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The influence of ultraviolet (UV) radiation on fungi Aspergillus niger Tiegh. isolate OG168, Paecilomyces puntonii (Vuill.)
Nann. isolate OG68, and Penicillium expansum Link isolate PO88 was studied under laboratory conditions. A test system
was developed for this study. An aerosol chamber provided a dust-free space of 1.5 m3. The source of ultraviolet rays was
an UV lamp (DPT 220, 240–320 nm, 15 W). Fungal propagules were injected into the UV exposed chamber space from an
external bioaerosol generator. Aerosols from the aerosol chamber after irradiation to UV were sampled into an impinger AGI-30
and measured with the optical aerosol spectrometer LAS-15M (Institute of Physics, Lithuania). The changes in fungi survival
caused by exposure to UV radiation were evaluated by determining their relative recovery. The laboratory study indicated that
the fungal propagules responded to UV radiation distinctively. P. puntonii propagules were injured without possibility to repair.
On the contrary, P. expansum propagules repaired after a long enough exposure to UV radiation, but this ability was limited. The
stressed A. niger propagules recovered after the 80 min exposure to UV radiation and the relative recovery reached a plateau.
The mutagenic effects of UV light on tested fungi have shown that frequent occurrence of different morphological mutants was
detected after the 30 min exposure of conidia. The mean geometrical diameter of fungal propagules exposed to UV irradiation
in the aerosol chamber was in the range of 2.5 to 2.8 µm.
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1. Introduction

Thousands of microorganisms (fungi, bacteria, vi-
ruses, etc.) as one of components of ambient particu-
late matter constantly exist in the shape of aerosol par-
ticles in all size ranges and forms in outdoor and indoor
air [1–5]. In recent years with an increase of the atmo-
sphere pollution, attention of researchers to investiga-
tions of the survival of the microorganisms as objects
inhabiting an increasingly changing polluted environ-
ment has raised [1, 6–8]. Solar radiation, especially ul-
traviolet (UV) light, is a specific biophysical parameter
playing an important role in the atmospheric microbial
structure life [6, 7]. The effects of the light are depen-
dent on microorganism species [1, 6], their physiolog-
ical state [8, 9], light intensity duration [10, 11], wave-
length [10, 12], etc.

As stratospheric ozone depletion progresses, more
harmful solar UVB (i. e. 290–320 nm) radiation which
is responsible for inactivation of microorganisms [4, 9]
will penetrate the atmosphere to the Earth’s surface and

will induce variability of atmospheric microbial pop-
ulations. Solar radiation appears to be a factor which
could determine the atmospheric microbial structure
and is limiting the upper boundary of the biosphere on
the planet [3].

It is known that high doses of UV radiation are
harmful to all living organisms in the following or-
der: UVC > UVB > UVA. The ecological significance
of UV radiation may be even greater than that of ion-
izing radiation in the environment. UV rays are ab-
sorbed by a substance whose maximum absorption is
at a wavelength of 200–300 nm. The main cellular
target substance of UV for microbial death is known
to be the DNR which has the maximum absorption at
265 nm [1]. In the case of UVC (below 290 nm) and
UVB radiation, the cause is a direct damage to nu-
cleic acids and proteins that can lead to genetic mu-
tation or cell death [8]. The mechanism of the UVA
(320–400 nm) damage of cells is less understood, but
it probably involves the generation of reactive oxygen
molecules that can damage many different components
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of cells, including nucleic acids and proteins. Further-
more, low doses of UVA radiation can induce physio-
logical responses in microorganisms, probably by acti-
vating specific genes [6]. The wide application of UVC
radiation for disinfection of the indoor air and surfaces
is also an important factor determining genetic varia-
tions of microorganisms. Many of the physiological
and pathological effects of UVA radiation can be pro-
voked by violet-blue light. This is most likely due to
a common photochemical transduction process involv-
ing flavinoids and carotenoids. The mechanism associ-
ated with gene activation is unclear, and it is uncertain
whether low doses of UVC and UVB radiation can in-
duce similar responses. The percentage of the UVB is
low (<1% of total energy) [9] but it has a highly ac-
tive component of the solar spectrum which has the po-
tential to cause wide-ranging effects, and it is assumed
that shorter wavelengths have a major role in regulating
both the size and the balance of atmospheric microbial
populations [3, 6, 10]. UV light has been shown to be
lethal and mutagenic in a variety of organisms, includ-
ing plants [13, 14], bacteria [4, 5, 15, 16], yeast [17],
and fungi [11, 12, 18–20]. There is a wide variety of mi-
croorganisms (germs) which cause contamination and
vary in their structure and sensitivity to UV radiation.
Airborne fungal propagules are highly adapted for sur-
vival because the air is their natural dispersal medium
and they have various protective mechanisms. It is well
documented that the main cellular target substance of
UV for bacteria death is DNR and cell walls, in yeasts
it is DNR, cell walls, and cell nuclei, and in fungi the
main target is DNR, cell walls + pigments, and cell nu-
clei. Thus, fungal propagules dispersed in the air are
less vulnerable to UV radiation damage.

