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B AR VI RIB R B = A 53 A R A IRF B (p<0.05,
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coefficenntyfEf T/ MBIl (AIR1FTR ) ¥
TR B B A M) SR B IR B AHRBA PR 20 A+ E
SIS SR AT - BREE AT A B B L R A V)R
B HERA 1 oA SRS

3000

- Bacteria Bioaerosols
QE 2500 4 E;
2
e
S 2000 A
£
& 1500
S
3
S 1000
8
8
L 500
o
04
A B C D E F G H | J K
Sampling Site
&4 == S P U B A YR B R B 0 #
6000
. 2 Fungi Bioaerosols
 —
5000 - ==

4000

3000 -

2000

1000

Bioaerosol Concentration (CFU/m’)

D E F G H | J K

Sampling Site

B R EESRGAT HEEYRIBIREL 0



G = (FR RS Y)R B ke T

K1 REEEGHT R
R, HIE(C) BIEC) B (el
L H T T Y T L e T
A (F4h) 29.1 33.0 29.2 80 67 80 0.11 0.15 0.13
B 29.1 33.1 29.0 81 68 80 0.15 0.18 0.18
C 29.0 33.0 29.1 80 67 81 0.12 0.16 0.15
D 29.1 332 29.0 80 67 80 0.14 0.19 0.23
E 292 33.0 289 79 68 81 0.14 0.17 0.15
F 29.0 33.1 29.0 80 69 82 0.09 0.19 0.18
G 29.0 33.0 29.0 81 68 80 0.13 0.20 0.14
H 29.1 33.1 29.1 78 67 80 0.14 0.18 0.11
I 29.0 33.0 292 79 67 80 0.11 0.19 0.18
J 29.0 33.1 29.0 80 68 81 0.15 0.21 0.18
K 30.1 33.5 29.5 71 66 79 0.08 0.09 0.15
99 (1HHERHERS - BISTEREAT - SASILF B« )
EREEERED - MRETHEEER RECZTFRE - £HEAEYRBE T -

Penicillium spp. ~ Aspergillus spp. ~ Acremonium
spp. » Meira spp. ° {EME A > EEWE
Nocardiopsis spp. ~ Agromyces spp. ~ Bacillus
spp. ~ Micrococcus spp. ~ Staphylococcus spp. °
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JEEEAE431+105-843+ 113 CFU/mM Y - #£45
MR B A M A Y RIB IR S 7212 + 54-
1,674+296 CFU/mM’[ - 5% /2 JE4 FE R A %
R BE ) TR R T B A %
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SN R A RIBIREAE], 1451 211-
3,9324536 CFU/m’fY] » BN E EEYRIBILE
11,214+352-6,432+981 CFU/m3F'EEI o IR
B ERAR IR AR BEF P AP I B - AR R
FAEREEBEA NS -

M S » LAWilcoxon Signed Rank test4y
Wi RER - SR A Y RIBIRE 2 =R
SN AV RIB IR (p<0.05, n=99) ; FI|H
Kruskal-Wallis Test4 #7355 A GI/F £ B o Al
FAEVIRBIREE » 45 SRR R S0 I
A 722 F(p>0.05, n=99) ; Fl|AHKruskal-Wallis
Test/3 135 A FI R BE T B AE VI RUIB R I
BRI 72 5 (p>0.05, n=99) » 75 B LLIL
T R 2R b L R R S S AR M RUB &
TARE 25

