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Introduction

As Seoul, the capital of South Korea, is increasing 
in size, the subway is increasing in popularity and is 
gradually being used as the principal method for public 
transportation.  Thus, the indoor environment of sub-
way stations, which about 10 million Seoul citizens use 
every day, is a major public health concern.  Because 
subway stations are mostly located in closed under-
ground spaces, their indoor air quality is worse than 
that of other public buildings above ground1).  In addi-
tion, the potential exposure of subway riders’ to various 
airborne contaminants from both indoor and outdoor 
sources could be extremely high when considering the 

amount of time spent underground during travel or 
work.

In other foreign cities that have a subway system, 
field assessments of the subway stations’ pollution 
have been focused on assessing the concentrations and 
characteristics of gaseous and particulate aerial pollut-
ants1–11).  There is, however, relatively little information 
related to biological contaminants’ distribution charac-
teristics in subway stations12, 13).

It is very essential to assess exposure level of air-
borne biological contaminants in subway stations as 
they are considered as environmental factors provoking 
or aggravating respiratory disorders such as pneumonia, 
asthma and rhinitis and contagious diseases14, 15).

The central hypothesis of this study is that under-
ground Seoul subway stations are contaminated to some 
extent by airborne bacteria and fungi, based on the fact 
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that so many people pass through Seoul subway sta-
tions.  People and their activities are one of the princi-
pal causes of indoor bioaerosol formation16, 17).  Thus, 
this field-based study, focusing on subway passengers’ 
and workers’ indoor activity areas, was performed to 
investigate the distribution characteristics of airborne 
bacteria and fungi using both quantitative and the quali-
tative assessments.

Materials and Methods

Selection of subjects
This research was performed from Nov. 2006 to Feb. 

2007 at 22 randomly-selected stations of lines 1–4, 
operated by the Seoul Metropolitan Subway (12 stations 
were evaluated for subway workers’ working condi-
tions and 10 stations for passengers’ conditions).  Of 
those stations, 8 were above-ground stations and 14 
were underground.  For each station, measurements 
were taken at the subway workers’ main activity areas 
—station offices, bedrooms, ticket offices, and driver’s 
seats, and the passengers’ main movement areas —sta-
tion precincts, platforms, and passenger carriages.  For 
the comparative assessment of indoor subway pollution 
levels, one additional outdoor spot was investigated on 
the same day of indoor pollution measurement.  The 
measured point was 1.5 m above floor level, and each 
point was measured twice.  Measurements were taken 
between 10 a.m. and 4 p.m. to avoid rush hours that 
could violate the spatial restrictions of the airborne 
bacteria-measuring instrument.

Quantitative analysis
Air samples were collected for 10 min using a 

one-stage viable particulate cascade impactor (Model 
10-800, Andersen Inc, USA) that was set for a flux of 
28.3 l per minute18).  The overall procedure of sampling 
and analysis for airborne bacteria and fungi was based 
on Kim and Kim’s report19).  Before collecting samples, 
the equipment’s internal part was sterilized with 70% 
alcohol.  To examine airborne bacteria, Trypticase Soy 
Agar (Lot 2087730, Becton Dickinson and Company, 
USA) was used as the growth medium with 500 mg 
cycloheximide added to suppress any fungal growth.  
To examine airborne fungi, 2% Malt Extract Agar (Lot 
3111376, Becton-Dickinson, Sparks, MD, USA) was 
used as the growth medium with 100 mg chlorampheni-
col added to suppress any bacterial growth.  After a 
bacterial or fungal sample was collected, the media was 
instantly moved to a microbe analysis room.  Airborne 
bacteria were cultured for 1–2 d in an incubator at 
35 ± 1°C, and airborne fungi were cultured for 3–5 d 
at room temperature (20–25°C).  The concentration of 

airborne microbes (cfu m–3) was calculated by dividing 
the value that was counted for the colony formed in the 
media after culturing by the air volume (m3) (see equa-
tions 1 & 2).