Fungal propagules make up the main part of the mi-
croorganisms in the ambient aerosol particle [1, 6, 12]
and participate in processes occurring in other compo-
nents, e. g. chemical. Therefore, changes in the cell
processes, morphological structure, or in possible life
cycle of the fungi recovered after UV radiation will be
reflected in the chemical and physical composition of
the aerosols and will directly influence the atmospheric
processes. To our knowledge, only a few investigations
on the effect of UV radiation on survival of fungi and
bacteria in the air have been performed using aerosol
technology [16, 22]. Most of the investigations were
performed by the method when a monolayer of fun-
gal propagules on the static flat surface was irradiated
[2, 7, 8, 11, 20].

The aim of this study was the laboratory evaluation
of the UV radiation induced changes in survivability of

airborne fungal propagules by establishing conditions
close to natural. The present study was carried out to
assess the UV irradiation effect on aerosols of the fun-
gal propagules, to compare resistance differences due
to fungal morphology, to determine the lethality and the
increase in mutation frequency.

2. Materials and methods

2.1. Culture preparation

When choosing fungi for the laboratory study, we
took into consideration several criteria, i. e.: the fun-
gal propagules must be most prevalent in the out-
door environment, easily aerosolized, able to grow fast
on the laboratory media. The test fungi, Aspergillus
niger Tiegh. (strain OG168), Paecilomyces puntonii
(Vuill.) Nann. (strain OG68), and Penicillium expan-
sum Link (strain PO88), were selected as representa-
tives of species which are found in the ambient air and
are known as microorganisms robust to environmental
factors. Aspergillus and Penicillium are among the most
common genera of fungi, isolated from the Lithuanian
outdoor environment [21]. The fungi were incubated
at 25 ◦C and stored at 4 ◦C on the malt extract agar
(MEA, Oxoid). P. expansum conidia are subglobose
to ellipsoidal, with a physical diameter of 3.3–3.5 ×
2.5–3.0 µm, greenish, smooth-walled. A. niger conidia
are globose to subglobose, 3.5–5 µm in physical diam-
eter, brown, ornamented with irregular warts, spines,
and ridges. Fungus P. puntonii was selected because it
has been reported as a causative agent of allergic alve-
olitis, humidifier disease, and as a sensitive microor-
ganism [9]. P. puntonii was chosen as species of Pae-
cilomyces genus with more stable morphology. Conidia
of P. puntonii are ellipsoidal to cylindrical, with a phys-
ical diameter of 1.7–2.0 × 3.5–4.0 µm, smooth-walled.

The fungi were grown on MEA at 25 ◦C for 14 days.
Conidia of the 14-day culture of the fungi served as the
material for irradiation. The suspensions of conidia fil-
tered through cotton and sterile gauze in the ceramic
filter were used in the experiment when they were irra-
diated as suspensions.

2.2. The method of irradiation in the aerosol chamber

The test system was developed to determine changes
in survivability of airborne fungal propagules exposed
to UV irradiation under conditions close to the outdoor
environment and well-mixed air (Fig. 1). An aerosol
chamber provided a dust-free space of 1.5 m3. The
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Fig. 1. Schematic representation of the experimental set-up.

chamber frame was made of strong aluminum tubes,
which were covered with a double layer of the Teflon
film. The two inlets of the chamber were sealed with
HEPA filters. Air was pumped through the chamber
providing an aerosol free space in the chamber. The
top of the chamber was constructed so that it could be
opened to place instruments inside the chamber. The
bottom was covered with a plastic sheet wrapped into
the Teflon film. An UV lamp (DPT 220, 240–320 nm,
15 W), a fan, relative humidity and temperature sen-
sors were mounted at the bottom of the chamber. A
small opening in the aerosol chamber generated fun-
gal propagules from an external bioaerosol generator
into the UV exposed space. Other small openings were
used to extract aerosols into an impinger AGI–30 and
an optical aerosol spectrometer LAS–15M (Institute of
Physics, Lithuania), and to supply power for the instru-
ments inside the aerosol chamber.

