN. These
aldehydes are produced through the oxidation of hydrocarbons, but also emitted
directly from automotive exhaust. The behavior of aldehydes in the troposphere has
not been made clear due to few measurements in gaseous and aqueous phase. We
have measured aldchydes in ambient air and cloud/rain water at the urban arca of
Yokohama closed to Tokyo since 1987, and at Mt. Norikura (sampling sight is a
height of 2,700 m) located in the central part of Japan in summex since 1989. At Mt.
Norikura, HCHO and CH3CH0 concentrations in ambient air were below 2 ppbv, and
significantly lower than in the urban arca. Thesc gases showed a clear diumnal
variation with a2 maximum around noon in the finc days, and which indicates that
these aldchydes were produced from hydrocarbons emitted from plants with
photochemical reaction. The ratios of CH;CHO to HCHO were much higher at Mt.
Norikura than at Yokohama where the major source is supposed to be automotive
exhaust. The fate of aldehydes will be discussed by measurement of cloud/rain water.
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Atmospheric Formic and Acetic Acids in Venezuela

E. Sanhueza, L. Figueroa and M. Santana
Atm. Chem. Lab., IVIC, Venezuela

Gas Phase and rain concentrations of HCOOH and CHCOOH
have been measured at various sites in the savannah
climatic region, a cloud forest (~1800 m above sea level
and ~30 km from the ocean), and a coastal site (Caribbean
Sea). Gas phase and rain-water sanples were collected
using the aqueous scrubber technigque and an only wet
collector, respectively. Analysis were made by ion
exchange chromatography. The gaseous acids show diurnal
cycles, with higher mixing ratios during daytime; dry
deposition rates (calculated from the nocturnal decrease)
of both acids are larger during the rainy season. A strong
seasonal variation is also observed, with higher
concentrations during the dry season. Very similar levels
(<1 ppbv) were observed at rthe various sites during the
rainy season (suggesting a widespread source), whereas a
significant difference was recorded during the dry season
with: savannah > cloud forest > coast. A good correlation
was observed between both acids, as well as with 05 and
Cco. HCOOH also correlates with HCHO in rain water. Likely
sources, rates of removal processes, and lifetimes will be

discussed.

p209 KINETICS OF THE OXIDATION OF $0,, NO,” AND N-S OXIDES BY

OZONE IN AQUEQUS SOLUTIONS

A Hahn, G. Lachmann and 1.J, Pienaar

Department of Chemistry; Potehefstroom University; 2520 Porchefstroom;
South Aftica.

Recent international research programs such as SAFARI 92 has shown above
average ozZone concentrations in the Southern African Troposphere. As part of
our general interest in atmospheric chemistry, we have studied the kinetics of
oxidation reactions of sulfur(TV)-, nitrogen oxides and nitrogen-sulfur oxides by
ozone as a function of the pH and temperature by spectrophotometric techniques,
The kinetic results were complemented with ion chromatographic analysis of the
products.

The kinetic data showed that the reactions have a first order dependence on the
SV}, NO, and N-S concentrations but a more complex dependence on the ’
ozone concentration. The reaction rate increased drastically with an increase in
the pH of the reaction medium. The processes are accelerated by the presence of
dissolved oxygen. All the processes studied are characterised by low activation
enthalpies and large negative activation entropies. The study showed that free
radicals formed in the spontanecus decomposition process of ozone in water
plays an important role in all the processes studied. The experimental reaction
curves could be successfully simulated by a judicious combination of

experimental and literature data.
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THE NON-METHANE HYDROCARBON INTERCOMPARISON EXPERIMENT

_ . E.ric C. Apel and Jack G. Calvert
Atmospheric Chemistry Division, National Center for Atmospheric Research, USA

The ability of laboratories throughout the world to perform high quality ambient
measurements of volatile organic compounds is crucial to a global underst);.ndin of
these important precursors and their role in tropospheric ozone formation, The “lfon
Methane Hydrocarbon Intercomparison Experiment" (NOMHICE) has be'en desi eci
to evaluate. analytical techniques currently being used by scientists to measure am!%n t
atmos:phenc hydr.ocarbon concentrations. NOMHICE consists of a series of planf;d
expemnepts designed to identify existing problems in participating scientist's
laboratone.s and to correct them. The various experimental steps (or Tasks) have been
scaheduled in order of increasing complexity so that problems can be addressed as the

arise. Results are briefly reviewed for Tasks 1 and 2 and are presented for Task 3)’
Task 1 evaluz_ited the ability of participating laboratories to quantify a simple 2
component mixture. Task 2 evaluated the ability of laboratories to iclentifyp and
qua:_ngfy compounds in 16 component mixture. Task 3 involved the circulation, t

participant laboratories, of a prepared synthetic air mixture containing many c)tf:nti,all0
Important non-methane hydrocarbon ozone precursors. Participants werepasked tg
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LANDSCAPE SCALE EMISSION INVENTORY OF INDIVIDUAL BIOGENIC
ORGANIC COMPOUNDS IN THREE ECOSYSTEMS IN THE US

Detlev Helmig, Lee F. Klinger, Alex Guenther, Jim Greenberg
and Patrick Zimmerman
National Center for Atmospheric Research
Boulder, CO, 80307, U.S.A.

Individual organic compounds emitted from vegetation were'mea-surgd using a
solid multi-adsorbent cartridge sampling method. Branches were enclosed in teflon -bag_s,
purged with clean air and the headspace was sampled on the adsorbent traps. {knal.ysm
was performed by thermal desorption. A special custom made t!lt_annal desorpuop inlet
system with cryogenic preconcentration and internal sta'ndard addu:.lon was }lsecl with gas
chromatography/mass spectrometry analysis. Identiﬁcatlor} of-volatile organic compounds
covering the retention index range (DB-1) from approximately 400 to 1500 could be
achieved. . . L

Vegetation composition and biomass was surveyed for spcmﬁc‘snes in Atl.anta,
GA; Lac du Flambeau, WI and in Hayden, CO. For each research site tl_le dominant
vegetation species, which together accounted for at least 95 % of the leaf biomass were
sampled. Identified compounds include isoprene and species of the c}gsses of
monoterpenes, sesquiterpenes, carbonyl compounds and alcohols. Combining the
analytical data with the ecological survey data and other flux measurements on t.he leaf
and landscape level, flux estimates of individual organic compounds from the different

ecosystems investigated are obtained.
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Oceanic Emissions of Light Nonmethane Hydrocarbons

C. Plass-Duelmer, R. Koppmann, M. Ratte, and J. Rudolph '
Institut fiir Atmosphirische Chemie, Forschungszentrum Jiilich, 52425 Juelich, Germany

Emissions of light nonmethane hydrocarbons from the ocean into the atmosphere are of

interest for atmospheric chemistry for both their local impacts on photochemistry and

their contribution o global NMHC budgets. Based on limited sets of hydrocarbon
measurements in sea water global oceanic emissions between St.:vcral Mt/a and more than
50 Mt/a have been estimated. Due to the considerable uncer'tamty of these numbers the
available measurements of dissolved C,-C, hydrocarbons in th?j surface water of the
oceans are reviewed. The paper focusses on data obtair}ed by in-situ analysis since oth;r
techniques generally yield less reliable results. Emlss.lon rates are ‘c:alculate{i from ¢ e
measured concentrations and transfer velocities whlc!1 are determined using sea-air
exchange models and climatological data. Distributions of .NMH.C emissions aéc
discussed using a global and seasonal grid. Global _oceanic emissions of C,- ,;
hydrocarbons sum up to 2 Mt/a with ethene alone contributing al?m%t 40% to th:s t.ota
emission. Including 90% of all calculated emission rates an upper hmxt. for the emissions
of light NMHC of 5.5 Mt/a can be given. Thus, the oceanic source of light hydrocarbons

is on the low side of previous estimates.
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Laboratory experiments on the origin of C2-C3 alkenes in sea water.

M. Ratte, O. Bujok, A. Spitzy*, I. Rudolph
Institut fiir Atmosphérische Chemie, Forschungszentrum Titlich, 52425 Jiilich, Germany
* Max-Planck-Institut fiir Meteorologie, Bundesstr. 55, 20146 Hamburg, Germany

The presence of alkenes in the marine atmosphere is mainly due to oceanic emissions.
From our present understanding oceanic alkene emissions are essentially determined by the
production in the ocean surface water. We carried out several laboratory experiments in
order to investigate the production mechanism of alkenes in sea water. In cultures of the
marine diatom Thalassiosira rotula increasing alkene concentrations with exposure time
were found compared to cell free controls. Alkene production was also observed in cell
free natural sea water to which different amounts of dissolved organic carbon (POC)
(fulvic acids from river Kongo) were added and which was exposed to different
wavelength bands: Ultraviolet light (320-420 nm) and visible light (420-520 nm and 400-
800 nm). The alkene production rates depend linearily on initial DOC-concentration and
wavelength. The shorter the wavelength of the irradiation, the more alkenes are produced.
The calculated quantum yields (molecules alkene produced per photon absorbed) are in the
range of 10-°. These results indicate an alkene production mechanism via photochemical
transformation of DOC. Preliminary results show that a photochemical alkene production
occurs even if the oxygen concentration in sea water is below 0.1 mg/l. Nevertheless, an
additional biological pathway of alkene production cannot definitly be excluded.
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Airborne Measurements of Organic Trace Gas Emissions from Savanna Fires in
Southern Africa

R. Koppmann, A. Khedim, J. Rudolph
Forschungszentrum Jilich, Institut fiir Atmosphérische Chemie, 52425 Jiilich, Germany

Biomass burning emissions are known to be a considerable source of atmospheric
hydrocarbons. During the South African Fire Atmosphere Research Initiative (SAFARI)
in September/October 1992, whole air grab samples were collected in stainless steel
canisters on board of a DC3 aircraft in the immediate vicinity of preseribed and wild
savanna fires as well as outside of the fire plumes between the surface and 12000 feet
altitude. The samples were analysed in the laboratory for light and medium molecular
weight nonmethane hydrocarbons, halogenated hydrocarbons and aromatics by FID/ECD
gaschromatography. Inside the plumes NMHC mixing ratios of some 10 ppb up to 100
ppb were observed.

A comparison of the NHMC mixing ratios with those of CO and CO; measured
simultaneously are used to calculate emission ratios from the fires. From these data the
different types of fires encountered during the campaign can be clearly distinguished.
Highest emission ratios were found for small uncontrolled savanna fires, while large
open fires showed the lowest emission ratios. The emission ratios found in our
measurcments are at the lower end of published field and laboratory measurements of
biomass burning emissions. ' '

In addition, a GC/MS system was used to identify other organic trace gases emitted from
the fires. A large variety of compounds could be identified such as aldehydes, ketones,
esters, ethers and furanes. An estimate of the emission ratios calculated on a ppb carbon
basis show that the emission ratio of the sum of all organic trace gases is in the same
order of magnitude as the emission ratio of carbonmonoxide.
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Light Hydrocarbons Measured in Plumes of Savanna Fires in South Africa

G. Helas, M. O. Andrede, G. Schebeske, D. Scharffe, S. Manoe
Max-Planck Institute for Chemistry, B(iiggeochemistry Department, D - 55020 Mainz,
R Koppmann, J. Rudoiph
Institute for Chemistry and Dynamics of the Geosphere, Jilich, Germany
A. de Kock, University of Port Elizabeth, R. S. A.

E. Atlas, NCAR, Boulder, CO, U. S. A.

Biomass burning adds significant amounts of hydrocarbons to the atmosphere. These
hydrocarbons therefore augment to the ozone formed during the photosmog production in
the emitted plumes. In order to investigate this contribution we took airborne samples
from the regional background and from biomass burning plumes during the experiment
SAFARI 92. We used stainless steel canisters and analyzed the samples for CO,, CO;
CH,, C,H,, C,H,, CyHg, CyH,, and C3Hy. Our ratio of dCO/dCO,, given as slope of
concentrations of CO on CO, was very low, close to 3%, revealing very vigorous burning.
The emission ratios given as dX/dCO ranged for CH, from 5 to 7.5%1072, C,H, from 1.8
t0 3.6*10°, C,H, from 1.4 10 2.0¥10%2, C,H from 2.3 t0 4.4*10°3, C;Hg from 2.8 to
3.9%10°3, and C,Hj from 4.9 to 12*10°*. Comparison with literature values most often

| show similar ranges. The observation of high ozone concentrations downwind of these

T 1 savanna fire plumes in the southern African area imply that the production of ozone is not

limited by hydrocarbons.

' p216
: Concentrations of C3-Cg hydrocarbons over the Baltic Sea and Northern Finland

: Tuomas Laurila and Hannele Hakola
Finnish Meteorological Institute, SahaajunkaluQZE‘., FIN-00810, Helsinki, Finland

e-mail: Tuomas.Laurila@fmi.fi fax: -358-0-7581396 tel: -358-0-75811

‘ Light (C5-Cs) hydrocarbons are emitted both from anthropogenic and natural sources. In
photochemical processes they participate in oxidant formation. Since source profiles from
{ anthropogenic sources (mainly traffic related) are different than those from natural
sources (mainly alkenes of biogenic origin) the concentration profiles measured in
ambient air carry information on sources. C-Cs hydrocarbons have been analysed from
flask samples collected at a small island (59° 47N, 21° 23'E) on the Baltic Sea regularly
since February 1992, This data is presented together with concomitant ozone
& concentrations. Seasonal cycle of concentrations and their profiles are shown.
hl- Comparison of these concentration profiles to those observed in the city of Helsinki show
that the air samples collected at the island are photochemically relatively aged although
the main species are of anthropogenic origin. Reactivity scaled concentrations of light
hydrocarbons are comparable to those reported from samples taken at remote oceanic
locations. Typical hydrocarbon profiles in air masses. originating from the Northern
Atlantic and continental Eurasia are investigated. In January 1994 the measurements of
light hydrocarbons were also started on a mountain top station north of the Arctic Circle
(67° 58'N, 24° 0T'E). A preliminary comparison of concentrations measured at these sites

is presented.
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ARSTRACT

Prelipinary Research on Isoprene Bmissiee frem Plant and Soil

Lo Chur and  Miao Bong
Besearch Conter for Eeo-Brviramestal Sciences, Academia Sinics

Esoprene 6% emissions fram six typical plent species in North China fed Th
. Il . - - N > mre

%oups were clessif ied according to their isoprere emission rates (IE8): 1}Q ﬁ:giig‘ge?ﬁf
i zh zean emipsion rate $ER) was 1 38ug/g hr; BP, tabulaeformis, L pricelpis-ruprechti! and
E. chinesis: their ME were within the range fran 0,03 to 0. llvg/g br, 3 B uiilis and T‘b
mapdshur iea: almost no isoprene emissicg could be detected There was an obvicus diureal
variation of TR of Q linotungensis with the mivimiv emission rate(l. S2ugfg briat 14 X
?na fhe minime emission rate (. 00ug/g hr} af % 00 Mean daily emission rate(‘!&ﬁ}' ;f
.§§p.ene fran this species was (_lSﬁng/g br, [uminstion and teeperature both had cbvious
efiects on IER of Q lisotungensis The correlatice coefficients of illminatioc- DR anc
_Eﬁlngégure-mt?_, were about { 87 and 0 78 Factors could be ordered as follows according tz
ees of their impacts e plant IR illumination, smbient tenperature, laaf
te:rpe;abme, a%&g‘d& leaf shape and humidity, “

sirece jemissions anc adsorption frap and by soi i
results of research o influences of soil on isoprene gsreﬂsh?ég :Ii:g ::Eervg:d bf*lf
iﬁ;é;:;ezft?s;u;t and adsgi_-h i}sﬁgene‘ Incregsing soil moisture could pramot adsora'zit;

D rese i soil. ver, increasisg soil organi i lead

sproverent of lsoprere emission process in seil These pheuﬁﬁa: wzf:ts;ssﬁ?lﬂ-n%:f:ﬂ :,c
801l i‘gzroorgan;m and pl;_;sécal and chemieal properiies of soil, et
. ve results have eshibited that in a soil-plant-air ; 5 of
Pﬁgp;gae did hagpea; not ouly betwsen plact and afr, but :{Ss;em bgnt:tie;xc:filf p;zﬁes;igl
By a:g;;?slof sin]‘gn sueh a precess stould not be ignored Perhaps this conelusin i
anissimura;u gamng to & new way to solve ibe coutradiction befween high isonrene
= es fraw plants and }ew isoprene concentration in mbient afr, More atfentie

ould be paid te resesch work in this field in the future "

Terpenle emisslons from Quercus ilex and Pinus pinea at Castelporzlano (Italy)

;{ L. Fugit, B. Clement, M.L. Riba, L, Torres*
Laboratou.'e Chimie-Energie et Environnement,
Ecole Nationale Supérieure de Chimie de Toulouse - France

and ;J; Kessehmeier* and L. Schaefer**
**Max Planck Institut fur Chemie - Abteil i i
Mot - oo teilung Biogeachemic

Natural afkenes such as isoprene and monoterpenes emitted by ve i

important role in the formation of atmosphcdc%cxidants and ae}r:)sog?—?imzﬁc:::urg}ginﬂt:
of emission rates and fluxes for biogenic compounds was carried out via the enclosure
method in a natural forest composed of 30 years old Quercus ilex and Pinus pinea. The
method consists in measuring the emission of the foliage of a branch enclosed in the
teflon cuvet. The principal compounds emilted by Quercus ilex are e and B-pincne
sabinenc, myrcene, limonene, camphene and traces of isoprene, never exceeding 1 ppb\;
The observation that Quercus ilex emits much less isoprene ihan ntonoterpenes is an
unqxppctcd result, contrary to Lhe accepted ideas on the cmissions by vak trees T}w
emission rate prafiles show maximum values In the middle of the day and minimura
valucs during the night. The maximum valucs of emission rates for Quercus ifex are of
the order of 30 & 35 sg-Lh-1 for the principal monoterpenes as a whole. The dala
corresponding to the terpenic emission rates provide evidence for the known process
¢alled "midday depression”. The principal monoterpencs emitted by Piuus pinea are i
tr'ans-ocuncnc, limonene, 1,8 cinecle, myrcene, a-pinene, sabincne and f-pinene. The
diurnal profile of Piniis pintea emissions rates exhibit the same shape as those of Quércns
:f;_'r, -d?mymg in p:\rrucu ar the "midday doprossion” phcnomenon. The maxiwwung viluey
of emission rates for Pinus pinea are -1 p-1 inei
e o P of the order of 4 ug-L.h-! for the principal
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p219 Hydrocarbans.and thair derivatives in voleanic gasas:
origin and campositicn
p221

