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Abstract. Following the Cretaceous/Tertiary (K/T) mete- sequences of bolides10’ Mt result from injections of dust,
oritic impact some 65Myr ago, large portions of above- NO, and water vapour in the stratosphere. Ozone loss is
ground terrestrial biomass were burned. As a result, largghen a consequence of enhanced NO levels and accelerated
amounts of various trace gases were injected to the atmoheterogeneous chemistry. After the removal of radiation-
sphere, inducing a wide range of effects on climate andblocking dust, smoke, and NCfrom the atmosphere, sig-
ecosystems. Here, it is commented on the previously unsificantly increased doses of UV-B radiation could reach the
accounted for emission to the atmosphere of methyl bro-ground for periods up to several years as a result of ozone
mide (CHBr) and methyl chloride (CBLCI) from extensive  depletion. However, if a shielding layer of stratospheric sul-
biomass burning that followed the impact. Based on reporteghate particles forms, much of the UV-B may be blocked
biomass burning emission rates of the above organohalofrom reaching the surface during the first few years after the
gens relative to Cg it is estimated that their emissions impact.

from global fires resulted in tropospheric mixing ratios of  Tropospheric effects might be even more serious. Dur-
around 20-65.8 ppbv organic Cl and 110-390 pptv organidng the K/T boundary event some 65 Myr ago, which is cur-
Br. The above calculated mixing ratios of organic chlorine rently believed to have been caused by an object with impact
and bromine are more than an order of magnitude greategnergy of the order of £810° Mt, 3x10'-3x10'8g NO
than their present, anthropogenically perturbed level andmight have been produced. These NO levels could cause
although the ocean ultimately might absorb them, we ar-mass extinctions through a series of effects, the most seri-
gue here that they could still remain in the atmosphere forous of these being extensive acidification of surface soils and
many years, and a substantial fraction could be transported teaters due to the precipitation of nitric acid (HNQ pro-

the stratosphere, thus substantially affecting the ozone layetiuced by the atmospheric degradation of NO (Prinn and Fe-
This would have led to very serious increases in short wavegley, 1987; Crutzen, 1987).

length UV radiation reaching the lowermost atmosphere. It is believed that a major fraction of the aboveground
biomass burned after the K/T impact from fires ignited by
ejecta re-entering the atmosphere (Kring and Durda, 2002).
This is because of a worldwide soot layer at the K/T bound-
ary (Wolbach et al., 1990a, b), carbon isotope shifts (lvany

Atmospheric consequences of meteoritic impacts have beefi"d Salawitch, 1993), and a widespread, sharp peak in the
stribution of fern spores (Wolfe and Upchurch, 1986), the

discussed by a number of researchers (see review by Toon gi , a s
al., 1997). These consequences include climatic and chem@tter usually taken as a sign of wildfires. Extrapolating from

cal effects in the troposphere and the stratosphere. Massiili€ discovery of x 10° g of soot i K/T clays (Wolbach etal.,
impacts, with energies 10’ Mt, occur at intervals of approx- _1990a, _b)* Crutzen (1987) estlmate? that global gres follow-
imately 10 yrs and the ejecta re-entering the atmosphere cai'9 the impact produced more than 19 CO;, 10%g CO,
lead to massive global fires that can burn a major part of the?nd & variety of other gases, including pyrotoxins.

terrestrial aboveground biomass. Reported stratospheric con- Methyl bromide and methyl chloride have not yet been
included in the calculated trace gas emissions to the atmo-
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208 K. Kourtidis: K/T Impact implications for the Ozone Layer

