
Influence of Solar Heating and Precipitation Scavenging on the sphere during summer, when solar heat- 
ing is maximum, the lifetime of smoke is 

Simulated Lifetime of Post-Nuclear War Smoke greatly increased, qualitatively changing 
the duration of the nuclear-winter effect. 

Abstract. The behavior of smoke injected into the atmosphere by massivefires that In winter, a significant though smaller 
might follow a nuclear war was simulated. Studies with a three-dimensional global increase in lifetime is found. 
atmospheric circulation model showed that heating of the smoke by sunlight would To study the interactions among the 
be important and might produce several efects that would decrease the eficiency transport, heating, and scavenging of 
with which precipitation removes smoke from the atmosphere. The heating gives rise smoke, we augmented the capabilities of 
to vertical motions that carry smoke well above the original injection height. Heating a general circulation model (8) to include 
of the smoke also causes the tropopause, which is initially above the smoke, to re- each of these effects (9).  The coarse 
form below the heated smoke layer. Smoke above the tropopause is physically horizontal resolution of this model pre- 
isolated from precipitation below. Consequently, the atmospheric residence time of cludes investigation of potentially impor- 
the remaining smoke is greatly increased over the prescribed residence times used in tant but poorly understood transport and 
previous models of nuclear winter. removal processes at scales of less than 

500 to 1000 km. 
ROBERT C. MALONE Subsequent two-dimensional studies The behavior of 170 x lo9 kg (3) of 
LAWRENCE H. AUER of the influence of solar heating on the smoke injected into the atmosphere (10) 
GARY A. GLATZMAIER vertical transport of smoke (6) showed was simulated for 40 days. January and 
MICHAEL C. WOOD that smoke could be driven into the July conditions were used to examine the 
Earth and Space Sciences Division, stratosphere. Our three-dimensional cal- seasonal dependence of atmospheric ef- 
Los Alamos National Laboratory, culations and those of Thompson (7) fects. Sensitivity to the vertical injection 
Los Alamos, New Mexico 87545 support this interpretation. In addition, distribution was examined by comparing 
OWEN B. TOON the changes in atmospheric structure, a "low" (2 to 5 km) injection and an 
Space Science Division, precipitation, and scavenging that are "NAS" injection [constant density of 
NASA Ames Research Center, induced by solar heating of smoke can be smoke between 0 and 9 km (3)l. In 
Moffett Field, California 94035 computed by our model. These impor- addition to computer experiments with 

tant changes cannot be accounted for in interactive smoke, which absorbs solar 
The possibility that a large quantity of models with prescribed removal rates. radiation, other experiments were con- 

smoke might be injected into the atmo- Our results illustrate the competition ducted with a passive tracer, which does 
sphere by massive fires after a nuclear that would exist between removal of not. In a given experiment, smoke or 
war was proposed by Crutzen and Birks smoke by precipitation and heating of tracer is transported by the model winds 
(I). This smoke, when spread around the smoke by sunlight. Solar heating of and scavenged by model-predicted pre- 
globe, could absorb much of the incom- smoke would have two consequences, cipitation. Unlike smoke, the passive 
ing solar radiation, diminishing the solar both of which would tend to separate it tracer has no influence on the evolution 
flux at the earth's surface and causing from precipitation and thereby increase of the simulated atmosphere. 
the continental surface temperatures to its lifetime in the atmosphere. The first The importance of the vertical trans- 
be lowered, the "nuclear winter" effect of these is vertical transport induced by port induced by solar heating of the 
found by Turco et al. (2). The severity the heating, which moves smoke-filled smoke-filled atmosphere is illustrated in 
and duration of cooling depend on the air upward, with compensating subsi- Fig. 1 for July conditions. The concen- 
injected mass and physical characteris- dence elsewhere. The second is down- tration of interactive smoke is contrasted 
tics of the smoke and on the manner in ward displacement of the tropopause; with that of a passive tracer. By the third 
which the smoke is subsequently heated since precipitation is confined below this week, part of the smoke cloud has been 
by sunlight, redistributed by the winds, level, the volume of atmosphere in which carried upward by currents generated by 
and removed from the atmosphere by scavenging occurs would be reduced. the intense solar heating, but much of the 
scavenging processes (2, 3). These pro- For injections in the Northern Hemi- smoke low in the atmosphere has been 
cesses, particularly smoke removal by 
precipitation, are complex and can be 
treated only approximately in three-di- Fig. 1. Longitudinally 