PAWilcoxon Signed Rank test4H7#i5 5B
T GNEFEBEAVRBREZSREGINE
EAEYRBIEE (p<0.05, n=99) ; F|FKruskal-
Wallis Test347 855N A [FI1FE T B o A B A2 Y)
RIBIRE » #RERP PN EREAEY
RIB B R A AR R B (p<0.05, n=99) ; |
FKruskal-Wallis Test23#745 AN [l #ffs ELE
HAYIRIBIRE - BRI R 22 5 (p<0.05,
n=99) -
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F|H Spearman correlation coefficennt 1757
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6 =S 2 M A YR IR R O A
2 EEFEG AR IR R
PRERRE E(C) HRE"%) JHH (cm/s)
L A M P g M o i M
A 30.0 32.1 29.3 81 83 87 0.13 0.15 0.22
B 30.0 32.1 29.4 81 84 86 0.15 0.16 0.14
C 30.1 322 29.3 82 84 86 0.16 0.16 0.24
D 30.2 323 29.5 81 83 87 0.15 0.18 0.21
E 30.1 32.1 29.4 82 83 87 0.12 0.21 0.13
F 30.1 32.1 29.4 82 83 88 0.11 0.11 0.15
G 29.9 322 29.5 81 85 87 0.13 0.14 0.16
H 30.0 32.0 294 81 83 87 0.13 0.15 0.22
I 30.1 32.1 29.4 81 83 88 0.14 0.16 0.16
J 30.2 32.1 29.3 80 83 88 0.15 0.19 0.14
K (Z4h) 31.1 333 30.1 75 76 85 0.18 0.17 0.19
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EoE RS R A - HE 2Ry Trichoderma
spp. » Penicillium spp. ~» Aspergillus spp. »
Acremonium spp. o {EHIE SR F B3 Bacillus
spp. » Planobacterium spp. ~ Chryseobacterium
spp. ~ Jeotgalicoccus sp. ~ Staphylococcus spp.
Staphylococcus spp. °
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1272209 CFU/m’fH] - e fis B R R
BRESE IR B - S EIR A HBUR IR R AL
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SIS © LAWilcoxon Signed Rank test4y
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TR, |ECC) HE(C) B (el
L G T L o T L i TF
A 29.1 28.0 22.1 60 62 71 0.03 0.05 0.05
B 29.1 28.1 222 61 62 78 0.04 0.04 0.06
C 29.2 282 22.3 60 61 71 0.03 0.03 0.05
D 29.3 28.1 222 62 61 71 0.03 0.04 0.06
E 29.1 28.0 221 60 61 71 0.03 0.05 0.06
F (Z4)) 30.1 30.5 28.8 62 66 68 0.11 0.12 0.12

=54 (OfEFREEE; - EHSEEAR T 20l B op s T



S B Z RS T REBI10459H  BB23653M0 5268-277TH

Penicillium spp. ~ Aspergillus spp. ° fEAHE ALY
SRIBE 7 LB By Bacillus spp. ~ Planobacterium
spp. » Chryseobacterium spp. ~ Jeotgalicoccus
spp. ~ Staphylococcus spp. °

35T 2 A SR 855 I o PR AR it SR B SRR
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GRS » fEE B Trichoderma spp. »
Penicillium spp. ~ Aspergillus spp. ~ Acremonium
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ANBE SR A R AR RERA 22
Aspergillus spp. Ry fRIEE R RRAAY R + B RE
RHTRIE » S IR - 2 - B - P
WK% 5 Penicillium spp. ¥ A e FE QI fESE 25
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spp. Ry —H - H BT SRR H 5 A B R
Hi -

M QI Bacillus spp. ~ Planobacterium
spp. » Chryseobacterium spp. ~ Jeotgalicoccus
spp. ~ Staphylococcus spp. Nocardiopsis spp. »
Agromyces spp. ~ Micrococcus spp. ° H:HBacillus
spp. R AR - BioEsiE - BEXRY
R REANG E & 0 IRACERE - IE NEE M
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RAHLIMAESS 5 Planobacterium spp. Btk
BE &M 5 Chryseobacterium spp. &= EH
J& ; Jeotgalicoccus spp. WEEERRIF IR
Staphylococcus spp. & EKE B » HHA
MG EAE R g5 %R LR
Nocardiopsis spp. Fetitati < INE& » B 5T EfEr
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Abstract

This study aims to investigate the airborne microorganisms and bacteria endotoxins in the
greenhouse, for understanding biological hazards in Taiwan greenhouse. Three greenhouses were
selected as the testing subjects. The bacteria and fungi bioaerosol distributions were sampling by
impactor bioaerosol sampler. The species of bioaerosol samples in the operating workplace were
finally purified, cultured, and further identificated by molecular biology.
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Introduction

Greenhouses are major agricultural facilities
for high-value crops in Taiwan. As they are located
in the interior space, their ventilation is not as
effective as outdoor, resulting in higher moisture
accumulation, while the soil, plant, and water in a
greenhouse also provide a good environment for
the airborne microorganisms to grow. As a result,
bioaerosols are easy to propagate and accumulate
in the greenhouse. These microorganisms can
be spread through such channels as workers, air
ventilation, and irrigation water. Among them,
workers in greenhouses are particularly vulnerable
because they are directly exposed to bioaerosols
during their work process. Although there is no
report of hazardous microbial infection case from
greenhouse contacts, considerable attention has
been paid to respiratory symptoms caused by high
microbial exposure in recent years.

