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Abstract

Prevalence of different species of Penicillium and their concentrations per cubic meter of air were evaluated
with the use of Hi-Air sampler system Mark II (Hi-Media Laboratories Ltd., India) in the air of homes
(bed-rooms) at four different sites in Nagpur. At each of these sites, air sampling was done fortnightly in
triplicate for 2 years duration from June 2000 to May 2002. The sampling was also done in triplicate for the
outdoor air in the vicinity of each home on the same day immediately after the indoor sampling was over.
The mean concentration of Penicillium colony forming units at four different sites in the indoor air was 32,
46.9, 35 and 35.4 CFU/m3, respectively, whereas in the outdoor air at these same four sites, the mean
concentration was 24, 28, 25 and 25.8 CFU/m? respectively. The Penicillium concentration in the indoor air
was found to be higher in winter than in other seasons (ANOVA, p < 0.05). Concentration of Penicillium
spp. in intramural environment was always higher than that in extramural environment. Statistically sig-
nificant difference existed between intramural and extramural environments at all the sites, with maximum
difference at a site, which is old crowded area of the city. During the 2-year’s investigations, 11 species of
Penicillium were isolated from the indoor air while nine species were isolated from the air outside the
homes. The dominant species of Penicillium in indoor as well as outdoor air were P. citrinum (33.78 and
32.81%), P. oxalicum (19.70 and 22.60%), and P. chrysogenum (17.64 and 14.50%). The percentage of the
Penicillium in the indoor air was 10.70 while it was 8.36 in outdoor air. Indoor air showed the presence of
P. glaber and P. sclerotiorum, which were absent in the outdoor air.

1. Introduction

The fungal presence in the air of different envi-
ronments is being studied throughout the world by
different methods like spore trapping, simple cul-
ture plate exposure method and the volumetric air
sampling of viable and culturable spores. Keeping
in mind the importance of allergenicity of the
Penicillium, the study of this genus becomes
essential in the different indoor and outdoor
environments. The homes, and particularly the bed
rooms, constitute the important environment for
those individuals who spend most of their time in
homes and are exposed to the airborne fungi in

this indoor environment. For the study of respi-
ratory allergies, knowledge of airborne fungi in-
doors is perhaps even more important than that
concerning propagules outdoors. However, very
few studies have focussed on comparison of fungal
spores both indoors and outdoors at the same time
and in the same area.

Recent studies have reported a high degree of
allergenicity in fungi like Penicillium, Aspergillus
and Neurospora (Solley and Hyatt, 1980). Thus, the
data on air-borne fungal spores, particularly
Aspergillus and Penicillium, in the air inside homes in
different regions of India is an essential prerequisite
in the diagnosis and treatment of human allergy.
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Aspergillus and Penicillium cannot be recorded
as separate genera by spore trapping, since their
spores are similar in size, shape and colour and are
indistinguishable from one another. Though plenty
of data is available from various regions of India, it
is mainly in the form of spore concentration and
therefore true revelation of the occurrence of Peni-
cillium in the air has always remained incomplete.
Thus, instead of the simple spore studies, the vol-
umetric study of culturable (viable) spores becomes
necessary, especially for Penicillium. In the present
survey, therefore, the volumetric study of cultur-
able spores by Hi-Air sampler was undertaken for
air inside as well as outside the homes of different
localities of Nagpur (a city in Central India) to re-
veal the prevalence of different Penicillium species.

2. Materials and methods

Prevalence of different species of Penicillium and
the total fungal counts in cubic meter of air were
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evaluated with the use of Hi-Air sampler system
Mark II (Hi-Media Laboratories Ltd., India) in
the air of homes (Bedrooms) at four different sites
in Nagpur.

Nagpur is situated practically at geographical
centre of India (Latitude 21° 09' N, Longitude
79° 09" E), in fact the zero milestone of India is in
this city. It is 304 m (Mean height) above the sea
level. The climate of Nagpur follows a typical
seasonal monsoon weather pattern. The average
maximum temperature of Nagpur is 42 °C while
average minimum temperature is 13 °C, average
annual rainfall is 1205 mm, and average maxi-
mum relative humidity is 70%, while minimum is
20%.