V.G Povarov
The effect of water vapour on the ozonolysis of simple alkenes

Chamical Institute of St.Palorshuey Hniversity, Organio Chamistry under atITlOSpheriC conditions

branch, 196804, St.Palershurg, Russla
P. Neeb, O. Hori i

Voleanle gases emittad into Easth's atmasphare sontaln a rich Max_Plané)ﬁ_ﬁﬁi Sc':izl["“nba(:h’ E..Sauer, and G. K-_ MOOI'tg_at

varisty of organie compounds; amang tham hydracarhane of vailous : 1 I cmie, D_lVlSlOIl of Atmospherlc Chemlstry,

classen and thelr derivatives including compounds sontalning F and D-55020 Mainz, Germany

&1 have boun deotectad (Stothar ot al, 1971). As much a3 the role of

above-mentionad substancas In atmaapharic chemistry univarsally Ozonolysis of simple alkenes i i .

acknatedged, e problom of thalr oilgln In velcanic. gases and out u .Y 600 | P . S ncludmg F:2H4’ C3H6’ 2“C4H8! and C5H8 were carried

gasez-analogous compoaition amiltod aleng-deap laults In selamically dd dsmg a Sphencal glaSS vessel in the 0.5 - 10 Ppm concentration ranges, with
active zones of Barth desarves intersat, The “pyragenie’ -hypotheyis added water vapour. Products were anal FTIR
of formation of organle compounds In tha course of the fise nf magma PGI'OXidCS) and i hr yz.ed by spectroscopy, HPLC (fOl‘
through sedimantary recks which has bean advanced oarllor (6.9, s ton chromatography (for organic acids). In the case of C;H,, HCOOH
Symonds at al, 1988) doosn'tagres wall with data on-gsalogical and hydroxymethyl hydroperoxide (HOCH,OOH) were found to be cha isti
atructure of volcances. products in the presence of wate . Characteristic

- The-prasent cammunicalion examinas the prokiem af asdgin of the . . . i waler vapour (2 x 104 PPIH), which were completely
argants component.of v;olcnnlc gas from.ihermod?'namic point of viaw, mlSSlﬂg in the atfseﬂce of water vapour. Also, a significant decrease in the yield of CO
A general mochanism is propesed far the formatien af hydrocarbons was observed with the added wate
and -thelr derlvatives inmagmatic fluld reaufting from pronesses of il . . T vapour. These results and those of other alkenes
tractionated gas-exchange In the system gas- nagma. © . . i will be discussed in terms of the reaction mechanism involving both excited and
Taking voleanoas of the Kurile-Kamehatka drc- as an axainpla it stabilized Criecee intermedi . s s e . i

iie ls shown that taking siccount of this phenomennn n describing pro-- & edlates’ and their atmosp. heric lmphcatlons will be Presented‘

i easaes -of magma degassing allows to predict conaclly hydiocarbons

i -gontent invalcanic gas basing owils grose campoasitian.

! Tha developed approactt can be appliad ta dasribing the global

E pracase afdegassing .of the uppar Earth mantle.

I

i Raterences

i

[ Steibar ALE. ot al., Glaol. Soc. Amer. Bull, 82 (1971) 2269.2302.
Symonds R.B. et al,, Nature, 334 {1988) 415-418
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p . ‘ ‘ N - p222 Global distribution of NOx emissions from lightning,
; Atmospheric Volatile Organic Compounds Containing Nitrogen, Oxygen, Sulfur, and
; Halogens: Identification, Quantitation, and Sources
Laura Gallardo

Jim Greenberg, Detlev Helmig, Pat Zimmerman, and Elliot Atlas Department of Meteorology, Stockholm University, Sweden

National Center for Atmospheric Research, Boulder, CO, USA 80307-3000 Lightning is a importan £ NO
] 5 2 very Important Source o X in the free moposphers and thereby al
potentally important for the budget of tropospheric ozone? Cllljzrent estimates gf ﬂslg

Volatile organic trace gases, including nitrogen, oxygen, sulfur, and halogen magnitude and distribution of this source are very uncertain. Price and Rind (1992)

containing-species (NOSH-VOCs), are emitted to the atmosphere from biomass
burning, human activities, and natural processes. NOSH-VOCs are also formed in the
atmosphere from the chemical processing of other trace gases. Although measurements
of many individual NOSH-VOCs have been reported, techniques used are limited by
sampling, detection, identification, or guantitation of individual constituents.
Consequently, an unknown fraction of NOSH-VOCs is potentially unidentified and not
quantified. For example, NOSH-VOCs emitted by vegetation may comprise as much
as half of global biogenic emissions.

We have developed a new approach which combines gas chromatography-mass
spectrometry (GC-MS) and gas chromatography-atomic emission detection (GC-AED)
to characterize individual NOSH-VOCs. GC-AED is used for sensitive detection and
quantitation of NOSH-VOCs, classification as O, N, S, and halogen-containing species,
and determination of empirical molecular formulae. GC-MS is used to provide .
structural information required to identify individual NOSH-VOCs. Results from
atmospheric and biogenic emission sampling will be presented.
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proposed a simple parameterization to simulate global lightning activity distributi

which relates the lightning frequency 1o the updraft imensit;g, and L%lercby ttg the clgud ?c;l;;
height of Cb-clonds. Different lightning emission scenarios based on this
parameterizaton using statistics on cloud top heights and maximum updraft velocities
from a generdl circulation model (ECHAM) are studied. This parameterization is
implemented in a global 3-D tropospheric chemistry model (MOGUNTIA). The
proportion between lightning emission from marine and continental convection ant its
relevance for the reactive nitrogen balance in remote arcas is discussed. Also, the vertical
d;su'abunoln of the lightning source is considered, in particular the relative in?:ponance of
;:h gm guogp ajﬁ :Ioud-to-grou.nd discharges for the input of reactive nitrogen oxides to
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p223 Measurement and analysis of reactive nitrogen species
in the rural troposphere of Southeast United States

D. -S. Kim"
Dept. of Environ. Engineering, Kunsan National Univ., Kunsan 573-360, KOREA
V. P. Aneja ‘
Dept. of MEAS, North Carofina St. Univ., Raleigh, NC 27695-8208, USA

Ambient concentrations of reactive nitrogen compounds as well as tota'll NOy were
measured during June and early July 1992 at a rural site (f]andor, N.C.),‘m the central
Piedmont region of N.C. The measurements of NO species were madc. in an.effort o
provide a comprehensive understanding of nitrogen chegustry a_nd to mv_est-lgate t.he
total nitrogen budget at the site. NOy, NO, and NO -showed diurnal variations with
maxima in the moming. Products of photochemical ox§dants such as H_N03 a.t}d-PAN,
as well as O; showed diurnal variation with maxima in the aﬂqmoon and minima at
night. NO, was the major species to total NOy (~45%). The ratio of I-]}IO;:’NOY was
0.21; it was comparable to the ratios from otl.ler rural continental sites in U.S.A.
Linear regression of O3 with (NOy-NO,)/NOy ylelded [03] = 25.8 [NOy-NO,}NOy]
+ 27, (r2 = 0.58). The regression intercept is interpreted as the O3 back ground (27
ppbv) and the slope suggests that 8.6 molecules of Oy are ttormed per molecule of NO3
oxidized products (when 3 ppbv of the average NOy is used): L_arge NOy an

NO,/NOy, ratio were found when winds came from continental s_1de; it suggests that
synoptic “meteorological conditions and transport o.f source nitrogen species are
important in the distribution of NOy and its relationship with photochemical oxidants.

TR ATION OF NIT - ¢ FLUXES
p224 CHARACTERIZATION OF NIIR()GI'.'I\‘I OXIDE FL.
FROM AGRICULTURAL SOILS [N NORTH CAROLINA, US.A,

i v Ancja, Wayne R. Robarge, Vinud K. Saxena
:'ile“r::r{yll). Ilu'llb:-(mk,yLec Sullivan and Thamas Mfum:
Department of Marine, Earth und Alr‘msp.hcnc Sciences
Nonh Carolina State University
Raleigh, NC 27695-8208, U.S.A.

T. Pierce and C. (}eru:
.S, Environmental Protection Agency
Research Triangle Park. N.C. 27711, U.S.A.

Abstract

Soil flux measurements of NOy and NOy were made during Falk, 1993 and Wim:r,'S:Jmmcr, l99.-1
at an agricubiurally-managed location in the Coastal Plain of North Carclina. The soil type (Typic
Paleudult) is representative of nearly a third of NC. Samples were collected from Gam to Gpm far
one month time periods in cach season. Additionalty, samples were collected over at least two 24 -
16 hour periods during cach of these sampling times 1o obtain a diumallpmﬁ[c. ) These
measurements were accomplished using a well-stirred dynamic chamber lechmthe {all 1nul:mal
surfaces made of Teflon). Ambicnt air was pumped through the chamber at a ¢ liter per ml'nute .
flow rate to reach steady-staic (= 30 minutcs) and then collected in Teflon bags (valume ~ 10 liken.
The cotlection pericd was typically ~ 5 minu . ;
analyzed for NO, NOg and NOy on-site. Thesc subsequent analyses of ihe .mtrogcn species
concenmrations were carried out using 2 LMA-3 Luminol-based NO analyzer (Scintrex Ltd.) and a
TECO 428 chemilumincscent high sensitivity NO analyzer (Thermo Environmcnr.al Instruments
Inc.). The instruments were calibrated periodically using multiple dilution with & mixture of 0.019
ppmv NG in N2 and a miature of 0.131 ppmv of NOgz in Nz. The hourly NO and NOz cl;l:;;tcs
ranged from O ta 250 ngm-2s! and <0 to 50 ng 25 respectively. Overall average NO flux
increased with bath level of applied nitrogen festilizer and wmperature.

tes. The samples in the bags were then immediately
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Vertical distribution of nitric oxide production and consumption in soil cores

L .Rudolph and R. Conrad
Max-Planck-Institut fir Terrestrische Mikrobiologie, Marburg, Germany

The flux of NO at the soil-atmosphere interface' was modeled by measurements of
NO concentration profiles in a column with homogenized soil. The model predicted

the NO flux, which was measured in the headspace of the soil core, within 65%.

The vertical profiles of NO concentrations could be described by an exponential

function. Applicating Fick’s 2nd law of diffusion we could model the vertical

distribution of net NO production and net NO consumption. Depending on whether

the NO concentration in the atmosphere was lower of higher than a particular NO

concentration, i.e. the compensation point, NO production or consumption

dominated. Highest. rates of net NO production or consumption were localized at
the soil surface. Fertilization with nitrate resulted in increased net NO production

and consumption rates in the top soil Jayer, which was consistent with increased NO

fluxes at the soil-atmosphere interface.

p226 _
An Optimized Method for Airborne Peroxyacetyl Nitrate (PAN) Measurements

W. Schrimpf, K. P. Miiller, F.J. Johnen, K. Lienaerts, J. Rudoiph
Institut fiir Atmosphérische Chemie, Forschungszentrum Jiilich, 52425 Jiilich, Germany

Due to the role of PAN in the photochemical reaction cycles in the troposphere the
knowledge of its distribution is of considerable interest for the understanding of the
chemistry of the atmosphere. In this presentation we describe a gas chromatographic
method for PAN measurement in the background atmosphere, which has been adapted to
the special requirements of aircraft based field campaigns. The instrument is installed in
a 1,21 m high 19inch rack with a total weight of 50 kg and a power consumption of
750 VA. The instrument is equipped with a commercial liquid injector and a valve sytem
for injection of gaseous samples. The gas inlet system’ allows automatic injection of
samples with defined and constant mass, independent from ambient pressure variations.
For calibration we used two different methods: Liquid PAN calibration samples and a
permeation device for gaseous calibration samples. Both methods have a reproducibility
better than 90 % and agree within an error of less than 15 %. An optimal selectivity of
the gas chromatographic separation is obtained by a combination of two short megabore
capillary columns of different polarity. The flow rates are 15 ml/min, column
temperature 26°C. For detection an electron capture detector operated at 30°C is used.
To allow a reliable control of these relatively low temperatures .the instrument is
equipped with peltier cooling. To avoid baseline or signal drifts from pressure variations
in the aircraft cabin an electronic back pressure control is integrated into the instrument.
The lower limit of detection is better than 15 ppt, the time needed for one measurement
is less than three minutes. Test flights conducted in November 1993 demonstrated the
suitability of the instrument for airborne PAN measurements.
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Seasonal variation of CO background levels in Venezuela

E. Sanhueza and E. Ferndndez
Atm. Chem. Lab., IVIC, Venezuela

Using a gas reduction detector, CO was measured in a
transect of ~180.km from the coast (Caribbean Ocean) to
the central part of the savannah climatic region of
Venezuela. Samples were collected at the surface around
noontime. Sporadic high 1levels in polluted plumes were
excluded from the averages. No season variation was
observed at the coastal site (samples were only collected
when air was coming from the ocean) with an averade
concentration of about .75 ppbv. A large season variation
was observed at the savannah sites, with dry season
concentrations ranging between 95 and 116 ppbv, and 55 to
75 ppbv during the wet season. At the top of a cloud
forest (~1800 m above sea level) located 30 km from the
coast,  nighttime concentrations (when, due to radiative
inversions in the surrounding valleys, the site is not
affected by local pollution) are similar to the daytime
levels observed in the savannah region. Higher regional CO
levels during the dry season are likely due to biomass
burning sources. A good correlation between daytime CO and
0. concentrations suggests a photochemical source of Oj

diring the burning season.

p228
OH Radicals-Initiated Photooxidation of Isoprene:

An Estimate of Global CO Production

Akira Miyoshi,2* Shiro Hatakeyama,b Takashi Imamura® and Nobuaki Washida®
s Atmospheric Environment Division
bGlobal Environment Division
_ National Institute for Environmental Studies
16-2, Onogawa, Tsukuba, Tbaraki, 305 Japan

OH radical-initiated photooxidation of isoprene has been investigated experimentally by
a 6-m® photochemical reaction chamber equipped with a long path length FTIR
spectrometer. In the presence of NOx, major primary reaction products were methyl
vinyl ketone, methacrolein, and formaldehyde. Their yield were in quantitative

agreement with pervious measurements. In the absence of NOx, the reaction mechanism

was found to be quite different from that in the presence of NOx and major reaction

products appeared in the infrared spectra were attributed to organic hydroperoxides.

The ultimate yield of CO was experimentally determined to be 52 % on the carbon
number basis in the presence of NOx, and 23 % in the absence of NOx. The CO yield in

the real atmosphere was evaluated as 39 % on the carbon number basis and global annual

CO production from isoprene was estimated to be 133 Tg C yri. Together with a

previous estimated of the CO production from terpenes, global CO production from

natural hydrocarbons was evaluated to be 229 Tg C yr. o
#Present address: Department. of Reaction Chemistry, The University of Tokyo, 7-3-1
Hongo, Bunkyo-ku, Tokyo 113 Japan.
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Measurement of Atmospheric Carbon monoxide
for Environmental Impact Assessment

A. Ramani :
Department of Geography, Andhra University, Visakhapatnam, India

_ Carbo-n monoxide is of interest as an air contaminant because of its known
toxic properties, and also due to its green house effect. Exhaust from the motor
ve.hlcles plays a major role. The carbon monoxide produced at the earth's surface
migrates by ditfusion and eddy currents to the troposphere and stratosphere where it is
oxidised to carbon dioxide, which is responsible for 52% of total green house effect
Natural background levels of carbon monoxide are low ranging from 0.01 to 0.5;
mglm3_or 0.01 to 0.8 ppm. Measurements of percentage emission of carbon
monoxide have been carried out in Visakhapatnam using carbon monoxide detector
tube, and the results reveal that the percentage emission of diesel vehicles (0.015%) is
compgratively lesser than that of petrol vehicles (0.033%). The emissions of below
one year old vehicle is 0.0 to 0.005 and the emission of five years and above vehicles
varies between 0.010 to 0.100. The approximate emission of carbon monoxide for
different vehicles per year is observed to be 14,000 tonnes in case of two and three
wl_leelers, %,3 00 tonnes by cars and 2,500 tonries by heavy vehicles. A detailed study is
beu}g carried out to measure carbon monoxide emission for industries and motor
vehicles of different categories in the city of Visakhapatnam.

p230

A POSSIBLE IMPACT . OF STRATOSPHERIC OZONE DEPLETION. ON TROPOSPHERIC
TRACE GASES REMOVED FROM THE ATMOSPHERE BY HYDROXYL

L. N. Yurganov (Arctic and Antarctic Research Institute, 38 Bering
Street, 199397, St.-Petersburg, Russia)

Carbon monoxide total column abundance was measured .in. 'Northepn. and-
Southern hemispheres by IR spectroscopical technique. These data (as
well as results for CO and CH4 obtaihed by other authors) correlated
with total ozone measurements. Since 1982 a sléwing* down of methane

incremg and in the same time a decrease of carbon monoxide content -
in spring months were observed. These gases have a common. chemical

sink - in the troposphere: a reaction with radical OH. A possible

increase of concentrations ofr-this tropospheric radical o¢an ' be

assoclated. with total column ozore diminution observed in both
hemispheres during the last decade:. and:.with concurrent increase of

U¥Y radiation. The impact of total.ozone variations on tropospheric

methane and other greenhouse. gases (if it is real) has to be taken

into account in climate warming sirmulations.
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p231 _
MODEL-CALCULATED PARTICULATE SULPHATE IN THE ARCTIC.

