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An annular solar eclipse was observed in India on January 15, 2010, with a
magnitude of 0.9190 and was most prominently seen in southern parts of Kerala. The
effect of radiations especially UV light, produced during different phases of solar eclipse,
on bacterial populations was investigated. The bacterial species, E. coli, identified from
the normal water samples were inoculated in different test tubes with known aliquots of
distilled water and were exposed directly to the eclipse radiations. The samples were
observed to have an increased number of viable bacterial colonies in both the pre and
post eclipse phases. The samples exposed at the peak hours of eclipse that is phase I (12
-13h) and phase II (13-15h) shows subsequent reduction in bacterial populations. About
51.47% and 63.21% reduction in bacterial populations were observed in first and second
phases of eclipse respectively. The restoration of bacterial populations with about 77.46%
increase in viability in the post eclipse phase was observed. The major observation made
was the development of fluorescence by E. coli colonies on the nutrient agar plates after
their exposure to the solar eclipse’s radiations. This phenomenon could be attributed to
the mutagenic effects of radiations produced during the eclipse. About 82.75% and 94.54%
of the bacterial colonies among the total bacterial population developed fluorescence,
after their exposure to the radiations in first and second phases of the eclipse respectively.
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Annular solar eclipse is the most
spectacular astronomical event that most people
will experienceintheir lives. Thereisagreat deal
of interest in watching eclipses, and thousands of
astronomers travel around the world to observe
and photograph them. The solar eclipse of January
15, 2010 was an annular eclipse of the sun with a
magnitude of 0.9190. A solar eclipse occurswhen

* To whom all correspondence should be addressed.
E-mail.: drpratapchandran@yahoo.co.in

the moon passes between earth and the sun,
thereby totally or partially obscuring Earth’sview
of the Sun. An annular solar eclipse occurs when
the moon’s apparent diameter is smaller than the
Sun, causing the sun to look like an annulus (ring),
blocking most of the sun’slight. An annular eclipse
appearsasapartial eclipse over aregion thousands
of kilometerswide. It wasthelongest annular solar
eclipse of the millennium, and the longest until
December 23, 3043.

The eclipse was visible as only a partial
eclipse in much of Africa, Eastern Europe, the
Middle East and Asia The path of the moon’s
antumbral shadow begins in Africa and passes
through Chad, Central African Republic,
Democratic Republic of the Congo, Uganda, Kenya,
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and Somalia.. It was seen as an annular eclipse
within anarrow stretch of 300 km (190 mi) width
across Central Africa, Maldives, South Kerala
(India), South Tamil Nadu (India), Sri Lanka, parts
of Bangladesh, Burma and China. The maximum
duration of the eclipse was 11 minutes and 7.8
seconds over the Indian Ocean, thus making it the
longest annular eclipse of the millennium. InIndia,
theeclipse gets started around 11.53 a.m. and ended
around 15.11 p.m.

The maximum eclipse of 53 percent was
at 13.39 p.m. The eclipse was the longest of the
millennium —that isbetween 2001 and 3000. People
in most parts of India had seen the partial phases
of theeclipse. Solar eclipsesare useful in gathering
scientific data about the atmosphere of the earth.
During an eclipse there is a sudden reduction of
solar radiation, which causes various effects in
the atmosphere at different altitudes. It is known
that the eclipse bring many atmospheric changes
and its effect isamarvel ous changefor physicsto
study the diameter of the sun, gravitation,
atmospheric temperature, planets and other parts
of the solar system.

Biologistsarealso interested in observing
the behavioral changes of insects, birds, animals,
plants etc during this event. There have been
reports on the killing effect of the radiations
produced during the solar eclipse event®. The
changes in growth of fungal populations during
the eclipse and the effect of radiations emitted
during the solar eclipse onthe microbial population,
with special emphasison fungal populations have
been reported?.