mensional climate models. We conduct- t o  averaged mass mixing 
ratios for July condi- 

ed computer modeling studies that treat tions at day 20. The 
these processes and their mutual interac- 2 o dashed contours ap- 
tions. Our results are qualitatively differ- ply to passive tracer, 
ent from those of previous studies and - 30  '= the solid contours to 
may modify our understanding of nucle- 20 50  Interactive smoke. In 

70 6 eachcase ,  1 7 0 x 1 0 9  
ar winter. 0 

v 100 kg of material was in- 
In initial studies of nuclear winter, $ jected (10) between 2 

smoke was not transported (2-4). Smoke 200 to 5 km. The contours 
removal was either prescribed by the use l o  of mixing ratio are la- 

300  a beled in units of 
of observed aerosol residence times in g of material per gram 
the unperturbed atmosphere (2, 3) or 500 of air. Note the much 
ignored (4). These studies led to the idea 7 0 0  greater reduction in 
that smoke injected in the troposphere o 1000 concentration of pas- 
(5) would remain there, where it would NP 60' 30' EQ -30' -60' SP sive tracer compared 

Lat i tude to smoke. EQ, equa- be subject to removal by rainfall and tor; NP, North Pole; 
would have a lifetime of only weeks. and SP, South Pole. 
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Fig. 2. The relative 
positions of the modi- 
fied tropopause (heavy 
dashed line) and re- 
gion of significant 
precipitation (cross- 
hatched region below 
the tropopause), both 
averaged over days 15 
to 20, and the smoke 
distribution at day 20 
(stippled area above 
the tropopause) for 
170 x lo9 kg injected 
(10) between 0 and 
9 km in July. Dark- 
er stippling indicates 
greater smoke loading; 
the smoke contour in- 
tervals corresvond to 
mixing ratios df lo, 40, 
and 70 x g of 
smoke per gram of air. 

removed by precipitation. Thompson (7) 
found qualitatively similar smoke lofting 
in a model that ignores smoke removal. 
The passive tracer leads to a different 
result. Since it is not heated by the sun, it 
remains concentrated near its original 
injection height and is rapidly scav- 
enged. 

The second effect of solar heating of 
smoke is that the tropopause, which sep- 
arates the precipitation-bearing tropo- 
sphere from the stably stratified layer 
above (11), disappears in the simulation 
from its normal altitude (9 to 13 km) and 
re-forms at a much lower position below 
the level of maximum heating. Precipita- 
tion is confined below this altered tropo- 
pause (Fig. 2), thus smoke above the 
tropopause is not directly affected by 
precipitation. Note that smoke above the 
tropopause is transported into the South- 
ern Hemisphere by a global Hadley-like 
circulation. 

The vertical transport of smoke and 
the change in atmospheric structure 
combine to greatly enhance the simulat- 
ed lifetime of smoke. The amount of 
smoke remaining in the global atmo- 
sphere is shown as a function of time in 
Fig. 3. Since the influence of solar heat- 
ing develops gradually, a large fraction 
of the smoke is scavenged by precipita- 
tion during the first few weeks. After 
that, smoke above the new tropopause is 
removed more slowly, due to its increas- 
ing isolation from vreci~itation. 

Lat i tude  

months, respectively. This residence 
time agrees well with the time required 
for particles to fall (10) from the concen- 
tration maximum near 10 km to the tro- 
popause near 5 km (Fig. 2), where they 
can be rapidly scavenged by precipita- 
tion. This slow removal of smoke at late 
times causes significant cooling of the 
continents in the Northern Hemisphere 
to persist through day 40 of the simula- 
tion. If spread uniformly over the globe, 
the remaining smoke mass would pro- 
duce an absorption optical depth of 
about 0.2, corresponding to an 18 per- 
cent reduction of light from the sun over- 
head. After the first week, our computed 
optical depths are considerably smaller 
than those obtained by Thompson (7) 
because smoke is removed in our simula- 
tions. 