Several studies had explored the relationship
between the distribution of bioaerosol concentration
in greenhouses and health effects. Radon et al.
(2002) conducted a study on 37 greenhouses in
Spain and found that the fungi concentration was
8.3x10" CFU/m3, while bacteria concentration was
4.1x10" CFU/m’[1]. Mons (2004) found that in
the sampled greenhouses, the fungi concentration
was 1,700-11,000 CFU/m3, bacteria concentration
was 770-5,200 CFU/m3, and toxin concentration
within bacteria was 0.17- 0.89 EU/m3[2]. Hansen et
al (2010) measured bioaerosols in the greenhouses
for planting tomatoes, in which total bacteria
concentration in the air was 9.6x10°- 3.4x10* CFU/

m’ and the total fungi concentration was 2.6x10" -

279

3.7x10° CFU/m’[3]. Adhikari et al. (2011) found
that in the flower greenhouses, the bacteria and
fungi concentration was between 10°-10° CFU/m3,
and the toxin within bacteriain was between 10" and
10° EU/m’[4].

Research papers on the health of 4,108
workers hired by greenhouses for planting flowers
and food crops showed that they may suffer from
such symptoms as skin itching, asthma, allergic
bronchitis and dermatitis[5]. Researches also
pointed out that 30% of greenhouse workers
suffered from symptoms of respiratory allergies
due to such fungi as Cladosporium, Penicillium,
Aspergillus and Alternaria. Among them, 20%
were found to have suffered from occupational
asthma[2,6]. The US National Institute for
Occupational Safety and Health (NIOSH)
conducted a census on occupational health in 1995
and found that greenhouse workers had the highest
ratio of the upper respiratory tract and the lower
respiratory tract symptoms among all the hired
farm workers|[7].

These papers showed that greenhouses
had quite high bioaerosol concentration and
greenhouse workers suffered from health hazards.
As similar studies are relatively scarce in Taiwan,
this study aims to investigate the bioaerosol
distribution in greenhouses. According to the
pervious investigation, this study would not only
investigate how the bacteria and fungi bioaerosol
concentrations are distributed in the greenhouses
but also identify what major straines are active
in the greenhouses. Moreover, the environmental
characteristics of the greenhouse facilities would

also be conducted for evaluating their effects on
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the bioaerosol distributions..

Methodology

1. Sampling plans for greenhouses

Greenhouses for high-value crops in Taiwan
are commonly of three types, namely the Holland
Venlo type greenhouses, the steel reinforced Ya-
tubed greenhouses and the Ya-tube-reinforced
plastic sheeting greenhouses. All of them have
a basic architecture with a closed environment,
inside which the main factors affecting the
bioaerosol distribution are still temperature,
humidity, wind speed, environmental control
facilities and outside air source. For sake of
representation, three greenhouses in the Holland
Venlo type and the Ya-tube-reinforced plastic
sheeting structure were selected for this study
and all of them are for planting high-value
crops, including orchids and Anoectochilus. The
sampling time was in June 2011.

Sampling methods inside greenhouses were
decided with reference to specifications of the
EPA NIEA E301.11C and NIEA E401.11C. The
sampling height was 80-100 cm above the ground
to simulate the breathing zone of greenhouse
workers (considering that they normally bend down
or sit on chairs when carrying out plant cultivation
and conservation). The locations and the number of
sampling sites were mainly decided based on the
size of working area, work content, and pollution
sources in the operating environment. Moreover,
such indoor micro-environmental conditions at each
sampling site as temperature, humidity, and wind

speed were recorded to facilitate the judgement of
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indoor air pollution sources and the assessments of
human exposure.

Figures 1 to 3 are the plan views of greenhouses
selected for this study. All the three greenhouses
are indoor workplaces, on each of which a triplicate
sampling was conducted in the morning, at noon
and in the afternoon so as to compare the bioaerosol
distributions at different time periods. Each
greenhouse is equipped with such devices as cooling

curtains and exhaust fans.

Exhaust fan

Sampling site | Sampling site E

Sampling site J

Sampling site H Walkway Sampling site D

Sampling site G Sampling site C

Sampling site F Sampling site B

Sampling site K

Water curtain
Sampling site A

Water curtain Entrance

Figure 1 Plan view of Greenhouse 1

Sampling Sampling Sarppling Watér
site H site J site D | curtain
Sampling Sampling
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fan - -
Sampling Sampling
site F site B
Sampling Sampling Sampling
site E site T site A Sampling
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Figure 2 Plan view of Greenhouse 2
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Sampling site E AmpTe ST
Sampling site C
Sampling site B
Office
Sampling site A
Exhaust fan Entrance
Sampling site F

Figure 3 Plan view of greenhouse 3
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2. Sampling of active bioaerosols