Transport, turn-over times and effective sink rates of natural sulfur
compounds in the remote Arctic Planetary Boundary Layer

i i i iti I (TADE-91 |
during the International Arctic Ocean Expedition 1991 (IA0 ) Trond Iversen, Institute of Geophysics, University of Oslo, Norway

E.D. Nilsson, C. Leck, EX. Bigg, C. Persson Leonor Tarrason, The Norwegian Meteorological Institute, Oslo, Norway.
Department of Meteorology, Stockholm University
A multilayer Eulerian long-range transport model covering major parts of the
Northern Hemisphere has been applied to estimate concentrations of Arctic-wide
distribution of particulate sulphate. Based on six-hourly meteorological data from
ECMWF for the year 1988, the model calculates its own precipitation and diabatic
processes, and estimates air concentrations and depositions of anthropogenic oxidized
sulphur as well as DMS from the Atlantic Ocean. As is well supported by results from
several measurement campaigns, the concentration levels and temporal variance are
model-estimated to having a clear seasonal cycle with a winter-spring maximuni.

: : Results for several atmospheric levels will be shown and put into the context of large
continent during winter and spring. The permanent pack-ice offered a unique

. ; D | St for substances having an origin in the s@e ?t_mo§pheric flows. The main cause of th'e seasonal variations is the annual
?Efrgm t%if)tﬁ) g%:ra?ysppgg&uctive seas. Measurements of DMS, SO, aerosol nss- ) variability in these flow patterns. I't is hypqthesnzed that the increased contents of
5042 (non-seasalt-sulfate ), aerosol MSA- (methanesulfonate), CN (condensation sulphate may cause- increased clm'xdmess during the season wht_ar{ the sun is below the
nuclei ) and CCN in combination with wransport times from the marine sources, arctic h.OI'.lZOIl. This may in turn increase the infrared absorptivity, and thus disturb
calculated from a large number of trajectories and ice-cover information, have allowed a the radiation balance so as to decrease the rate of cooling of the lowermost 1-2000
Lagrangian non-steady state estimation of turn-over times, Le. 2.5 days for DMS, to be m. As the sun rises above the horizon the increased cloudiness may increase the

, / tal ligibl ce of . . .
mﬁf&' S};:ncg g&%acégggzﬁeoégrr:g g}n Blﬁécfgﬁ%%?gﬁﬁﬁ%%mﬁﬁﬁ; gf ' albedo, as has been ax}tlcupated at on.rcr latitudes (I_PCC, 1992). However, since the
?he mgthod was tested by calculating the half-life of radon, using the transport time natural arctic albedo is very large, simultaneously imported black carbon probably
from crustal sources, which was calculated to within 9% of its true value of 3.8 days. more than counteracts this slight increase.

L arts of the atmosphere, particularely the northern hemisphere, are under sfrong
maﬁﬁzxﬁzc from ant:rophogcnic elznissions of SOy (sulfur dioxide ) from the nse of foss.ﬂ
fuels. Therefore the questions regarding indirect climate control by the biogenic
produced DMS (dimethy] sulfide ) through the production of CCN (clond condeqsgmon
auclei ), suggested by Charlson et al. (1987 ), are best studied in remote regions.
During the JAOE-91, lasting from August to October in the ice-coveraed Arctic ocean 3-
dimensiona! trajectories showed that air from the Arlantic sector cleaned by the wet
removal processcs during its transport dominated during the summer while subsiding
aged air dominated in the autumn. These unperturbed air masses differ from the
polluted air causing arctic haze and known to be transported from the Eurasian
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. s .y . i sulfur-
M ments of oceanic and ammospheric dimethylsulfide, sulfur dioxide, biogenic su
:ﬁailugasalt aerosols during the International Arctic Ocean Expedition 1991 (IAQE-91).

p234 Biogenic sulfur and aerosol composition in the Atdantic and Southern Oveans

C N Hewitn*l, B Davisond, I M Harrison® M Schwikowski3, U

i Cﬁcilia Persson a.nd CaIOlinc I—BCk Baltensperges3, C ODowd? aud M Smithi

Department of Meteorclogy, Stockholm University, Sweden

Linstitute of Environmental and Bivlugical Scicnces
i i i Lancaster Universit

JAOE-91, lasting from August to October 1991 provided a unique opportunity to study the Co lancester oty

natural tropospheric sulfur cycle under conditions of lmited anthropogenic influence. Here

we report on chemistry measurements that represent a substantial addition to the Northern

2 Institute of Publi¢ and Envirenmental Health
University of Bitmningham

1 ispheric high latitude (78-90°N) data base. The study covered sampling in open ocean Riemicgham

: I:;Irggj,sglozr;cthz:gicc edge afs‘ well as over the pack ice. Chlorofyll a, Phaeocystis poucheni Bl> 2TTUK
and DMS (dimethylsulfide) in the central Arctic Ocean surface mixed layer ranged from _ S s

0.93-8.6, 0.33-3.3 g/l and 0.03-12 nmol/L respectively. Marine boundary layer 523 Villger

concentrations of DMS, SO (sulfur dioxide), MSA- (methanesulfonate), nss-SO4% (non-
seasalt sulfate) and NHg* (ammonium) ranged from 0.05;117, 0.04-1.7(, 0.002-_ 1.4, 0.03:f

,03-3. ol/m3 respectively. A three stage cascade impactor (upper size cuts o Ot
gg ail% 06?; ﬁqxfpyrﬁcle dri,ametcrg was used for chemical identification of the above Maachester M601QD UK
con’:lpou’nds as well as sodium, chloride and nitrate for the size resolved aerosol. Aqueous
phase DMS and Chlorofyll 4, together with atmospheric DMS, MSA-, 50, and nss-S04%,

4Department of Pure and Applied Physics
UMIST

The concentrations of dimethyd sulfidc in air were obtained during a cruise between

. « e ape the UK and the Antarctic in th iod October 1992 - 1. 1593 sy thod
representing airmasses unperturbed by anthropogenic emissions, exhibited a marked the Pfi?;ﬂ e 3 ;;;:%” Ociober s DM:?;?“ 1993 st "a::r. 1
i 1 i i Equatoral regions {(30°N to 30°S) the pheric tion rang 3
seasonal progression. The highest values were found in the apen water along the ice edge, Equsoal sgis GON t030°) the meherc DM conentaion rnged G

south of the Falldand Islands concentratons from 3 to 714 ng {S} m'3 were obscrved
with a mean concentration of 73 ng (§) m™3. The concentrations of a range of DMS
oxidation products were also obtained. No clear relationships between reactamiand -
preduct concentrations were scen. Information on particle number density, Fuchs
surface area and the thermal volaiility characterisiics of the ambient aerosol was

i inni i k ice in late
in the beginning of August and the lowest values were found in the pac
September. The flux of DMS was calculated to be 0-19 pmol/m2day (mean 0.6

ol/mZ2day). In the pack ice region local DMS emissions were negligible compared wi
rIJL:JI:':‘g range ggvection from the bordering seas, except during ice melting in August. Detailed
information on airmass origins from majectory analyses was indispensable for the

interpretation of the data,
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cbtained, but again no clear relationship with sulfur concentrations was observed.
New panticle formation during the dayiime was séen or a faw occasions but it is not
clear that this is solely due to DMS oxidation processes. In polar air, the accumulation
modé non-sea salt sulfate was found 10 be in the form of unneutralized sulfuric zcid
but further north, in maritime air, substantial ncutralization by ammonia, probably of
marine biopenic origin, occurs.
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Dimethylsulfide, aerosols and condensation nuclei over the Atlantic Ocean

B.C. Nguyen, J.P. Putaud, N. Mihalopoulos
. Centre des Faibles Radioactivités, Laboratoire mixte C.N.R.S.-C.E.A.
: © 91198 Gif-sur-Yvette France :

Biologicaal activity of phytoplankton and zooplankton in surface seawater releases about 15

to 40 T g S/yr of dimethyl sulfide (DMS) into the atmosphere. This gas rapidly oxidizesin:

the atmosphere to give methane sulfonic acid (MSA) and sulfur dioxide (S02) which
subsequently reacts to form H2804. These aerosols (MSA, S04=) nuclei can act as cloud

- condensation nuclei (CCN) influencing albedo and therefore, the Earth’s climate.
Concentration of DMS in seawater was measured during September and October 1991 and
during December 1993 and January 1994 in the northen tropical Atlantic ocean in order to
estimate the sea-air flux of DMS and to assess the role of DMS in concdensation nuclei
(CN) production. Atmospheric concentrations of DMS, 502, MSA, non sea-salt sulfates
(nss SO4=) and CN were aiso measured during September and October 1991. The division
of data into subsets according to continental tracer information by Radon 222 allowed us to
show that SO2 and nss SO4= concentrations correlated with DMS concentrations in
unpoliuted air masses. MSA and nss SO4= were found to be mainly concentrated in
particles with diameters <0.6 ygm. Daily mean nss SO4=in the <0.6 ym diameter range
and CN concentration were corelated (R = 0.91), which suggests that H2504 is an
important CN precursor. Atmospheric DMS and CN number daily mean concentrations also
correlated (R = 0.82). However, the CN population was stron gly influenced by continental
input less than 500 km downwind of Africa whereas DMS seemed to be able to affect the
CN number concentration at about 1500 km from this continent

p236

Seasonal Variations and Origin of Methanesulfonic Acid, SO,”, and
SO, at Two Marine and One Midcontinental Sites in Canada

Shao-Meng Li, L.A. Barrie, D. Toom, and H. Dryfhout
Atmospheric Environment Service, Downsview, Ontario, M3H 5T4, Canada

Daily mean atmospheric concentrations of MSA and SO, in aerosols and SO, at two
coastal sites on the Atlantic Ocean and Pacific Ocean and at one midcontinental site in
Canada during April 1992 to April 1993 are presented. At the site on the Atlantic
coast, Kejimkujik National Park (44°22'N, 65°12'W), Nova Scotia, MSA concentrations
usually fall between those at the other sites. A strong seasonal variability is evident in
the MSA concentrations, with consistently low winter values of <0.01 pg m>, and more
variable spring and summer values in the range of 0.01-0.13 pg m”. At the Pacific
Coast site of Saturna Island (48°47'N, 123°08'W), British Columbia, MSA concentration
is highest, ranging between 0.001 to 0.2 pg m7, with a mean value of 0.06 pg m™, but
with a less pronounced seasonal MSA cycle as at Kejimkujik, reflecting the difference
in regional emissions of precursor gases between the two coastal sites. The mid-
continental site at the Experimental Lake Area- (49°39'N, 93°43'W), Ontario, was
selected for its remoteness from mariné sources and proximity to potential terrestrial
wetland sources. MSA concentrations are generally lower than those at the two coastal
sites, about 1/3 of that found at Kejimkujik and a less well defined seasonal variation
pattern. In this paper, the relative contribution of anthropogenic, sea salt, and biogenic
sulfur to aerosol SO, will be discussed. The ratio of MSA/SO,” in biogenic emissions
will be explored using principal component analysis and trajectory sector analysis.

— 10—
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Relative contribution of natural and anthropogenic sources to the aerosol non-sea-salt
~ sulfate at Ny Alesund, Spitsbergen

W. Maenhaut, G. Ducastel, K. Beyaert (Inst. for Nuclear Sciences, Gent, Belgium) and
JE. Hanssen (NILU, Lillestrém, Norway)

Marine biogenic emissions of dimethylsulfide (DMS) are the majo i
sulfu1: anfi non-sea-salt {nss) sulfate in varioug ocezznic regions.jlrl; f)orgg;etzf:;tl?n?zlt): (:;11:3:
contribution from t_his source in the Norwegian Arctic, aerosol samples were continuoust
Ro{llected from April 1991 until September 1993 at the Zeppelin background station in Ny
esund. The aerosol was separated in two size fractions of >2.5 pm (impaction stage) ang |
<2.5 pm (filter), and the samples were collected according to a 2-2-3 day schedule 1’%11 filter
samples were analy?cd for methanesulfonate (MSA), sulfate, some other jonic spécies and
up to 40 elements, including several anthropogenic metals. In addition, selected impa::tion '
substrates were analyzed for MSA. The atmospheric MSA levels were highest in the period
May-August, mt!a values typically between 10 and 200 ng/m3. From October to Marcl'.Jh the
MSA concentrations were generally between 0.5 and 4 ng/m?3 only. Nss sulfate, on the o’ther )
hand, showed a quite different pattern, with highest levels in March-April (1-’3 pg/m3) and
lqwcst levels frgm June through September (20-400 ng/m3). MSA was essentially associated
with the fine size fracfion. The (MSA/nss sulfate) ratio varied very dramatically over the
yeart, from 0.(?01-0.004 in December-March to 0.05-0.5 in June-July. The marine biogenic and
a.nthropoge_:mc s].llfatc contributions to the nss sulfate were resolved by multiple linear regres-
sion analysis, using MSA as indicator for biogenic DMS and metallic pollution elemeni as
lnfilcators for the anthropogenic sulfate. It was concluded that the marine DMS source
tributes about one third of the atmospheric nss sulfate during summer. o

P238

Conccnt_rations of Aerosol Methanesulfonate, Non Sea-Salt Sulfate and Ammonium at
Three Sites in the Southern Ocean. : ' ‘

o R.W. Gillett and G.P. Ayets
Divigion of Atmospheric Research, CSIRO, Australia

In order to assess the effect of latitudinal gradients on dimethyl sulfide emissions, and
tempe_rature and ultra violet insolation on dimethyl sulfide oxidation, concentratién of
mqthanemﬂfonate, non sea-galt sulfate and ammonium have been measured szt the Cape
Gritn Baseline Station (40.70 S, 144.70 E), Mecquarie Island (54.5¢ S, 158.9¢ E) and
Mawson (67.6° 8, 62.99 E) from 1989 until mid 1994, Results of the;e measui‘ements
show a ch::ar ax_mual ¢ycle in methanesulfonate, non sea-salt sulfate and ammonium with
concentrations increasing during the southem summer and decreasing during the southern
winter. These eycles correspond to those for dimethyl sulfide gas concentrations those
already observ‘ed at Cape Grim. Differences in the aerosol cycles at the three sites provide
some perspectives on the way in which dimethyl sulfide oiddation differs with latitude.
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Sulfuric acid particles in the winterti me Antarctic atmosphere

Kikuo Okada and Teruo Aoki
Meteorological Research Institute
Tsukuba, Ibaraki 303, Japan

Individual aerosol particles of >0.3 pm radius were collected using an impactor at Asuka

Station (71° 31'34" S, 24° 08'17" E), Antarctica, in the austral winter of 1988. Sulfuric acid

i i i icrometer size range. On the basis of
particles were found to be dominant in the submicr X—rgy i aoatrass,

icroscopic examination using the energy-dispersive 2 .
glpi;:rt(g?(rilmn;tg@sSO [‘)% of the particles were determined to be originally sea salt. Tl];esl;flz sglfunc
acid particles would be formed through the modification of sea-salt particles probably Dy
biogenic sulfur gases during transport from the marine atmosphere to the Anltlarcttlg - couth
atmosphere. Also, sulfuric acid particles without sea-salt inclusions were coliecte

wind.

p240
Emission of biogenic sulfur gases from some Chinese and Japanese soils

Z.Yang ] )
Institute of Soil Science, Chinese Academy of Sciences, China

K. Kanda, H. Tsuruta and K. Minami
National Insitute of Agro-environmental Scieces, Japan

Emission of volatile sulfur gases from waterloggeq p-addy soils and upland soils of
Chinese and Japanese were studied in the laboratory. Em1§51on of Hydrogen sulfide(H2S),
carbonyl sulfide(COS), methyl mercarptan(CH3SH), dlmethyl ‘ sulfide(DMS), ca;bon
disulfide(CS2) and dimethyl disulfide(DMDS) were_de.tected. Em;§s1on of sulfur gases from
paddy soil was more than that from upland, and emission from Chinese pad.dy soil was more
than from Japanese. At same soil, emission of sulfur gases v.vhen applied both organic
manure and chemical fertilizer was higher than when only organic manure or only chemical
fertilizer. On anaerobic condition, detected biogenic sulfur gas values were far more thgn on
aerobic condition, H2S was most obvious. Results also have shown that, at higher
temperature, oxidized rate of reduce sulfur gases was high.er than 'at lov.ver temperature. It
may be related with the distribution of acid rain in Cil}ng. It is bel_leved that previous
results have probably been estimated too low values of emission of vq]atll_esulfur gases from
soil-plant system, actural values may be far higher than present estimation.
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Transport of anthropogenic sulfur from Fast Asia to the sea near Japan
and its reaction with sea salt particles

Shigeru Tanaka and Hisashi Ishikawa
Faculty of Science and Technology, Keio University, Japan

Recently, a lot of anthropogenic sulfur has been emitted in FEast Asia
countries with thier industrialization. The emitted anthropogenic sulfur
has been transported from East Asia to the sea near Japan by the
westerly wind. Most of anthropogenic sulfur transported might not be
neutralized over the sea for lack of ammonia. Therefore, it is
considered that the transported sulfur reacts with sea salt particles
(NaCi) and hydrogen chloride is generated in the marine atmosphere.” In
this study, the atmospheric observation was carried out at remoto
islands (Okinawa, Tushima and Oki) near Japan and on the route of
research vessel, from 1991 to 1994, in order to understand the process
of this reaction for the generating hydrogen chloride. As the results of
the observation, it was found that the amount of chlorine loss in sea
salt particles was strongly correlated with acidity of aerosols. The
concentration variation of hydrogen chloride in the atmosphere at Oki
was high in day time and low in night time. This fact suggested that the
process of hydrogen chloride generated from sea salt particles also
depended on the seolar radiation. :

p242 An emission of marine biogenic sulfur from enclosed coastal sea
and coastal area in Japan to the atmosphere

Shigeru Tanaka and Reiji Tahara )
Faculty of Science and Technology, Keio University, Japan
. Kenji Matsunaga ' '
Solar Terrestrial Environmental Laboratory, Nagoya University, Japan

Dimethyl sulfide (DMS) is considered to a major biogenic sulfur in the
marine atmosphere and to. play an impotnant role in the global sulfur
budget. Many investigations on DMS have been carried out in defferent
marine regions. In this study, concentrations of DMS in both of the
atmosphere and sea water were measured especially in enclosed coastal
sea (Seto Inland Sea) and coastal area (Saku Island) in Japan, from 1991
to 1994, in order to estimate an emission amount of biogenic sulfur from
these area. As the results, mean concentration of DMS in sea water in
Seto Inland Sea was 1340 ng/# in summer and 753 ng/¢ "in winter. An
annual KDMS emission from Seto Inland sea was calculated to #.7 GgS/y by
using the data of DMS concentration measured in this study. This value
was less than 1 9% of total man made sulfur emission in Japan(570GgS/y).
Therefore, it can be mentioned that biogenic sulfur emision from
enclosed coastal sea and coastal area is very low compared with man made
sulfur emission in Japan.
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“The Origin of Sullur dioxide and Sulfate in
the Aumosphere of the North Pacific

Donald €. Thasntan, Byron W. Blomquist and Alan R, Randy
Chemistry Departinent
~ Drexel University
Philadelphia, PA 19104

Robert W. Talbot
Institute for the Stody of Earih, Qceans and Space
University of New Hampshire
Purham, NH

Our recont studics of the chemistry of sulfur in the awmosphere of the North Pacific
Ocean reveated that six months after the eruption of Pinatubo, the stratosphere still contained
substantial quantitics of sulfuy dioxide. Often sulfur dioxide was almost as abuadant as
sulfute, AU narthern latitudes transpont {ram the stratosphere Lo the troposphere wak 41
important contribution to the subfur dioxide loading of the upper groposphare.