release active chlorine and bromine, and thus catalyticallytive to CQ, and CO of 20 ppt/ppm and 0.95 ppt/ppb, respec-
destroy ozone. Here, recent reports of BHand CHCI tively, and emission ratios of GiBr relative to CQ, CO and
emissions from biomass burning are used to calculate th€HsCl of 0.11 ppt/ppm, 8x 103 ppt/ppb, and 8.3 ppt/ppb,
amounts of these gases that would have been released fromaspectively. Blake et al. (1996) measured emission ra-
the global fires of the K/T impact event. tios of CHsClI relative to CQ and CO of 27-37 ppt/ppm
and 0.57-0.85ppt/ppb, respectively, and emission ratios
of CHsBr relative to CQ and CO of 0.37-0.39 ppt/ppm
2 Results and discussion and 6-10.6x10 3 ppt/ppb. Lobert et al. (1999), after a
compilation of all available data, arrived at a significantly
The halogenated gases @l and CHBr deliver Cl and  higher median emission ratio of GBI relative to CQ of
Br, respectively, to the stratosphere, where they can catalyt65.8 ppt/ppm. Hence pyrogenic GBr and CHCI emis-
ically destroy ozone (e.g. Fabian et al., 1994; Kourtidis etsions are today considered as significant contributors to
al., 1998; Montzka and Fraser, 2003). £ is the most  stratospheric ozone depletion, constituting roughly 25% and
abundant halocarbon in the atmosphere, with a NH (SH)20% of present-day global GJ&l and CHBr emissions, re-
average mixing ratio around 536 (541) pptv (Simmonds etspectively (Andreae et al., 1996; Blake et al., 1996). Other
al., 2004), corresponding to an atmospheric global burden ofwuthors also reported relative emission ratios ofsCHto
about 4.3 Tg. Biomass burning might presently be the singleCO and CQ (see compilation by Lobert et al., 1999, and
largest source of methyl chloride.Q#-0.3x102g yr-1, An- references therein). As noted above, shortly after the K/T
dreae et al., 1996; Blake et al., 1996; Lobert et al., 1999), folimpact, around 1¥ g of CO, have been emitted to the atmo-
lowed by oceanic emissions.830.1x 102 gyr—1, Moore et sphere from extensive global fires, about 3 times the amount
al., 1996; 065x10*2gyr—1, Khalil et al., 1999) and fungal of CO, currently in the atmosphere, adding globally around
production (016x10'?gyr~1, Watling and Harper, 1998). 1000 ppm C@ to the troposphere (Crutzen, 1987).
The amounts of methyl halides produced during biomass Hence, by using the abovementioned emission rates rel-
burning are related to the CI/Br content of the biomass, whichative to CQ, we calculate that the amounts of @& and
again depends on the soil CI/Br content (Andreae et al., 1996CH;Br that were released into the atmosphere would have re-
Gan etal., 1998). Sinks of methyl chloride are OH attack insulted in global tropospheric volume mixing ratios (VMRs)
the troposphere{3Tg yr‘l) and, to a lesser extent, oceanic of around 20—65.8 ppbv of GI€I and 110-390 pptv C{Br
uptake (-0.2 Tgyr). CHzBr exists currently in the atmo-  after the K/T impact. The above-calculated VMRS of methy/
sphere at a NH (SH) mixing ratio of 10.4 (7.9) pptv (Sim- chloride are 36—120 times its present level of about 550 pptv,
monds et al., 2004), corresponding to an atmospheric globalhile the methyl bromide VMR is 11-39 times its present
burden of about 146 Gg. Manand Andreae (1994) first |evel of about 10 pptv. Considering that once activated, the
reported biomass burning as a source of methyl bromideimpact-induced halogen loadings translate to 20-65.8 ppbv
This source delivers currently 10-24 Ggyr(best estimate  of active chlorine and 110-390 pptv of active bromine,
20 Ggyr*) CHsBr to the atmosphere and is thus responsibleand that the present-day, anthropogenically perturbed lev-
for around 20% of total global emissions of gBf (Andreae  els of organic chlorine and bromine are around 3.6 ppbv
et al., 1996; Blake et al., 1996). Sinks of methyl bromide and 20 pptv, respectively (Montzka and Fraser, 2003), the
other than the oceans include reaction with OH and photolyimpact-induced loadings would have seriously damaged the
sis (86 Ggyr1) and uptake by soils{42 Ggyr, Shorter  stratospheric ozone layer, since they are 5.6-18.3 times and
et al., 1995). Not all source terms of @&l and CHBrare  5.5-19.5 times, respectively, of their present-day levels.
included above, hence the large apparent imbalance betweenwhether such damage to the ozone layer would have oc-
source and sink terms. However, the reader should keep igurred or not, ultimately would depend on:
mind, that even with all best estimate source/sink terms in-
cluded, the budget of both Gi&l and CH;Br would still re- 1. The efficiency of tropospheric removal through reac-
main imbalanced, by-1.05Tgyr ! and —45Ggyr?, re- tions with OH, if large amounts of G4€l and CHBr
spectively. If the full range of the source/sink estimates is do not reach the stratosphere soon after the impact. The
considered, the budgets end up with a net imbalance range  tropospheric lifetime of these two gases is presently de-
—4.6 t0+9.3Tgyr ! for CH3Cl and—220 to+71 Ggyr? termined by the hydroxyl radical (OH) abundance. Due
for CH3Br (Montzka and Fraser, 2003). The imbalance most to the burning of substantial portions of aboveground
probably results from uncertainties in current source/sink biomass, concurrently with the release of 4£{H and
estimates and/or unidentified source terms. Montzka and  CHgsBr, substantial amounts of smoke and radiation-
Fraser (2003) provide an up-to-date review of the subject. absorbing gases (like N® would have been emitted
Andreae et al. (1996) during the SAFARI-92 experiment to the atmosphere. Smoke and absorbing gases will
and Blake et al. (1996) during the TRACE-A experiment block solar radiation, and OH production from the pho-
have measured the relative emission ratios of methyl halides.  todissociation of tropospheric ozone will either stop
Andreae et al. (1996) report emission ratios of{CiHrela- or be reduced substantially. This, combined with fast
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The model is identical to that in Butler (1994). Ignor-
ing transport, the general equations governing the coupleg
ocean-atmosphere system are (Butler, 1994; Yvon and But

