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Defend in 

Graeme O'Neill talks to Australia's own CFC 

expert about discoveries that prompted a timely 

response to ozone depletion. 
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I n 19R5 •. 1 Briti!h Amarcric Survey ream 
di<covercd rhar the <rruo<pheric 07.onc 
IJy<r over i\marclkJ hJJ lhinncd 

al.1rmingly. Jllowing inf.:n:.tM.:d lcvc:l3, or 
damaging ullr.t.vlolc:t-8 radiauon ro reach the 
E.1rrh \ surf.tcc. 

Dr l':oul 1-r.hcr of CSI RO\ Divi<ion of 
Atmo<pheric Resc:~rch f<'<'eovcd rh~ n~s wirh 
>urpri<e .1nd cxcircmcnr. 1 k had been aware 
of the po,;ibillty •incc 197 4, the ycJr thJ! 
C.alifurni.1n n:~~;uch dtcmi~t J1n:JfC~)Ot 

.Sherwood Rowland bct.:amc conc.c:rned 01bout 

'pray ..:an protlucr~ het:n.u.M: he c:.1kuJ.ucd rhal 
rho 'hlumfluru,,~rhun (('n .. ) p1<>pdl.mr m 
rhcm <ould de""'> rloc Lmh\ uwnc layer 
(S<'<' ><Orl' on paMc 34) 

rc;l~l'l, who h;lll hccn JCl.l UitnJ tu \lUt.l)' 

the: grcc:nhou\c r.a..: t:arhon tlwxide \aw chL~ 
re<eorch p.1per hy Rowl.lnd :ond l'rnf"~or 
\-brio :VIolin:~~ .1nd n'l.ttlc rhe r.ue-cr <wit<"h 
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Monthly mean (1956-1973) and dally mean (f993-1996)1Dtal ozone obs;Jrvabons al llalley Bay, Anlarcllc.• 

Chlorine ~tom1 deHroy oxone by remo11ing ~n oxygen ~tom, 

forming chloo one mon<md• (CIO) and an <>•YJ•n mnl.cule (0 1). 

Chlorine mouux1de rea en qulckl~ m 1he .;\[ffiO~phere w1th oxygen 

::atomi, ltber~1in1 iltomic 'hlurme. The chlonue atomJ art' asa.m 

fre~ to r~.act Wtth oron• In rhi1 way, 3 1.ingle chlorin~ uom can 

dtu.troy thousanu .. ur orunP •nuleculPs, a proce.ss u~rmmilted wh~n 

~hlorme atoms reau wnh a 1ourc.e of hydrogen such ~'5 methttne 

Ozon~ d~p~tton ·~ SC\'t!re QV,.r Antarctica dui! to rapid releas~ of 

molecuhtr 'hlorm~ (CI1) from r~>cltltQfU• on th•· \UtfACl1 of 1ce 

crystab w•thin pul.ar )tr.ltOJpherlc c;loudl Th" <hlurme COillfS 

frC\m compounth ab\Otb<":d on tht" •cr. osuch .:..1o chlorme nirratr 

(CION01) ond hydrochlorot ~cod (HCI) whoch urog•n•tos r, om the 

br.,o~kdown of CFCs. In tpnng. the rc3ppt: tranc• of tunl•aht ov~r 

Ant.a.rct~e::a tpUu chlotine molrcuks into tingl~ chlorine uoms thou 

de'Jotr-oy nnu1e. 

rh;u w.u ro mJkc him .ln international 
authorit) on CFG. !'he now·cl~«ic Nnwu 
paper, for which the .mrhors won the 1995 
Nohd Pri1.c for Chcmi>lr)'• dc,cribcd " >di
MI~Luning ,-ydc of t:ht·mac.d rcauion~ b) 
which a lone chlonne acom, pnS<'d free of the 
tenactou~ gra~p ol a c:h)oronuurocarbotl 

mol«ulc hr Lliu-.-' iolct r.tdiation. in rhcot) 
could dc.moy up to I 00 ono OIA>I1C molcuolc. 
in the <tmto•phcrc. 

