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PHOTOCHEMICAL OZONE LOSS IN MARINE AIR

By Kenjiro TOYOTA

Synopsis

Photochemical aspects of low ozone levels observed in the marine atmospheric
boundary layers are discussed. It is suggested by using photochemical box model that
catalytic loss of ozone involving iodine radical of biogenic origin is one of the primary
causes of observed levels of ozone. Estimated iodine cycle is so effective that the sea-
sonal variations in ozone in the lower troposphere over the ocean might be quite largely
affected by the local sources of oraganic iodine compounds.

To test the above hypotheses, observational evidences of anti-correlation relation-
ships in the concentraions between ozone and iodine compounds would be required. It is
also important to more investigate organic iodine burden in the matural atmospheres

and oceans.
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Fig. 1 Vertical profiles of ozone mixing ratios and temperatures in the troposphere

obtained from ozonesonde soundings over the Pacific Ocean and the Indian Ocean
during 1989 Nov-Dec'? (see Fig. 2).

w@%ﬁéﬂéﬁﬁ@Tgf617>®%RMMﬁA(5~mE)k%@wﬁwﬁ%%%étwéocw
CHSEA L CEBRIET S E WS+ VBB Sy — i3, KPaE - 77 ) #inaY, KPEk
ﬁ-4z}ﬁmﬁmf§§<@ﬁﬂwm&h,ﬁi@kﬁﬂ%@fi#&b%@m&ny~/ﬁ&atﬁ

._3._



166 FRBIKEFER 4395 B-2 8. 4 (199)

Fig. 2 The map showing ozonesonde sounding sites during
the cruise of R/V Shirase in 1989'%
b s (RRAEE TR Y Y BB L Sy — V3% S d 572 Liv et al. (1983) 2 0EHEIL 3 5),
LaL, #EORSEFBIETCOKRETIRAITREAAIZ LB —REHE L 0T, HOx HER
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= 10m%s~! LERBOE S 1 km 2KGE L CHADTRED HHE~DEFIRET 7 v 7 A K,/Az X ([0s]1tm
— [Oslsursace) = ValOs)surrace TEHET B &, BEHTHOL YV Y BAHIIEBHREIZ AT 1 SRR %
LIZBER, Lo CERIEEA Y =X A8 Fig. 1 7V VEHRE TI3HHT 5 L TE L
Vg

T IR ELRERZETAZENTRINTEY, LAV et s & THEITMES
NTHYV 2 HRESEDHEFD, L LAEOIERIZA LML IHE L COBAED LV PLIERT S
&4V Y DILENFMIRETS 70 AREE 2D (Table 1 2H8), 4V VHIE~OF5IEBLBELT L
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VLED X512, Elib®E - HOx 34 7V » Far 22X B4 VBRI i, Fig. 1 IZABRLIRE
BB OV REARSHARTT R LB ENLE W DL Ebh A,

—%, ELOKEEREDIZ1 ~ 10 pptv BEDF — & — CTHBIZGH LT A CHl X6 T b
ML TCIVESTINEHRETS, TOIVETTHNIIE LRI, #wEERE & ITREERS
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Table 1 Estimated atmospheric lifetime (Tozame = 1/ky * [Alkene]) of ozone for reactions with
alkenes (Os + Alkene X, Products) over the oceans possibly of marine biogenic origin.
Contributions to ozone loss in marine boundary layer seem to be much smaller than that of
dry deposition to sea suface.

108X £, (298) 7 Abundances? TozZONe
cm® molecule™ sec™ pptv day
Ethene, C2 Hy 1.7 440-600 400~
Propene, Cs Hs 11.3 25-400 100-
1-Butene 11.0 2-8 5000-
1-Pentene 10.7 0.5-4 10000-
cis-2-Butene 130 0.5-2 1700~
trans-2-Butene 200 2-5 450-
2-Methyl-2-Butene 423 6-15 70-

+Gas phase reaction rate constants from Atkinson (1990) 2.
§ Free tropospheric and atmospheric boundary layer air levels from measurements over North

Atlantic Oceanzs) and Equatorial Pacific?”