The Biostage Simple-stage Vcable Cascade
Impactor (SKC Inc., USA) was used for sampling
in this study. This Impactor has 400 holes
with a pore size of 0.25 mm, which can draw
air by starting the built-in motor powered by
rechargeable batteries. When the air flow direction
is changed, bacteria and fungi are collected onto a
medium at a flow rate of 28.3 L/min. The Impactor
itself can adjust its own air flow before and after
the sampling. The sampling medium is disposable
plastic petri dishes (90mm diameter) on which 27
mL of agar was poured. In this study, two kinds
of agars were used, namely Malt Extract Agar
(MEA) and Trypticase Soy Agar (TSA). The MEA
is an agar recommended by American Conference
of Government Industrial Hygienists (ACGIH)
for most of fungi growth[8-9], while TSA is used
to collect bacteria from the air for culture. Two
samplings were conducted and repeated at each
sampling site, one in the early morning during the
slaughtering time and the other in the morning
after the slaughter (non-slaughtering time). The
samples were put into the incubator for culture.
After pre-test, the sampling time was then set at 30
seconds to avoid collecting incalculable amounts
of bacteria and fung.

The TSA and MEA are prepared by taking
either medium at its standard amount in accordance
with the formula, mixing them uniformly with an
appropriate amount of deionized water, putting them
into the 121°C pressurized autoclave to sterilize for
20 minutes, cooling the sterilized media to 55-60°C,

dispensing 27 ml of either medium to the culture
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dishes (90x15 mm), wait until the media solidify and
then store them into a 4°C refrigerator for future use.
Before the number of colonies is counted,
the TSA bacteria medium must be cultured at
30+1°C for 48+2 hours while the MEA fungi must
be cultured inside an incubator of 25+1° C for 4+1
days. The number of colonies must be adjusted in
accordance with the positive hole conversion table.
Then, put such parameters as the adjusted number
of colonies, sampling flow and sampling time into
the formula below to estimate the air concentration
and then the bioaerosol concentration in the
operating environment of slaughtering greenhouses.
According to the EPA standard methods, the
minimum detection limit is less than 1 CFU as a
basis for estimation. Sampling time of this study is

10 seconds, so the lower limit is <212 CFU/m’.

Concentration (CFU/m3) = Number of colonies
(CFU)/[28.3 (L/min) X t(min) X 10°(m’/L)]

3. Strain identification

This work followed the pervious researches
[10-11] to sample and purify the fungi and bacteria
bioaerosols and then identify their strains by ways
of molecular biology. Therefore, in this study we
first sampled and cultured the bacteria and fungi.
For the bacteria, we separated and purified those
bacteria in the same patterns and then classified
them and then used the Gram staining method to
preliminarily identify their strains by molecular
biology. For fungi, we also firstly separated and
purified those fungi in the same patterns and

then classified them and then purified them by
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sub-colonization and identified their strains by
molecular biology, For strains identification,
bacteria were extracted of DNA for 16S rDNA
comparison, while fungi were extracted of DNA

for 18S rDNA comparison.

4. Detection of environmental characteristics

During the sampling process, we also
monitored the characteristics of the operating
environment by using the anemometer (PROVA
AVM-03 / AVM-01) to measure the wind speeds in
poultry-slaughtering environment, and the Q-trak
(Model 7565, TSI Inc., USA) to measure the
temperature and relative humidity in the operating

environment.

5. Statistical test

In general, the distribution of bioaerosols
is skewed to the right. Therefore, nonparametric
statistics is applied in that the Kruskal-Wallis
Test is used to conduct the statistical significance
analysis for bioaerosol concentration in different
operating areas at different work hours, the
Wilcoxon Signed-Rank Test is used to conduct
the statistical significance analysis for difference
between indoor and outdoor bioaerosols, and the
Spearman correlation coefficient is used to analyze
how environmental conditions would impact the

bioaerosol distribution.

Results and discussions

1. Distribution of bioaerosols in Greenhouse 1

In this study, Greenhouse 1 is for planting

Anoectochilus. Its size is about 4 meters high, 22

meters long, and 10 meters wide. The average
ventilation rate for the operating environment in
Greenhouse 1 is 0.9 I/hr. which is estimated by the
amounts of ventilation generated by the fan whose
wind speed is about 4.5 m/s when it is in operation.
However, the fan is not turned on at a fixed time but
switched on/off by a temperature sensing device.
There were 11 sampling sites in Greenhouse 1.
Sampling site A was located outdoor while the other
10 sampling sites were set indoor.

Figures 4 and 5 are statistics showing the
distribution of bacteria and fungi bioaerosol
concentrations of the 11 sampling sites. Table
1 shows the environmental conditions during
sampling. The results show the bacteria bioaerosol
concentrations at the outdoor sampling site lie
between 254+43 and 495+104 CFU/m’, while the
bacteria bioaerosol concentrations at the indoor
sampling sites lie between 212433 and 1,413+324
CFU/m’, with the highest concentration appearing
at the sampling site D at noon and the lowest
concentration occurring at the sampling site C in
the afternoon. For fungi bioaerosols, the results
show the bacteria bioaerosol concentrations at
the outdoor sampling site lie between 495+201
and 7774211 CFU/m’, while the fungi bioaerosol
concentrations at the indoor sampling sites lie
between 565+143 and 3463365 CFU/m’, with
the highest concentration appearing at sampling
site | in the morning and the lowest concentration
occurring at sampling site E in the afternoon.