For smoke injected in January, when 
the solar flux in the Northern Hemi- 
sphere is relatively small, heating is re- 
duced and only weak vertical transport 
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Tlrne ( days )  

The Julv rnodei 3) shows that Fig. 3.  The mass of material remaining in the 

about two:thirds of the injected smoke global atmosphere as a function of time. The 
upper four curves apply to smoke, the lower 

has been removed by day 40, despite the pair to passive tracer. Solid and dashed 
reduced scavenging after 2 weeks. Only curves indicate January and July conditions, 
a slight decrease in lifetime is predicted respectively. Labels indicate low (2 to 5 km) 
when the smoke is injected between 2 and NAS (0 to 9 km) injections. The slopes of 

the passive tracer curves at late times yield 
and km instead of between O and km; 11, residence times (12) of 5 to 6 days; these 
at day 40, the lie residence time (12)  of agree well with observed residence times of 
the remaining smoke is about 5 and 6 aerosols in the lower troposphere (9, 13). 

and minor atmospheric alteration occur 
in the model. In this case, smoke re- 
mains lower in a less perturbed atmo- 
sphere and is removed faster. By day 40 
(Fig. 3) the model shows that 85 to 95 
percent of the smoke has been removed. 
However, even in January, the effects of 
solar heating on scavenging are impor- 
tant, as can be seen by comparing the 
smoke and passive tracer curves. There 
is a greater sensitivity to the vertical 
injection distribution in January. At day 
40, the lie residence time is only about 2 
weeks for the interactive low case but 
about 1.5 months for the NAS case. 

The amount of smoke that would be 
produced by a nuclear war is not known 
(3). In both winter and summer, absorp- 
tion of sunlight decreases as the mass of 
injected smoke decreases. Consequent- 
ly, the influence of solar heating dimin- 
ishes, and smoke is removed more effi- 
ciently by precipitation. For smoke 
masses of 5, 20, 60, 170, and 500 x lo9 
kg injected with July conditions and the 
NAS profile, the fractional mass remain- 
ing at day 40 in the simulations is about 
7, 22, 35, 36, and 28 percent, respective- 
ly. The decrease at high smoke loadings 
is due to shielding of low-lying smoke in 
opaque smoke clouds; this inhibits loft- 
ing and favors scavenging. 

The increase in smoke lifetime due to 
solar heating implies an increased dura- 
tion of the nuclear winter effect. For a 
170 x lo9 kg smoke injection in July, 
surface air temperature reductions of 15" 
to 25°C relative to normal are predicted 
for interiors of Northern-Hemisphere 
continents during the first few weeks. 
Although much smoke is scavenged (Fig. 
3), enough remains at the end of the 
calculation (40 days) for reductions of 5" 
to 15°C to persist. In January, reductions 
of 15°C or less are predicted during the 
first few weeks, but the faster removal of 
smoke permits temperatures to return to 
normal more quickly than in July. Small- 
er climate effects, as well as shorter 
smoke lifetimes, are found for smaller 
amounts of injected smoke (9). 
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Deletion in Chromosome l l p  Associated with a Hepatitis B 
Integration Site in Hepatocellular Carcinoma 

Abstract. Hepatitis B virus (HBV), a virus with known carcinogenic potential, 
integrates into cellular DNA during long-term persistent infection in man. Hepato- 
cellular carcinomas isolated from viral carriers often contain clonally propagated 
viral DNA integrations. As small chromosomal deletions are associated with several 
types of carcinomas, the occurrence of chromosomal deletions in association with 
HBV integration in hepatocellular carcinoma was studied. HBV integration was 
accompanied by a deletion of at least 13.5 kilobases of cellular sequences in a human 
hepatocellular carcinoma. The viral DNA integration and deletion of cellular 
sequences occurred on the short arm of chromosome 11 at location llp13-llp14. The 
cellular sequences that were deleted at the site of HBV integration were lost from the 
tumor cells, leaving only a single copy of the remaining cellular allele. 
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Hepatitis B virus (HBV) and Wood- 
chuck hepatitis virus (WHV), two offour 
members of the hepadna virus family (I), 
exhibit characteristics associated with 
oncogenic viruses. Chronic infection 
with either of these viruses incurs a high 
risk of hepatocellular carcinoma (ap- 
proximately 40 percent for HBV and 90 
percent for WHV) (2-4). The finding of 
viral integrations in genomic DNA pre- 
pared from primary hepatomas of chron- 
ically infected humans and woodchucks 