The agar-tube disperser, one of the three bioaerosol
generators developed at the University of Cincinnati
(USA) [22, 23], was built for aerosolization of the fun-
gal propagules. The external body of the disperser con-
sisted of a cylindrical tube (0.3 m long and 0.03 m in-
ner diameter). Agar in a half-cylindrical container with
microbial growth on it was placed inside the bioaerosol
generator tube. The air flow was directed through the
tube resulting in the release of propagules from the mi-
crobial growth. For this study one orifice was added at
the entrance of the dispersion tube to increase the air
turbulence in the tube and thus enhance the release of
propagules. Test fungi were incubated on MEA in the
half-cylindrical containers. A piece of fungus culture
(14-days old) was transferred with an inoculating loop

onto the medium surface trying to spread conidia on it.
Inoculated containers were incubated for 7 days at 25 ◦C
in the dark. Fungal propagules were dispersed into UV
exposed space of the aerosol chamber directly from the
grown biomass.

Fungal propagules from the UV radiation space were
collected into the impinger containing 20 ml sterile
quarter ringer solution. Sampling with the AGI-30 im-
pinger was performed at the flow rate of 10 l/m for
5 min after every 15 min exposure to UV radiation.
Samples were diluted in succession in the sterile quar-
ter ringer solution and a viable count was performed in
triplicate on MEA in plate media. The plates were in-
cubated for 2, 3, and 7 days at 25 ◦C in the dark prior
to counting the number of colony-forming units (num-
ber of viable fungal propagules). When the UV dose
was sufficiently high to ensure the 100% level of mi-
crobial inactivation, no colonies were observed on the
MEA dishes. When the colonies were counted after 2,
3, and 7 days, all the dishes were left for prolonged in-
cubation and were counted again to ensure no bias due
to microbial injury and further recovery.

The deposition velocity of fungal spores in the cham-
ber was estimated using the methodology from [16].
The average deposition velocity was 0.06± 0.03 m/h.

In parallel, the optical aerosol spectrometer was used
for the determination of size distribution of fungal
propagules and their total concentration. The relative
recovery (%) of fungi in aerosol samples removed from
the aerosol chamber was estimated as a ratio of the
number of colonies grown on MEA obtained with the
impinger to the total number of the fungus propagules
measured with the optical aerosol spectrometer.
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Fig. 2. Change in the relative recovery of fungal propagules during
exposure to UV irradiation.

3. Results

Changes in survival of tested fungi caused by expo-
sure to UV irradiation were evaluated by determining
their relative recovery. Studies have shown that UV
exposure induces a wide range of changes from fungal
conidia death to many variations of temporary or per-
manent change to no change at all, due to isolate and
exposure duration. The higher the given dosage (expo-
sure time), the higher is the proportion of microorgan-
isms destroyed. Fungal propagules exposed to UV irra-
diation in the aerosol chamber were at different physi-
ological stages – viable or non-viable conidia or other
colony forming units. For analysis of experimental data
we followed a more operational definition of viability
as “the ability of propagules to germinate and initiate
vegetative or reproductive growth given proper envi-

Fig. 3. Optical size distributions of fungal propagules exposed to
UV irradiation.

ronmental conditions” by Campbell and Madden [24].
Germination may be interrupted for some time by UV
irradiation, desiccation, or interruption of nutrition.