CFU (Colony Forming Unit)/m3 = Colony counted on 
agar plate / Air volume (m3)..............................Eq. (1) 

Air volume (m3) = 28.3 l/min × sampling time (min)/103

   ..............................................................................Eq. (2) 

Qualitative analysis
All cultured airborne bacteria were identified to the 

level of genera according to Bergey’s manual20).  After 
gram’s staining of bacteria, additional identification was 
carried out by conducting biochemical test through the 
automated microbial identification system, VITEK (Model 
VITEK 32 system, bioMerieux Inc., France).  Airborne 
fungal genera were identified according to the classifi-
cation method of Ainsworth and Baron21) by observing 
the form, shape and color of colony and spore through 
the optical.

Data analysis
The concentration difference of airborne bacteria and 

fungi for measurement points per area of subway work-
ers and passengers was calculated with ANOVA using 
the SAS package (SAS/Stat 9.1, SAS Institute, Cary, 
USA).  The concentration difference between an above 
ground station and an underground station was analyzed 
for statistical significance with the Student’s t-test.

Results and Discussion

Concentration distribution of airborne bacteria and 
fungi in different areas of Seoul subway stations

As represented in Table 1, the mean concentrations of 
airborne bacteria in the station offices, bedrooms, ticket 
offices and driver’s seats, which are the subway work-
ers’ main activity areas, were measured as 156 cfu m–3, 
246 cfu m–3, 164 cfu m–3 and 118 cfu m–3, respectively.  
Statistically, the bedroom had the highest concentra-
tion and the driver’s seat had the lowest (p<0.05).  The 
difference between the station office and the ticket 
office was not statistically significant (p>0.05).  The 
mean outdoor concentration of airborne bacteria was 
140 cfu m–3.  All three areas except for the driver’s seat 
had higher airborne bacterial concentrations than mea-
sured outdoors.

For airborne fungi, the mean concentrations in the 
station offices, bedrooms, ticket offices and driver’s 
seats were 89 cfu m–3, 114 cfu m–3, 82 cfu m–3 and 
64 cfu m–3, respectively.  Statistically, the bedroom had 
the highest concentration of fungi and the driver’s seat 
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had the lowest (p<0.05).  The difference between the 
station office and the ticket office was not statistically 
significant (p>0.05).  The mean outdoor concentration 
of airborne fungi was 53 cfu m–3.  All four underground 
areas had higher airborne fungi concentrations than the 
outdoors.

The differences in airborne bacterial and fungi con-
centrations in the subway workers’ activity areas com-
pared to outdoors could be caused by the number of 
workers, whether windows were open or closed, and 
efficiency differences in the forced ventilation systems.  
This field research suggests that indoor spaces with a 
large number of workers and poor natural ventilation 
with either closed windows or a low-efficiency ventila-
tion system have higher concentrations of airborne bac-
teria and fungi.  This is based on the fact that one of 
the main sources of aerosols, especially airborne bacte-
ria, is the person who resides in the indoor space16, 17).  
Given that all windows are closed during this winter 
field survey, the indoor space has poor natural ventila-
tion due to closed windows or a low-efficiency ventila-
tion system, and therefore shows a high concentration 
of airborne fungi22, 23).

Bedroom measurements were taken during the day.  
For the most part, there were no workers present dur-
ing the measurements, except for sleeping shift workers.  
The bedrooms were not clean, and had untidy bedding.  
In most of the bedrooms, ceiling ventilating openings 
were closed, or ventilating systems were not in opera-
tion at all, which may be why bedrooms had the high-
est concentrations of airborne bacteria and fungi.  To 
assess the pollution level of airborne bacteria and fungi 
in bedrooms of subway workers clearly, a case-by-case 
study should be conducted to compare airborne microbe 
pollution levels according to whether a window is open 
or closed.