2 X I + 03 — lO + 02
10 + 10 —_— 21 + Qp  seeererereressesstiii e (3)
net . 20 — 30

1+0; — I0+0.

I0+HO; —— HOI+ O

HOI+hy —— 1+ O0OH
net ¢ O3 +HO, — 20;+ OH

CHl i Lovelock et al. (1973)212 % > THIDTHAKREF COFEIMR SNz, REBHL LT,
O30 2ot 75 o o h I DRFEM R DD L ASNED, FOMITEKTIIEFET AEEMR L 2
W EOIABRIC & DEEYR AR DR ELFERE L VBL 2 LAY EN TV A, HREEDTE
BYATHEA 7o HEHE O KRG T id CHol B4 HIE 5 ~ 10 ppty 22 Z ML EDES 1932 £ 1 1y #ERIICKEN
1LFES A 7 WMICER BT RITTI LR b,

CHyl UMD A I o FLAMDTEE D HE SN T A, CHily, CHCU IFAKRKE S L UiEkHizs
B IEAE L 23D w2 oy 75 L b 20 s DREAFER I TV A, %7 Klick and
Abrahamsson (1992)°2 12 % 5T CHyl & D 4 FB (REE) OKRKEWHEEI Y ELEW O HEHE
KECHER RN, FhoOKREFADOHIEACH IZIEHL 5 B Z AR ENTnE, Ihb04RES
WwEILSHNI CHI & 0 DV EFER T B OH 12X AR B 2 EVFHEERE 2 0, KR
BREOL VIEEEICBVTIO A ZIVEERILT A2 L5 T53ICH Y ) 5DT, Fig. 11ZALN5 X
3 i EDG V VREOSEAR Y HIAT A8 L 250 ANV,

Chameides and Davis (1980)% 1%, 4V VBHEFA 7ML LTRYA 70V 3) & (@) FEETHLE
B E, L LEBICIIFEET A 270 (3) TI0 G0 self-reaction O AL 1 ERT v v FIVITEED 20
% PLTFT, BOIXLOAEF 3 10 +10+M— 1,0, + M) LA SN TV:5. 1,0, DIFFE
(1,02 + hu—— 0, + 21) OBFERILBHILE ORER & FIRE LR SN L OTRREIITEY 1 7V
(3) OF VBT AETMIIE 5, LA oTH Y VBB A 2 V& LTIREUSY A1 7 v
4) EEEL W L2k B0, T Br BT v ¥ FVEEM R - OICREFILERI TOEE LR 4
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YHIEY A 2 VETF LD D B BrO O self-reaction” & 13X TH B,

FIgH4 70 (4) TR 10 + HO, SN & 2 HDT, TORIETO [0 R E L+ VK
e Bt D, 10+ HO, DIIEEE (ks = 8.4 X 1071 cmPmolecule™sec™) %, HHEE TOXRREE
BE (= 2.5 X 10" molecule com™) B L UHHICBIT 5 0EH% HO, IBAK (10 pptv) 2 HEEEIND
10 DFEIIF S0 7% DT, 10 251 pptv FFAET ABEIZi1E A4V 1 ppby R HES A DICE T 2R3
I3 E R O D, I CEELRLL, 10x AV VBHES A 7V TREE Q) ERA0 4V UEEE
WA T REHIZHBIL TR \nwZ & Th b, I 1~2ppbv T OF VKRS HIEL R T 5 DI123E
FICARLEBRE LD D BbIITH 5,

%72, NOx (= NO + NOp) ZZhBE AV U bFERLYT|ER IS (NO + HO,— NO, + OH)
WELUASNS, LEeoA BB A 2 VOET AW R,

I+ 0, — 104+0,
IO+NO —— I+ NO
NO,+hy — NO F (O cveereeermiiiii i (5)
O+0,+M— Os+M

net . null cycle

10 + NO DFEHEEIZ 10 + HO, D 1/4 BE L 0T | 3k O HO, IRA 2510 pptv BETH 5 2
ERERIZANIUE, NOx (=NO + NO;) BAHAT100 pptv 82 5 & ) 2 LEHRBRHRAR R T
BIOx I E B4V VBB A 2 VSENTEREL 2 {2 B L FRENL, Lo LEifEh L oEEs:
KEFEFREHONOx BEI L~V (~10pptv) TiF, ¥4 270 (B) ZSIEEXMBWTLVLDEELR
b