consumption of OH by emitted hydrocarbons, will lead wheren, and n, are the mole mass of GBr in the atmo-

to OH levels near zero and hence very long troposphericsphere (equal tp,M, where p is the atmospheric partial

lifetimes for CHCl and CHBr until the smoke veil dis-  pressure of CkBr at sea level in patm and M=1.29%° mol

appears. is the mass of the atmosphere) and in the surface ocean (equal
to pwAz/H), respectivelyF,, is the net flux from the ocean

. The efficiencies of tropospheric removal through reac-to the atmosphere (mgt~—1), F, is the atmospheric loss rate

tions on particles, if large amounts of @8l and CHBr  of CH3Br (mol-yr—1), which equals the loss rate due to re-
do not reach the stratosphere soon after the impact. Hetaction with OH, Fo, Po is the production of CEBr in
erogeneous tropospheric and stratospheric chemistry atthe ocean (meyr—1) (Po=po-A, wherepg is the production
ter such an explosion would be greatly perturbed (seeate in the ocean in meh—2.yr—1 and A is the entire sur-
review by Toon et al., 1997). It cannot be said with cer- face area of the ocean and equal to 316¥*m?), F; is the
tainty whether the removal of the above gases from theaquatic degradation rate (myi—1), andF,, is the loss rate
atmosphere through heterogeneous reactions on tropaf CH3Br from combined downward mixing and degradation
spheric particles would substantially deplete them since through the thermocline (mgi—1).

to our knowledge, no kinetic data exist that would allow  The analytical expressions of Egs. (1) and (2) are

for a quantification of this effect. However, since most

published data on relative emission rates of these methy& = KwA (Pw — pa) — konng 3)

halides from biomass burning are from in-situ observa- dt H
tions of plumes, young or aged, uptake on particles, if 7, Ky A D-ky
any, is likely already included in our calculations. - =bh 5 (pw — Pa) — kano — PR (4)