Because there has not been any domestic or foreign 

research that has documented the concentration level 
of airborne bacteria and fungi in relation to the activ-
ity areas of subway workers prior to this study, it is not 
possible to assess the exposure level of subway work-
ers to airborne bacteria objectively.  However, based on 
the fact that the concentration of airborne bacteria was 
below 800 cfu m–3 which is the domestic actual indoor 
regulation standard in multi-purpose facilities, and that 
generally, the concentration of airborne fungi in an 
indoor environment is 10–104 cfu m–3 24–27).  The pol-
lution levels of airborne bacteria and fungi in subway 
worker areas is not considered threatening.  However, 
except for the airborne bacteria measured at the driver’s 
seat, all concentrations of airborne bacteria and fungi 
were higher than outdoors.  Because the indoor/out-
door concentration ratio of airborne bacteria and fungi 
pollution is above one, the pollution must come from 
indoor contaminants28, 29), indoor air quality should 
be continuously controlled.  The subway drivers’ seats 
were expected to have a higher concentration of air-
borne bacteria and fungi compared to the station offices, 
ticket offices and bedrooms, since they are located at a 
lower level the other areas.  However, our field research 
indicated a lower level of contaminants in the drivers’ 
seats.  Most pollutants generated in the subway opera-
tion section are not organic substances that can be used 
as food sources by airborne bacteria and fungi, but are 
inorganic particulate substances which contain a metal 
component30, 31).  The bioaerosol of airborne bacteria 
and fungi distributed in the underground space of the 
subway operation is less than 1% of the total aerosol32).

The mean concentrations of airborne bacteria and 
fungi in the station precincts, passenger carriages and 
platforms, which are the main activity areas of sub-
way passengers, were 224 cfu m–3 and 117 cfu m–3, 
165 cfu m–3 and 93 cfu m–3, and 134 cfu m–3 and 
105 cfu m–3, respectively.  The station precincts had 

Table 1.   Concentrations of airborne bacteria and fungi in subway station areas

Total airborne bacteria Total airborne fungi

cfu m–3

Mean SD Max. Min. Mean SD Max. Min.

Workers’ activity areas

Station office 156a  87 314  26  89a 53 207 22

Bedroom 246b 168 686  28 114b 96 459 26

Ticket office 164a  69 322  49  82a 27 128 35

Driver’s seat 118c  16 131  94  64c  4  67 58

Passengers’ activity areas

Station precinct 224a 102 353 111 117a 36 157 71

Inside train 165b  32 192 121  93a 19 110 71

Platform 134b  36 176  91 105a 34 144 62

Outdoor 140  39 204  28  53 25 103  9

*a, b, c indicates that averaged values within the column by the same letter are not significantly different.
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the highest airborne bacterial concentrations (p<0.05).  
There were no concentration differences between the 
passenger carriage and the platform (p>0.05).  While 
station precincts had a concentration higher than 
140 cfu m–3 (the mean outdoor concentration), the pas-
senger carriage and the platform had concentrations 
lower than the outdoor concentration.  For airborne 
fungi, the station precincts had the highest concentra-
tions and the passenger carriage had the lowest con-
centrations, but this difference was not statistically 
significant (p>0.05).  The mean outdoor concentration 
of airborne fungi was 53 cfu m–3, which was lower than 
the three passenger areas.

Due to the structural limitations of the measuring 
instrument that was used in this research, it was not 
possible to collect air samples during rush hour.  When 
considering that bacteria and fungi are dispersed into 
the air from subway passengers’ clothes and hairs10), 
further research during the rush hour may clarify the 
subway passengers’ actual exposure level to airborne 
bacteria and fungi.  Since indoor airborne bacteria and 
fungi flow indoors from the outside via air flow from 
the ventilation33), and this research was conducted in the 
winter when the outdoor concentration is at its lowest of 
the four seasons34), this research may underestimate the 
exposure level of subway passengers.  Thus, additional 
research is needed to better clarify the concentrations 
of airborne bacteria and fungi in the subway during the 
different seasons.

In general, the concentrations of airborne bacteria and 
fungi were highest in the workers’ bedrooms, which 
were in poor sanitary conditions with poor ventilation, 
and in the station precincts through which many people 
passed.