ER U7 &5 I2HEA HRET T 7 Z{LEWAS Ay G TR L CERTAIOx (= 1+
10) FTUHNDF VLR A 2N EVS T FiE, Fig. 1IZRO DMV AR 25T 2
WREEEE T B

FITIOx 2L B4V VERBEOFENEIIOWT, RETIEILF Ry 7 AEFN % HVTERIIC
i %o

3. XFERYIXEFNICEDIHRE

ZOETIZ0x DAV VBB A 7 MIIDOWTHIEEEF VW CEEMFEZ1T ). 272 LavE
OFFEE LT CHsl DA EZEET 5,

3.1 EFINOHEE
R A HAEEETVIZZER 0 RTTOR v 7 ZEFIVTC, b - HHoE, & - BEE Bh
xFi A & DRk % & @Rl ORHBR 2 3HHT 5, REBEEE L JRS L MLEEORERA %
& 1km ORFEFBNTENEN—HETH D EE LT,
de;
dt
72720,
ci AVFRE OMERE, P ACFHEHIE, Lie - BAEHBOE,
Fq @ SCMESETE, twet | WEMALFFED washout lifetime (10H)
Firor - BEXHRBEDPS QAT 5 v 7 Z1E
Thh,

=Pi_LiCi—Fd—%+Fzmp ............................................................... (6)
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35 FHDILH#FE (Ox, HOx, NOy, CHxOy, 10x) 82 FMHKIGE &L U717 HfF# 2 ZRICANR TV
25, D9 5 10x DNALEFEBEFEIZDOVT Table 2 1278 T, [0x A0 b5 A% 12131 T Thompson et al.

Table 2 Todine chemistry in the 0-D photochemical box model.

reactions references
CHil + ho — CH3z+1 Porret et al. (1938)
I+ 0 — 10+0; DeMore et al. (1994)
I+ HO; — HI+ O DeMore et al. (1994)
OH + HI — H0+1 DeMore et al. (1994)
10 + HO: — HOI+ O, DeMore et al. (1994)
HOI + hy — 1+ 0H Atkinson et al, (1992)
10+ 10 — I+1+0; see note a
10+ 10 — L0z see note a
120, + hy — 0,12 0.1 x J(10), assumed
I0 + NO — [+ NO; DeMore et al. (1994)
IO+ NO;+M —— IONO:;+ M DeMore et al. (1994)
IONO; +hy = 0.5 X (I1+ 10+ NO; + NOs) Atkinson et al. (1992)
see note b
0CP) +10 — 0,1 Atkinson et al. (1992)
I0 + hy — I+ 0Cp) Atkinson et al. (1992)
HI —  deposition T = 5 day, assumed
HOI —  deposition 7 = 5 day, assumed
L0O: —  deposition 7 =5 day, assumed
IONQ; ——  deposition 7 = 10 day, assumed

Quantum yields for photodissociations listed are assumed to be unity.
a. 1,0, forming channel dominates by a factor of 4 over direct I foming channel'” . Rate
constant for reaction I0 + 10 is take from DeMore et al. (1994).

b. Red shifted by 50 nm with absorption cross sections of BrONOQO; from DeMore et al.
(1994).