In the mid-Tatiwde troposphere both anthropugenic and stratosphericafly derived sulfur
dioxide were important. Anthropogenic SOUCes bacame increasingly more important at Jower
latitudes. Sulfate loadings weio camparable to sulfur dioxide loadings in all cases.
Anthropogenic sulitr dioxide emitted in the coastat regions of China and Japan remained
tisjow about 3 km and was likely removed by dry deposition to the ovean surface. Qur data

indicate that dimethy] sulfide was nat an important precursar of frec tropospheric suifur

dipxide. . - .
Most of the sulfur dioxide in the marine boundary layer was brought into the boundary
Jayer by entrainment from the free traposphere. 1 all the dimethyl eulfide in the boundary
were convertad to sulfur diexide it would have made a small contribution to the total sulfur
dioxide loading, There was no corcelation between sulfur dioxide and dimethyl sulfide in the
marine boundary layer suggesting that the exidation of dimethy! sulfide in the remote maring
boundary Rayer procluces Jittle sulfur dinxide.

p244 A model study on the scasonal varialion of MSA Lo nss.sulfate molar ratio
in Lhe marine almosphere '

S Koga' and H.Tanaka®
INalional inslitule for Resources and Environmenl
Ynstitule for llydrosphcric—-/\Lmospheric Sciences

Recenlly, lhe scasonal varialion has been observed in MSA o n.s.s.sulfale molar
ralio. The cause is still in conlroversy. The purpose here is to investigale the
cause of Lhe seasonal varialion. The authers conducted several calculations with
the use of a box model under condilions al mid-latitude(40" S). In this model.
concenlration of NOx is assumed lo be 40pplv. The model calculation shows Lhal
while diurnally averaged OH concentration is a factor of 8 smaller in winter(Jun.)
than in summer{Dec.), diurnally averaged NO, concentration is a factor of 5
larger in winter(Jun.) than in summer{Dec.). Furlhermore, the addition reaction
rate of DMS with OH in winter is al most 14 Llimes as fast as thal in summer.
Therefore, Lhe oxidation of DMS in winter mainly goes on through the reaction of
DMS with NO,. Consequently. The ratio of MSA Lo SO, production rate is smialler in
winler than in summer. One of the reasons for Lhe varialion of MSA to
nsssulfale molar ratio is that in winter the reaction of DMS with NO; is
predominant oxidalion pathway rather than thal of DMS with OH. The reaction
with N0, scems to be imporlant for the oxidalion of DMS at middle and high

laliludes in winter.
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Production rates, uptake rate constants and compensation concentrations of OCS in
various soils

. S. Lehmann and R. Conrad
Max-Planck-Institut fiir terrestrische Mikrobiologie, Marburg, Germany

Rc?lease and uptake of OCS were measured at 25°C in soil samples which were flushed
I;f;lhidi cc:;stant ?clngrﬁrzga of either air or nitrogen. A cryogenic trapping technique with
gon (-18 °C) was used to collect gas samples fo is i
chromatograph equipped with a flame photometric detcctor].? The d;peﬂzlzis o; rxlle?O%}aé
ﬂuxes on gas flow rates z}nd OCS concentrations could be described by a model of
mfmultaneous OCS production and OCS uptake. By using this model, rate constants (k)
?u OQS uptake anc_i OCS compensation concentrations (m_) could be determined as
nction of the soil type and the incubation conditions. Four different soils wer
exammed..Under aerobic conditions, OCS production (P) and uptake were observed in
all the s0{ls used. However, the release rates of QCS and the OCS com nsatiml
concentrations were small (P: 0.33 - 114.1 ng8 h' gdw’, m_; 0.83 - 165.85 lr)leS' 1'?n
The soils showed a larger potential for uptake than for produétion of OCS . OCSgu tak) :
was dcpendent. on temperature (optimum 24°C) which indicated a micr(;bial roI::e y
Under anaerobic conditions, OCS uptake could be demonstrated only in one SOIi).l >

p246 Formation of COS and methy! thiolformate in the oxidation of DMS

. 1. Bamnes, K.H. Becker and J. Patroescu
Bergische Universitit - Gesamthoch schule Wuppertal, Wuppertal, Germany

The possible climatic implications of the chemisn"y of DMS for the marine tropo-
sphere and COS for the stratosphere are well documented. Studies in this laboratory
on th.c OH initiated degradation of DMS under NO,-free conditions in large volume
reaction chambers using FTIR in situ analysis show that COS is a minor product of
the photooxidation. COS accounts for ~0.8 % S in the rcacﬁon system. The presence
of N.Ox in the system reduces the yield of COS. If the yield of 0.8 % § is valid for
ma-rine atmospheric conditions, where the NO, levels are low, then the oxidation of
DMS wounld represent a sizable, as yet unconsidered, source of COS in the atmo-
sphere. Also under NO,-free conditions methyl thiolformate (MTF: CH3SCHO) has
been observed as a product of the DMS oxidation with a yield of ~20 9?;: S. Again

the presence of NO, reduces the yield of MTF. ' F o
Posts;ble ;ncchanisms for the formation of MTF and COS and the influence of..NO

on their formation will be presented ¢ ic implicati a
208 chermistr will e disc}; o d and the atmospheric implications for DMS and
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Aqueous-Phase Oxidation of .8${(IV) by CH,00H at pH1-2

H. Hara, S. Nakasato™, and 8. Hatakeyama™™
The Inst. Public Health, Aoyama Gakuin Univ.™,
Nat. Inst. Environ. Studies™™

Second-order rate constant was determined for the
reaction between sulfite (S(IV))and methylhydroperoxide
(CHs00H) over the pH range 1.0-2.0 at 23 C because of
its potentially effective process for sulfuric acid
formation in the atmosphere. Absorbance of S(IV) at 258
nm was traced by using stopped-flow spectrophotometer.
The time profile was analyzed under the pseudo-first
order kinetics to evaluate first-order rate constant.
This rate constant was obtained for different
concentrations of CHs00H for three pH values, from
which second-order rate constant was determined: (1.30
+ 0.05) x 10* mole™* dm® s~', (1.31 % 0.05) x 10%
mole-* dm® s~*, (1.05 # 0.02) x 10¢ mole~* dm® s~ * for
pH 1.0. These values were in good agreement with those
derived from second-order reaction rate law.

p48 ESR Studies of the Peroxide Oxidation of aqueous Sulphite

W. G. Filby' and W. H Kalus?
1Kernforschungszentrum, Karlsruhe
1 Bundesforschungszentrum fiir Erndhrung, Karlsruhe, Germany

ESR spectra of free radicals involved in the oxidation of aqueous sulphite solutions have'bcen observed for
the cases of hydrogen (I} and di-tert-butyl peroxides (I) and tert-butyl hydroperoxide (1II). Spect_rai
parameters indicate that the radical can invariably be assigned the structure §O3. For the most stud1§d
case (IIT) the reaction is not catalysed by trace metals or light and probably involves the mono-sulphite
anion as the reactive species. The formation of the radical can be partially or completely suppressed by
stoichiometric amounts of form- or acetaldehyde respectively. Aromatic aldehydes arc much less potent,
The reaction, which was carricd in a flow system, was not noticeably affected by the presence of dissolv?:d
oxygen. Trapping experiments indicated that the OH radical is probably not involved and that sulPhlte
radicals do not attack aromatics. The oxidation of sulphite by III is probably several orders of magnitude
greater than its complexation by formaldehyde at pH 2.7 and 6.6. Some possible consequences of these
reactions in atmospheric processes will be discussed.
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Stomatal absorption of sulphur dioxide by pine needles

T. Vesala, K. Himeri, T. Ahonen, M. Kulmala, P. Aalto, P. Hari"
University of Helsinki, Department of Physics
P.O. Box 9, FIN-00014 University of Helsinki,' Finland
*University of Helsinki, Department of Forest Ecology
P.O. Box 24, FIN-00014 University of Helsinki, Finland

We have studied dry deposition of sulphur dioxide on Scots pine needles both
experimentally and theoretically. The measurements were carried out in a cylindrical
flow chamber (diameter of 14 cm and length of 23 cm) which contained one normally
photosynthesising twig having dry needle surfaces. The drop of the sulphur dioxide
concentration in the chamber was detected and the empty chamber did not absorb
significant amount of this pollutant. The twig was also dried in order to close stomata
and in this case the méasurement did not show practically any deposition indicating
stomatal transport mechanism for sulphur dioxide. The experimental results were
interpreted by a numerical model to deduce an average pore size of stomata. The model
solves the steady state diffusion equation for a single stoma. We have also estimated the
corrections resulting from the effects of convective flow and stomatal interference
(merging concentration fields of adjacent stomata). The average pore size was found to
be 4 microns indicating that stomata might be open to different degrees. In addition, the
microscopic analysis revealed that some stomatal antechambers were wax-filled.

p251 THE STUDY 0F SULPHUR DIOXIDE POLLUTION
S. Madhuri

Urban air contains various pollutants and sulphur dioxide remains one of the
major atmospheric pollutant. Severe respiratory and pulmonary problems are observed
where SO, concentrations in the atmosphere exceeds 150-200 pug/m®. To determire
the content of SO, in the atmosphere in the city of Visakhapatnam, regular surveys
were conducted with the help of high volume ambient air sampler. The SO,
concentrations of 160 ug/m* to 390 pg/m' were observed in industrial areas. In
residential zones the concentrations were in between 30 pg/m® and 120 pg/m® and at
traffic junctions the concentrations were more than 200 pg/m’. The reasons for higher
concentrations of SO, in premonsoon and minimum during the monsoon are discussed.
Correlation was made between meteorological parameters and SO, concentrations.
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_ Sulphur in the Siberian atmosphere

A. Ryaboshapko, 8. Gromov, and S. Paramonov -
Tnstitute of Global Climate and Ecology, Moscow, Russia

A significant part of anthropogenic sulphur emitted into the atmosphere of
Furopean industrial regions is transported to the Asian part of Russia. From the
other hand there are a lot of anthropogenic sulphur sources in Siberia itself, and
emissions here tend to rise. By 1990s the total sulphur emission here was 34
Tg/year. The emission field is very uneven. Only one point source of sulphur
dioxide provides annual emission of 1.1 Tg sulphur. So, Siberia can be not only
the sink but also the source of atmospheric sulphur for the North-western
Pacific region. Generalization of monitoring data for last years shows that about
8 Tg of sulphur are removed from the atmosphere over Siberia annually. Main
part of this sulphur is removed by wet deposition. The highest sulphur
concentrations in air and precipitation are characteristic for industrialized areas
of South-western Siberia. At the same time unpredictable high concentrations of
excess sulphur in precipitation are observed over Pacific coast areas. The lowest
sulphur concentrations can be found in the Northeastern region of Siberia.
Seasonal and long-term variations of atmospheric sulphur in Siberia are

discussed.

p253 Modelling the global dynamics of soot and sulphate aerosol

W. F. Cooke, F. Raes and J. J. N. Wilson
Environment Institute CEC, ltaly

Aerosol particles have a twofold effect on the radiative balance of the earth, by
scattering or absorbing light, and by acting as cloud condensation nuclei (CCN) and
thus influencing the radiative properties of and lifetimes of clouds. It is recognised that
the accurmulation mode (0.1 - 1.0 pm) is both the most optically active and the "source
reservoir’ from which CCN are formed, and furthermore that the accumulation mode
is predominantly formed by the gas-to-particle conversion of gaseous precursors.

Two major components of the accumulation mode aerosol are sulphate and soot. Their
precursors have common sources in anthropogenic emissions and biomass buring,
althongh sulphate is additionally formed from natural emissions of DMS and volcanic
emissions of sulphur compounds. However, whereas the formation of accumulation
mode sulphate aercsol from it’s gaseous precursors has an as yet uncertan timescale
and is strongly influenced by micro-meteorological conditions, soot aerosol is formed
over relatively short timescales within the plume, but undergoes physical
transformation in the atmosphere. Thus in both cases, the microphysical aerosol
dynamics and the larger scale meteorolgical dynamics are closely coupled. We have
developed models for both sulphate aerosol dynamics and soot aerosol, and have
implemented them in a global transport model. In this paper, we will present resullts
of our most recent studies with the models.
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- :Tropospheric Aerosols—Their Characteristics of Radiative and Climatic Effect

. Yang Jianliang and Wang Mingxing
Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China

Aefosols hax:re radiative effects on solar radiation and terrestrial radiation because of
their scattering and absorbing, and therefore impact earth's climate. Unlike the
greenhou_se gases such as CO, 'CHy, NOy, etc., which are fairly uniform over the global
aerqsol dxgn_butmn (physical and chemical properties) has a much larger temporal ami
spaftlal variation. The global climate forcing by aerosols therefore is difficult to exactl
estimate. -The radiative and climatic effect due to aerosols depends on local aerosoji
concentrations, size distributions, chemical compositions, optical properties, surface
albedo, ze;uth angles and cloud cover, In this paper practical tropospheric’aerosols
mee.zsu.}red in natural background, rural and industrialized areas are introduced into
radiation tl:ansfer_ model. Finite difference method, which has been proved to be of hi E
accuracy, is used in the model to calculate radiation intensity and flux Verticaﬁ
mhomogene.ous atmospheres is treated and the calculations. are made ;f'or diﬁ‘eren{
aerosol optical depth and varied physical-chemical properties related to their speciai
source areas, such as in urban areas, in north China, over ocean and over desert ictive
:ltmosphe_r:c constituents including water vapor, carbon dioxide, ozone and cI;:uds are
ario £;T;23Ted. Short-wave and infrared radiative and climatic effects of these aerosols

p255 Physio-Chemical Measurement to Investigate
Regional Cloud-Climate Feedback Mechanisms

V.K. Saxena, J.D. Grovenstein and K.L, Burns
North Carolina State University, USA

A critical survey of the cxisting evidence reveals th i
at the trends in the avera
It;ﬁ;;ﬁ&ua c;fc wilfal Eﬁ;ﬁgl rop(c;Sph;;e system zrlntc_I in global prccipitaﬁorr patgtgrﬁgograé
S and anthropogenic differences between the north '
southern hemisphere. In contrast, climatic chan, i " have been more
1ern [ 2 ges on a regional scale have been m
convincing during the last two decades. A case in point is the fr hs
experienced in the Southeast, In situ cloud mcal.:zrcn;s v e Ao+
exper ( . ents were taken
ﬁg:‘tvl:dual ciilggc(lh%\;gt‘s}fb&t:vgic% June and g)é:égt}cr 1993, in Mount Mitchell gt':llt-;nlgaral?
Carolina (home of the highest peak, 6,684 ft. or 2,017m MSL in th ited
States; Mt. Mitchell is a desi i jons Bi. ey e
3 t gnated United Nations Biosphere R
Eélsgcl:ltg;tg Evaa:isl mmu:lta(lzeously r)noEitored by the satellite-ba?cd ﬁdv::ggg\)ferycl%ﬁgg
on Radiometer (AVHRR). Clouds with contrasting mi i fati
characteristics are formed at the site when air masses of m%ﬁngfggﬁyﬁﬁggia]angg clilitglla‘f;

. polluted origins atrive. Cloud droplet size spectra were obtained and used to determine

total droplet concentrations, average dropl ii iqui
\ plet radii and cloud liquid
gater samples were collected and analyzed for pH amcil uéh:::;g;ﬁ:gﬁgbs(i:tlﬁ::ld
N ot?r:li}()iu]taalﬁoxl_ of back trajectories for these cloud events are accomplished by utilizing a
y erian-Lagrangian computer model. Clouds formed by polluted air masses had

pHaslowas 2.4 ine ai i
P as low as 2 and by marine air masses as high as 4.75. The latter were found to be
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Chemical composition of aerosols on a transect from the Sahara to the Gulf of Guinea and
the influence on the element concentrations in rain water

L. Herrmann®, K. Stahr* and A. Bationo™ '
#[nstitute of Soil Science and Site Ecology, University of Hohenheim, Stuttgart, Germany

FIFDC/ICRISAT Centre Sahélien, Sadoré, Niger

The chemical composition of aerosols and rain water was investigated on six measurement
sites in 1992 on a north-south transect reaching from the border of the Sahara (O.uallami
Niger) to the Guif of Guinea (Houeto/Bénin). The investigations were conducfed in order
to estimate the element input, especially of plant relevant nutrients, into the soil. The total
element deposition with acrosols and rain water decreases from the niorth to the south.
Aerosols which are transported with the “Harmattan® in the dry seson as well as with
convective storms in the rainy season are mainly corpposed by 3911 born minerals. On the
southern sites plant ashes caused by bush fires contribute to the increase of water soluble
element fractions in the aerosols. A close correlation between the amount of transported/
depostted aerosols and the element concentrations in the rain water could be found. On ?l]
sites the concentrations were high at the beginning of the rainy season and decreased V\{lth
the ongoing rains. The southern sites were influenf:ed by marine aerosols as well, leading
to higher concentrations of Na, Mg and Cl in the rain water.

p257 Effects of Aerosols from Biomass Burning: A Model Study*

Joyce E. Penner, Catherine Liousse, Charles R. Molenkamp,
Tohn J. Walton, Ingrid Schult, and Héjene Cachier®
Global Climate Research Division,Lawrence Livermore Naticnal Laboratory
P.O. Box 808, L-262, Livermore, CA 94551 USA
aMax-Planck-Institute for Meterology,Bundesstr. 55,2000 Hamburg 13 (F.I_l. Germany)
bCentre des Faibles Radioactivités, CNR(E—CEPS, av de 1a Terrasse,91198-Gif sur Yvette
rance

We have developed or obtained emissions inventories for the amount of smoke
produced from woodp fuel burning, agricultural burning, savannah burning, and
deforestation. These emissions are used together with our global aerosol model to study
the distribution of aerosols from biomass burning. Qur aerosol model has been linked to
the Hamburg Climate Model, called ECHAM3, as well as to the NCAR Community
Climate Model, CCM1. The accuracy of the inventories and the model formulation 1s
tested by comparing the model's simulations of soot or black carbon with observations.
The sensitivity of the predicted concentrations 18 tested by varying the aerosol rqmm{)al
rates by deposition and by precipitation scavenging. Finally, the climate f(_)rcm%f v
aerosols from biomass burning is contrasted with that from anthropogenic sulfate

aerosols.