"lt '.ricc:m~ il lung umc .lgo. and lhe 
chemi~-rry W;'IS an ovcr-~imtlliftc:nion of whac 
acru.\IIY happens to chlorine .md hrominc on 
the >liJtO>phcrc.' rt.l>cr >ay>. But in the 
\.rm.le.o;:t scn)c. ic .tpprnxin\J.tt(,.l what h.-p~)Cih 
111 1hc Antarc[ic .:,tr;uosphcrc durin~ winu:r 
aJHI ~pring. All the- dtlortnt· anJ hrominc 
.llmm nngin:trins frum ( I'L' .nHI halun' .u< 
3V>libhle rn destroy 07onc~ that ":i whv wc \.CC 

pronnuncc:tl cwont Ios..(" tn Anr:ucric.t. :md nm 

O\'U tltc: rc.:st of the glohc, whcrt> onhf u (,Jllllll 

fr:tcttun are .lv::ulahk•." 
Rowland .1nd 1\1nlma prcdtc1ed th.:u ozone 

dc!)ktiOII wouJJ be slob,U, but rrJSCI <lV< 11 I< 

now known tit.tt OJ.onc·dcrlecing r(.tction~ .trC" 

grc.uly enhanced tn the unique: ~uviromm:m 
of pnlat '\U:Uo"phc•ric dc>tuk nn oe;:upcr·(;_oolcd 
w.u~r dro1>lcr< or kc cry<rJI< nucleJtcd hv 
tiny. loo«n Jroplct> ol nitric .1dd solution 

Ownclcvcl> over t\m.uclicJ hJvc plunged 
bv 2';--~0~n during tlw p.m rwu dcudc,, In 
the :~-•tmc pl"riod. UIOIIc hJ" Jc~..:hn~--d hy .1houc 
()t4. O\'<!r ccmpcrate rct-:Jons. Over AnutrcuGl 
in spring. tht·rc j(" nc,;:ar complete .. Icnrucuon ol 
Oton~ .u chc: .tltttudc' where pnl.tr Hrnr 
<>>phcric doud> O(Cur (15·20 km). 

The mid-IJtitude Jcdinc wa> l.u~:dy 

un .. ·xpl.tirH·cl umil tr~cndv. when M.:icniiSt\ 
1clcutilieJ :uwthc:• lulprit for t•nhlncing n1onc 

dcstrucuun In CH.>: >Upcrcoolcd droplets of 
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~ulfurit aUd rc~uhiug lium vokanit cnq.>tion.) 

and !rum carbonyl 'ulliclc from the W<>rlcl's 
OCt>ln~ In rhe rhree yenrs afrer rhe ll'l3~s•ve 

1991 crupdon of Mt l'iMtubo tn the 

Philippine> ot.one kvcl; .u mio-lalitudcs 
plununctod by an aOOilional 2%. a third of 

rh~ lung--lcrm Jt:dinc. 
l..;ra~cr '•l)1" rhM when utonc rc,e.trchcrs 

lonke<l l•nrk through J,u,, g:tthcrcd ,ince 

1979. t hey tlctcctcd another dip 111 
suarospht"ric ozo1u conc~ntrauon~ . 111 the 

.1tt<rm~th nf rhe 1982 erupr1on nf Mexico'< Fl 

Chichon volc3no. 
The 1996 Antor<;li' otonc hole w.~> 

; im iiJr w the deep hob of the prcviou' 1h rce 
year~. Pm;uuho'~ influence h:~s f:~ded. hu l 

chlodnc ;md brommc conccnrr:tuons m lhc 
:~otr.uo~phcn: havl" <..ominuc:J to ri~c, ;tnd arc 

likely m do for the next few years, dc.<pitc the 
speedy r("acrion of 10caennq~, govcrnmcnrs: and 

bu~1n('" tv the 198S ozone cri~is. llowl'ver 
s11 Jtuspherk dolorine .ttHI bromine lnel> 
;ltoukl >top ri>i ng by the end of thi> dcc,,Jc. 

'\Vhcn 1nCcrnacion.d concern~ ,tbout 

cnonc 'urf.1e;cd in I 97c;, government.~ ;m cl 

indu')tty didn'r know wh~t '"'as goinl; Utl, bur 
they were prcp::arcd to rund research. says 
F"""'- 'fly the t•arlr l')IW•. rh<re was a greatly 
enh~nccd knowledge of th<· 'tutmphere. 'o 
when the ozone hole was discovered in I 985, 
we were J.blc to propose a mcduni>m th..lt \\'C 

'-uul...l Lot .mt.l c;;onfirm c;.opcrimcnlotlly. 
'In the early l')llO.< there was no pmof of 

any global otone loss. ·1 here was a srnnll 
d.ownw:ud ucm.l, buc \\'C <.ouldn~t tell if it w;lS 

~tgnlf'ic:.tnt, or bl:unc CFCs. 01.onc lt.'vels 
nuctllate norurallr hy 1-l"h. rmckml\ rhe 11 
war sunspot cydc; the fewer <unspots. the less 

<>~.one;, proou<cd in the >tratosphcre 

34 Etos 90 Summet 1996 1 97 

'llr 1986 we were able to >ay that CFC:< 
were probably re~pon.siblc ror the Anrf'lrcric: 

01.one hole. l;ortunatcly pnlkym:tkers had met 

111 Vicnn~ in I 985 and drawn up the Vienna 
Convention. which WJ> b.l>i<;tlly .1 phil

osophical ~latcmcm ;tbolll lhc need w prorecr 
1 he gloh.1l n1.onc l.wN.' 