Thegermicidal action of sunlight haslong
been recognized® but the ecological implications
and the potentials for practical applications have
to be researched more thoroughly. UV light has
been shown to effectively inactivate indicator
bacteriaand pathogens™®. The effectiveness of UV
lightin biological inactivation arisesprimarily from
the fact that DNA molecules absorb UV photons
between 200 and 300 nm, with peak absorption at
260 nm. The solar radiation that reachesthe surface
of Earth rangesfrom ultraviolet (UV) radiation at
wavelengthslonger than 290 nmto radio wavesin
the meter range hence they may possibly cause
thelethal effects.

The main objective of the study was to
find out the changes happening to the bacterial
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population before and after being exposed to solar
radiationsespecially UV light produced during the
solar eclipse.

MATERIAL AND METHODS

The study was conducted in the south
zone of kerala at the latitude and longitude of 9°
29' 39" N/76° 19 39" Ewherethesolar eclipsehad
taken place prominently in India on January 15"
2010. Thetimeframe of solar eclipsein Indiawas
around 11:29 am to 15:15 pm. According to the
Planetary Society of India, the peak of the eclipse
will be approximately 77 percent around 13:32 pm
when the moon will mask the sun.

Ordinary tap water wasinitially plated for
isolation of the organismsrequired for conducting
the experiment. Among the bacterial population
that appeared in the nutrient agar plate, the major
bacterial colonies that predominated in the water
sample was isolated and identified using the
procedures in the Bergey’s manual of systemic
bacteriol ogy. The colonieswere then sub-cultured
and purified. The purified bacterial cultures were
later used for preparing the test samples for the
experimentation procedure.

Preparation of experimental samples

Approximately 1ml of nutrient broth
culture of the purified bacterial colonies was
inoculated in 6 different steriletest tubeswith 9ml
sterile distilled water. The test tubes were placed
inracksin aslanting position at an angle of 45° so
that they were exposed directly to the solar
radiations at the time of the eclipse. Similar set of
test tubeswith the same aliquots of bacterial culture
brothin sterile distilled water were exposed to the
atmospheric radiations before (Pre eclipse) and
after (Post eclipse) the peak hours of the eclipse
phase and was set as the control.

The control tubes were exposed to the
atmospherefor atime period of 1h beforeand after
the peak hours of eclipse. The test samples were
kept exposed for different time intervals starting
from 12:00 noon to 13:00 h (Phase |) and 13:00
t015:00 h (Phase 1), which includesthe peak hours
of the eclipse. Both thetest and the control samples
were then kept for 2 h in the normal room
temperature covered with a dark coloured paper
for limiting light. This can avoid the photo
reactivation effect on the mutation that might have
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occurred in the bacterial cell due its exposure to
the mutagenic radiations produced during the
eclipse. The viable counts of the organisms were
made at regular intervals by preparing a standard
decimal dilution series of 10 and 102 in sterile
distilled water. Test organisms were counted on
nutrient agar medium after incubation at 37°C for
24 h. Threereplications of the same sampleswere
plated and the average values were taken as the
final result.

The bacteria colonies from the nutrient
agar plates were observed for their colony
morphology and were identified using grams
staining procedures. Individual colonies were
picked up randomly from the platesand identified
using the bacterial identification procedures in
Bergey’s manual of systemic bacteriology for
reconfirmation. Thetotal viable counts(TVC) are
taken for each replicated plates and mean value
was cal cul ated.

RESULTSAND DISCUSSION

The bacteria colonies isolated from the
water sampleswerefound to contain predominately
gram-negative rods and was identified as E. coli.
TheE. coli was most preferred microorganism for
the study as it shows its extreme sensitivity
towards near ultraviolet light®”. Importance of E.
coli asatest organism was also proved, indicating
that when E. coli cells were exposed to solar
radiation in estuarine water samples, their numbers
werereduced from 6 x 108 to no surviving organisms
per milliliter of water sasmplein 8 day<s®. There have
been reports that the solar radiations can also
inactivatefecal indicator bacterialike E. coli within
afew hoursin surface waters®.