The four residential sites Civil Lines, Mahal,
Nandanwan and Indora were randomly selected to
make a representative sample (Figure 1). Two
homes from each of these sites were selected ran-
domly. Air sampling was done in the indoor air
fortnightly in triplicate for 2 years duration from
June 2000 to May 2002. Immediately after the
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Figure 1. Map of Nagpur city showing the sampling sites.
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Table 1. Showing mean total fungal concentration (CFU/m3) and Penicillium concentration (CFU/m?) in indoor and outdoor air at
different sites and statistical significance of their difference at each site

Sites Mean total fungi (CFU/m?) t Test, Concentration of Penicillium (CFU/m?) t Test,
Indoor Outdoor p value Indoor Outdoor p value
Civil lines 299.33 + 16.6 258.63 + 1424 0.11 32.08 + 3.46 (11.9%, 8)  24.1 =+ 2.13(10.3%,7) 0.06

Mahal 399.16 + 21.87 343.50 £ 18.2 0.049
Nandanwan 347.50 £ 16.84 304.58 £ 16.06 0.07
Indora 339.58 £ 19.13  299.29 + 13.90 0.09

46.92 £ 3.50 (12.6%, 9)  28.13 & 2.15 (8.6%, 9)  0.00005
350 + 2.84 (10.6%, 8)  25.13 £ 2.04 (8.9%, 7)  0.0072
3542 £ 2.69 (11.1%, 11)  25.83 £ 2.54 (9.4%, 8)  0.0128

The average values are depicted along with (+) standard error of mean.
Parentheses show the percentage contribution of Penicillium to total fungi and the number of Penicillium spp. isolated from that site.

indoor sampling, the outdoor sampling in the
vicinity of the home was done.

Hi-Air sampler is a centrifugal impactor where
air is impacted onto isolation medium contained in
the strips. After the isolation of fungi by air sam-
pler on agar strips containing Rose Bengal Strep-
tomycin medium and incubation of strips at
27 £ 2 °C for 7 days, the total fungal count was
expressed as colony forming units per cubic metre
of air (CFUs/m?). Penicillium colonies were iden-
tified with the help of stereomicroscope and
microscopic slides and then were sub-cultured on
Czapek’s Dox Agar medium and Malt extract
Agar medium and identified at the species level
with the help of published literature (Raper and
Thom, 1949; Ramirez, 1982; Singh et al., 1991).
The identification was then confirmed from Indian
Type Culture Collection, Indian Agricultural Re-
search Institute, Pusa, New Delhi.

The meteorological data was obtained from the
Meteorological station of Agriculture College,
Nagpur, situated in the heart of the city not more
than 4 km from any of the selected sites.

Statistical analysis of the data obtained was
done using appropriate statistical methods like
ANOVA, Pearson’s correlation coefficient, and ‘¥’
test with the help of statistical tools of Microsoft
Excel.

3. Results and discussion

3.1. Total fungal concentration

In the residential areas of different localities of
Nagpur, the total fungal concentration ranged

from 150 to 690 CFU/m’ in indoor air while it
ranged from 144 to 535 CFU/m’ in the outdoor

air. The mean values of total fungal concentrations
at different sites are shown in Table 1. The month-
wise total fungal concentrations in indoor and
outdoor air are shown in Figure 2.

In Gwalior (India), Jain (2000) has reported the
fungal concentration in different occupational in-
door environments to be 37-431 CFU/m®. In a
review article, Pasanen (1992) has reported that
mean values of viable spore counts in residential
environments in Europe and America ranged from
2% 10" to 2.6 x 10> CFU/m® in 18 studies. The
mean fungal concentration in the present investi-
gation is comparable with these concentrations,
though somewhat lower fungal catch in the present
investigation may possibly be attributed to the use
of a centrifugal impactor type of air sampler (Me-
hta et al., 1996). The fungal concentrations in the
outdoor air in the present study are comparable to
the findings of Amigot Lazaro et al. (2000) who
reported 2.39 x 107 to 2.96 x 10* CFU/m?, Beau-
mont et al. (1985) who reported 2.6 x 10> CFU/
m’, and Larsen (1981) who reported 2 x 10" to
1 x 10 CFU/m? in the outdoor air.

As the sampling methods, sampling periods
and sampling sites differ, the results of the present
investigation cannot be compared with those of
many other researches (Rati et al., 1980; Bunnag
et al., 1982; Bokhary and Parvez, 1995; Chakr-
aborty et al., 2000; Kakde et al., 2001). In most of
these studies relative concentrations, i.e. the
number of colonies isolated during the experi-
mental period and the relative percentages of dif-
ferent genera and species, have only been reported.