Overall, the Wilcoxon Signed Rank test
results showed that indoor bacteria bioaerosol
concentrations was higher than the outdoor

bacteria bioaerosol concentrations (p<0.05,
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n=99). The Kruskal-Wallis Test used to analyze
the indoor bacteria bioaerosol concentrations in
different periods of time showed a result that the
bacteria bioaerosol concentrations in the morning
was higher than the other two periods (p<0.05,
n=99). When the Kruskal-Wallis Test was used
to analyze the bacteria bioaerosol concentrations
at different indoor sampling sites, the results
showed no statistical significance (p>0.05,
n=99). If the bacteria bioaerosol concentrations

at the bedstead planting area was compared

EE moming Bacteria Bioaerosols
[ noon

2500 | g aftemoon

2000 A

1500

1000 -

500 -

Bioaerosol Concentration (CFUIm’)

Sampling Site

Figure 4 Distribution of bacteria bioaerosol
concentrations in Greenhouse 1

time in Greenhouse 1

with that at the exhaust port area, the amount of
bacteria bioaerosols also showed no statistical
significance. The same results were shown in both
the characteristics of overall fungi bioaerosols
and bacteria bioaerosols. When the Spearman
correlation coefficennt was used to analyze the
relevance between the environmental conditions
(Table 2) and bacteria and fungi bioaerosol
concentrations, the result showed no statistical

significance, too.

Table 1 Environmental conditions at sampling
6000
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Figure 5 Distribution of fungi bioaerosol
concentrations in Greenhouse 1

Sampling site Temperature (C) Humidity(%) Wind speed(cm/s)
Morning Noon Afternoon Morning Noon Afternoon Morning Noon Afternoon

A (Outdoor) 29.1 33.0 29.2 80 67 80 0.11 0.15 0.13
B 29.1 33.1 29.0 81 68 80 0.15 0.18 0.18
C 29.0 33.0 29.1 80 67 81 0.12 0.16 0.15
D 29.1 332 29.0 80 67 80 0.14 0.19 0.23
E 29.2 33.0 28.9 79 68 81 0.14 0.17 0.15
F 29.0 33.1 29.0 80 69 82 0.09 0.19 0.18
G 29.0 33.0 29.0 81 68 80 0.13 0.20 0.14
H 29.1 33.1 29.1 78 67 80 0.14 0.18 0.11
I 29.0 33.0 29.2 79 67 80 0.11 0.19 0.18
] 29.0 33.1 29.0 80 68 81 0.15 0.21 0.18
K 30.1 335 29.5 71 66 79 0.08 0.09 0.15

*n=99(11 sampling sites, where 3 environmental factors were measured in the morning, at noon, and in the afternoon, respectively)

In terms of strain identification, the results
showed that fungi were mainly Penicillium spp.,

Aspergillus spp., Acremonium spp., and Meira
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spp. The bacteria were mainly Nocardiopsis spp.,
Agromyces spp., Bacillus spp., Micrococcus spp.,

and Staphylococcus spp..
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2. Distribution of bioaerosols in Greenhouse 2

Greenhouse 2 is for planting orchids. Its size
is about 4.5 meters high, 30 meters long, and 12
meters wide. The average ventilation rate for the
operating environment in Greenhouse 2 is 1.2 I/hr.
which is estimated by the amounts of ventilation
generated by the exhaust fan whose wind speed is
about 6 m/s when it is in operation. However, the
fan is not turned on at a fixed time but switched
on/off by a temperature sensing device. Wind in
the working environment moves from the water
curtain to the exhaust fan. 11 sampling sites were
planned in Greenhouse 2. Sampling site K was
located outdoor while the other 10 sampling sites
were set indoor.

Figures 6 and 7 are statistics showing the
distribution of bacteria and fungi bioaerosol
concentrations of the 11 sampling sites. Table
2 shows the environmental conditions during
sampling. The results show the bacteria bioaerosol
concentrations at the outdoor sampling site lie
between 431105 and 843+113 CFU/m’, while the
bacteria bioaerosol concentrations at the indoor
sampling sites lie between 212+54 and 1,674+296
CFU/m’, with the highest concentration appearing
at the sampling site J in the afternoon and the
lowest concentration occurring at the sampling
site C in the afternoon. For fungi bioaerosols, the
results show the bacteria bioaerosol concentrations
at the outdoor sampling site lie between 1,145+211
and 3,932+536 CFU/m3, while the fungi bioaerosol
concentrations at the indoor sampling sites lie
between 1,214+325 and 6,432+981 CFU/m3, with

the highest concentration appearing at sampling
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site F at noon and the lowest concentration
occurring at sampling site A in the afternoon.