Viability of all three tested fungi decreased signifi-
cantly with increased UV irradiation exposure. The rel-
ative recovery of fungi P. puntonii, P. expansum, and
A. niger after different time of UV irradiation expo-
sure is shown in Fig. 2. The initial relative recovery
of fungus P. puntonii isolate OG68 (Fig. 2(a)) was only
22.8±10.6%. This indicates that isolate was sensitive
and fragment release was pronounced during the gen-
eration of fungus propagules. These fragments were in
the same size range as live propagules and were counted
with the optical particle spectrometer. Fungus propag-
ules in the aerosol chamber were at different physiolog-
ical stages – viable or non-viable conidia, hyphae frag-
ments, or other units of fungus biomass. Conidia of
tested fungi constituted up to 90–95% of the total num-
ber of fungal propagules in aerosol. A significant re-
duction of P. puntonii of the relative recovery occurred
because of stress caused by UV irradiation. Most of
P. puntonii conidia were injured after the 20 min expo-
sure to UV radiation. They had no possibility to repair.
This suggested that P. puntonii propagules had a lim-
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ited protection mechanism against UV radiation. It has
been observed that after 30–40 min exposure the rel-
ative recovery was higher than after the 20 min expo-
sure. P. puntonii propagules after the 60 min exposure
to UV radiation as well as after the 20 min exposure
had no possibility to repair. Only 1–3% of them formed
colonies on MEA medium, and such low relative recov-
ery level was also observed after the longer exposure
(from 60 to 120 minutes) time.

Reaction of the fungi A. niger and P. expansum to
UV radiation had their own distinctivenesses. As seen
from Fig. 2(b), a significant decline in the relative re-
covery of P. expansum propagules lasted up to 60 min
of the exposure to UV radiation. After 60 min expo-
sure time the relative recovery started to increase and
the percentage of recovered propagules started to grow
up. These results have demonstrated that P. expansum
propagules have ability to recover after being stressed.
However, this ability is limited. The relative recovery
dropped down after 120 min exposure to UV radiation.
It appears that complicated processes occurred on pig-
mented walls of the conidia and inside the propagules.
No mutations were induced by UV radiation in P. ex-
pansum population in the current investigation. Fungus
P. expansum is known as a very common isolate in the
outdoor and indoor environment, on various substrates,
it can be resistant to the effect of various factors.

A. niger responded to UV radiation distinctively
(Fig. 2(c)). First of all, initial relative recovery data did
not indicate a significant release of fragments. Further
recovery loss was significant up to 80 min exposure to
UV radiation. After that the stressed fungal propagules
recovered and the relative recovery reached a plateau
of ≥35%. This finding illustrates a high recovery po-
tential of A. niger propagules and their ability to repair
with time.

The optical size distribution of fungal propagules ex-
posed to UV irradiation is shown in Fig. 3. The con-
centration of fungal propagules with the larger optical
diameter was less than with 2.5 µm due to deposition
for all exposure times of UV irradiation. The aero-
dynamic diameter for fungal spores is typically 2.5–
3.0 µm [22]. The dependence of the concentration of
fungal propagules on the exposure time was also ob-
served: the longer the period of UV exposure, the lower
concentration of fungal propagules was measured. This
dependence could also be explained by deposition of
fungal propagules. The concentration of P. puntonii
was lowest compared to the other two fungal propag-
ules. The concentration of P. expansum was highest and
the concentration of A. niger depended on the UV expo-

sure time more than concentrations of other two fungal
propagules.

Besides the lethal effects, interesting secondary ef-
fects were observed in P. puntonii population after UV
irradiation. A morphological divergence in fungus pop-
ulation was observed after UV irradiation and it was
due to exposure time. Four phenotypes with different
morphological characteristics were isolated from the
cultures of irradiated conidia. The majority of them
showed decreases in the pigment production and the
growth rate. The morphological mutations – varia-
tions deviated from normal or wild-phenotype – were
comparatively stable. Analysis of the culture obtained
after UV irradiation showed a different degree of the
population variability. The spectrum of morphologi-
cal mutants induced by UV radiation and the frequency
of their occurrence in the tested fungus population are
presented in Table 1. No mutations appeared among
3000 control colonies grown from non-irradiated coni-
dia. The colony growth and morphology changes were
studied on the malt extract agar. The largest number
of P. puntonii mutations was observed in the fungus
population after 30 and 40 min exposure to UV irradia-
tion. Longer UV radiation exposure (up to 120 min) in-
duced only a few mutant colonies among 3150 colonies
grown on MEA. The frequency of the total variations
deviated from normal (control – wild-type) in P. pun-
tonii population after 30 min exposure to UV radiation
was 1.0%. Percentage distribution of the different mu-
tants shows that mutant I dominated among the induced
mutants making up 39% of the total number. The con-
centration of mutant III was low but its morphological
changes were conspicuous.