(3, 5-7) has suggested a possible role of 
these integrations in hepatocarcinogene- 
sis. Integration can occur at variable 
sites for both the cellular and viral 
DNA's (5, 8-13), similar to findings ob- 
served for integrated SV40 DNA in 
transformed eukaryotic cell lines (14, 
15). However, in the case of HBV and 
WHV, an oncogene has not yet been 
identified (8-10). 

In addition to searching for common 
integration sites, we have investigated 
the possibility that HBV integration may 
function in hepatocellular carcinoma by 
causing chromosomal deletions or trans- 
locations. The present study reports that 
a large genomic DNA deletion is associ- 
ated with an HBV integration isolated 
from a primary liver tumor. We also 
demonstrate that the deleted sequences 
are lost from the tumor cells, leaving 
only a single copy of the normal cellular 
allele. 

DNA was obtained from tumor HL70 
(6), a postmortem specimen of primary 
hepatocellular carcinoma from a chronic 
HBV surface antigen (HBsAg) carrier 
(6). A Southern blot of Hind 111-digested 
HL70 DNA, hybridized with cloned 
HBV DNA, showed three bands con- 
taining HBV DNA sequences. Two of 
these integrations were cloned into the 
Hind I11 site of bacteriophage Charon 30 
(5). The restriction endonuclease map of 
one of the clones, HL70-3, is shown in 
Fig. 1A. This Hind I11 fragment was 10 

kilobases (kb) in length and contained a 
2.8-kb segment of integrated HBV DNA. 
The coding sequences for the entire X 
gene (function unknown) and the viral 
core antigen gene (HBcAg) of HBV were 
present as integrated sequences. The lo- 
cation of these genes in the clone (Fig. 
1A) spans the 1.2-kb HBV DNA segment 
that contains two Ava I sites. As com- 
plete cloned HBV geeomes contain only 
one Eco RI site (16), the presence of two 
Eco RI sites in the integrated HBV se- 
quence could be due to various causes, 
including the generation of a new Eco RI 
site by base mutation or a rearrangement 
of viral sequences resulting in duplica- 
tion of the Eco RI site. The latter is more 
likely as a duplication would be consist- 
ent with the structure of integrated viral 
DNA that we and others have observed 
(5, 8, 11). The restriction map also indi- 
cates that HBsAg gene sequences are 
present in this clone; however, on the 
basis of the published restriction endo- 
nuclease map of HBV (16), the entire 
surface antigen gene is not present. 

Two restriction fragments, corre- 
sponding to a portion of the left-end 
cellular sequence (pS8-1) and the right- 
end cellular sequence (HL70-3-4) of 
clone HL70-3 were identified and shown 
to be free of highly repeated DNA (they 
did not hybridize to a probe made from 
total human DNA). These sequences 
were subcloned into plasmid vectors. 
The subclones were used as probes to 
construct a restriction endonuclease map 
of cellular DNA sequences at the HBV 
integration site in the original tumor 
HL70, and cellular DNA sequences 
comprising the normal homologous cel- 
lular allele. The probes hybridized to two 
bands in the tumor DNA and one band in 
the normal human DNA (Fig. 1B). The 
band unique to tumor DNA represents 
the DNA that had been modified by 
HBV integration. 

The sizes of those restriction frag- 
ments that corresponded to the normal 
and tumor DNA sequences hybridizing 
to each flanking probe and the known 
restriction map of clone HL70-3 were 
used to construct a restriction map of the 
normal and tumor loci (Fig. 1C). This 
method allowed us to map only from the 
probe site to the first restriction endonu- 
clease site outside the probe in either 
direction for any particular enzyme. The 
boundaries of the deleted region repre- 
sent the HBV integration site. The re- 
striction map of the normal cellular se- 
quences extending within the deleted re- 
gion 5.5 kb to the right and 8.0 kb to the 
left of the HBV integration site did not 
show any homology to each other (Fig. 
lC, bottom line). For example, the Hind 
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