*This work was performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under Contract No. W-7405-Eng-48.
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p258 Regional aerosol composition in the eastern Transvaal, South Africa,

and impact of biomass burning

W. Maenhaut, I Salma, J. Cafmeyer (Inst. for Nuclear Sciences, Gent, Belgium),
H.J. Annegarn (Johannesburg, South Africa) and M.O. Andreae (Mainz, Germany)

As part of the Southern African Fire-Atmosphere Research Initiative (SAFARI-92), size-
fractionated aerosol samples were collected during September-October 1992 at three
ground-based sites in the eastern Transvaal, i.e., at two sites (40 km apart) within the Kruger
National Park (KNP) and at a third site on the Transvaal Highveld (150 km SWW of the
KNP sites). In addition, aerosol collections were made near prescribed fires in the KNP, The
samples were analyzed for particle mass, black carbon, and up to 40 elements. The aerosol
concentrations, compositions and time trends at the two KNP sites were quite similar, thus
suggesting that regionally representative samples were collected. Receptor modeling
f:a]cfulations, using both absolute principal component analysis and chemical mass balance,
indicated that the KNP coarse particle mass (CPM) was essentially attributable to mineral
dust and sea-salt, with average relative apportionments of 75% and 25%, respectively. At
t!]e Highveld site, mineral dust and sea-salt contributed in a 99/1 ratio to the CPM. The fine
size fraction at all three sites was highly influenced by biomass burning products. The
pyrogenic component was particularly enriched in black carbon, the halogens (Cl, Br, I), K,

Zn and Rb, and it was responsible for about 60% of the mean modeled fine particle mass

(FPM). The time trends of CPM, FPM, coarse mineral dust, fine biomass products and fine

sulfur at the Highveld site were fairly parallel to those at the two KNP sites. This suggests
that the boundary layer air composition of the Highveld and the Lowveld were to some
extent coupled by mesoscale meteorology and atmospheric circulation.

p259 Large scale aircraft measurements of biomass burning aerosols in the

Amazon basin
F. Gerab(*), P. Artaxo(*) and A. Setzer (**).
(™) Instituto de Fisica, Universidade de Sdo Paulo, Brazil,
(**) Departamento de Meteorologia, INPE - Instituto de Pesquisas Espaciais, Brazil

In order to assess the large scale distribution of aerosol particles in the Amazon basin
during the biomass burning season, aerosols have been sampled during the dry season
using aircraft. Two different small two engine aeroplanes from INPE and FUNCEME
were used. The flights covered almost all different ecosystems in the Amazon region,
including regions with very high frequency of primary forest burning. Aerosols were
collected in Nuclepore and Teflon filters, and also cascade impactors were used to
measure size distribution. Real time soot carbon determination was performed with
Aethalometers. TSI CNC and PMS FSSP probes measured the number of particles.
The acrosol samples were analysed by PIXE for elemental composition. Individual
particle analysis was performed using Nuclear Microprobe. Very high acrosol
concentrations up to 350 pg/m3 were observed. Sulphur, potassium, phosphorus and
zin¢ were the elements associated with biomass burning plumes. Vertical profiles of
soot carbon and total particle concentrations were performed in several regions,
pointing to a maximum concentration at about 1500m high. These large scale aerosol
concentration results allow a comparison with results from three ground based

aerosol monitoring stations in the Amazon to obtain information about the long range
transport of biomass burning emissions in the Amazon basin.
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p260
Trace elements and ionic components in aerosols from direct emissions
from biomass burning in the Amazon basin

M. A. Yamasoe(*), P. Artaxo(*), A. H. .Migucl(**) and A. G. Allen(**)
Instituto de Fisica (*), Instituto de Quimica (**), Universidade de Sao Paulo, Brazil,

Biomass burning emits particulate matter and trace gases that can affect the global
atmosphere. The processes involved in vegetation fires, emphasising the flaming and
smouldering stages of combustion were studied. We present here results of several
sampling campaigns in primary forest sites as well as savannah sites. Fine and coarse
aerosol samples were collected using SFU and the elemental concentrations for Si, P,
S, Cl, X, Ca, Ti, Fe, Cu, Zn and Br were measured by PIXE. The ionic constituents:
K+, NH*, NO3 ™, PO4™, CI7, SO47, Nat, Mg+, Cat+, CH3COO"", HCOO™ and
C704", were determined using a Dionex 400 Ion Chromatography system. The
comparison between bulk PIXE and IC analyse provided the ratios of soluble to
insoluble elements for K, Cl, S, P, Na, Mg and Ca. Large differences in composition
were observed between primary forest and savannah emissions. Emissions of Cl and
organic acids were observed as unexpected high.

p261
Aerosol Size Distribution and Water Conteat Measurements During MAGE/ASTEX

Y. Kim3, H. Sievering23, J. Boatman?, D. Wellman?, and A. Pszenny®?

Liquid water associated with accumulation-mode. aerosols is a strong determinant of their
scattering and extinction coefficients. The water content of marine accumulation-mode
aerosols has rarcly been measured in situ, however. We measured size distributions of
marine aerosols with PMS ASASP-100X and FSSP-100 optical patticle spectrometers
aboard NOAA ship Malcolm Baldrige as part of the IGAC Marine Aerosol and Gas
Exchange (MAGE) Activity's contribution to the Atlantic Stratocumulus Transition
Experiment (ASTEX) in June 1992 in the eastern subtropical North Atlantic. Measured
distributions were corrected using optical siZe calibration data based on chemical
composition of particles sampled simultaneously with collocated cascade impactors.
Corrected distributions were approximated with one or two lognormal functions
depending on air mass characteristics. For clean air, <3 um diameter aerosols typically
were bimodal, consisting of an accumulation mode and the small end of the sea-salt
mode. For polluted air, however, size distributions were dominated by <1 ym diameter
aerosols in a single mode with high number concentrations. Accumulation mode water
content was estimated by differencing series of alternating ambient and dried (heated) air
aeroso! size distribution measurements. Average accumulation mode acrosol water mass
fraction was 0.31, in good agreement with an empirical aerosol growth model estimate.

1. CIRES, Univ. of Colorado, Boulder, CO, 80309 (USA) .

2. Center for Environmental Sciences, Univ. of Colorado, Denver, CO, 80217 (USA)

3. Aerosol Research Section, NOAA/ARL - R/E/ARx1, Boulder, CO, 80303 (USA)

4. Ocean Chemistry Division, NOAA/AOML, Miami, FL, 33149 (USA)

5 Now at: IGAC Core Project Office, MIT Bldg. 24-409, Cambridge, MA, 02139 (USA)
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p263  Mineral-particle chemistry and size distributions in remote marine aerosols |

- J.R. Anderson and P.R. Buseck
Arizona State University, Tempe, Arizona, USA

The individual-particle chemistry and size distributions of mineral particles in samples
from the North Atlantic (AEROCE stations on Bermuda and Barbados) and the
equatox::lal Pacific (FeLINE-II) contain information about their history of transport and
processing by clouds. Within a single sample, a specific mineral type (e.g., quartz) |
may have considerable variability with regard to both the degree of aggreg;xion a.n(i the
soluble salt species with which it is aggregated. For instance, some Saharan dust
samples c.:ollectcd on Barbados exhibit only minor aggregation of silicate minerals
whereas in others silicate-containing aggregates are abundant. Although the bulkf
samPle size distributions may be relatively simple, the size distributions of the separate
particle types are typically diverse and more complex than that of the bulk sample

One possible mechanism for the observed features is variable distance of transport in
thta free troposphere before mixing into the marine boundary layer. When combined
w1t¥1 fractionation due to different size distributions of specific particle types, this
variable transport history makes it possible for the bulk-aerosol composition ’to
gradually change. The chemical diversity of aggregates must reflect on the diversity of
processes c?ccurring within the clouds which form the aggregates. The resulting
va.nabmty in mineral-particle aggregates should strongly affect the ability of the
mineral particles to act as clond condensation nuclei.

p264 Aerosol dynamics in the equatorial Pacific

Antony D. Clarke
Department of Oceanography, University of Hawaii, Hawaii -

For more than a decade the presumed pathway in the conversion of DMS to aerosol
suifate has. mf:l.udc?d SO, as-a primary intermediate. Recent data has indicated that the
lack of vanab}l:ty in SO, concentrations in resonse to changes in DMS is inconsistent with
that presumption (Huebert et al., 1993). In July of 1994 a joint experiment on Christmas
Island (2°_N, 157°W), a clean marine site with significant oceanic DMS emissions, is
planned in order to test this hypothesis and other issues related to the soz;rce
U'ansfonnat}on and evolution of aerosol sulfate in the marine boundary layer. Gas phase
sulfur species (A_. Bandy, Drexel), aerosol chemistry (B. Huebert, U. of i—IawaiiI)) and
aerosol size distributions and concentrations (A. Clarke, U. of Haw,aii) will be collected
ooncu.nenﬂy overa severa_l' vi.reek period along with extensive meteorological observations
We will report on the preliminary observations of the aerosol nuclei variability during thié
experiment including ultrafine coadensation nuclei, cloud condensation nuclei, larger
condensation nuclei and variations in the size distribution as they relate to this s’tudyg
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New ways of looking at atmospheric trace clement data

R. Arimoto, R. A. Ducel, K. A. Rahn, and T. M. Church?
Center for Atmospheric Chemistry Studies, University of Rhode Isiand, USA
1Departments of Oceanography and Meteorology, Texas A & M University, USA
. 2College of Marine Studies, University of Delaware, USA

As part of the Atmosphere-Ocean Chemistry Experiment (AEROCE), the concentrations
of trace clements were determined for acrosol particle samples collecied over the North
Atlantic Ocean at Bermuda, Barbados, Ireland, and Tenerife. Major components of the
marine aerosol population were sea salt, mineral dust, and a suite of trace elements
enriched above the concentrations expected from salt or dust. Here we present three new
methods for examining the relationships among the trace elements and for assessing their
sources. The first method makes us of a normalized fraction of two indicator ¢lements,

flAl,) = Al,/(Al, + Nay),
where f(Al,) is the normalized fraction and the subscript # denotes division of each datum
by an average value. This approach allows one to evaluate the relative contributions to @
substance from two sources, in this example, dust (represented by Al) vs. sea salt
(represented by Na). The second method is graphical and uses elemental ratios plotted on
a log-log scale. Through the strategic choice of normalizing elements it is possible to
characterize the composition of seawater, crustal and pollution sources. The last method
combines aerosol and precipitation data to calculate normalized scavenging ratios,

SRy = (X/Y)Rain/(XIY )air,
where SRy is the normalized scavenging ratio, X is the element of interest, Y is the nor-
malizing element, and the subscripts Rain and Air refer to the medium analyzed. When
averaged over the proper time scales, SRy may provide some information on the vertical
distributions of the trace elements and on scavenging processes.

p266 Aireraft measurement of aerosol concentration and size-distribution
over the western Pacific Ocean

Y .Zaizen, M.Jkegami, Y. Tsutsumi, Y.Makino and K.Okada
Meteorological Research Institute, Nagamine 1-1, Tsukuba, Ibaraki, Japan

Aircraft observation was carried out at an altitude of 4km from Japan to south of
Philippine during the period from 19 to 30 January 1993. Aerosol number concentration
and its size distribution were measured with three CNCs (TSI Model 3025, 3020 and
3760). Each CNC has different detection size limits; that is, 50% detection radii of CNC
3025, 3020 and 3760, are 2nm, 4nm and 7nm, respectively. Using these CNCs,
measurement of the size distribution of fine particles was made. An OPC (Dan Industry
model PM730NS-15P) was also used to measure the size distribution of large particles

(r>0.15um). Small differences in the concentrations were observed with three CNCs in
the relation to absolute number concentration of fine particles (r>2nm), indicating that
number proportion of ultra fine particles (2<r<7nm) was generally small in the total fine
particles (r>2nm). The observation area was clearly separated into dry- and wet-region in
the scale of several hundred km to more than 1000 km. In the wet region, fine particle
concentrations showed large variability (50-2000 cm) on the contrast of those in the dry
region (300-600 cm?®). High concentrations of the ultra-fine particles were sometimes
detected just above the stratocumulus clouds. It is supposed that the new particle
formation from gaseous species occurred in the vicinity of clouds in the mixing layer. The
results of the Pacific Atmospheric Chemistry Experiment from Melbourne to Japan will
also be reported.
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p267

Large-scale transport of chemical elements in asrosols
over the eagt coast of Asia

AN. Medvedev+, M. Usmalsu®, G.M. Kolesov#, V.V. Anikiev+
+ Division of Geochemistty and Ecclogical problems, POL Russia;
* Department of Marine Sciences and Technology, HTU, Japas:

# V.1 Vernadsky IG & AC, Russia ,

The long—r.zmge transport of aerosol from continents affecls themarine atmosphere and
oceans. Mineral acrosols from the Asian continent are significant source for the noa-
bmgellnc deep-sea sediments in the North Pacific. With this atmospheric transport,
poliution aerosol ix also expected o be carred from the east coast regior: of As?a to
!he western and the central North Pacific. In order to characterize this transport and
its effect to the global environment, we have collected the aerosal samples
c?‘ncurre:ntly from Sapporo ( 43.1° N, 141.39 E )¢ Japan and Vladivt.)stol’ { 4;‘1‘? N,

131.9° E ), Russia since the fall of 1989. To got a first insight into the data factor
ana_lys‘zs was applied. It has been obtained that mineral dust is 2 common factor for
trfla_]og':ty .of _ elements over Viadivostok and Sapporo. Local element sources in

Vladivostok's atmosphere do not influence element coucentrations over Szpporo.

p268

Numerical modeling of transformation of Kosa
(yellow sand) in polluted air over China

P.C.S. Lee
Japan Weather Association, Nagoya, Japan.
. T.Kitada
Toychashi University of Technology, Toyohashi, Japan.

It is speculated that Kosa aerosols mitigate acid rain downwind of Kosa sources.
A 0—]? multitpha,se/species equilibrium model including Ca**, and COZ™ related
constituents is developed based on that of Pilinis and Seinfeld(1987) to investigate
the modification of Kosa when advected over Beijing. The urban case results are:
(1)In-air H,SO, always resided entirely in the aerosol phase. The aerosol sulfate
a.dhereEi to Na, and Ca in roughly 50:50 proportion. (2) Deliquescence rh was
appioxl‘me'xtely 70%, and further wetting was rapid. (3) In the presence of abundant
jN a’ within the aerosol, majority of the ammonia stayed in the gas phase. (4) With
increase of water content, NOJ favored the aerosol phase. The rural case results
are: (1) H,S50, always resided in the aerosol phase. (2) Deliquescence th was also
approximately 70%, but wetting was slow. (3) Despite of the rather high N Hs(g)
concentration in the air, transport from gas to aerosol was not strong. Thus it shémi'
(1) Sulfate always resides entirely in the aerosol phase independent of the ambient
air quality and rh. (2) In the presence of abundant Na* or Ca®*, N Hj(g) is released.
(3) At lower pH levels slower transport of HNOj; to NOjy results. {4) Polluted air
accelerates cloud formation during the passing of Kosa. Hence, Kosa mitigates acid
rain acidity due (1) to higher dry deposition rate, i.e. larger gravitational settling

veloﬁity,t(Z) to decreased SO to Ca®* ratio, and (3) to more frequent and intensive
wash-out.
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Marine and urban a_erosol_s observed by an Alircraft

_ Sea-salt component on Asian dust-storm particles
M. Yamato’, H. Tanaka®, K. Ohta®, and K. Matsumoto®

N. Nii 1), 2) %. . ' .
‘Gunma University, Maebashi, #IHAS, Nagoya University, Nagoya, Japan iimura 1) K. Okada 2), X.-B. Fan 3), K. Kai 1), K. Arao ) and G.-Y. Shi 3)

1) University pf Tsukuba, Tsukuba, Ibaraki 305, Japan
2) Met_eorologlcal Resea_rch Institute, Tsukuba, Ibaraki 303, Japan
3) Institute of Atmosheric Physics, Beijing 100029, China

Aircraft measurements of aerosols were performed over the North
4) Nagasaki University, Nagasaki 852, Japan

Pacific Ocean from mainland of Japan to Hachijyojima which is located
at 270 km from mainland in August 10, 1992. Particle chemical
composition was analyzed by Ca, BaClz, and Nitron thin film method
using an electron microscope. Particle concentrations larger than
0.15 gz m radius in five size ranges are monitored with a laser particle
counter. It was found that H=50. particles are basic aerosol in the
marine boundary layer {0.3, 0.6 km altitude) and free marine
atmosphere (3.0 km altitude). They are cloud condensation nuclel which
are formed partially from DMS emitted by marine biota and partially
from anthropogenicc sulfur. Ammoniated sulfate particles, mineral
dust particles and soot particles are transported from the land to
the Pacific Ocean. A brownish haze layer was formed at about 0.8 km
altitude over the industrial reglon of Nagoya area. The dominant
composition of the layer ls soot {coagurated carbon-black particles).
Some of them were ceated with the solution of soluble materials and
can work as cloud condensation nuclel (CCN). NOz~ was conbined with
pre-existing coarse particles. Heterogeneous chemical reaction
process is prevail in anthropogenically perturebed atmosphere.