. The efficiencies of tropospheric removal through wherek, is the pseudo-first order loss constant for aguatic

oceanic uptake, if large amounts of @&l and CHBr degradation in the surface layer (36Vy, K, is the mean

do not reach the stratosphere soon after the impactair-sea exchange coefficient (1L8°m-yr—1), p, is the par-
How fast and whether oceanic uptake would reduce sig-ial pressure of CgBr (atm) in the atmosphere at sea level
nificantly the atmospheric burden would depend on aand p,, is the mean oceanic partial pressure of BHin
number of factors, related to the biological, chemical patm, H is the Henry’s Law constant (fratmmol=1), k.q

and thermal state of the ocean after the impact, somas the “eddy degradation” rate for removal of gBt down-

of which are poorly constrained. Namely, a) we do ward from the surface layer (440yn—1), z is the thickness

not know whether the massive die-off of phytoplankton of the surface layer (m), assumed to be constant and equal
that occurred after the impact (e.g. Kaiho et al., 1999)to 75m,k, is the pseudo-first order loss constant for degra-
would have released copious amounts of intracellulardation in the atmosphere, and if we treat only the reaction
methyl bromide and methyl chloride in the sea water; with OH k, equalskpy (the CHBr stratospheric loss has a
this would temporarily reduce the degree of ocean un-rate which is slow compared to OH and is ignored here). The
dersaturation, or might even have resulted in supersateddy diffusion rate of removat,,, is given by

uration with respect to the atmosphere, and b) we do 05
not know the degree of inhibition of vertical mixing af- kea = (Dzka)™ ®)

ter the impact; if vertical mixing was seriously reduced, where the mean diffusivity through the thermoclin2,, is
stratification of the upper ocean layer would inhibit the equal to 5440 nyr—1.

loss of surface water organohalogens to the ocean be- The most significant tropospheric removal pathway
low, resulting in quick saturation of the upper layer. for CHs;Br is the reaction with the hydroxyl (OH)
Here, we use a two-box ocean-atmosphere model angadical, which determines the lifetime of GBr in
some reasonable assumptions to calculate the effect ahe atmosphere. A mean OH tropospheric concentra-
ocean uptake. Due to the absence of a relevant modejon of 16 molecules cm3 and a reaction rate of
for CH3Cl, only CHzBr was modelled. kon=1.8610"12.¢71239Tcm3.molecule *.s71 were used
(Chichinin et al., 1994). The main aquatic chemical degra-
dation pathways for CgBr are nucleophilic substitution by

I~ and hydrolysis, the former being the main destruction

ler, 1996): pathway,

in CHs3Br + CI~ — CH3CIl + Br™
5 = Foa = Fon . (1) CHsBr + H0 — CHzOH + Ht + Br~

dn, at a typical oceanic surface temperature of 2€,9CI]=0.56
7 = Fo—Foa = Fa = Fea, (2)  mollitert. For ky,0 and ky, the values by Jeffers and
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due to OH oxidation. Under perturbed conditions (Scenar-
ios 2 to 6), although we assumed that oceanic production
ceases or is greatly diminished, gBt is removed more
slowly, due to the assumed reductions in the oxidation capac-
ity of the atmosphere. If atmospheric oxidation ceases com-
pletely for the simulation period (Scenario 2), around 1/3 of