Two ycM .. tuc:r, philnsoph)' was tr.msl.ucd 
IIHO J.tliun; th~ 1\lcuurc.ll Protocol impo)cd 

~rr a c1 and rc-vi~:1b l (.· controls over ozone 

clcplenng chetnic>l<. tnclnding rhe CFCs 
variou<lr u~ed ~' <olvenrs, propdl~nts 'nd 
rdrigcr;~ms. and brominc·cont;~ining h:tlons 

wiJdy luctJ in rirc-c:xting.ui.shc:r !I)'MC:m.!t. 
Fra~c:r \;ay ... ozone re~carchcr-o kne-w rhr 

origmal vor<ion of rhe Montreal l'rotocol 
would not protcu the ozone l.tyct. but also 

knew it w.t\ imporutnt to have: :J prorocnl 
acccpublc to governm~nr~ and 1n du~Hy. 
Subsequent mcc11ng< 111 I ondon (1990). 
Copenh.tgcn ( 1992) aud Vienna ( 19?S) 
tigiHcncd re>triet ion, on CFC., .md h.tlom 
even furt her with indu:,tr~;disccl n;u ao ns 

agrec1ng to a tOrJI ph.,.cour nf CH: and 
h.dnn< hy rhc end of 19'1). 

-1 he ml-a~urC'\ had aln;a.dy hcgun to bite: 
111 1992 :tll four S[,Haons m lhc :nmosphenc 
h><dine CH:-n1<1nirnring nerwnrk (at Cape 
C:rim in r~.m~ni.t. in lrdand, lhrbados ,11ld 
t\mcric.1n S~moa) ;howed t ha t the tOl;t) 
COIH.;CilliJiiOII of lhC ITI..tjOI OWilc-<.fcpletiug 
)p«i~ in the lower :umosphc:n: h.ad o;roppcd 
growmgand hy 1?<)6 were dcdintng. 

In 1996 the trend i• running about three 

veal'> ah.-Jtl. an~ I 0% below th:u prc~ictcd by 
rhc Nlonrre:tl Prnrocol. Rur Fra~er \;t}'\ 

"!'"""~"' m~y b~ prem•turc. !"he downward 
trend i ~ dominated by mcth)•l chloroform. ~ 
rd.uivcly >hOrt·livcd ~hcmkalthJt i> CXJ><Ctcd 

to vani~h frnm rhe atmo~rhcre within .\ 

decade or so. A large puol of' much longer· 

l1vcd o7.one-c::ui ng c;hcmical.s remains jn d'lc 
.nmosphcn· and will continue difTu,ing into 
rhe stratosphere. A$ these long-lived species 

come to domi n;ne the chemical specrn1m 'we 
ma)' :,et some hiccup~ along the way', he s:ays. 

And the tcrrc<rrial rap · ~ leaking. L1rge 
JlllOUnt> of CI'C> >till CXi>l in rcfrigcr.Hor> 

.md in poorly-se•led :tircondition•ng >)'>tents 

of older mo to r veh1cle,.. Fraser is more 
concerned, however. abour the delayed impact 

of 'va>l tonnage.' of halons srorecl in large 
huddings around the world wluch wtll nor 

enter rhe .11mo<phcrc until the buildings ' 

fircfighting syst(.;Ol) arc det.:ollllllls~iunc-<1 or 

(,, ,) eara"rophic.1lly. 'Some of rhc>t· systems 

.arc lcoiking ~1nd there\ not much w~ c~n dn 
about it.' he .s.tys. 

The vo lume of bromanc: conrJinang 

dtcmi~·•'• m.t)' be ;m:tll ulr11parcJ wnh those 
com:uomg c.hlonne, but bromtne has 40 times 

or ntore 1he o<onc-dcpleting putenti.d of 

~ltlorinc. so bromine from lulons .rod othor 

bromlllc-coutnining, chcmtc:ll s ~uch as the 
fumigant mechyl hromide, .1ccount for ~bout 

20% of the ozone-depleting potcnri.11 
rcmammg in chc :umosphcre, 

When w ill the 07.onc bycr begin to 

recover? It could be >Oon after the tu1n vi the 
t....cntury. but ozone rc~earch~rs will1101 he .1hlt• 

10 confirm dut .my recovery i-. \isnificant 
until about 20 I(), ~nd chc models predict 

~trJ.tO.spherk Otom: ma~ nol return to jts prc .. 

C: l;(. levels umil .1bom lOJO or hcyontl. 

' I hope I will he around to confirm rhar 

the otonc bycr i< rccovaing. hut only my 

~hildrtn will >CC it full) rcp.1ircd,' Fr.rser '""" 