Individual aerosol particles were collected on electron microscopic grids i
(China) and Nagasaki (Japan) during the spring of 1991. Dust-sl:om% p(zjiin}::lleBsegg'ﬁ
?:qmmed with an electron microscope and an energy-dispersive X-ray (EDX) analyzer
sian dust-storm particles mixed internally with sea salt were detected in the samples:
collected in Nagasaki. Number proportion of the mixed dust particles in all the dust
particles ranged from 20 % to 100 %. Brownian coagulation and impaction by differental
sedimentation cannot explain the formation of the mixed particles in the radius range of 1-

2 pum during the transport time. Most plausible mechanism is considered to be wi

fo
cloud processes. Coalescence of cloud droplets formed individually on the dust 2:111%\22;%
salt particles in clouds will occur and the internally mixed dust could be formed upon the -
evaporation of the clond droplets. Moreover, the CI/Na weight ratios in most of the dust
particles showed low values less than 1. These results imply the importance in chemical
medification of dust-storm particles through cloud processes.

p272

p270 Asian yellow dust particles observed in Japan Deposition and inflow sources of non-seasalt sulfate in Shimane Prefecture, Japan

M.Yamato®, H.Tanaka®, Y.Ishizaka®, K.Arao®, M.Nakao,F.Tanaka,K. Yamaguchi, T.Tatano,H. Wakuri

¥.Iwasaka®, and M.Nagatani®
‘Gunma University, “IHAS, Nagoya University, =Nagasaki University,

4gTE, Nagoya University, Japan

Asian yellow dust (Kosa) particles were advected to Japan on April 1
1993. At the time, visibility decreased significantly. Radiation
intensities, temperature, relative humidity were monitored in
Nagasaki. In Nagoya, particles were collected by an Impactor and
observed with a transmission electron microscope. Size discriminated
particle concentrations were measured by a laser particle counter .in
two places. Dust particle radius ranges up to 2z m and has bi-modal
size distribution. Assuming that the dust particles are eliptical, a
scatter diagram showing the relation between the half length of major
axis (a( z m)) and the half length of minor axis (b(x m)) is plotted. 7
defined as 7 =b, a ranges from 0.3 to unity for the most of the dust
particles. Coarse particle concentration decreased after the passage
of dust rich airmass advected from Asian continent. On the contrary,
the concentrations of particles smaller than 0.15 g m in radius
inereased and recovered gradually, indicating that fine particles
might have coagurated with dust particles. In the Kosa event, dust
particles would interact with "pre-existing" urban aerosols.
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Shimane Prefectural Institute of Public Health and Environmental Science
H.Mukai
The National Institute for Environmental Studies
H.Hara
The Institute of Public Health

Atmospheric sulfur dioxide and non-seasalt(nss-) sulfates were determined at Oki
Island_s.in order to discuss the sulfur balance in the prefectural area where sulfur
.deposmon is larger than sulfur species emissions in the area. Oki islands are located
in Japan Sea, where these concentration levels are one or two orders lower in
magnitude than those at rural sites in the Main Islands of Japan. A number of high
concentration episodes of sulfur species were observed both in cold and warm
seasons, t}}ough in fewer cases in warm season. The concentration variations were
dxscus.sed in terms of transport from major sources surrounding the prefecture by
applying bac%c—trajectory analysis. Cold season episodes were found to be associated
frequently with trajectories passing potential emission sources in Asian Continent
Sl_llfur species. were interpreted to be transported by strong northwesterly seasona-l
wnlnf:li over _thefJapan Sea. Hligh concenirations in warm season were attributed to
sulfur species from active volcanoes, Sakurajima 1 i i

Nt s o o j n particular, in Kyusyu, one of the
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ABSTRACT

Gobi Dust Storms and Forestation in China

Farn Parungo
Air Resources Laboratory, NOAA, U.S5.A.

Eolian transport of Gobi dust was investigated. During dust storms,bc_lust
samples were collected at 10 stations near and downwind of. the Gobi
Desert. Particle concentrations, size distnbu.uons, a\.nd chelfncal . )
compositions at each station were analyzed in relation to air trajector;_es
and satellite imageries. A large dust plume could extend thousands o
miles, and dust loading of a plume could exc.e.ed a hunflred megatons.
The falling dust along the path reduces visib11}ty, deteriorates air quality,
and causes damages. In past decades, the Chinese planted hundred
millions of trees across the northern arid lands to reduce d}lst.
Preliminary data indicate a negative trend in dust storms since 1960.
Possible side effects of forestation on surface temperature anc!
precipitation appear to be statistically insigniﬁc.ant in tl'.us penodi. The
Jong-term impact on radiation budget, cloud microphysics, and climate

will be discussed.

p274

Scavenging processes of particles by using natural radionuclide

M. Uematsu .
School of Engineering, Hokkaido Tokai University, Japan

Atmospheric 7Be (53.3 day half-life) is though to be useful as a tracir of

submicron particles from s;ratospgeric __ix.nd upper troposphere. These

i mainly removed by wet deposition. -
Pamdi&l a]:;an, th(}erre are over 3; dozen I;egis:mal monitoring networks of envi-
ronmental radionuclides around nuclear power plapts. Several. netwo;ks
have reports of total deposition flux and atmospl:menc concentration O.ff. Bei
with meteorological data, although their purpose is monitoring the artificia

i lides. : ‘ '
radlongcs:asonal variation was observed at the network of the mid-latitude,
with high atmospheric concentrations in spring and fall. -Total deposition
fluxes were high in winter. On the basis of on atmospheric concentra’flo‘::s,
total deposition fluxes, precipitation amounts, and frequencies of' Precfilp1 a-
tion, a significant liner relationship was found Pe?wce‘en total deposition uxles
of 7Be and duration of precipitation, not precipitation amount. The results
suggest that the efficiency of wet scavenging is rather low for submicron
particles compared with large particles. -
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p275 Variation of tropospheric aerosol extinction profile and optical thickness

over Tsukuba, Japan, observed by the NIES lidar

Yasuhiro Sasanol, Tamio Takamura? and Tadahiro Hayasaka3
INational Institute for Environmental Studies, Tsukuba, Japan
2The National Defense Academy, Yokosuka, Japan
3Center for Atmospheric and Oceanic Studies, Tohoku Univ., Sendai, J apan

A Mie scattering lidar has been routinely operated to obtain aerosol vertical profiles
in clear-sky conditions since 1984. The purposes of the measurements are to provide
representative aerosol profiles over Japan as functions of month and season and to study
their variations. Basic assumptions are that the aerosol optical properties are horizontally
homogeneous and that the extinction to backscattering ratio is constant over the region of

_interest. In the present study, we have assumed the value of extinction to backscattering
ratio as 30, 50 and 70, to derive profiles of extinction and backscattering coefficients from
the lidar data as a function of extinction to backscattering ratio. The extinction and

. backscattering coefficient profiles are summarized as monthly, seasonal, and yearly means.
The total optical thickness, defined as an integral of extinction coefficient over the altitude
region from the ground level to 10 km, shows a clear seasonal change with the maximum
in spring (March, April and May). Lidar data are supplemented with aureolemeter and
sunphotometer data to infer size distribution and refractive indices of acrosols.

p276 The distribution of aerosols as function of altitude in the atmosphere

R. Jaenicke and V. Dreiling
Institute for Physics of the Atmosphere, University Mainz/Germany

In order to investigate the Arctic Haze the atmospheric aerosol has been investigated
with an aircraftwith as a set of six continuously recorded aerosol parameters. In an
algorithm, these parameters are transposed into aerosol size distributions covering
the radius range from a few nanometers up to several ten micrometers. Additional
tracers like ozonme, nitric oxides, and sulfur dioxide have been recorded.
Measurements have been carried out in Summer 1993 and
Spring/Summer 1994 in campaigns of 80 flight hours in
the Arctic from Sredny (Arctic Ocean) to Resolute
(Canada) across the North Pole and over Northern Siberia
in an altitude range up to 8000 m. A vast area could be
surveyed. These measurements reveal an extremely
detailed picture of the atmospheric aerosol with rapidly
changing characteristics. Horizontal and vertical struc-
tures are very prominent, showing layers at all Ievels.
Gas-to-particle conversion as well as removal could be
seen, depending on trace gases present, the transport
mechanism and the geographical source region.
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Sedimentation and Subsequent Deposition of the Mt. Pinatubo Aerosol over Antarctica

V. K. Saxena and John Anderson
North Carolina State University, USA

Recent discoveries of climate signatures in the antarctic ice sheet of major volcanic events
over the past 2 centuries have been well documented: The eruption of Mt. Pinatubo
(15.1N, 120.4E) during June 12-16, 1991, injected an estimated 20-30 megatonznes of
sulfur dioxide (§O2) gas and crustal material well into the stratosphere. The SOz rapidly
converted to sulfuric acid (H2S04/H20) aerosol through homogeneous and heterogeneous
reactions and got incorporated into the Junge layer where it lingers to this day between 15-
25 km. Over time, the Pinatubo aerosol will coagulate and settle into the lower stratosphere
-and upper troposphere where removal mechanisms will then deposit the larger particles on
the Antarctic surface leading to an eventual climate signature. This study focuses on
stratospheric settling of the Pinatubo aerosol and subsequent deposition onto the Antarctic
surface. The aerosol characteristics such as mass concentration M(jg m-3), number
density N(cm-3), surface area concentration S(um2 cm3), and effective radius Re(um) are
inferred from the Stratospheric Aerosol and Gas Experiment (SAGE) 1I measurements
using a modified randomization search technique (RMST) between 15-30 km in the radii

range between 0.1 pm to 0.8 um in 0.1 pm increments. The temporal span of

measurements covers September 23-30 and November 13-23, 1991. Preliminary results
indicate sedimentation in the presence of vertical and horizontal transport. Bimodal

distributions were prevalent between 20-25 km in November with the large mode radii

decreasing with an increase in altitude indicating the sedimentation of larger particles.

'Ground truth’ measurements at Palmer Station, Antarctica are in progress to measure the

deposition fluxes of the Pinatubo aerosol onto the surface. These will be compared with
the estimates derived from the SAGE II measurements. ’

p278

Stratospheric aerosol lidar measurements from Mount Finatubo
at Camaguey, Cuba.

Juan Carlos Antufia _
Camaguey Meteorciogical Center, INSMET, Cuba

Lidar meazurements of stratospheric aerosols made at
Camaguey, OCuba, 21 N, six month after Mount Pinatubo
pruption, show  a very large increase in the stratospheric
serosels burden. Feak scattering ratios greater than 20 have
heen ohserved in early january 1992. In the same month
integrated bakscattering between 16 and 33 km show a maotimun
value higer than @.005 ifsr. The course of those parameters
as such as the heigh of peaks and of the layer base between
january 1992 and november 1993 are shown.
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Precipitation chemistry in India: Dusty atmosphere and alkaline rain

~ L.T. Khemani!, G.A. Momin!, P.D. Safail, L. Granat? and H. Rodhe?
lindian Institute of Tropical Meteorology, Dr. Homi Bhabha Road, Pashan, Pune 41108
: o India
ZDepartment of Meteorology, Stockholm University, Sweden

We report on rain chemisty meagurements in western India at semi-urban, coastal and
high elevation (1300 m) sites with focus on sampling techniques. Large differences
were found in base cation concentration between bulk and wet-only collectors even with
daily sarpling and cleaning of collection equipment. Results from the wet only collec-
tors showed that non-seasalt base cations were giving an excess of bicarbonate over
hydrogen ion. Components giving the high alkalinity to the rainwater may have a rather
short residence time in the atmosphere which could limit the spatial representativity of
stations in these dreas.

p280

Estimates of CCN spectra from hygroscopic growth factors and
aerosol particle size distributions

B. Svenningsson and H.-C. Hansson
Dept. of Nuclear Physics, Lund University, Sweden

The number of Cloud Condensation Nuclei (CCN) as a function of supersaturati
be calculated from a combination of hygroscopic growth factors and aergsol pa.rtic:?f;1 s‘igg
Sz??;ttimngé Thgre ar_c]’,3 ntlisi[)rulments available that directly measures the CCN spectra, but

ulating it as described below gives iti i i icle si

e bty ot th CON. g some additional information e.g. dry particle size

Hygroscopic growth spectra are measured in terms of diameter change with in asi
relative humidity and normally they show two groups of particlgs with dcirf;:f'g:lgt
hygroscopic growth. A comparison of these hygroscopic growth factors with those for
pure salt gives the relative amounts of salt in the particles and the minimum size for
particles that contain enough salt to be activated at a given supersaturation. The particle
size distribution is separated into two distributions according to the fractionation of the
particles in the two hygroscopic groups. The number of CCN for a given supersaturation
is obtained by integrating these two size distributions from the minimum activated size for
each group.

The estimated CCN spectra show that the CCN active at low supersaturations
are dominated by the more-hygroscopic particles. With increasing sgpersaturation 81(2 lits%sJz
hygroscopic particles become more important as CCN. This means that the effect of soot
on the light absorption in cloud depends on the peak supersaturation, since soot probably
is most abundant in the less-hygroscopic particles. It means also that the less-hygroscopic
particles, and the chemical compounds that they contain, contribute very little to the cloud
liquid phase chemistry when the peak supersaturation is low. :
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p281 :
Potential Acid-Reducing Capacity of Aerosol Particles and Its
Dependence on Particle-Size over Northern China

Y. Gao, R. A. Ducel, R. Arimoto, and M. Y. Zhou? -
Center for Atmospheric Chemistry Studies, University of Rhode Island, USA
1 Departments of Oceanography and Meteorology, Texas A & M University, USA
2 State Oceanic Administration, P. R. China

Atmospheric dust and anthropogenic sulfate aerosol particles originating from China are
two major contributors to atmospheric aerosols in the Northern Hemisphere. In addition
to their effects on climate change, their influence on regional air quality in terms of
acidification still remains 2 central concern in Asia. With the projected increase in the
emission rate of SO, in China, large-scale acidification of rain should be expected,
especially in Northern China. However, most of the areas currently affected by acid rain
are 1o the south of the Huai River and the Qin Mountain Chain; these are considered
Southern China. One hypothesis that may explain this geographical pattern of acid rain is
that a higher acid-reducing capacity of the atmosphere exists over Northern China due to
the presence of Asian dust. In order to address this question, we conducted a field
experiment to measure aerosol acidity at Beijing, China where the atmospheric
concentrations of both dust and sulfate are high. We investigated the geographical
distributions of dust particles and anthropogenic sulfate, and our analyses also focused on
the relationships among trace elements and selected nirogen and sulfur containing
aerosol species. Results from this experiment provide preliminary evidence to support
the above hypothesis, suggesting a potential role of heterogeneous interaction between
dust particles and anthropogenic sulfate in reducing acidic precipitation.

p282 .
RESEARCH INTO THE CHEMICAL CONTENT OF AEROSOLS AND GASES
IN THE ATMOSPHERE OVER THE NORTH ATLANTIC, BALTIC,
MEDITERRANEAN AND BLACK SEAS

' : Medinets V.1
Ministry for Environmental Protection, Ukrainian Scientific Centre of the Ecology
of Sea (UkrSCES), Odessa, Ukraine

The results of research into the chemical content of aerosols and gases in the
marine atmosphere of the North Aflantic and the adjacent seas carried our on the
research vessels of the UkeSCES in 1987-83 are discussed. The experimental dala
on ‘the spatial distribution of the $Qg, NOg, Na, NHy, NQg, SO4 concentrations
and the radionuclides of natural origin Rn-222 (tracer of continental air masscs)
and Be-7 (indicator of vertical movements of atmosphiere) are presented. The
anthropogenic inputs of sulphur and nitrogen compounds into their total content
in inarine atmosphere are estimated. They amount to 26-40, 70-85 and 92-95% for
the North Atlantic, the Mediterranezn Sea and the Black Seaz correspondingly.
The Influence of air masses from continents transport on the formation of fields of
corcentration of the substances under research is shown, Lif¢ times of zerosol and
gas compounds in marine atmosphere are estimated. The programne of marine
atrjospheric chemistry tesearch being carried out now in the Black Sea region is
briefly described. It is suggested to go on with this work in the frainework of the
NARE project or to create a new international IGAK project for rescarch into the
marine atmospheric chemistry in the intercontinental seas.
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High abundance of oxalic, malonic and succinic acids in the the remote marine acrosol |
samples '

+ Kimitaka Kawamura and Futoshi Sakaguchi
Department of Chemistry, Tokyo Metropolitan University, Tokyo, Japan