(1983) 3 |Z# LTV B, NMHC I2DWTIREE S vy, N, (0.7808), 0. (0.2095), H,0 (0.018),

H: (550 pptv), CHy (1.6 ppmv), CO (100 ppbv) IZ2WCIHBAREREE L, BMLED/ ST 2 4 )
¥—3 3 »idTsaksen et al. (1985)%" DFB A FIV 72, actinic flux OFFEIE 1 BRI I B8 290 ~ 850
nm (DWW o 7278, IRERMEE ISR TIEIMN 1 nm, THETIES5am Thb, VX BUIRNE
2R TFIZ & B Rayleigh BELE ZE L 7= two-stream Y 2L 27 5 » 7 ZA5HE %5 -7 2L 70
UNDEBRIERIN Ty, 22T, iRk KAHEEE - 4V VRELOHIE 7T 7 7 £ )Vid AFGL
HREEERRKA 7O 7 74 V0, KBKRE7 5 9 7 23 WMO (1986)*", />~ BRIUETEFSIE DeMore et
al. (1994)%” DEX B, Rayleigh HETE DI Nicolet (1984)'P MEBK A RA L7z, KB ETE
FUIEBEOREE 45 B CTO BRI #BSE Lz, HO 7 NVNFIZ0.05, Ky 7 ADOKRIZ 298K & L7 &
MG b 5 DO REERS & ORI « SFIEROF— ¥ ~— 2 & LT Atkinson et al. (1992)*¥ B
& U'DeMore et al. (1994)7 DE % BB L 7=, CHal 0% ## 8 o W I K5 12D W C I3 Porret et al.
(1938)* D% AV 7z, EHHEHHEPSDHAT T v 2 2120x (Z0CP) +0 (D) +0y) 22\ Tid
5.0 X 10" molecules cm™ sec™, NOy (=NO + NO; + NO; + 2N:0s + HNOz + HNOs + HNO,) 122\
TiE 5.0 X 10° molecules em™ sec ' ICFRE L 720 HAIZZ DEREEIZE 5 [0x OFALFEARE ST WE
FOVRHE T, Bl LT 0; ~ 12.8 ppbv, HNO; ~ 28.5 pptv, NOx ~ 6 pptv 2787, #Ef (6)

DEEHIFESE QSSA RF — A% 2L NITW, ¥ A4 LRT » T OBITHE LI, MULTEE 525 &
EFIVEEE 5 ~ 20 HARRE CHREHIN 2 HBILH 4 2 VR0 ET X 5104525 §IHOAB{LYA 2L
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Ao DEBIA % BTk -7 A% b o TRHERTEW Y, BlA O BB A 7 VDN T DR OB
%?:J:Of:c

3.2 EFIEERR

CHil D&% (A) Oppt, (B) Zpptv, (C) Spptv, (D) W0pptv iCEAEL-4BYDEFLT V%
Tole CNOLDEIZELEOREIFFENTL D S 282 BEL72bDTHDH, CH BAHEINDH
HMEIZ T _RTE CEISRE LSS, WThOEFNVT v 15 ~ 25 QHEE CHEEM R IREBICRA L,

TV RGO EEDO B ® Fig. 317, 7—2 (B) ZCHI AN v 275 v Mk & 72356 T

Ozone Diurnal Variations

Mid-Summer, Clean Air
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Fig. 3 Diurnal variations in ozone for various rm CHl levels (A = Opptv, B = 2pptv, C
= 5pptv, D = 10pptv) . Initial values used in Case B (), C (), and D (X) are
indentical except for CHsl mixing ratios. In case A {(O), mixing ratios of all iodine
compounds are set to be zero. All model runs achieved their quasi-periodic states
around 10 or 20 model days.

BHBY, r—RA (A) DIOx A 2 VEZBRLEVEEIIUATEH YV VRBAKIH 10 %KV, EF A1
2 ALUPUCEREEIREBIZA -T2 &2n, 10x 44 7 VOBAIZL o TREERBADF VI H
10 BRREIHMEESNDLZ EXRB LTV %, CHI BAKE B T5 & 10x %4 2 VI B4/ gL
HEYT LR, — R (D) O CHIEEEA 10 pptv DHBAIZIZF V ViRE D HEHEAH 7 ppbv T,

r—2 (A) OREFOMEIIETELRAL, r—2 (D) KBITAEELRL VI bFHERE % Fig. 412
TR, I0x 2K B4V ABETFA 70 Q) @) 2WHOx QX BF VUYL 20 (1) 2EWTWAZ
EWG B DFE ) IHBEEYEBSIORALELORZTIHION A 2 M X B4 Y BENBD CEEL
BIRTHAZ EATREEINAED, 2N TH 4B, Fig. 1IZRONL LV EFEAED % #4523
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Photochemical Ozone Loss Rate
Case D : CH3I = 10 pptv
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0. 24.0
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Fig. 4 Diurnal variations in ozone loss rates due to HOx and I0x pathways in Case D
(CHsl = 10 pptv) . Ozone loss via IO + HO, (V) dominates over that via O'D +
H,0 (O).