In the present investigation, at all the four sites,
the mean fungal concentration was higher in the
indoor air than in the outdoor air (Table 1). When
the total fungal concentration in the indoor and
outdoor air was compared with the help of ‘¢’ test,
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Figure 2. Monthwise concentration of total fungi (CFU/m?) in indoor and outdoor air.

statistically significant difference (p < 0.05) was
observed only at Mahal area (Table 1), which is
the densely populated area and the houses are old
and poorly ventilated. The difference in the fungal
concentration in indoor and outdoor air at this site
can be attributed to the poor ventilation of the
houses possibly resulting in increased humidity
inside and to the wooden ceilings and crevices in
the old walls and ceilings which act as the source of
fungal amplification. In the homes which are well
ventilated and open, outside particles can pene-
trate easily into the house and the fungal concen-
tration become somewhat similar (Bunnag et al.,
1982). Mycoflora of an indoor environment can
depend both on the fungal spora coming from
outside and the capacity of the fungi to colonise
the different sub-layers found indoors as well as
the differences in the environmental factors like
temperature and humidity in different indoor
environments.

In the present investigation, the difference in
fungal concentration in indoor and outdoor air was
maximum in the rainy season at all the four sites
(Table 2, Figure 3). In the rainy season, outdoor
fungal concentration increases to a lesser extent be-
cause of intermittent actual rainfall having cleaning
effect on the aerospora while indoor concentration
increases to a great extent due to high relative
humidity and suitable substrates in indoor air.

The mean fungal concentrations in different
seasons varied significantly (ANOVA single factor,
p < 0.01), maximum concentration being in rainy
season and lowest being in winter season for both

indoor and outdoor air (Table 2, Figure 3). Very
good direct correlation was observed between rel-
ative humidity and minimum temperature sug-
gesting low total fungal concentration in winter
months (Table 3). Aidoo et al. (1995) also ob-
served that the indoor aerial fungal spore counts
were 51% higher in all the areas sampled during
the warmer months than the colder months but
there was no major change in the types of fungi.
However, Portnoy et al. (2001) opine that cli-
mactic factors are only weakly associated with
fungal contamination for the indoor air.

Goodman et al. (1966) observed that homes
with evaporative cooling consistently showed a
higher fungus count than was found in refrigerated
homes. In the present study, somewhat higher
fungal concentrations were observed in April and
May in indoor air than outdoor air as compared to
the concentrations in February and March. This
fact may be explained by an evaporative cooling
system present in almost all the homes in later half
of April and May increasing humidity and fungal
concentration inside (Figure 2).

3.2. Penicillium concentration

The mean concentrations of Penicillium in CFU/
m? at Civil Lines, Mahal, Nandanwan and Indora
in indoor as well as outdoor air are given in
Table 1. The average Penicillium percentage con-
tribution as well as number of Penicillium species
isolated at these four sites in indoor and outdoor
air are also shown in Table 1.
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Table 2. Average total fungal concentration and Penicillium concentration (CFU/m%) in different seasons along with statistical

significance
Season Total fungi (CFU/m?) ‘t’ Test, Penicillium (CFU/m?>) ‘t’ Test,
1 1
Indoor Outdoor pvate Indoor Outdoor pvatue
Rainy 428.75 + 14.50 352.25 + 12.839  0.0000132  35.156 + 3.110 22.187 £ 2.157 0.008
(June—September)
Summer 305.93 £+ 13.22 288.156 + 13.48 0.0937 31.718 + 2.329 26.718 + 1.784 0.3502
(February—May)
Winter 300 + 13.82 264.09 + 12.474  0.0081 37.43 + 2.80 28.281 + 1.794 0.058
(October—January)
ANOVA ‘F’ ratio 27.263 12.397 3.1103 2.717261
df = 381, 2 p value p < 0.01 p < 0.01 p < 0.05 p > 0.05
The concentration is shown along with (+) standard error of mean.
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Figure 3. Seasonwise concentrations of total fungi and Penicillium (CFU/m?).