The colonial growth rate of mutant I and mutant II
on MEA differed significantly from the control isolate
(Fig. 4). The colonies of the P. puntonii conidia resis-
tant to UV radiation were slightly smaller than those
of non-irradiated conidia but these differences were not
statistically significant. The growth rate of mutant III
colonies was significantly different from the colonial
growth of other mutants, but difference from the con-
trol colonial growth was insignificant.

Data obtained during the investigation of growth
rates on different media suggested that ability to utilize
various carbon sources was different and depended on
the mutant type (Fig. 5). Most fungal propagules recov-
ered after UV radiation – formed colonies which did
not differ from control isolate (colonies formed from
the non-irradiated propagules). However, their growth
on some media such as Sabouraud peptone, Mycologi-
cal peptone, Milk agar, and Czapek’s agar was larger as
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Fig. 4. Colony radial growth rate (evaluated as the colony diameter after 7 days of growth at 25 ◦C on MEA) of P. puntonii and its mutants
obtained after 30 min exposure to UV irradiation in the aerosol chamber.

Table 1. The morphological characteristics of the control isolate P. puntonii and UV-induced mutant strains
grown on MEA at 25 ◦C temperature in the dark.

Morphological Colony Colony Appearance of the colonies
Fungus mutants grown diameter Intensity

(% of total rate after Colour Reverse of
number) (mm/h) 7 days (cm) sporulation

Wild isolate – 3.3–3.6 5.5–6.0 Tan White to pale Abundant
yellowish

Control isolate after
exposure to UV – 2.7–3.0 4.5–5.1 Tan Yellow Abundant
irradiation (not mutated)

Mutant I 39 5.1–5.7 8.5–9.5 White Colourless Limited

Mutant II 31 0.7–0.9 1.2–1.5 Light-grey Colourless Absent or limited

Light-brown, sometimes Sparse but
Mutant III 6 3.9–4.3 6.5–7.2 with white / brown Colourless less than in

mycelium segments control isolate

Mutant IV 24 2.6–3.0 4.3–5.0 Light-brown with Green Abundant
green shadows

compared with control isolate. UV radiation stimulated
the growth rate of P. puntonii on these media. Mutant
cultures had uniform morphology of colonies on all the
growth media, but the growth rate differed depending
on the medium composition.

Mutant I also utilized starch better than control iso-
late. The growth rate of mutant II was very low (from
0.027 to 0.181 mm/h) on all the investigated media
(Fig. 5). Mutant III grew better on malt extract and
malt extract + yeast extract medium than control iso-

late. Mutant IV utilized all carbon substrates similarly
as control isolate.

Each mutant type was studied in the period of 5–
8 continuous generations. The populations of mutant
I and mutant II were genetically stable – morphologi-
cal changes did not revert to the control isolate. Mu-
tant III and mutant IV were genetically unstable and re-
verted to control isolate after 5th or 4th passage, respec-
tively. The population of mutant III after each new pas-
sage split into 3 types of colonies: subdivided colonies,
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Fig. 5. Growth rate of P. puntonii control isolate, isolate after UV radiation and four mutants at 25 ◦C on different media: malt extract
agar (MEA), malt extract + yeast extract (MEA+ye), malt extract + starch + yeast extract (MEA+st+ye), Sabouraud peptone agar (SPA),

mycological peptone (MP), milk agar (MA), Czapek’s agar + carboxymethyl cellulose (CA+CMC), Czapek’s agar (CA).

colonies consisting of very thin mycelium, and those
with velvety appearance.

4. Discussion and conclusions

Irradiation of airborne organisms has been the pri-
mary focus of many studies, but only a few investiga-
tions have been performed on the recovery and physio-
logical changes of microorganisms some time after UV
radiation. The destruction of microorganisms by UV ra-
diation is an exponential process. The higher the given
dosage, the higher the proportion of destroyed microor-
ganisms. Consequently, the dose necessary to destroy
99% of fungal propagules is double the value to destroy
90% of fungal propagules. It follows therefore that the
dosage required to kill 99.9% is three times the value
to destroy 90% and the dosage required to kill 99.99%
is four times the value to destroy 90%. Variations in
ultra-violet light sensitivity can be due to the cell size,
structure of cell wall or membrane, pigmentation, or the
existence and capacity of repair systems.