D725 CHl ORiRE (B TERLZEEEWEE) LRESRELORVOIGLE L DL, ZO—HTZ
DEFNVEHERE R, BLOTRARDA V ViREHEMHEATT — 5 0V 2 FHECO CHl FIcb A &<
AT HTREME 2R L T 5,

Bi%IZr —A (D) 128175 10x partitioning D BZEAL% Fig. 5 IR 2% HOl & HIWX 1 BR@AL T
AR <, I0NO: B LU LO, (FHEICBRENFZ LA T5, 1 LIOIXHFOARIZ Lppty DA —F—THI
5

2T, ZORFGZ 10x VY HBAROBEOHEEIZ T V> & a R EEYORE ORI
BOBBRBRONE P L) PN L - TERTONLLEDNH L, TOBE, 1E720X10 5V HVD
BEEREDE N 2Ry IR 5 S Bbiuads, HI, HOIL, IONO: %2 &0 reservoir DEREEHIE b B
BVOENLGIMELY S 5,

¥ 72 10x O chemical kinetics IZIZHHNEERT — & ORI L ARHEEMAKE VI OC, 4020
FHHEDTF— & FTEZHFREF L,

4. ¥RE

HE FORFIBFBAIIZHO S HOx H 1 7 VUSMIEE L+  EBREAYEE T A THEAS V.
[0x DF V  BIBEHRITIRERTIEREND CHl /3y 7 75~ FIE @ppty) T 10 BIEEEDOF V- BiE
RiE% 76T DOREES DS B, CHal 25 10pptv FHET AHEITIE HOx YA 2 VR LD & v B8 7S
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Diurnal Variations in I0x

Case D : CH3I = 10 pptv
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Fig. 5 Diurnal variations in IOx species. HOI(X) is the most predominant, while the con-
centration of HI (&) is also large. At night, [IONO; (V) and L0 () abudances
are greatly enhanced. Spikes of IO (C)) concentration at sunrise and sunset are
seen.

0x 12X DELTWAE EIEE SRS, 72721 TLO®, ORAFEBLUA » FETOLV »r FTBHIITHE
SN REERBA YV VHBETT 7 7 AV E 0x ¥4 2 VICE - TGRS 52856, CHl OXFsELIN DA
YEREBLEZ DUENSL, L LEds, #7507 EEORALPES - BREORREPE
AR CIRARRTO I I RILEWEREIEV I EATFHEN, 10x 12X 54 /HiEElEE L 5E 4 E
LTWwabDERbNA, Lo THEROMTEETROL Vv Y RELOFHEIZ BN T —F Vi
CHl FEIZBAF L TV ARV,

FERE TR 10x DAY VHEY A 2 VOB FEIET 5131 R 10 T KAF THEENE T 55,
reservoir T# A HOI, HI, IONO, 7 EORLH COREHIE 21TV, Vv & ORMIHAEBI % Btk
BT EIWETH B, FRUIINAT, CHl BEUFNLAOERE D T FILEHOBARRHTD
DA ONWT, SRRMLEEE S OIHEETAZ L ENS,

%7z, inter-halogen reaction
IO+BrO—>I+Br+02 ........................................................................... (7)

I FEBE TORICEENREEDS - NE THEE L2V, Bro + Cl0 L FAREORKCHEEEZATH I LA
BESNTEY, BOTENR TV VHIEF A 7 VR R0 SIS STV 5", CHBr;: RHHE
FIFHREIED Brox & 10x &£ OMAMEHIZSHORES W 2B 54 VL 6T 2L dHHBELD
T, BEELEENR THD,
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