CH3Br still remains in the atmosphere after 6 years. This is
an improbable scenario, corresponding to the persistence of
a heavy smoke and dust cloud, that demonstrates the strong
influence of the oxidising capacity of the atmosphere on the
post-impact development of tropospheric 4§81
) Scenarios 3 and 4 show quite similar developments during
===t the first 4 years. For these scenarios, where oceanic produc-
tion of CHgBr ceases or is halved and atmospheric oxidation
is halved concurrently with changes in mixed layer depth,
around 1/3 of CHBr still remains in the atmosphere after
Fig. 1. Box-model calculations, for different scenarios (see Ta- 2 years.
ble 1), of the evolution of the tropospheric burden of{Bidafter its If we assume that the atmospheric oxidation and the
initial release from biomass burning. The initial tropospheric molar oceanic production cease, the mixed layer depth is halved,
ratio of CHgBr was set at 110 pptv, which is a lower limit for the gnd at the same time large amounts of intracellulag®H
initial release. are released in the seawater due to the massive death of
plankton (Scenario 5), then tropospheric 4B decreases
Wolfe (1996) were used ko= 5.7-10tL e~ (12458:240/ Ts-1 Z}/f:e?;)nr; rsfla?c\:/(\ély, due to the decrease of its flux across the
kci= 1.09-10'3.e-(12724£560/T | mo|~1.571, Finally, Scenario 6 models a more probable development.
Equations (3) and (4) were solved numerically by Eu- e assume that oceanic production ceases for 10 years, and
ler's method. As the model is formulated, €Bt is pro-  then slowly recovers at 30% its present-day value. The oxi-
duced solely in the ocean. In the baseline run, we used jsing capacity of the atmosphere (as determined from OH
Po value of 6.010-°molm~2yr~1, half of the sum ofPo in  concentrations) ceases for the first year due to the large
the open ocean, 380°molm 2y~1, and the coastal wa-  amounts of smoke that block incoming radiation, and then
ter, 8.010~°molm~2yr~1, as given by Butler and Rodriguez gjowly recovers as the smoke settles (see Table 1). We also
(1996). We also assume that the removal of atmospherigssume that the ocean is more stratified and the mixed layer
CHsBr takes place only by its reaction with OH and by deptnh is halved, although this latter assumption will not have
ocean-atmosphere exchange. Depending on the initial cory major effect in the development of troposphericaBH as
ditions, the latter process is a sink or a source of atmospherigimylation 4 has shown. For this scenario, more than half of
CHsBr. The soil/canopy sink as well as newly discovered the initially released CkBr still remains in the atmosphere
sources from fungi, coastal salt marshes, plants, wetlandgfier 2 years; after 4 years, aboytdlis still in the atmo-
and natural oxidation processes during degradation of Fegphere.
containing organic matter were not considered, since they are Hence, although ultimately the initially released tropo-
today less important than the ocean in defining the budget o§pheric CHBr will be removed due to oxidation and ab-
methyl bromide and were probably even less importantin thesorption by the ocean, this removal will take some years
perturbed conditions after the K/T impact. Possible oceaniqg occur. It is important, however, to stress that damage to
and atmospheric heterogeneities, such as the spatiotempof@e ozone layer would ultimately depend largely on the ef-
variability of mixing depthe and CI” and OH concentrations,  ficiency of a fourth process, namely direct transport of the
were ignored. emitted amounts to the stratosphere. Transport to the strato-
To investigate the possible development of troposphericsphere would certainly be influenced by the perturbed ther-
CHgzBr in time after the initial emission from the massive mal state of the atmosphere. It has been argued, that fire-
impact fires, different scenarios were modelled (Table 1 anctonvection can entrain trace gases and smoke to the strato-
Fig. 1). These scenarios can give insight into the possible desphere (Fromm et al., 2004). Kao et al. (1990) modelled
velopment of CHBr concentrations during post-impact con- post-nuclear war conditions taking into account solar heat-
ditions. Although only the lower limit of initial releases was ing of the smoke plume. In their treatment, because very lit-
modelled (110 pptv), for other concentrations the relative de-tle sunlight reaches the surface the first days after the nuclear
velopment will be rather similar. blasts, a thermal inversion occurs which prevents downward
Under present-day, baseline conditions (Scenario 1)diffusion of heat and, additionally, sunlight heats the top of
CH3Br is relatively quickly removed from the atmosphere the smoke cloud making the atmosphere above unstable, thus

CH3Br mixing ratio (pptv)

Time (years)
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Table 1. The different model scenarios. , s the CHBr biological production in the surface ocean, antg the mixed layer depth.
The temperature of the oceanic surface layer, Was set to 28&, and the atmospheric temperaturg,, Tvas set to 29K. The initial
tropospheric molar ratio of CkBr was set at 110 pptv.

Scen. B Seaconc. [OH](19 z Case
NI, (6:10%mol  (pmot molecules (75 m)
m2yrl)  mol~l) .cm3.10°)
1 1 5 1 1 Baseline
(present-day conditions)
2 0 5 0 1 Oceanic production

and atmospheric
oxidation cease

3 0.5 5 0.5 1 Oceanic production
and atmospheric
oxidation are halved

4 0 5 0.5 - Oceanic production ceases,
atmospheric oxidation is
halved and there
is no loss through the thermocline

5 0 50 0 0.5 Oceanic production and
atmospheric oxidation cease,
the mixing layer depth
is halved and the sea conc.
is raised due to release
of intracellular CHBr