Indoor level of airborne bacteria and fungi in above-
ground and underground subway stations

In Fig. 1, the concentrations of airborne bacteria 
and fungi in the station precincts, a platform, a station 
office, and a ticket office in the above ground station 
are compared with those of underground stations.  Our 
results show that the concentration of both airborne 
bacteria and fungi was higher in the station precincts 
and the ticket office below-ground, and was higher in 
the platform and the station office in the above-ground 
station.  However, the differences between the above-
ground and the underground stations were not statisti-
cally significant (p>0.05).  Therefore, the location of a 
subway station, whether above- or below-ground, did 
not affect the concentration of airborne bacteria and 
fungi.

Identification of airborne bacteria and fungi from the 
subway stations

Tables 2 and 3 show genera and detection rates 
of airborne bacteria and fungi identified in the main 
activity areas of subway workers and passengers 
in underground stations.  In all areas researched, 
Staphylococcus, Micrococcus, Bacillus, Corynebacterium 
comprised over 5% of the total airborne bacteria 
detected.  Of these bacteria, the airborne bacteria 
Staphylococcus and Micrococcus accounted for more 
than 50%.  Generally, Staphylococcus was detected 
the most overall, but Micrococcus was predominantly 
detected in the bedrooms and platforms.  This distri-
bution of airborne bacteria is very similar to foreign 
research reports that identified airborne bacteria in other 
indoor areas23, 35–37).  Subway areas were divided into 
a station office, a ticket office, the station precincts, 
a driver’s seat, a passenger carriage, a platform and a 
bedroom.  In the station office, the ticket office and the 
station precincts, the only other genus of airborne bac-
teria identified was Enterobacteriaceae with a detection 
rate below 1%, whereas in the driver’s seat, the ticket 
office and the station precincts, Escherichia (E-Coli), 
Pseudomonas, and Aeromonas were identified.  In the 
bedroom, Nocardia and Pseudomonas were identified 
with a detection rate below 1%.  The lack of detection 
of Nocardia in all other areas is characteristic of this 
genus.

For airborne fungi, Penicillium, Cladosporium, 
Chrysosporium and Aspergillus showed detection rates 
over 5% in all research areas, and among these, the 
sum of detection rates of Penicillium and Cladosporium 
was over 60%.  Even though Penicillium was detected 

Fig. 1.   Comparison of concentrations of airborne bac-
teria and fungi between underground and above-ground 
subway station areas.
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the most, Cladosporium was detected at the highest rate 
in the bedroom and the platform.  Airborne fungi show 
a similar distribution tendency in other indoor areas to 
airborne bacteria24, 38–40).  Mucor was detected on the 
platform and Fusarium was detected in the bedroom, 
though at very low frequencies, as would be expected.

The reason that different kinds of airborne bacteria 
and fungi were identified in different subway areas is 
most likely due to different internal sources.  That is, 
most of the station office, the ticket office and the sta-
tion precincts are located on the 1st floor below ground, 
while the driver’s seat, the passenger carriage and the 
platform are mostly located on the 2nd floor below 
ground, though they are exposed above the ground from 
time to time.  On a platform, for example, a puddle on 
the bottom of the railway that does not drain can be 
considered a source of new kinds of bacteria that can 
become airborne.  Also, a bedroom with blankets and 
pillows that are not cleaned properly can be another 
source of airborne bacteria.

To clarify the health risk of airborne bacteria and 

fungi, an investigation into the concentration of airborne 
bacteria and fungi based on particle size, and the expan-
sion of identification to species level are needed, while 
simultaneously collecting an outdoor sample to allow 
identification of internal subway sources.  An analysis 
during rush hour should also be conducted to identify 
and quantify airborne bacteria and fungi when large 
numbers of people are present.

Another point to be considered when interpreting 
the results is a selection of agar media.  The media of 
trypticase soy agar and malt extract agar used in this 
study for culturing airborne bacteria and fungi have a 
potential to underestimate their real concentrations in 
subway station because it is possible that all the air-
borne bacteria and fungi distributed in subway station 
are not detected in the media.  For example, it should 
be difficult for several species of xerophilic fungi such 
as A. penicilloides, A. restriscus, W. sebi, and Eurotium 
spp. to be cultured in malt extract agar.  This fact is a 
limitation of this study considered as interpreting results 
obtained from this field survey.