Table 3. Correlation coefficients (r) between different environmental parameters and total fungal concentration and Penicillium

concentration in indoor and outdoor air

Total fungal concentration Penicillium percentage Penicillium concentration

Indoor Outdoor Indoor Outdoor Indoor Outdoor
Rainfall 0.56** 0.25 —0.34 —0.50%** 0.00053 —0.44*
Relative humidity 0.56%** 0.32 —0.06 —0.28 0.39* —0.11
Minimum temperature 0.75%** 0.76%** —0.68%** —0.77*** —0.23 —0.41*
Maximum temperature 0.18 0.40%* —0.43* —0.29 —0.39* —0.06

£p < 0.05, **p < 0.01, **%p < 0.001.

The dominant species of Penicillium obtained
indoors were P. citrinum (33.78%), P. oxalicum
(19.70%), P. chrysogenum (17.64%), P. digitatum
(7.34) and P. purpurogenum (6.29%) while the
dominant species isolated from outdoor air were

P. citrinum (32.81%), P. oxalicum (22.60%),
P. chrysogenum (14.50%), P. janthinellum (8.51%)
and P. digitatum (7.77%) (Table 4). Absolute
Penicillium concentration was greater in winter
than in rainy or summer seasons for indoor air
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Table 4. Percentage contribution of different species of
Penicillium to the concentration of total Penicillium spp.

isolated from indoor and outdoor air

Species Percentage in Percentage in
indoor air outdoor air

P. chrysogenum 17.64 (a, b, ¢, d) 14.50 (a, b, ¢, d)

P. citrinum 33.78 (a, b, ¢, d) 32.81 (a, b, c, d)

P. digitatum 7.34 (a, b, ¢, d) 7.77 (a, b, ¢, d)

P. frequentans 488 (a, b, c, d) 3.14 (a, b, c, d)

P. glaber 0.51 (d)

P. italicum 0.90 (b, c, d) 2.69 (b, d)

P. janthinellum 3.95 (a, c, d) 8.51 (a, b, c, d)

P. minioluteum 4.01 (a, b, d) 2.03 (b, d)

P. oxalicum 19.70 (a, b, c, d) 22.60 (a, b, c, d)

P. purpurogenum 6.29 (a, b, c, d) 5.95(a, b, ¢)

P. sclerotiorum 1.02 (b, d) -

Parentheses show the sites at which the species was present (a —
Civil lines, b — Mahal, ¢ — Nandanwan, d — Indora).

Percentage contribution of all Penicillium species isolated to the
total fungi was 10.70% in indoor air and 8.36% in outdoor air.

(ANOVA, p < 0.05; Table 2, Figure 3). The
month-wise concentrations of Penicillium in in-
door as well as outdoor air have been shown in
Figure 4.

Many studies have reported Penicillium to be a
dominant genus. Levetin and Hurewitz (1978)
have reported Penicillium percentage varying from
5.0 to 41.7 in different homes with a mean of
21.1% in the air inside homes. P. chrysogenum,
P. citrinum, and P. oxalicum were the dominant
species in the study of Abdel Hafez et al. (1993).
The dominance of these species was also observed
in the present investigation (Table 4).

50

In the present study, Penicillium concentration
correlated directly with relative humidity and in-
versely with the temperature (Table 3). Penicillium
percentage in the air inside homes differed in dif-
ferent season and it was low in summer in a study
of Levetin and Hurewitz (1978). The maximum
isolation of Penicillium has been earlier reported in
the months with low mean temperatures (Larsen
and Gravesen, 1991; Abdel Hafez et al., 1993).
This can be explained by the fact that Penicillium
requires cooler climate and high humidity
(Mehrotra, 1983), which is usually available in the
winter season in Nagpur.

In the present study, Penicillium contributed
10.70% in the indoor air while its contribution to
the total fungi in outdoor air was 8.36% though the
composition of the genus was more or less same
(Table 4). At all the sites except Civil Lines, sta-
tistically significant greater concentration of Peni-
cillium was revealed in indoor air. At one of the
sites (Mahal) which is the old part of the city, the
difference in the Penicillium concentration indoors
and outdoors was statistically very highly signifi-
cant (p=0.00005, Table 1). This may be attributed
to the densely arranged houses with poor ventila-
tion in the old crowded area increasing the
humidity and favouring the growth of Penicillium
indoors. The higher contribution of the Penicillium
in the old part of the city has also been revealed by
Al-Suwaine et al. (1999) in Saudi Arabia.