The Wilcoxon Signed Rank test results
showed that indoor bacteria bioaerosol
concentrations was higher than the outdoor
bacteria bioaerosol concentrations (p<0.05, n=99).
The Kruskal-Wallis Test used to analyze the indoor
bacteria bioaerosol concentrations in different
periods of time showed a result that there was no
statistical significance among different periods of
operating time (p>0.05, n=99). When the Kruskal-
Wallis Test was used to analyze the bacteria
bioaerosol concentrations at different indoor
sampling sites, the results showed no statistical
significance (p>0.05, n=99). If the bacteria
bioaerosol concentrations at the bedstead planting
area was compared with that at the exhaust port
area, the amount of bacteria bioaerosols also
showed no statistical significance.

The Wilcoxon Signed Rank test results
showed that indoor fungi bioaerosol concentration
was higher than the outdoor fungi bioaerosol
concentration (p>0.05, n=99). The Kruskal-
Wallis Test used to analyze the indoor fungi
bioaerosol concentrations in different periods of
time showed a result that the fungi bioaerosol
concentration was higher than that at the other two
periods of operating time (p>0.05, n=99). When
the Kruskal-Wallis Test was used to analyze the
fungi bioaerosol concentrations at different indoor
sampling sites, the results showed no statistical
significance (p>0.05, n=99).

When the Spearman correlation coefficennt
was used to analyze the relevance between the

environmental conditions (Table 2) and bacteria
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and fungi bioaerosol concentrations, the result

showed no statistical significance.
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Figure 6 Distribution of bacteria bioaerosol
concentrations in Greenhouse 2
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Figure 7 Distribution of fungi bioaerosol
concentrations in Greenhouse 2

Table 2 Greenhouse 2 Environmental conditions at sampling time

sampling site Temperature(“C) Humidit(%) Wind speed(cm/s)
Morning Noon Afternoon Morning Noon Afternoon Morning Noon Afternoon

A 30.0 32.1 293 81 83 87 0.13 0.15 0.22
B 30.0 32.1 29.4 81 84 86 0.15 0.16 0.14
C 30.1 322 293 82 84 86 0.16 0.16 0.24
D 30.2 323 29.5 81 83 87 0.15 0.18 0.21
E 30.1 32.1 29.4 82 83 87 0.12 0.21 0.13
F 30.1 32.1 29.4 82 83 88 0.11 0.11 0.15
G 29.9 322 29.5 81 85 87 0.13 0.14 0.16
H 30.0 32,0 29.4 81 83 87 0.13 0.15 0.22
I 30.1 32.1 29.4 81 83 88 0.14 0.16 0.16
J 30.2 32.1 293 80 83 88 0.15 0.19 0.14

K (Outdoor) 31.1 333 30.1 75 76 85 0.18 0.17 0.19

*n=99(11 sampling sites, where 3 environmental factors were measured in the morning, at noon and in the afternoon, respectively)

The results showed that fungi were mainly
Trichoderma spp., Penicillium spp., Aspergillus
spp., and Acremonium spp., and the bacteria
mainly contained Bacillus spp., Planobacterium
spp., Chryseobacterium spp., Jeotgalicoccus spp.,
Staphylococcus sp., and Staphylococcus spp..

3. Distribution of bioaerosols in Greenhouse 3

GGreenhouse 3 is used for planting orchids.
Its size is about 4 meters high, 15 meters long, and
10 meters wide. Greenhouse 3 is not ventilated but

air-conditioned throughout the day. Its wind speed
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in the real operating environment is 0.05-0.6 m/s.
Six sampling sites were planned for Greenhouse
3. Sampling site F was located outdoor while the
other sampling sites were set indoor.

Figures 8 and 9 are statistics showing the
distribution of bacteria and fungi bioaerosol
concentrations of the 6 sampling sites. Table 3 shows
the environmental conditions during sampling. The
results show the bacteria bioaerosol concentrations
at the outdoor sampling site lie between 283+54
and 353+21 CFU/m3, while the bacteria bioaerosol

concentrations at the indoor sampling sites lie
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between 28354 and 1,272+209 CFU/m’, with the
highest concentration appearing at the sampling site
E at noon and the lowest concentration occurring at
the sampling site A at noon.

