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Introduction: Microbial diversity in Earth’s upper 

atmosphere remains largely unexplored, despite its 

relevance to astrobiology. A wide range of meteoro-

logical mechanisms may explain how cells reach strato-

spheric altitudes [1], but many ecological questions 

remain unaddressed. To date, it is unknown how long 

cells can remain viable in the stratosphere and if 

growth and/or reproduction can occur in situ. The ab-

sence of nutrients, reduced atmospheric pressure, ex-

treme desiccation, low temperatures, toxic chemical 

species, and intense solar radiation suggest the strato-

sphere is a biologically challenging environment. At-

mospheric pressure ranges from 100-1 mb, air is dry 

(RH < 23%), and daytime temperature can be as low as 

-75° C [2]. Ultraviolet light is intense, but varies ac-

cording to ozone concentration, latitude, weather, solar 

zenith angle, and scattering from molecules, aerosols or 

clouds [3]. Spore-forming microbes appear to differen-

tially survive the extreme stratosphere conditions [2, 

4].  

Our group recognized that sampling an air mass 

above the Pacific Ocean would allow us to assign resi-

dency time and a place of origin to collected microbes. 

After culturing isolates in the lab, our primary objec-

tive was to explore the microbial resistance with a ro-

bust, ground-based environmental simulation that con-

sisted of one or multiple stratosphere conditions (UV, 

temperature, pressure, desiccation and the pres-

ence/absence of dust particles) in order to determine 

how each factor affected survival. Experiments with an 

irradiation component were subjected to fluence rates 

from a UV model generated specifically for the strato-

spheric environment. An overall viability fraction was 

measured in order to understand the probability of 

long-term microbial survival in the upper atmosphere. 

Investigating the stratosphere with high-altitude collec-

tions and ground-based simulations may be critical to 

understanding the true boundary of the terrestrial bio-

sphere and how life responds to space-like environ-

ments. 

Methods: On 28 April 2008 we sampled air in 

transit over the Pacific Ocean at 20 km using a high 

altitude aircraft that offered precise instrumental con-

trol and a large collection range. Isolates recovered 

were identified with ribosomal ribonucleic acid 

(rRNA) sequencing. Satellite imagery and radiosonde 

observations were used to characterize the high-altitude 

environment. Ground-based studies were conducted in 

an environmental chamber located at Kennedy Space 

Center, FL. Bacteria were exposed to simulated strato-

sphere conditions in monolayers of approximately 

1x10
6
 spores; and certain groups were treated with a 

dust simulant (particle size < 20 µm). Following ex-

periments, spore viability was enumerated via a Most 

Probable Number method [5]. 

Results: Cultured isolates from the transoceanic air 

mass were identified as bacterial species Bacillus sp., 

Bacillus subtilis, Bacillus endophyticus, and the fungal 

genus Penicillium. Considering the extreme tempera-

ture regime, the strong homology with ground-based 

strains, and the absence of a mechanism that could sus-

tain particulates at altitude, it is unlikely that our sam-

ples represent a permanent, airborne ecosystem.   

Laboratory simulations measured the effect of ex-

treme conditions on B. subtilis survival, using a 

ground-isolated B. subtilis strain for baseline compari-

sons. Each treatment consisted of the following inde-

pendent or combined conditions: -70° C, 56 mb, 10-

12% relative humidity and 0.00421, 5.11, and 54.64 

W/m
2
 of UVC (200-280 nm), UVB (280-315), UVA 

(315-400 nm), respectively, totaling 59.75 W/m
2
. 

Within 6 hrs of the simulated stratosphere environ-

ment, 99.9% of B. subtilis spores were killed due to 

UV irradiation. In contrast, simulated temperature, 

desiccation, and pressure did not have an effect on 

spore survival up through the final time-step (96 hrs).  

Surprisingly, there was no resistance difference be-

tween the stratosphere-isolated and ground-isolated B. 

subtilis, and the dust stimulant had no influence on 

survival. Inactivation of most bacteria in our simulation 

suggests that natural selection in the upper atmosphere 

operates rapidly through UV irradiation. Implications 

for Mars and re-defining our traditional notion of  the 

boundary of Earth’s biosphere will be discussed.   
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