6 Ofor10yr, 5 O until yr 1, 0.5untilyr1, Mixed scenario
0.3 0.2 untilyr 3, 0.7 until yr 3,
afterwards 0.6 untilyr 6, 1 afterwards

1 afterwards

lofting the plume (Kao et al., 1990). Indeed, smoke from Cal-ing and might also be sufficient to cause tropospheric fold-
ifornia fires in 1987 has been observed to strengthen a valing in some areas and maybe even complete break-up of
ley inversion cooling the surface by several degrees (Robockthe tropopause barrier. Such Stratosphere-Troposphere Ex-
1988). Recently, smoke from fire plumes has been detectedhange (STE) events would bring large amounts of the emit-
in the lower stratosphere (Fromm et al., 2000) and carborted gases from the troposphere to the stratosphere, although
monoxide and particles unambiguously attributed to Northit is not possible to quantify the exact extent of such STE
American fires were detected several kilometres above thevents.

extratropical tropopause (Jost et al., 2004). Proposed mech-

) ) . ) It thus appears very plausible that a large amount of the
anisms responsible for the transport include convective sys- . . .
S . emitted methyl halides could reach the stratosphere, causing
tems inertial overshooting of the neutral buoyancy level, ad-

ditional radiative self-heating of the plumes and subsequen erious damage to the ozone layer for the following decades.

: . : he resulting ozone depletion would have influenced the
lofting (Jost et al., 2004), as well as solar-driven lofting transfer of solar UV through the atmosphere. Increases in
of smoke-filled air (Kao et al., 1990). Kring and Durda 9 P :

(2002) have calculated that the power delivered to the atmo-L.J V would not reach the ground pef_o re tropospheric soot par-
ticles settle, as much of the radiation would be scattered by

sphere by re-entering high-energy ejecta would have been i : . .

sgme argas in exces;qs o? 100 kvg?);vleith a peak of around 1€ particles with an optical depth_ of aroupc?-iﬂ)o“_ (see re- .

350 kwnt? (see Kring and Durda, 2002, for details of the view by T030n et al._, 1997). Spherlc_al particles with ad_en5|ty

simulations), while the power delivered to the ground would of 3genm fallmg ina Stokes regime from 85. km altitude

be in excess of 12.5kwn? for >20min (the amount of W%l.“d refq]tjlre modre th?]n a .(:eck:]adehto settlec;f the}; Tave a
- T ) X radius of lum and an hour if they have a radius of 1 mm

energy sufficient to ignite vegetation) in large parts of the H. J. Melosh, cited in Fig. 12 of Kring and Durda, 2002).

globe. The dissipation of such large amounts of energy, bot hese are upper time limits, since coagulation of particles

from the re-entering ejecta and the subsequent global fires ; ) ;
: : e ; . "into larger grains was not considered. Other calculations sug-
would probably involve also intensification of vertical mix-