A homologous series of low molecular weight dicarboxylic acids (C2-C10) have been
detected in the remote marine acrosol samples collected from Pacific Ocean (34°N-15°S
140"E-_150°W) by using a capillary gas chromatography (GC) and GC- mass ’
spectrometer. The molecular distributions of diacids showed a predominance of oxalic
acid (C2), which comprised 40-70% of total diacid concentrations (10 - 248 ng/m3). The
second most abundant diacid was malonic (C3) or succinic (C4) acid. The diacids with

- more carbon numbers were generally less abundant. Higher concentrations were
obs?rvcd in the western North Pacific whereas lower concentrations were in the central
Pacific. The diacid-carbon accounted for 1-16 % of the total aerosol carbon. The highest
value was observed in the low latitudes of centra] Pacific. Interestingly, relative
at.Jun_dance of oxalic acid was higher in the equatorial and central Pacific. The molecular
distributions of the dicarboxylic acids suggested that they are most likely produced in the
atmosphere by photochemical reactions of both anthropogenic and biogenic organic
compounds. During the atmospheric transport, oxalic acid (C2) seemed to be
accumulated in the remote marine aerosols as a result of a preferential production by the
photochemical oxidation of longer chain diacids and other organic compounds.

p284
Seasonal changes of dicarboxylic acids and related polar compounds in the Arctic acrosol
samples '

. K. Kawamura 1, H. Kasukabe ! and L. A. Barrie 2
Department of Chemistry, Tokyo Metropolitan University, Japan and 2 Atmospheric
Environment Service, Environment Canada, Canada

Normal saturated dicarboxylic acids (C2-C11) and unsaturated diaci i i

L arbos iacids (maleic, fu
mcthylma_lclc, phthalic acids) were determined in the Arctic acrosol sanSplcs wecklr;'l e
collected in Alert (82.5°N, 62.3'W) 1987-1988 by capillary gas chromatography (GC)

- and GC-mass spectrometry employing dibutyl ester derivatization. w-Oxocarboxylic

acids (C2—CS: C9), pyruvic acid and a-dicarbonyls (methylglyoxal and glyoxal) were
also fictccted in the aerosols. Oxalic (C2) acid was generally found as a dominant diacid
species (1.8-70 ng/m3, av. 14=12 ng/m3) followed by malonic (C3; 0.05-19 ng/ms3, av
2.5+3.3 ng/m3) and succinic (C4;.0.51-18 ng/m3, av. 3.823.5 ng/m3) acids thIougt,lout.
seasons. Total concentrations of dicarboxylic acids showed seasonal variation (4.3-97
ng/m3, av. 25:20 ng/m3), with two maxima both in September to October and in March
to Apr.ll. 'I‘hvc autumn peak was suggested to be caused by enhanced contributions from
bqth blogenxq and anthropogenic sources followed by photochemical reactions, because
this was consistent with higher concentrations of n-alkanes from terrestrial plal’lt waxes
and_ of soil-derived aluminum in the autumn aerosol samples. On the other hand, the
?Eltihnegszi;k was obierved duringdthc period of "Arctic Sunrise", suggesting that ’diacids
aerosols were secondari i idati i
polluin (fm r%ls were Secon arily produced by photochemical oxidation of organic
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Interactions between aerosol particles, cloud droplets and ice crystals
at the high-alpine site Jungfranjoch

M. Schwikowski, U. Baltensperger and H.W. Gaggeler
Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

In-cloud scavenging experiments were conducted at the high-alpine observatory
Jungfravjoch, Switzerland (3450 m asl) to study the interactions between aerosol
particles, cloud droplets and ice crystals. The aerosol phase was characterized by
number concentration, size distribution and chemical composition, the cloud phase by
lquid water content, size distribution and chemical composition, and the ice phase by
ice water content, chemical composition and morphology. The concentration of
chemical trace species in ice crystals was found to be governed by the prevailing
scavenging mechanism. This can be pure nucleation scavenging, impaction
scavenging of aerosol particles, diffusion scavenging of gases, and the accretion of
supercooled cloud droplets (riming). A chemical fractionation between cloud droplets
and ice crystals is observed, with NH," and SO,” predominanting in cloud droplets
whereas ice crystals are enriched in NO, (from gaseous HNO,) and Ca® (Ca™ rich
soil particles serve as ice nuclei). This indicates that the pilysical and chemical
properties of the aerosol particles like size and composition are responsible for the
observed chemical fractionation. :

p286 Historical and future trends of lead and cadmium air concentrations
and total depositions over Evrope

1.Alcamo', L.Bozé?, J.Bartnicki’ and J-M. Pacyna*
IRIVM Environmental Forecasting Division, The Netherlands
2[nstitute for Atmospheric Physics, Hungary
3[BM Bergen Environmental Sciences and Solutions Center, Norway
“Norwegian Institute for Air Research, Norway

osphere first of all as volatile gases. Within a

Lead and cadmium are emitted to the atm
few minutes or hours the emitted gases condense into or adhere onto fine particles which

can be transported hundreds or more kilometres from their sources before gradually being
removed from the atmosphere. Air concentration and total deposition of aerosols
containing lead and cadmium were estimated by means of a long-range atmospheric
transport model (TRACE) computations over Europe. Both historical (1955-1985) and
future (1985-2015) trends based on three different emission scenarios were analyzed.

Cumulative depositions for both 30 years periods were also calculated. It was found that

air concentration and total deposition of lead decreased significantly in Burope (mostly
over the western part of it) due to the decrease of lead content of gasoline as well as t0
the introduction of unleaded fuel. The emission of cadmium also decreased in all
European countries during the last decades. The air concentration and rate of cadmium
deposition computed by TRACE model are greater over ceatral-castern Europe as
compared to the western part of the continent.
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Chemical Composition of Small Particles and Annual Behaviour of Ozone
Concentrations in the Eastern Highlands of Zimbabwe, Africa

. . W.Kosmus, R.Wippel* and S.B.Jonnalagadda**
*Institute for Analyfical Chemistry, University of Graz, Austria
**Chemistry Department, University of Zimbuabwe

V{ith passive samplers ozonc was monifored in the eastern highlands at ground level of
Zimbabwe during 19‘91 and 4992, partially 1993, With the dependence of the zenith angle of -
the sun ozone levels increase during August, with & first maximum in October. As during the
dry 5eason grass bu_ming is common, the atmosphere containes high concentrations of fine
particles. To get an idea how these particles could influence the atmospheric chemistry, we
colle_:cted these particles in Sepiember 1993. With a laser-micmprobe-mass-analyzcr, we
studied the chc{nical composition of each individual particle, ailtogether 800. About 85% of
the particles with a diameter around 2pm are of biogenic origin, containing mainly Na, K
NQ;, 50, ]?_04 and carbon, but through condensation reactions they are highly loaded with
salt of marine origin. About 15% of the particles show the typical composition of soil
errosion, namely Al, 8i, Fe, Ti and Ca. ' - ‘
As s?vcrfil.paramcters change at the same {ime, e.g. dry season with increased biomass
burning, it is hard to explain the ozone behaviour by only one parameter., It is obvious that
grass fires first decrease the ozone levels by the oxidation of nitrogen oxides to nifrate. In the
fo_ﬂowgng day:.s the ozone levels increase to such an level, which is appropriate to the seasonal
Fhmatw‘condltions. Afler heavy rain showers, when the particles are removed, the ozone
increases ac.:cOrding to the strength of the sun radiation. Therefore we presun;c a higher
impact of climatic {actors to the ozone levels rather than atmospheric chemistry, by particles.

p288  SIZE DISTRIBUTED CHEMICAL COMPOSITION OF CCN AT CAPE GRIM

J.Cainey, G.Ayers and M. Hooper

Division of Atmospheric Research, CSIRO, Austraiia.
Centre for Environmental Seience, Monash University, Australia, -

A micrg orifice uniform deposition impactor (MOUDI) was installed at Cape Grim
Tasm-ams. (40°40'56", 144°41'18"), in September 1993, to monitor the size distributeci
chemical composition of cloud condensation nuclei.
The M?UDI consists of twelve stages, with cut offs from particle radius of 9 to 0.028um.
It was installed with a heated inlet to bring ambient air to a relative humidity to less than
50%. Sampling criteria were set for & minimum volume of 1060m? of baseline air, that is
gir originating from the remote southern ocean, arriving at Cape Grim in the sector 190° to
280° and having & CN concentration of lass than 600Nem™3,
Each of" the twelve stages were analysed, using ion chromatography, for cations (sodium,
ammonium, calcium, potassium and magnesium), anions (chloride, bromide, nitrate, sulfate
and oxalate) and methane sulfonic acid. ' '
The resullts indicated that sea salt predominated at the larger size ranges and that the non
sea salt splfa.te maximum occured at a lower size range. Methanesulfonate showod a
l:uﬂI?‘Oda: distribution, suggesting that particle surface areu influences the uptake of methane
onatie.
The MOUDI results, taken in conjunction with concurrent measurements of CCN
number/size distribution, give an insight into the relative importance of sea salt, sulfur
species and possibly other compounds, such as orgenic carbon, in climate modification.
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i ize distribution of 1 measured at Baring Head, New Zealand ) . :
The chcmlstryland size distribution of acrosol measured at & Wet Deposition in Remote Reglons: Implications for Environmental Processes

M.J. Harvey®, LS. Boyd”, D.J. Wylie, A.G. Allen & A.L. Dick 5N, Galloway & W, C. Keene 6.E Likens

*National Institute of Water & Atmospheric Research Ltd., Lower Hutt, New Zealand University of Virginia Institute of Ec':osystem Studiss
, ! Charlottesville VA, USA Millbrook NY, USA

With the aim of providing data on air quality and background atmospheric composition, ‘
measurements of aerosol chemistry started at Baring Head (41°8) in 1991. Few previous
measurements are available for New Zealand. Differences between aerosol in onshore and
offshore winds have been examined. Composition of major jons and methanesulphonic
acid (MSA) has been determined by ion chromatography from samples collected by a
single stage cascade impactor with size cuts at either 0.5 or 7.2 pm. The chemistry
measurements are accompanied by occasional sizing measurements from an optical particle
counter (PMS ASASP-100X). During onshore winds, marine background aerosol is
supplemented with aerosol from the surf zone. Offshore winds contain a significant marine
component with the addition of crustal and anthropogenic aerosol from the greater
Wellington region. The onshore concentration of sodium and chleride is typically 8 to 10

The natural atmosphere is a major link among ecosystems. Emissions from one system
are deposited 10 downwind ecosystems, often at rates significant enough to affect ecosystem
processes. Unfortunately, there are few long-term estimates of atmospheric deposition in
remote regions to examine atmospheric:biospheric links aver scales of space and time.

For the past fifteen years, we have measured the composition of wet deposition to remote
ecosystems under the auspices of several programs: Western Atlantic Ocean Experiment;
Atmosphere/Ocean Chemistry Experiment and the Global Precipitation Chemistry Project. In
this paper we use data from several remote locations (Amsterdam Island, Indian Ocean;
Bermuda and Barbados, North Atlantic Ocean; Torres del Paine, Chile; Katherine, Australia;
Lijiang, China) to address the following questions,

1. What are the temporal and spatial variabilities of the rates and composition of wet

ug m3, two to four times greater than in offshore winds. 30 to 40% of the sea salt is
found in particles >7 pm, which fall out fairly rapidly with passage inland. Of other
components measured, sulphate concentrations are largest in onshore winds (~1.5 pg m-3)
and mitrate concentrations, due to anthropogenic influences, are largest in offshore winds
(~0.5 pg m3) . MSA shows a distinct seascnal cycle with mid-summer maximum as a
result of the seasonality in the strength of its biogenic source. Comparisons will be made
between these measurements and a data seriés collected at Leigh (36 °S) on the north-east

coast.

P290 Physicochemical properties of Arctic aerosols

M. Yamato', H. Tanaka® K. Tsuboki®, R. Kimura® T. Endou®, Y. Asuma®,
A. Yamashita®, H. Toritani® M. Calvez’, and R.Gillis”

'Gunma University, ZIHAS, Nagoya University, <ORI, University of
Tokyo, “University of Hokkaldo, ®Osaka University of Education, ®The
Defense Academy, Japan, 'Atmospheric Environment Service, Canada

As a part of the Influence of the Arctic on mid-latitude Weather and
Climate Program, Arctic aerosol particles were observed in August
1992, September 1993, and January 1994 In Resolute (74° N), Cambridge
Bay (69° N) and Inuvik (68° N) in Northwest Territories, Canada.
Aerosol particles were examined with electron microscope. The radii
of the secondary particles at Resolute in August in 1892 range from
0.01. to smaller than 1 gz m with mode being smaller than 0.1 gm. The
particles is generally smaller than those in mid-latitude troposphere.
This reflects the difference in aerosol growth process. Nitrate was
conbined with mineral dust particles of local origin. There is no
significant difference hetween Resolute and Cambridge Bay aerosols.
These aerosols have an homogeneous distribution In space In the
Arctic regions. The present results suggest that the Capadian Arctic
atmosphere 1s relatively "clean" atmosphere during the period in
summer season. The laser particle counter data and the seasonal
trend of the properties of the Arctic aerosols will be presented.
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deposition to remote marine and terrestrial ecosystems?

2. What are the linkages between ecosystem processes and atmospheric deposition in
the remote world? ' '

3. To what extent do atmospheric models accurately reflect the wet deposition of S and
N species in remote regions?

4. How do the composition and the variability of wet deposition rates in remote regions
compare o those in populated regions?

p292

The Model Simulations on the Amount of Soluble Mass During Cloud Droplet
Formation

. M.Kulmala, P.Korhonen, T.Vesala and S.Clegg”
University of Helsinki, Department of Physics
. P.O. Box 9, FIN-00014 University of Helsinki, Finland
University of East Anglia, School of Environmental Sciences, Norwich
NR4 7TJ, U.K,

{&ccording to various measurements the amount of cloud droplets is considerably
increased in polluted areas. Conventionally this has been assumed to be caused by the
increase in the total amount of aerosol particles, which also has an effect on the amount
of Cloud Condensation Nucleus (CCN) available. However, Kulmala et al.
(3.Geophys.Res., Vol. 98, D12, pp. 22949-22958, 1993) have recently suggested that also
the condensation of nitric acid (HNO,) could allow bigger fraction of the initial aerosol
particle distribution to act as CCN. In this work we have studied the development of the
amount of soluble mass (NH,* and NO, ions) during the formation and growth of cloud
droplets by using an air parcel model. According to our simulations, considerable amount
of HNO; condenses on the droplets in the very early stages of the developement of cloud
droplets, which increases significantly the amount of NO;™ ions in the droplets. When the
concentration of HNO, vapour corresponds to that in the polluted areas, the formation and
growth of cloud droplets become easier.
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A Model Calculation of Sulfate and Nitrate Deposition in Japan
N.Katatani'’, Y.Sasaki?’, N.Murao®' , S.Okamoto!’ and I{.KohayashiSJ

1) Yamanashi Univ. 2?Fujitsu F.I.P. Corp. 3 Hokkaido Univ. % Tokyo
Univ. of Inf. Sei., 5'Japan Environ. Management Assoc. for Industry.

Acid deposition is one of the most important environmental problems
in east Asia. It is necessary to clarify the source-receptor reia-
tionship for effective countermeasures based on the international
cooperation. For these objectives, model ecalculations are useful.
Many models have been already proposed to predict acid deposition,
however, few studies are concerning nitrates deposition because of
its complexity in chemical and physical processes compared to that

of sulfates.

‘The authors have developed a numerical model to predict the concen-

tration and deposition amount of sulfur oxides. The description of
the model and the results of validation studies are reported in our
previous papers. In this report, the results of application of our
model to nitrogen oxides are shown. After that, the results of
trial calculations are shown to estimate the region-by-region
and/or nation-by-nation source contribution ratio to the depositiaon
of both sulfur oxides and nitrogen oxides in Japan.

From the results, it is shown that the oversea transport of pollu-
tants have certain contribution to the acid deposition in Japan,
especially in the area along Sea of Japan. "On the contrary, the
contribution of domestic emission is not negligible especlally
concerning volcano emissions.

p294 Increase of radiation dose due to acid precipitation

K. Okamoto and S. Tanimoto
Toyo Gakuen University, Hiregasaki, Nagareyama, Chiba, Japan

Emmision of sulphur and nitrogen oxides into the atmosphere gives
rise to acid precipitation and its effects are usually interpreted
in terms of lake acidification, forest destruction and so on, but
it also increases radiation doses of the public. It is well known
that leaching rates of metals are increased by acidification. In
the case of radicactive nuclides such as uranium or thorium and
their decay products also their leaching rates as well as transfer
rates to plants are increased. Radiation doses of the public are
increased either by intake of these plants directly or of meat or
milk of animals who eat such plants. Dependences of leaching and
transfer rates of natural and man-made radioactive nuclides on pH
are investigated and they are found to be inversely proportional
to nth power of pH, where n is around 5. Therefore the increase of
radiation dose due to this effect is fairly large, and should he
considered in certain cases.
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Influence of the growth mechanism of
a snow particle on its acidification

T. Takahashi*, T. Endoh**, K. Muramoto***,
: T. Nakagawa*** and I. Noguchi****
*Hokkaido Univ., of Educ., **Hokkaido Univ.,
***Kanazawa Univ.,****Hokkaido Inst. of Environ. Sci.