The Wilcoxon Signed Rank test results
showed that there was no statistical significance
between indoor and outdoor bacteria bioaerosol
concentrations (p>0.05, n=54). The Kruskal-Wallis
Test used to analyze the indoor bacteria bioaerosol
concentrations in different periods of working
time showed a result that there was no statistical
significance among the bacteria bioaerosol
concentrations in different periods (p>0.05, n=54);
When the Kruskal-Wallis Test was used to analyze
the bacteria bioaerosol concentrations at different
indoor sampling sites, the results showed no
statistical significance (p>0.05, n=54)

In Greenhouse 3, the fungi bioaerosol
concentrations at the outdoor sampling sites lie
between 1,0324231-1,564+325 CFU/m3, while the
fungi bioaerosol concentrations at the indoor sampling
sites lie between 1,019+201-2,987+312 CFU/m’, with
the highest concentration appearing at sampling site B

in the afternoon and the lowest concentration occurring
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Figure 8 Distribution of bacteria bioaerosol
concentrations in Greenhouse 3
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at sampling site C in the morning,

The Wilcoxon Signed Rank test results showed
that indoor fungi bioaerosol concentration was higher
than the outdoor fungi bioaerosol concentration
(»<0.05, n=54). The Kruskal-Wallis Test used to
analyze indoor fungi bioaerosol concentrations at
different periods of operating time showed a result
that the number of fungi bioaerosols at noon was
significantly higher than that at the other two periods
(p<0.05, n=54). When the Kruskal-Wallis Test was
used to analyze the fungi bioaerosol concentrations at
different indoor sampling sites, the results showed no
statistical significance (p>0.05 n=54).

When the Spearman correlation coefficennt
was used to analyze the relevance between
environmental conditions (as shown in Table 3) and
the bacteria and fungi bioaerosol concentrations, the
results showed that there was moderate correlation
(correlation coefficient r = 0.412, p<0.05)
between relative humidity and fungi bioaerosol
concentrations, but the correlation analysis between
the other environmental factors and the bacteria and

fungi bioaerosols showed no statistical significance.
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Figure 9 Distribution of fungi bioaerosol
concentrations in Greenhouse 3
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Table 3 Environmental conditions at sampling time in Greenhouse 3

sampling site Temperature(“C) Humidity(%) Wind speed(cm/s)
Morning Noon Afternoon Morning Noon Afternoon Morning Noon Afternoon
A 29.1 28.0 22.1 60 62 77 0.03 0.05 0.05
B 29.1 28.1 222 61 62 78 0.04 0.04 0.06
C 29.2 28.2 223 60 61 77 0.03 0.03 0.05
D 29.3 28.1 222 62 61 77 0.03 0.04 0.06
E 29.1 28.0 22.1 60 61 77 0.03 0.05 0.06
F (Outdoor) 30.1 30.5 28.8 62 66 68 0.11 0.12 0.12

*n=54(6 sampling sites, where 3 environmental factors were measured in the morning, at noon and in the afternoon, respectively)

The results of strain identification showed that
the fungi bioaerosols were mainly Penicillium spp.
and Aspergillus spp. while the bacteria bioaerosols
were mainly Bacillus spp., Planobacterium spp.,
Chryseobacterium spp., Jeotgalicoccus spp., and
Staphylococcus spp..

When the sampling results from the 3
greenhouses in Taiwan were compared with
the results from foreign research papers[2-4], it
was found that the bacteria and fungi bioaerosol
concentrations in Taiwan’s greenhouses were lower
than those shown in research papers from foreign
countries. Major species Penicillium spp. and
Aspergillus spp. were found in both foreign research
papers[2,6] and this study. The fungi bioaerosol
concentration in greenhouses 2 and 3 where orchids
are planted was significantly higher than that in
Greenhouse 1, where Anoectochilus is planted.
When the impacts of environmental factors were
analyzed, the results from the 3 greenhouses showed
that only the relative humidity appeared moderately
correlated to the fungi bioaerosol concentrations,
indicating that high relative humidity may affect the
bioaerosol concentration.

In terms of straines, fungi include Trichoderma
spp., Penicillium spp., Aspergillus spp., Acremonium
spp., and Meira spp. Among them, Trichoderma