gest that a significant portion of sub-micron dust would have

www.atmos-chem-phys.org/acp/5/207/ Atmos. Chem. Phys., 5.22@72005
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remained in the atmosphere for several months, causing reground could then persist for decades. Hence, ozone loss ap-
ductions in the light levels reaching the ground (e.g. Covey etfpears to be a major threat to the post-K/T impact biosphere,
al., 1990). It is unlikely that impact dust would cause much although the major threat could still be the fires and the re-
reduction in the UV part of the spectrum, except perhaps forsulting pyrotoxins and highly acidic wet and dry deposition
the initial phase, when it would be denser. This is becausegreceding the high UV levels due to halogen-induced ozone
dust causes attenuation mainly in the visible and UV-A partloss. Recent work favours a role of UV in biological evo-
of the spectrum, while the shorter UV-B wavelengths remainlution (e.g. Cockell, 2000), although calculations by Cock-
unaffected (e.g. Madronich, 1993), as has been shown, foell and Blaustein (2000) for K/T impact UV-B increases un-
example, during Saharan dust events (Balis et al., 2002).  derestimate the role of increased UVB for exacerbating the
Ozone loss during such impacts is not presently considdemise of land animals due to the assumption of only NO-
ered the major threat to the biosphere, mainly because it haselated ozone depletion. On the basis of the present calcu-
been assumed that ozone depletion would result from NO inlations, it can be argued that the high post-impact UV levels
jections to the stratosphere. These would perturb the ozonamplied by the present work would affect the species that sur-
layer, but any increase in UV radiation reaching the groundvived the other two threats, and, perhaps most importantly,
would be prevented by the shielding from smoke, dust, abthe post-impact recovery of the biosphere and the resulting
sorbing gases and a stratospheric sulphate particle layer thapecies composition during the long-term recovery.
would form from the injection of large amounts of 20
Smoke and dust would settle after a few months, and the sul-
phate layer would also settle after a few years. Following the3 Conclusions
large eruption of volcanoes such as Pinatubo, the sulphate
layer that formed had a persistence of about 2 years. Afterhe results from the present calculations indicate that fol-
that period, significant doses of UV might reach the ground,lowing the K/T impact, methyl bromide and methyl chloride
but this effect would not last long since NO would also be emissions from biomass burning were of a magnitude that
removed from the stratosphere through conversion to kINO could seriously damage the ozone layer and as a consequence
and absorption on particles. increase the penetration of short-wavelength solar radiation.
However, the calculations and argumentation presented i\ better study of the processes controlling the oceanic fluxes
this manuscript imply that the ozone layer could be depletecdf these compounds and a better knowledge of the thermal
considerably by the release of large amounts of relativelyand chemical state of the atmosphere and the ocean follow-
long-lived CHBr and CHCI in a stratosphere already per- ing the impact could offer additional constraints to the calcu-
turbed by large amounts of NO and particles. Such injec-lations presented here.
tions could raise the atmospheric abundance of natural or- While impacts such as the K/T event occur at intervals
ganic chlorine and bromine an order of magnitude aboveof 10’ yrs, more frequent, less massive events could ignite
their levels in the present-day, CFC and Halon-containing at-a smaller portion of global forests. If one-tenth of the forests
mosphere. Ozone depletion would take place during the firstgnited during the K/T event are burned, & and CHBr
years after such an impact in a stratosphere heavily loadetevels might rise by 3.6-12 times and 1.1-3.9 times their
with aerosols and NO, the former speeding up the activatiompresent level, respectively. Global nuclear war could also
of Cl and Br. CHCI and CHBr have presently an overall cause extensive forest burning, although one should then bear
atmospheric lifetime of around 1.5-2 years. Because the inin mind that present-day above-ground biomass density is
verse overall lifetime is the sum of the inverse stratosphericaround 1/3 of that of the end-Cretaceous period. It appears
and tropospheric lifetimes, their overall lifetimes are pri- that pyrogenic emissions of these organohalogens might also
marily determined by their short (1.5-2 years) troposphericin such cases influence the ozone layer and should be in-
lifetime, while their stratospheric lifetimes are considerably cluded in relevant simulations. Lesser impacts would not
longer. CHCI has a stratospheric lifetime of around 50 perturb thermally the atmosphere to the extend of the K/T
years, while CHBr has a somewhat lower stratospheric life- event; they would also not cause massive plankton die-off;
time. The stratospheric lifetimes of the two species are quitevould not alter in such dramatic ways the oxidizing capac-
long, compared with the lifetime of stratospheric aerosolsity of the atmosphere and would not cause such changes in
of around one year and a lifetime for tropospheric aerosolghe global structure of the oceans. This might make such im-
of the order of a few days to a few weeks, depending onpacts more straightforward to model, since the range of the
their size. The consequences of these organohalogen releasgssumptions and uncertainties is much smaller and hence the
would be more persistent than aerosol injections and hencivolved parameters in the air-sea transfer calculations can
radiation enhancements due to the ozone depletion from nate better constrained.
ural organohalogens would outlive the tropospheric aerosol Only very recently some attention was given to the possi-
layer and the stratospheric sulphuric aerosol layer. Once théle role of organohalogens in earth history (Yokouchi et al.,
UV-B shielding of the aerosol layer ceased, considerable en2002). The present study shows that there is more reason for
hancements in short-wavelength UV radiation reaching thethe study of these gases in such a perspective.
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