The greater concentration of Penicillium in in-
door air than outdoor air has been reported by
many researchers (Beaumont et al., 1984; Lehto-
nen et al., 1993; Li and Kendrick, 1995). These
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Figure 4. Monthwise Penicillium concentration (CFU/m?>) in indoor and outdoor air.



workers have attributed the reason for this differ-
ence in indoor and outdoor air to the dispersal of
conidia from the indoor sources and accumula-
tion. The implication of the higher concentration
of Penicillium indoors is that the spores of Peni-
cillium growing indoors can cause allergic symp-
toms in mould sensitive subjects because they
spend most of their times in homes (Tilak and
Patil, 1981; Bunnag et al., 1982).

Penicillium spores are important aeroallergens.
The high concentration of Penicillium spores are
hazardous and they are known to cause respira-
tory tract disorders. Some of the species of this
genus are mycotoxic while some species are con-
sidered to be true or opportunistic pathogens (Rati
et al., 1980). Cooley et al. (1998) found that there
were significantly more CFU/m? of Penicillium in
the air samples from rooms with complaint of sick
building syndrome when compared with air of
other area and outdoor air, suggesting a direct role
of Penicillium in the sick building syndrome. The
higher concentrations of airborne Aspergillus/
Penicillium species in the homes have been linked
to the respiratory ailments like allergy and asthma
(Agashe et al., 1994; Portnoy et al., 2001) The
consistent presence of Penicillium with more con-
centration in indoor air than that of outdoors and
obvious rise in concentration in winter months
suggests a possible role of Penicillium in causing
allergy in this region, which is often neglected
because of dominance of and vast studies on
Aspergillus.

4. Conclusion

In this survey, Penicillium spores from different
species were found to be present in the air of both
outdoor and indoor environments throughout the
year with greater concentrations in the indoor
environment particularly during winter months.
The exacerbations of the allergenic respiratory
disorders may have a possible correlation with
higher Penicillium concentrations of some aller-
genic Penicillium species in this region. This also
suggests a need to study at least the dominant
Penicillium species for its allergenic potential. In
our future work, the studies involving allergen-
icity testing of different dominant species of the
genus Penicillium in this region will be under-
taken.

235

Acknowledgements

We acknowledge the University Grants Commis-
sion, India for the financial help in the form of a
minor research project and Dr P. N. Chowdhry
and Dr Nita Mathur, Indian Type Culture Col-
lection, Division of Mycology and Plant Pathol-
ogy, Indian Agricultural Research Institute
(IARI), New Delhi for the identification of Peni-
cillium species.

References

Abdel-Hafez S.I.I., Moubasher A.H. and Barakat A.: 1993,
Seasonal variations of fungi of outdoor air and sedimented
dust at Assiut region, Upper Egypt. Grana 32, 115-121.

Agashe S.N., Philip E. and Anuradha H.G.: 1994, Aerobio-
logical analysis of intramural environment and atopic allergy
in Banglore (India) population. In S.N. Agashe (ed), Aero-
biology, Proc. 5th Int. Conf. Aerobiol., 1994, Banglore, pp.
169-175.

Aidoo K.E., Anderton A. and Milligan K.A.: 1995, A 2-year
survey of the airborne mycoflora in a hospital environment.
Int. J. Environ. Health Res. 5(3), 223-228.

Al-Suwaine A.S., Bahkali A.H. and Hasnain S.M.: 1999, Sea-
sonal incidence of airborne fungal allergens in Riyadh, Saudi
Arabia. Mycopathologia 145(1), 15-22.

Amigot Lazaro J.A., Diez-Ticio Ferrer T., Gonzales Cabo J.F.,
Lara Gargallo C., Barcena Asensio C. and Rodriguez Moure
A.A.: 2000, An aerobiological study in the rural areas of
Aragon (Spain) with a high population of pigs. Grana 39,
259-265.

Beaumont F., Kauffman H.F., Sluiter H.J. and de Vries K.:
1984, Volumetric aerobiological study of seasonal fungus
prevalence inside and outside dwellings of asthmatic patients
living in the North-East Netherlands. Ann. Allergy 53, 486—
492.

Beaumont F., Kaufmann H.F., Van der Mark E.H., Sluiter
H.J. and de Vries K.: 1985, Volumetric aerobiological survey
of conidial fungi in North-East Netherlands. 1. Seasonal
patterns and the influence of meteorological variables. A4/-
lergy 40, 173-180.