Table 2.   Detection rate of airborne bacteria identified in underground areas of subway stations

 Workers’ area Passengers’ area

Genus Station office Bedroom Ticket office Driver’s seat Station precinct Inside train Platform

Staphylococcus spp.  42.8  16.2  50.5  35.2  55.8  33.8  30.5 

Micrococcus spp.  26.3  62.4  24.6  30.2  16.4  28.5  32.9 

Bacillus spp.  10.2   8.3  12.8  18.0   8.8  13.8  17.6 

Corynebacterium spp.   9.5   6.3   6.2   5.2   7.3   9.3   4.3 

Enterococcus spp.   5.3 -   1.8   2.8   3.2   7.4   3.5 

Streptococcus spp.   0.8   2.8   0.5   0.8   1.2   1.5   2.3 

Enterobacteriaceae spp.   0.3 -   0.9 -   0.8 - -

Nocardia spp. -   0.6 - - - - -

Escherichia (E-Coli) spp. - - - - -   0.1   0.8 

Pseudomonas spp. -   0.2 - - - -   0.4 

Aeromonas spp. - - -   0.4 -   0.3 -

Other species   4.8   3.2   2.7   7.4   6.5   5.3   7.7 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Table 3.   Detection rate of airborne fungi identified in underground areas of subway stations

 Workers’ area Passengers’ area

Genus Station office Bedroom Ticket office Driver’s seat Station precinct Inside train Platform

Penicillium spp.  44.8  16.2  49.4  35.2  48.2  33.8  29.6

Cladosporium spp.  31.2  55.3  29.2  32.8  25.4  30.5  34.8

Chrysosporium spp.   6.8  11.1   4.7   7.0   6.3   5.9   6.6

Aspergillus spp.  10.6   8.2  12.5  15.4   8.2  13.6   9.8

Ulocladium spp. -   4.3 -   4.5 -   6.8   3.8 

Mucor spp. - - - - - -   7.2 

Fusarium spp. -   1.4 - - - - -

Yeasts   6.6   3.5   4.2   5.1  11.9   9.4   8.2 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Conclusion

This study presents the distribution characteristics of 
airborne bacteria and fungi in the activity areas of work-
ers and passengers corresponding to the stations of the 
Seoul subway lines 1–4.  The survey results obtained 
from this study provide fundamental data which can be 
used by public health and industrial hygiene managers 
to develop preventative measures related to indoor air 
quality of subway stations.

References

 1) Kim KY, Kim YS, Roh YM, Lee CM, Kim CN 
(2008) Spatial distribution of particulate matter (PM10 
and PM2.5) in Seoul Metropolitan Subway stations. 
J Hazard Mater 154, 440–3. 

 2)  Fromm H, Oddoy A, Piltoy M, Krause M, Lahrz T 
(1998) Polycyclic aromatic hydrocarbons (PAH) and 
diesel engine emission (Elemental carbon) inside a car 
and a subway train. Sci Total Environ 217, 165–73. 

 3)  Adams HS, Nieuwenhuijsen MJ, Colvile RN (2001) 
Determinants of fine particle personal exposure levels 
in transport microenvironments, London, UK. Atmos 
Environ 35, 4557–66. 

 4)  Furuya K, Kudo Y, Okinaga K, Yamuki M, Takahashi S, 
Araki Y, Hisamatsu Y (2001) Seasonal variation and 
their characterization of suspended particulate mat-
ter in the air of subway stations. Soil Environ Sci 19, 
469–85. 

 5)  Chan LY, Lau WL, Lee SC, Chan CY (2002) 
Commuter exposure to particulate matter in public 
transportation modes in Hong Kong. Atmos Environ 
36, 3363–73. 

 6)  Johansson CJ, Johansson PA (2003) Particulate matter 
in the underground in Stockholm. Atmos Environ 37, 
3–9.