Apart from the capacity for repair mechanisms, tol-
erance to UV radiation may be related to pigmentation,
which for microorganisms is believed to play a protec-
tive function against injurious solar radiation [25]. For
example, a cell wall is often pigmented with melanin,
making the fungal propagules less vulnerable to UV ra-
diation damage [26]. Mason et al. [27] suggested that
in some organisms melanin may act as a biological elec-
tron exchange polymer. Due to this property and its free
radical state, melanin has the ability to protect the cell

against the reducing and oxidizing conditions, which
might otherwise set reactive free radicals capable of dis-
rupting metabolism. In many cases, it has been sug-
gested that pigments in fungi are the main protective
mechanisms against UV radiation [25, 28]. Therefore,
exposure to UV radiation may not have a lethal effect on
fungal propagules; however, it may cause changes in
their metabolic activity. After deposition and growth,
fungi may develop different forms, which are adapted
for better survival under unfavourable conditions. This
means that some of fungal species may become very
resistant to mechanical, chemical, biological attack and
may have significant influence on ecosystems.

The laboratory study of the survival of airborne fun-
gal propagules exposed to UV irradiation in the aerosol
chamber under conditions close to the outdoor environ-
ment has indicated that UV exposure induces a wide
range of changes from fungal conidia death to many
variations of temporary or permanent changes to no
changes at all due to isolate and exposure duration. In-
vestigations have shown that the growth rate of differ-
ent mutant types depend on the chemical composition
of media. The fungal propagules responded to UV ra-
diation distinctively. P. puntonii propagules were in-
jured without the possibility to repair. On the contrary,
P. expansum propagules repaired after a long enough
exposure to UV radiation. But this ability was lim-
ited. The stressed A. niger propagules recovered after
80 min exposure to UV radiation and the relative re-
covery reached a plateau. The mutagenic effects of UV
light on tested fungi were quite frequent: occurrence
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of different morphological mutants was detected after
30 min exposure of conidia. The mean geometrical di-
ameter of fungal propagules exposed to UV irradiation
in the aerosol chamber was in the range of 2.5 to 2.8µm.
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Santrauka
Tirtas ultravioletinės (UV) spinduliuotės poveikis Aspergil-

lus niger Tiegh (OG168), Paecilomyces puntonii (Vuill.) Nann.
(OG68) ir Penicillium expansum Link (PO88) mikromicetų pra-
dams, panaudojus aerozolio technologiją. Tyrimai atlikti sukonst-
ruotoje eksperimentinėje 1,5 m3 aerozolio kameroje. Kamera buvo
užpildoma mikromicetų pradais, generuojamais bioaerozolių gene-
ratoriumi. Jie buvo veikiami skirtingos trukmės (iki 160 min) ultra-
violetine spinduliuote. Bandiniai iš kameros rinkti į sterilų vandenį,
kur 15 min intervalais optiniu aerozolio spektrometru LAS-15m
(Fizikos institutas) matuota mikromicetų pradų koncentracija ir dy-
džių pasiskirstymas. Mikromicetams auginti buvo naudota agari-
zuota alaus misa. Mikromicetai auginti 7 dienas tamsoje, 25 ◦C
temperatūroje. Mikromicetų pradų gyvybingumas buvo vertinamas

pagal koncentracijų, išmatuotų aerozolio spektrometru vandens ter-
pėje, santykį. Nustatyta, kad P. puntonii pradų pažaidos negrįžta-
mos: dauguma jų žuvo paveikus UV spinduliuote 20 min. P. expan-
sum pradų gyvybingumas pradžioje sumažėjo, bet po 60 min povei-
kio UV spinduliuote pradėjo didėti, o po 120 min – vėl mažėti. Šių
mikromicetų pradų apsauginiai mechanizmai nuo UV spinduliuo-
tės buvo riboti. Po 80 min UV spinduliuotės poveikio A. niger pra-
dams jų gyvybingumas pradėjo didėti ir vėliau mažai kito. A. niger
pradų apsauginiai mechanizmai nuo UV spinduliuotės buvo išvys-
tyti geriausiai, lyginant juos su P. expansum ir P. puntonii. Dau-
giausia mikromicetų pradų mutacijų nustatyta paveikus UV spin-
duliuote 30 min P. puntonii. Eksperimentinėje aerozolio kameroje
veikiamų UV spinduliuote mikromicetų pradų vidutinis geometri-
nis skersmuo buvo nuo 2,2 iki 2,8 µm.