Bokhary H.A. and Parvez S.: 1995, Fungi inhabiting household
environments in Riyadh, Saudi Arabia. Mycopathologia
130(2), 79-87.

Bunnag C., Dhorranintra B. and Plangpatanapanichya A.:
1982, A comparative study of the incidence of indoor and
outdoor mould spores in Bangkok, Thailand. Ann. Allergy
48, 333-339.

Chakraborty S., Sen S.K. and Bhattacharya K.: 2000, Indoor
and outdoor aeromycological survey in Burdwan, West
Bengal, India. Aerobiologia 16, 211-219.

Cooley J.D., Wong W.C., Jumper C.A. and Straus D.C.: 1998,
Correlation between the prevalence of certain fungi and sick
building syndrome. Occup. Environ. Med. 55(9), 579-584.

Goodman D.H., Northey W.T., Leathers C.R. and Savage
T.H.: 1966, A study of airborne fungi in the Phoenix, Ari-
zona, metropolitan area. J. Allergy 38(1), 56-62.

Jain A.K.: 2000, Survey of bioaerosol in different indoor
working environments in Central India. Aerobiologia 16,
221-225.



236

Kakde U.B., Kakde H.U. and Saoji A.: 2001, Seasonal varia-
tion of fungal propagules in a fruit market environment,
Nagpur (India). Aerobiologia 17, 177-182.

Larsen L.: 1981, A three year survey of microfungi in the air of
Copenhagen, 1977-79. Allergy 36, 15-22.

Larsen L. and Gravesen S.: 1991, Seasonal variation of outdoor
airborne viable microfungi in Copenhagen, Denmark. Grana
30, 467471.

Lehtonen M., Reponen T. and Nevalainen A.: 1993, Everyday
activities and variations of fungal spore concentrations in
indoor air. Int. Biodeterior. Biodegrad. 31, 25-39.

Levetin E. and Hurewitz D.: 1978, A one year survey of the
airborne moulds of Tulsa, Oklahoma. II. Indoor survey.
Ann. Allergy 41, 25-27.

Li D.W. and Kendrick B.: 1995, A year-round comparison of
fungal spores in indoor and outdoor air. Mycologia 87(2),
190-195.

Mehrotra B.S.: 1983, The impact of fungal infestation of cereal
grains in field and storage. In A. Hussain K. Singh B.P.
Singh and V.P. Agnihotri (eds), Recent Advances in Plant
Pathology. Print House: Lucknow, India, pp. 185-200.

Mehta S.K., Mishra S.K. and Pierson D.L.: 1996, Evaluation of
three portable samplers for monitoring airborne fungi. Appl.
Environ. Microbiol. 62(5), 1835-1838.

Pasanen A.L.: 1992, Airborne mesophilic fungal spores in various
residential environments. Atmos. Environ. 26A, 2861-2868.
Portnoy J.M., Flappan S. and Barnes C.S.: 2001, A procedure
for evaluation of the indoor environment. Aerobiologia

17(1), 43-48.

Ramirez C.: 1982, Manual and Atlas of the Penicillia. Elsevier
Biomedical: New York and Oxford, 874 pp.

Raper K.B. and Thom C.: 1949, 4 Manual of the Penicillia.
Williams and Wilkins: Baltomore, 875 pp.

Rati E., Jayprakash K.B. and Ramalingam A.: 1980, Air-spora
of a poultry shed at Mysore. Indian J. Microbiol. 20(1), 6—
12.

Singh K., Frisvad J.C., Thrane U. and Mathur S.B.: 1991, An
illustrated Manual on Identification of some Seed-borne
Aspergilli, Fusaria, Penicillia and their Mycotoxins. Dan.
Gov. Inst. Seed Pathol., Tech. Bull., 133 pp.

Solley G.P. and Hyatt R.E.: 1980, Hypersensitivity pneumonitis
induced by Penicillium species. J. Allergy Clin. Immunol. 65,
65-70.

Tilak S.T. and Patil C.R.: 1981, Air spora of dwelling
houses at Aurangabad. In S.T. Tilak (ed), Environ-
mental Pollution, Proc. Nat. Conf. Environ. Biol. 1981, pp.
215-219.