Thetotal viable count of the plates from
the samples exposed to the atmospherein the pre
and post eclipse phases (control) was found to be
higher than those of the samples that are exposed
to the eclipse radiations. The number of live
organisms in the test samples was found to be
much less than the control samples which prove
the killing effect of solar radiations produced
during the eclipse phase. The present study had
observed a significant decrease in bacterial
populations from an initial plate count of 16,900
cfu/ml for the samples obtained in the pre eclipse
phaseto areduced level of 8,700 cfu/ml for exposed
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samplesat thefirst phase of eclipse (12-13h). The
samples exposed during the second phase of
eclipse (13-15h) had shown atotal viable count of
5,500 cfu/ml. The solar corona that remained
partially unmasked during the eclipseisthe source
of the ultraviolet radiations that could have
attributed to this reduction in level of bacteria
populations.

About 51.47% reduction in the bacterial
population was observed during the first phase
while 63.21% reduction in bacterial populations
was observed during the peak hours of eclipse
when the intensity of radiations was found to be
high. The total plate count of 7,100 cfu/ml was
observed for the samples exposed during the post
eclipse phase. After the eclipse phase, 77.46%
increase in viable colonies was observed. This
clearly indicates that the decrease in intensity of
UV radiations during the post eclipse phase has
resulted in the increase in microbial populations.
Similar observations were made by other
researchers indicating that the intensity of solar
radiation which kills bacteria was significantly
greater during the eclipse period than in normal
day.

The bacterial colonies obtained from the
water samples, which were exposed to the eclipse
radiations, after plating in nutrient agar medium,
devel oped fluorescent colonies. The fluorescence
was not observed for the bacterial coloniesin the
control plates (Fig. 1) whilearemarkableincrease
inthefluorescence (Fig. 2) was shown by bacterial
cultures obtained from the test samples, which
could be easily observable. The total percentage
of bacterial coloniesthat developsfluorescenceis
also noted more for the sample that was kept for
longer timein theradiations especially at the peak
hours of the eclipse (13h — 15h). Sampleskept for
2hin theradiation showed the highest percentage
of increase in fluorescent colonies with avalue of
94.54% (for 102dilutions). The samples show a
considerable decrease in the intensity of
fluorescence as the exposure time decreases. For
initial exposuretime (12h- 13hr) there observed a
reduced fluorescence with a total percentage of
82.75% of colonies being fluorescent (for 10
dilutions). This change in the bacterial colonies
can beattributed to the mutagenic effect of the UV
radiations produced during the peak hours of the
eclipse. There had been reports that the exposure
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Fig. 1. Control plates without fluorescence
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Fig. 3. TVC and % of E.coli colonies
(10 dilution) showed fluorescence

to solar UV radiation can reduce productivity, affect
reproduction and development, and increase the
mutation rate in  microorganisms'®,
bacterioplankton and other aquatic animals™.
The major bacterial colonies that had
developed the fluorescence were observed under
the UV transilluminator for ensuring their
fluorescence (Fig.3 & 4). The bacterial colonies
that develops fluorescence in the plates where
isolated and are identified for reconfirmation and
wasfound to be E. coli. Thefluorescence observed
in the samples collected during the post eclipse
phase showed a considerable decrease with a
value of 2.4%, indicating that the fluorescence had
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Fig. 2. Test sample with fluorescence
exposed in solar radiation
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been caused due to the exposure of the samplesto
radiations at the peak hours of solar eclipse.