 7)  Gomez-Perales JE, Covile RN, Nieuwenhuijsen MJ, 
Fernandez-Brem A, Gutierrez Avedoy VJ, Paramo-
Figueroa VH, Blanco-Jimenez S, Bueno-Lopez E, 
Mandujano F, Benabe-Cabanillas R, Ortiz-Segovia E 
(2004) Commuters’ exposure to PM2.5, CO and ben-
zene in public transport in the metropolitan area of 
Mexico City. Atmos Environ 38, 1219–29.

 8)  Yu IJ, Yoo CY, Chung YH, Han JH, Yhang SY, Yu 
GM, Song KS (2004) Asbestos exposure among Seoul 
metropolitan subway workers during renovation of 
subway air-conditioning systems. Environ Inet 29, 
931–4.

 9)  Aarnio P, Yli-Tuomi T, Kousa A, Makela T, Hirsikko A, 
Hameri K, Raisanen M, Hillamo R, Koskentalo T, 
Jantunen M (2005) The concentrations and composi-
tion of and exposure to fine particles (PM2.5) in the 
Helsinki subway system. Atmos Environ 39, 5059–66. 

10)  Boudia N, Halley R, Kennedy G, Lambert J, Gareau L, 
Zayed J (2006) Manganese concentrations in the air of 

the Montreal (Canada) subway in relation to surface 
automobile traffic density. Sci Total Environ 366, 143–7.

11)  Park DU, Ha KC (2008) Characteristics of PM10, 
PM2.5, CO2 and CO monitored in interiors and plat-
forms of subway train in Seoul, Korea. Environ Int 
34, 629–34.

12)  Awad AHA (2002) Environmental study in subway 
metro stations in Cairo, Egypt. J Occup Health 44, 
112–8.

13)  Choe JH, Min KH, Paik NW (2006) Temporal varia-
tion of airborne fungi concentrations and related fac-
tors in subway stations in Seoul, Korea. Int J Hyg 
Environ Health 209, 249–55.

14)  Cox CS, Wathes CM (1995) Bioaerosols Handbook, 
Lewis Publishers/CRC Press, Boca Raton.

15)  Larsen FO, Meyer HW, Ebbehoy N, Gyntelberg F, 
Sherson NB, Gravesen S, Norn S (1997) Are fungi-
specific IgE found in stuff suffering from nonallergic 
sick building syndrome? Inflamm Res 46, 79–80.

16)  Manuel ES, Edwin KS, Lars AH, Scott TW, Juan CC 
(2002) Material history, sensitization to allergens, and 
current wheezing, rhinitis, and eczema among children 
in Costa Rica. Pediatr Pulmonol 33, 237–43. 

17)  Li CS, Hou PA (2003) Bioaerosol characteristics in 
hospital clean rooms. Sci Total Environ 305, 169–76. 

18)  Kim KY, Ko HJ, Kim HT, Kim CN, Kim YS (2008) 
Assessment of airborne bacteria and fungi in pig 
buildings in Korea. Biosys Eng 99, 565–72. 

19)  Kim KY, Kim KY (2007) Airborne microbiological 
characteristics in the public buildings of Korea. Build 
Environ 42, 2188–96.

20)  Bergey SA (1984) Bergey’s mannual of determina-
tive bacteriology. 8th Ed., The Williams & Wilkins, 
Baltimore.

21)  Ainsworth GC, Baron T (1976) Introduction to the 
history of mycology. Cambridge University Press, 
Cambridge.

22)  Otten JA, Burge HA (1999) Bacteria. In: Bioaerosols, 
Macher J (Ed.), Assessment and control, 200–14, 
ACGIH, Cincinnati.

23)  Pastuszka JS, Paw UKT, Lis DO, Wlazlo A, Ulfig K 
(2000) Bacterial and fungal aerosol in indoor environ-
ment in Upper Silesia, Poland. Atmos Environ 34, 
3833–42. 