spp. has not been reported to impact human health
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by any research papers. Aspergillus spp., which is
genus of allergic Aspergillus disease, may cause
opportunistic infections, with such symptoms as
fever, cough, chest pain, and dyspnea. Penicillium
spp. has no significant impact on human health.
Acremonium spp. is an opportunistic pathogens.
Meira spp. is a kind of mold that has not been
reported by any literature to impact human health.
Bacteria include Bacillus spp., Planobacterium
spp., Chryseobacterium spp., Jeotgalicoccus spp.,
Staphylococcus spp. Nocardiopsis spp., Agromyces
spp., Micrococcus spp. Among them, Bacillus spp.
is Bacillus, some of which can cause gastroenteritis,
eye infections, and intravascular catheter-related
sepsis. Planobacterium spp. is rod-shaped bacteria.
Chryseobacterium spp. is chryseobacterium;
Jeotgalicoccus spp. is Natronococcus; Staphylococcus
spp. can often cause inflammation and septic
to humans through wound infection. Some of
Nocardiopsis spp. can cause lung infection or
subcutaneous swelling pus. Agromyces spp. is a genus
of Actinomyces, which has not been reported by any
literature to affect human health. Micrococcus spp. is
a Micrococcus genus, which has not been reported by

any literature to affect human health.

4. Conclusion

In the greenhouses, the highest average bacteria
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bioaerosol concentrations was in the range of
1,674+296 CFU/m’, and the highest average fungi
bioaerosols concentration was about 6,432+981 CFU/
m’. The results showed that fungi bioaerosols were
Trichoderma spp., Penicillium spp., Aspergillus spp.,
Acremonium spp., and Meira spp., while bacteria
bioaerosols were Bacillus spp., Planobacterium
spp., Chryseobacterium spp., Jeotgalicoccus spp.,
Staphylococcus spp., Nocardiopsis spp., Agromyces
spp., and Micrococcus spp. On the whole, this study
has found that domestic greenhouses have a lower
bacteria and fungi bioaerosol concentration than the
value reported by foreign research papers and straines
of consistent characteristics. The results of sampling
analysis showed that under the current ventilation
conditions, each sampling site had high bioaerosol
concentration, showing that ventilation must be
increased to reduce bacteria and fungi bioaerosol

concentrations to improve the working environment.

Acknowledgements

Thanks to Institute of Occupational Safety
and Health, Occupational Hygiene Division,
Ministry of Labor, for financial assistance to this
study (IOSH100-H314).

References

Radon K, Danuser B, Iversen M, Monso E,
Weber C, Hartung J, Donham KJ, Palmgren

[1]

U, Nowak D. Air contaminants in different
European farming environments. Annals of
Agricultural and Environmental Medicine
2002; 9: 41-8.

Mons E. Occupational asthma in greenhouse

(2]

workers. Current opinion in pulmonary

288

[3]

[4]

[5]

[6]

[7]

(8]

(9]

medicine 2004; 10: 147-50.

Hansen VM, Winding A, Madsen AM.
Exposure to bioaerosols during the growth
season of tomatoes in an organic greenhouse
using Supresivit (Trichoderma harzianum)
and Mycostop (Streptomyces griseoviridis).
Applied and environmental microbiology
2010; 76: 5874-81.

Adhikari A, Gupta J, Wilkins JR, Olds RL,
Indugula R, Cho KJ, Li C, Yermakov M.
Airborne microorganisms, endotoxin, and
(1—-3)-B-D-glucan exposure in greenhouses
and assessment of respiratory symptoms
among workers. Annals of occupational
hygiene 2011; 55: 272-85.

[lling HPA. Is working in greenhouses
healthy? Evidence concerning the toxic
risks that might affect greenhouse workers.
Occupational medicine 1997;47: 281-93.
Mons6 E, Magarolas R, Badorrey I, Radon
K, Nowak D, Morera J. Occupational asthma
in greenhouse flower and ornamental plant
growers. American journal of respiratory and
critical care medicine 2002; 165: 954-60.
Wilk V, Holden R. New Directions in the
Surveillance of Hired Farm Worker Health
and Occupational Safety. Cincinnati, OH:
National Institute for Occupational Safety
and Health; 1999.

Thorne PS, Kiekhaefer MS, Whitten P,
Donham KJ. Comparison of bioaerosol
sampling methods in barns housing swine.
Applied and environmental microbiology
1992; 58: 2543-51.

Macher JM, Chatigny MA, Burge HA.



The Characteristics of Bacteria and Fungi Bioaerosols Distribution in Taiwan Greenhouses

Air sampling instruments for evaluation of
atmospheric contaminants: Sampling airborne
microorganisms and aeroallergens. ACGIH
1995, Cincinnati, Ohio. 589-617.

Acinas SG, Sarma-Rupavtarm R, Klepac-Ceraj
V, Polz MF. PCR-induced sequence artifacts
and bias: insights from comparison of two

16S rRNA clone libraries constructed from

289

[11]

the same sample. Applied and Environmental
Microbiology 2005; 71: 8966-9.

Chandler DP. Redefining relativity: quantitative
PCR at low template concentrations for
industrial and environmental microbiology.
Journal of Industrial Microbiology and
Biotechnology 1998; 21: 128-40.