CONCLUSON

Thewater samplesthat are unexposed to
radiations produced during the solar eclipse (pre
eclipse phase) showed a maximum viable count
(16,900 cfu/ml) and the E.coli colonies isolated
were with no fluorescence. In the exposed water
samples at the first eclipse phase there observed a
considerable decrease in the viable count (8,700
cfu/ml) when compared to the unexposed sampl es.
Due to the higher intensity of the radiations
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produced during the peak hours of eclipse, the
plates exposed at the second phase showed the
least number (5,500 cfu/ml) of viablebacteria count.
In both the cases the exposed bacterial colonies
devel ops fluorescence with avalue of 82.75 % in
the first phase and 94.54% in the second phase.
The post eclipse phase showed amarginal increase
inbacterial populations (7,100 cfu/ml) and showed
only 2.4% of fluorescence. This clearly indicates
that radiations, like UV radiations, produced during
the peak hours of eclipse phase have more |ethal
effectson bacterial populations. Theseresultshad
confirmed the lethal effects of the radiations that
had been produced during the solar eclipse but
with aremarkable finding of the development of
the fluorescent bacterial colonies. The bacteria
colonies that had been non-fluorescent had
developed a fluorescent property that could be
attributed to the mutagenic effect of theradiations
that are produced during the solar eclipse.

ACKNOWLEDGEMENTS

We sincerely thank our Director, Dr. V. V.
Pyarelal, for providing necessary facilities and
support. We wish to thank our principal Dr. K. N.
James and administrative officer Prof. S. Vijayan
Nair for their constant inspiration during the course
of thisstudy. Encouragementsfrom all the faculty
members and students are duly acknowledged.

REFERENCES

1. Banerjee, S.K., Chatterjee, S.N. Killing of
Bacteriaduring Solar Eclipse and Its Biological
Implications. Radiation and Environmental
Biophysics, 1983; 22: 235-238.

2.

10.

11.

Deshpande, J., Gangawane, L.V. Microorganisms
collected during a solar eclipse in India.
Aeraobiologia, 1997; 13: 289-294.

Chamberlin, C. E., Mitchell, R.: A decay model
for enteric bacteriain natural waters. In: \Water
pollution microbiology (Mitchell R, ed). New
York: John Wiley & Sons, 1978; 325-348.
Clancy, J. L., Bukhari, Z., Hargy, T.M., Bolton,
JR., Dussert, B. Marshall, M.M. Using UV to
inactivate Cryptosporidium. J. Am. Water Works
Assoc., 2000; 92(9): 97-104.

Fujioka, R.S., Narikawa, O.T. Effect of sunlight
on enumeration of indicator bacteriaunder field
conditions. Applied Environmental
Micrabiology, 1982; 44(2): 395-401.

Hartman, P.S., Eisenstark, A. Synerdfirstic
killing of Escherichia coli by near UV-radiation
and hydrogen peroxide: dfirstinction between
recA-repairableand rec A-nonrepairable damage.
Journal of Bacteriology, 1978; 133: 769-774.
Jagger, J. Near UV-radiation effects on
microorganisms. Photochemistry and
Photobiology, 1981; 34: 761-768.

Mc Cambridge, J., McMeekin, T. A. Effect of
Solar Radiation and Predacious Microorganisms
on Survival of Fecal and Other Bacteria. Applied
and environmental microbiology, 1981; 41(5):
1083-1087.

Sigrid, D., Mascher, F, Platzer, S., Reinthaler,
F. F., Marth, E. Effect of solar radiation on
survival of indicator bacteriain bathing waters.
Central European Journal of Public Health,
2006; 14(3): 133-137.

Hader, D. P, Kumar, H. D., Smith, R. C.,
Worrest, R. C. Effects of solar UV radiation on
aguatic ecosystems and interactionswith climate
change. Photochemical and Photobiological
Sciences, 2007; 6: 267—-285.

Herndl, GJ., Mller-Niklas, G, Frick, J. Major
role of ultravliolet- B in controlling
bacterioplankton growth in the surface layer of
the ocean. Nature, 1993; 361(6414): 717-719.

J. Pure & Appl. Microbiol., 5(1), April 2011.