24)  Hunter CA, Grant C, Flannigan B, Bravery AF (1988) 
Mould in buildings: the air spora of domestic dwell-
ings. Int Biodeter Biodegr 24, 81–101. 

25)  Hargreaves M, Parappukkaran S, Morawska L, 
Hitchins J, He C, Gilbert D (2003) A pilot investiga-
tion into associations between indoor airborne fungal 
and non biological particle concentrations in residen-
tial houses in Brisbane, Australia. Sci Total Environ 
312, 89–101.

26)  Verhoeff A, van Wijnen J, Boleij J, Brunekreef B, van 
Reenen-Hoekstra E, Samson R (1990) Enumeration 
and identification of airborne viable mould propagules 
in houses. Allergy 45, 275–84. 



248 KY KIM et al.

Industrial Health 2011, 49, 242–248

27)  Pasanen AL, Niininen M, Kalliokoski P, Nevalainen A, 
Jantunen M (1992) Airborne Cladosporium and other 
fungi in damp versus reference residences. Atmos 
Environ 26, 121–4. 

28)  Gallup J, Kozak P, Cummins L, Gilman S (1987) 
Indoor mold spore exposure: characteristics of 127 
homes in Southern California with endogenous mold 
problems. Adv Aerobiol 51, 139–47. 

29)  Nevalainen A, Hyvarinen A, Pasanen A, Reponen 
T (1994) Fungi and bacteria in normal and mouldy 
dwellings. In: Health Implications of Fungi in Indoor 
Environments. Samson RA, Flannigan B, Flannigan 
ME, Verhoeff AP, Adan OCG, Hoekstra ES (Eds.), 
155–62, Elsevier, Amsterdam.

30)  Sitzmann B, Jendall M, Watt J, Williams I (1999) 
Characterization of airborne particles in London by 
computer-controlled scanning electron microscopy. Sci 
Total Environ 241, 63–73. 

31)  Chillrud SN, Epstein D, Ross JM, Sax SN, Pederson D, 
Spengler JD, Kinney PL (2004) Elevated airborne 
exposures of teenagers to manganese, chromium, and 
iron from steel dust and New York city’s subway sys-
tem. Environ Sci Technol 38, 732–7.

32)  Birenzvige A, Eversole J, Seaver M, Francesconi S, 
Valdes E, Kulaga H (2003) Aerosol characterisitcs in a 
subway environment. Aerosol Sci Technol 37, 210–20.

33)  Wu PC, Su HJ, Lin CY (2000) Characteristics of 

indoor and outdoor airborne fungi at suburban and 
urban homes in two seasons. Sci Total Environ 253, 
111–8. 

34)  Reponen T (1989) Bioaerosol and particle mass levels 
and ventilation in Finish homes. Environ Int 15, 203–8. 

35)  Rahkonen P, Ettala M, Laukkanen M, Salkinoja-
Salonen M (1990) Airborne microbes and endotoxins 
in the work environment of two sanitary landfills in 
Finland. Aerosol Sci Technol 13, 505–13.

36)  DeKoster JA, Thorne PS (1995) Bioaerosol concen-
trations in noncompliant, complaint and intervention 
homes in the Midwest. Am Ind Hyg Assoc J 56, 
576–80. 

37)  Gorny RL, Dutkiewicz J, Krysinska-Traczyk E (1996) 
Size distribution of bacterial and fungal bioaerosols in 
indoor air. Ann Agr Environ Med 6, 105–13.

38)  Pasanen AL, Kalliokoski O, Pasanen P, Jantunen MJ, 
Nevalainen A (1991) Laboratory studies on the rela-
tionship between fungal growth and atmospheric tem-
perature and relative humidity. Environ Int 17, 225–8.

39)  Hyvarinen A, Reponen T, Husman T, Ruuskanen J, 
Nevalainen A (1993) Characterizing mold problem 
buildings: concentrations and flora of viable fungi. 
Indoor Air 3, 337–43.

40)  Li CS, Kuo YM (1994) Characteristics of airborne 
microfungi in subtropical homes. Sci Total Environ 
155, 267–71.