A snow particle grows by deposition from the vapor
phase or riming in ¢loud. In this paper, we'throw light
on th? difference of snow acidification by ' these growth
mechanisms, Snow samples collected at intervals of about
1 h; at the suburb and the center of Sapporo, Japan were
chemically analyzed. The shape of a snow particle, the
sgowfall intensity and so on were continuously observed.
Sémultaneously, the data from a dopplar radar were collect-~
i :

" Whether rimed or not, the samples collected at
suburb had -a pH between 4.0 to 4.5. P In vapor gepositigge
the concentration of NO was relatively high. HNO vapo£
was most likely adsorbea on the surface of a snow pgrticle
because of the less concentration of NH,". Cl™ .also
contributed to the acidification of the paréicle. On the
othgg hand, rimed snow particles included many amcunts of
S0 d‘. tThihsamElei at the center of the city were less
acidic a e start of a spowfal i
high concentration of nss—CaBg. ' because of relatively
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RELATIONSHIP BETWEEN THE ATMOSPHERIC PARTICULATE FRACTION AND
THE 10ONIC CONTENT OF PRECIPITATION.
H. Casado!, D.Encinas' and J.P.Lacaux?
' Dpto. Fisica Aplicada II. Facultad de Farmacia, Vitoria (Spain)
? Laboratoire d’Aérologie, 65300-Lannemezan (France).

' In tl}e cattle-raising and forest region of Olaeta (Spanish Basque Country), we have
studied during the period April 88 and April 91, the relationship among the ionic content
of the atmospheric particulate fraction and the ionic content in the rainwater.

The atmospheric particulate fraction is dominated by the SO,> and NH,* ions with
4.6 pg m* each of them,

_ The precipitation is charasterized by abnormal high concentrations of the CI" ion
with 173,4 peq I* (relation CI/Na* = 3), following in importance the NH,* and Ca®*
;(zn(sp ;s{qth49;5).9 and 91.0 peq I, respectively. The mean concentration of H* is 47.9 geq
. . The contribution of the soluble particulate fraction in a hand and of the gases
in the _other to the ionic concentrations registered in the precipitation, differs widely from
some ions to some others, being the contribution of the HCI gas the most important one.
Approximately the 95% of the CI' ion of the precipitation, proceed from the gas phase.
~ The scavenging relation, is very marked by the CI ion (W = 40000), because this
ion is found in the atmosphere mainly in gaseous form. The minor scavenging relation
are present for the SO, and NH,* ions (W = 1100 y 700, respectively) due, probably,
because theses species are found forming part of the smaller particles of the aerosol.
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A 90-year precipitation chemistry record from

p299 the Chongce lce Cap in West Kuntun Moustains, China
S and N wet deposition at two rural sites of the western ) . Kumiko Oolo-Azuma
. * l Nugaoka Iastitute of Suow and lee Studies,
Haracalbo Lake Basin, Venezuela. Suyoshi, Nagacka, Niigata 940, Japan
) N ‘A. Escalona¥% " Masayaoshi Nakawo
J.Morales *’ _C' Blf?.ﬂo and I . Institute for Hydrospharic—-Atmospheric Sciences,
%Lab.de Quimica Ambiental. LUZ. Venszuela Nagoye University, Chikusa—ku, Nagoya 164-01, Japan
i Ge imica .UCV.Vonezuela
*% l“StltutO de OQUI . Hlan Jiankang
. . Lanzhou Institute of Glaciology and Geocryology,
Event rains were collected during one year at Catatumbo and Academia Sinica, Lanzhou, China
La Esperanza sites. Volume-weighted average {(VWA) acid pHs '
re found at both sites: La Esperanza VWA—pH= 4.23 (3.4— . A 32 m deep ice core was retrieved on the Chongee Ice Cap in
ne = 0-6.31 in general the West . Kunkun Mountains, China to reconstruct the past
6.2} and Catatumbo VWA’_PH— 4.64 (3. . . gre L4 environment and precipitation chemistry around the area, The
monthl Yy trends of wet dEDDSit ion of ions show two peaks - altitude of the ice coring site was 6100 ma.s.l.. The core was
i 3 ason {April— ! analyzed for stable isotope ratio of oxygen, electriecal
The first peak oGCUrs at the early rainy se h p . conductivity, major anions, major ¢ations and solid particles.
Ma)’); and the second one occurs at the end of the rainy The seasonal variations of stable iszotope ratio, electrical
eriod (October—November!)!. It was found that the wet conductivity, solid particle concentrations and lonic
; i i lphate show the same concentrations in the past snow seemed to be preserved in the
deposition of hydronium and sulpha = core, although relatively heavy surface melting takes place at
s8as50na l cyc e The annuatl dEPOSi tions of S { SD4 } WEEE the ice coring site during the sumpmer. Combined measurements of
638.5 mg-S m {La Esperanza) and 1483, 1 mg—-S m different components enabled us to identify most of the annual
. g . layers, even when the seasonal variation of each component was
{Catatumbo), levels which are considered to be dangerous tz obscured by the summer melting.
i itions of N {NO an
aqu tlc ECDSYS’CBI‘“S- ThE_ nnual dePOSI d 139635 m "‘N The core was roughly dated by counting annual layers. We
NH ) werag 563. 6 mg—N m {La Esperanza) an * g — could trace the past snaw chemistry back to the 18%80's.
m_2 (Catatumbo) 3 and ths ammonium deposi tion accounts for Throughtut the last 90 years, the predominant impurity in spow

on the Chongee Ice Cap was calcium. Major portions of chloride,
nitrate and sulfate were suggested to be of salt origin, not of
acid origin. Ritrate and sulfate concentrations did not show any
increasing trends in the past 90 years. This might be expleined
in terms of the high altitude of the coring site where the lower
tropospheric pollution cannot reach. To draw a firm conclusion,
we are now analyzing & new ice cere excavated in 1392, which
suffered less melting than the 1987 core and is expected to
cover at least several hupdred years.

67% of the total nitrogen wet deposition.

p298
Assessment of the sulphur and nitrogen wet deposition and rain acidity.ovcr the C:;ntml o
Carilibeun Region. Bvidence for natural fluctuations and anthropogenic perturbations p300 Acid Deposition of Sulfur in Asia
Richard Amdt and Gregory R. Carmichael
Department of Chemical & Biochemical Engineering
C.M. Lépez Cabrera ' Center for Global & Regional Environmental Research
Meteorology Institute, Sciences Academy, Cuba University of Iowa, Iowa City, IAUSA
 The long range transport of SO2 and sulfate in Asia is analyzed through the
. . : use of multidimensional models. The future air quality of this region can be
The Caribbean Region is located between a Northern continental area ‘:’Vhlch confronts expected to be heavily influenced by consideration of Asia's population and its
present problems of acid deposition aud another Souther arca considered likely to have _the. trends, its growing economy, and the associated systems of energy consumption
same problem for the rapid increase of its emissions (Rodhe et al., 1988). Cuba, for being fhn: %rgi%qﬁgp. These ffltorsﬂlcgcrgsllcnf: f:{étr% :.S gdaécgj fs‘i?éiglﬁ} 1;0%3 L?ngéoﬂa :g
. ; s i : itori idificati ioni u indigenous coal, w: - : ;
an island and its location, is the right place for monitoring the acidification expansion mn tl}c [ rea _ .
tropical zone. An evaluation of sulphur, nitrogen and hydrogen wet deposition in Cuba in ;gi:;guﬂi’;ﬁ)crging g‘:g’gi‘;}f?ﬁéﬁh&igfgésIﬂ%"r‘g‘h ﬁae;ieaﬂg?legfﬁglgz
the period 1981-1992 is presented, from rain samples collectcd.mont.hy_ which excludes dry growth in cmissions are projected for NOx. . o
deposition, obtained ineight regional stations of the Meteoralogical Institute, Mcasqrcr_ncnts - Potential impacts resulting from present (and future increases in) emissions
have revealed acid rain problem signs and higher values of deposition and anomalies in the %1:; s]?:m?e%i qvatlltlx_ated ﬂmr'ou_gllf btl;e cgf?cgf E&?t;dé?fﬁlglsoc?smgl %c;}é?élggdma%iﬂ:i
«ulphur tend. The atmospheric budget of this ¢lement for the country has show that a nted m this paper wi 1 ) 1 sea ycle and
coxﬂ;iderable part of it, comes from external sources out of the couniry, Evidences suggest gggg:ilgg:: pﬁ?:églslsinotﬁm e?lll'éfguil(-)nn}r ﬁlﬁaﬁfﬁﬁu}gpﬁlgﬁ ?ﬁggﬂﬁggguﬁg
that this behavioris related to changes in the natu_ral and anthropogenic emissions and to the Indonesia will be presented and compared with available observational daa.
climatic variability, especially for ENSO event influence. o Results wili be presented in relation to new critical load estimates for Asia.

Preliminary results from a a new 40 station background network of SO2 passive
samplers will also be presented.
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p3o1
Rainwater Composition and Acidity at the Hong Kong BAPMoN site, Yuen Ng Fan

G.P. Ayers' and K.K. Yeung®
1. Division of atmospheric Research, CSIRO, Australia
2. Royal QObservatory, Hong Xong

Rainwater composition determined at the Hong Kong BAPMoN site since February
1988 is analysed in terms of data quality, then investigated for evidence of acid-base
components contributed by anthropogenic emission sources. Rainwater composition at
the site exhibits clear evidence of enhanced acidity resulting from anthropogenically-
derived sulfuric and nitric acids, at levels consistent with expectations based on
estimated regional emission fluxes of acid precursors.

The annual wet deposition fluxes of mineral acidity at the site are at levels that have
caused concern in acid-sensitive environments in Europe and Notth America, indjeating
the need for ongoing work on wet and dry deposition in the region, as well as studies
on the sensitivity of regional ecosystems to acidification resulting from atmospheric

deposition.

p302 On Acid Precipitation of Shanghai

Zhang Chao
(East China Normal University.200082,5Shanghai China)l

The pH value of Precipitation of Shanghai District becomes lower since 1983.The yearly mean pH

values of 1983 to 1986 are all less than 5.6.ranging from 5.12 to 5.23. The mean pH valus of
acid precipitation is 5.09,vanging trom 4.65 to 5. #4. The area of acid precipitation is
gradually extending. Before 1983, the acid precipitation mainly happened in the southwest of
Shanghai»Shanghai County,Shongjiang Countysand Qingpu County.After 1983, the acid precipitation
takes ihe urban area as centres including the southwest and the southeast district.Chuansha County,
Fengxian County,Naihui County and ete.In urban areas. the frequency of acid precipitation is
highests reaching to 50%- 90% the acidity of precipitation is also highests pH values of
precipitation are all less than 5.0. The acid precipitation of Shanghai Distriet is obviously

p303 The Acidification of Atmospheric Aerosol Related to Relative Humidity and Its
Contribution to the Acid Precipitation '

Yang Jianliang and Wang Mingxing
Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China

The sulphate aerosol has attracted much attention as it can not only bring about serious
problem of acid deposition, but also cause radiative and climatic perturbation. In this
paper, theoretical investigation of the effect of relative humidity on the oxidation of
S(+4) to sulfuric acid on aeroso! particles through aeroso! films has been studied.
Experiment and measurement results about the acidification of atmospheric aeroscl in
polluted atmosphere related to different air humidity are then given out. The studies
show that the water content in aerosol particle is a necessary and important condition for
the successful oxidation of SO, to sulphate (SO47). The relative humidity can greatly
change the water content of aerosol particles, and therefore will affect the degree of
aerosol acidification resulting from the deposition of SO, oxidation products, ie.
sulfuric acid (H™), on particles. It is found that r.h.=30% and r.h.=70% are two critical
values for aerosol growth, The experiment and measurement results clearly show that
under the same condition, 'dry' particle, which is defined as in r.h.<30%, and ‘wet'
particle, which in r.h.270%, will undertake different degree of acidification. According
to this finding, we can easily explain why the aerosol in southwestern China where the
relative humidity is usually above 80% contains much more sulfuric acid than the aerosol
in North China does where the usual relative humidity is about 30%. Furthermore, the
phenomenon of the distribution of acid rain in China, Japan, and even in whole world
can then alsc be explained.

p304 Variation of sulphate and nitrate concentration
in precipitation in Jakarta Indonesia and
their roles in acidification :1983-1992

Nurlaini and Mahmud
Atmospheric Research & Development Centgr:, LAPAN Indonesia

Precipitation chemistry data from the National Institute of
Meteorology and Geophysics (BMG) were cecllected from 1983
until 1992 in a location in Jakarta Indonesia.

That data were used to investigate the variation of sulphate
and nitrate and their roles in acidification. Beside that in
this paper will be presented too about gases S02, NO2 in the
same location and then will be tried to look relationship
between that gases with pH.

seasonal in suburbs.plf values are higher in winter,while lower in spring.sunmer and autumn. The
seasonal variation of acid precipitation in urban districts is not obvious,the acid precipitation
distributes in 12 months of a year. The dust in the atmospher¢ of Shanghai district produces an
obvious cushion effect to the acid precipitation, With the dust in the atmosphere decreasing: the
acidity of precipitation is increasing. There is close relation between the rainfall and the ; ]
acidity of precipitations when the dust pollution is not seriouss the frequency of acid From 106 monthly rain water pH data in ten years there were
precipitation becomes higher with the increase of rainfall. The result of regression analysis 63 pH data (59%) was below 5.60; maximum and minimum pH were
indicates that the acid precipitation of Shanghai district is mainly oontrolled by the icns S5 6.65 and 4.24.

Ca®*, BO0s. Tons Ca®*HCOS mainly come frem soils and the S¥3.Ca®" in rain water have goxd
connectedness with the pHl value of precipitation. The S0°T  in rain water also has good
connectedness with alkaline metal ions and NH**,which shows that the S0P( in rain water mainly
exists in the form of sulphate.The acid precipitation of Shanghai disirict is mainly controlied
by local pollution. )
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p305 washout of alkaliné components during the convective
showers at Pune, India

Medha §. Naik, G.A.Momin, P.S.P.Ra«_:,P.D.Safai,
A.G.Pillai and L.T.Khemani )
Indian Institute of Tropical Meteorology, Pune 411008, India

Rain water is, by and largeq_ glk‘aline in nature 1in
India. High levels of Ca * and Mg in a}tmospher_lc.aerc_asc_:ls
which are alkaline in nature are responsible for maintaining
the pH of rain water in alkaline range. In pr_der to
understand the role of individual ion in neutralilzing the
acidic effects, 73 rain water samples of equal volume were
collected sequentially from 4 conveqt:.ve showers at Pune
(18°32/N, 73°51‘E 559 m amsl) durlng.southwest monsoon
season of 1990 and analysed for major ionic components.

In all the showers, the concentrations _of 5042 . I:Ia'*',
K"', Carﬁ'|r and Mg showed negative correlation coeffa.c:.g_nt
with accumulated rainfall. However, H ion cgncentratlc?n
showed positive correlation with accumulated .ralnfall. r]3.h:1.s
suggests that increase in H ion concentfftlon iz due 1:_0
decrease in alkaline components such as Ca“’, K' and Mg“  1n
subsequent rain water samples dl_&ring.t_he. shower. High
concentrations of Ca2+, Kt and Mg in initial s-amples are
responsible for maintaining the pH of rain water in alkaline

range.

p306 Chemical composition of wet and dry deposition
at Delhi, north India

R.K.Kapoor, $.Tiwari and R,X.Chatterjee
Indian Institute of Troplcal Meteorology, Pune

Wet and dry deposition samples were collected at Delhi
during the period April 1990 to March 1991, Samples were
analysed for major cations (NH4, Na, K, Ca and Mg) and
anions (Cl, NO3 and SO4) in addition to their pH measure=
ments. Majority of the samples have been found to be
either neutral or alkaline in character,as a result of
neutralisation, primarily caused by alkaline properties
of the soil oriented elements (K, Ca and Mg) * which have
been found to be present in higher concentrations as come
pared to the concentrations of enthropogenic elements
(S04 and HO3).

Cross correlations between the concentrations of
different ionic species have alsoc been determined. Detalls

of the results will be discussed,
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Acid Rain Analysis

P. Suneetha
Department of Geography, Andhra University, Visakhapatnam, India

Large quantities of oxides of sulphur and nitrogen are being emitted into the
atmosphereand they react with large quantities of water vapour to form acids like
sulphuric acid, sulphurous acid, nitric acid and nitrous acid, which then return to the
earth's surface as rain water and dew or may remain in the atmosphere in clouds and
fog. Industrial areas with pH value of rain below or close to the critical value had been
recorded in some ciities of India Visakhapatnam, an industrial town of South India
has been choosen for the present analysis of acid rain . Samples of the first rain were
collected during monsoon season and tested for acidity. The pH values of the rain
water varied between 5 and 6. To get accurate concentrations of pollutants in the air,
dew and fog were intercepted during winter season and the samples were tested for
acidity. The analysis of samples collected from commercial centres indicated the pH
value of 5.6 and 6.0 whereas the samples from residential areas have shown the pH
values in between 6.0 to 7.0. Samples from industrial zone have shown the pH values
varying between 5.0 and 6.0. The concentrations of SO, and NO, in different areas
of Visakhapatnam city in different seasons are also discussed.

p308

Some observations from the statistical analyses of major ionm con
centrgtions in precipitation in an industrial-coastal environment

A, Yarayana Swanmy
Depariment of Geophysics, Andhra University, Visakhapatpam, India

¥ith increase in industrialization and urbanization as well as
increage in the use of fosell fuels, the atmospheric environment
is contaminated through release of waste gases. A major poriion
of these impuritiesmay £all back on the surface of the earth as
dry fall out and with precipitation. In the coastal regions, the
oceanic gpray may contribute significantly to some of the major
ion councentrations in the precipitation. In the presgent study
207 bulk precipitation samples on daily basis were collected at

a sampling site in Visakhapatnam city located on the east coast
of india adjoining Bay of Bengal which is being subjected for
rapid urbanisation and industrialization during the laagt three/
four decades. In z2ddition 130 wet precipitation samples were
collected during 25 raina/atorms at different time intervals.

411 the samples were analysed for conductivity, total hardness,
chloride, bicarbonate, sulphate, calcium, magnesium and sodium.
Statistical analyses of the above data has been carriedout to study
the nature of deposition of major ions during different geasond,
months, rains with varying magnitudes and rainstorma. Studies on
frequency distribution and prineipal component analyses were made
to establish relationships between various ions and delineation
of their sources. ‘he results are discussed in the paper.
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