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Abstract

This study aims to examine airborne fungi and bacteria in mushroom, swine and poultry
farms located in Warin Chamrab, Ubon Ratchathani. Air samples were collected with NIOSH method
0800 BIOAEROSOL SAMPLING (indoor air). The results showed that the maximum fungi concentration
in mushroom, swine and poultry farms were 2,938.75, 2,575.58, and 2,245.78 CFU/m?’, respectively.
The maximum bacteria concentrations were 4,570.08, 2,524.54, and 14,813.51 CFU/m’, respectively.
The maximum concentrations of bacteria found in mushroom and swine farms were not more than
the suggested level from IRSST (Occupational Health and Safety Research Institute Robert Sauvé)
which was 10,000 CFU/m” in the air for 8-hour working day. However, in the poultry farm, the
maximum bacteria concentration was above the suggested level and this might affect the workers’
health. In addition, the isolated fungi and bacteria from the air samples were identified. In
mushroom farm, there were 4 genera of fungi, namely Aspergillus spp., Aspergillus niger, Penicillium
sp. and Rhizopus sp. and 2 genera of bacteria, namely Bacillus sp. and Staphylococcus sp. In the
swine farm, there were 4 genera of fungi, namely Aspergillus spp., Curvularia spp., Penicillium sp.
and Rhizopus sp. and 2 genera of bacteria namely Bacillus sp. and Staphylococcus sp. In poultry
farm, there were 5 genera of fungi, namely Absidia sp., Penicillium sp., Aspergillus niger, Aspergillus
spp. and Fusarium sp. and 2 genera of bacteria, namely Bacillus sp. and Staphylococcus sp. These
were associated with respiratory diseases and allergies, especially (such as Penicillium sp. and
Aspereillus spp.) in people with hypersensitivity or patients. These might cause asthma, cough, and
wheezing. Moreover, exposure to airborne fungi and bacteria at high concentrations might result in

reducing lung capacity. The results of this study could be used as a guideline to improve the air
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quality in the farms. Therefore, monitoring the indoor air quality was suggested to control the

number of fungi and bacteria in the farmhouses or agricultural sheds. These would be the way to

prevent harm and reduce the cause of illness for workers who expose to airborne fungi and bacteria.
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Figure 1 Mushroom farm layout
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Figure 2 Swine farm layout (example of swine

farm 5)

outdoor

e

AT

*
|

iinmiaeta
Uszgmas ven
syuunuleun (Cooling pad)

Waaugaa N

Figure 3 Poultry farm layout
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Table 1 Airborne fungi and bacteria concentration in mushroom farms

Airborne fungi (CFU/m”) Airborne bacteria (CFU/m”)
Sampling areas

Morning | Afternoon Evening Morning | Afternoon Evening
Mushroom farms 1 1,177.86 1,551.83 930.51 512.37 1,283.86 868.67
Mushroom farms 2 | 2,717.90 2,511.78 | 1,622.50 | 1,139.58 3,836.87 | 2,449.94
Mushroom farms 3 | 2,608.95 1,696.11 | 1,118.96 315.08 1,283.86 | 1,136.63
Mushroom farms 4 | 2,938.75 2,838.63 | 2,579.51 | 1,236.75 3,580.68 | 4,570.08
House 1,248.53 1,036.51 977.62 524.15 541.81 541.81
Outdoor 1,919.91 1,425.21 | 1,967.02 954.06 1,849.23 930.51
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Table 2 Airborne fungi and bacteria concentration in swine farms

Airborne fungi (CFU/m”) Airborne bacteria (CFU/m”)

Sampling areas
Morning Afternoon Morning Afternoon
Swine farms 1 357.28 2,575.58 2,414.61 2,469.57
Swine farms 2 416.18 2,010.21 2,524.54 1,762.86
Swine farms 3 467.22 1,067.92 1,609.74 15.70
Swine farms 4 208.09 514.33 219.87 15.70
Swine farms 5 2,516.69 2,316.45 1,649.00 66.75
Outdoor 647.82 730.27 482.92 341.58
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Table 3 Airborne fungi and bacteria concentration in poultry farm

Sampling areas Airborne fungi (CFU/m’) Airborne bacteria (CFU/m?)
Poultry #1 1,970.95 14,813.51
Poultry #2 2,103.13 11,931.68
Poultry #3 2,245.78 11,574.40
Poultry #4 1,429.13 11,546.92
Poultry #5 1,761.55 3,886.93
Outdoor 1,700.04 1,668.63
Bacteria on tryptic soy agar plate Fungi on malt extract agar plate

—

Colonies of airborne fungi and bacteria in poultry farms

Figure 4 Colonies of airborne fungi and bacteria

3.3 nan1snsrintulsadesdndtn (n) dnidn (In) Fadulsaudeuvunlng 1 15useu
nsiiudlegeinimiiedasizrint  wuageasiedalulsaseudu 5 9a wuidsunw

v ¥ a a d’l v ¥ a a dy v 6
AMUTUTUVDIS WAz BUATIS 8lua AUl sIa e AMULTUTUTT wazkuaiseluainAlulsafesdn?
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tushroom farms had 2 genera of airborne bacteria: Bacillus sp. and Staphylococcus sp.

(a) Bacillus sp. (b) Staphylococcus sp.

Mushroom farms had 4 genera of airborne fungi: Aspereitlus spp., Aspergillus niger, Penicitlium sp.
and Rhizopus sp.

(c} Aspergillus spp. on agar plate Aspergillus spp. by microscope

- Poultry farms had 2 genera of airborne bacteria: Bacillus sp. and Staphylococcus sp.

(d) Aspergillus niger on agar plate Aspergillus niger by microscope

(a) Bacillus sp. (b) Staphylococcus sp.
Poultry farms had 5 genera of airborne fungi: Absidia sp., Penicillium sp., Aspergitlus niger,
Aspergillus spp. and Fusarium sp.

(e) Penicillium sp. on agar plate Penicillium sp. by microscope
Lk

- (c) Absidiia sp. on agar plate Absidia sp. by microscope

(f) Rhizopus sp. on agar plate Rhizopus sp. by microscope

The genera of airborne fungi and bacteria in mushroom farms

(d) Penicitlium sp. on agar plate

Penicillium sp. by microscope
Swine farms had 2 genera of airborne bacteria: Bacillus sp. and Staphylococcus sp.

o {e) Aspergilius niger on agar plate Aspergillus niger by microscope
(a) Bacillus sp. () Staphylococcus sp. >

Swine farms had 4 genera of airborne fungi: Aspergillus spp., Curvuloria spp., Penicillium sp. and
Rhizopus sp.
_
{f) Aspersgilius spp. on agar plate Aspergillus spp. by microscope

(c) Aspergillus spp. on agar plate Aspergillus spp. by microscope i . -
. - {f) Fusarium sp. on agar plate

Fusarium sp. by microscope

The genera of airborne fungi and bacteria in Poultry farms

(d) Curvularia spp. on agar plate Curvularia spp. by microscope
-

(e} Penicillium sp. on agar plate Penicillium sp. by microscope

(f) Rhizopus sp. on agar plate Rhizopus sp. by microscope

The genera of airborne fungi and bacteria in swine farms

Figure 5 The genera of airborne fungi and bacteria
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wululsadssdnidn () miiinudl 5 anewus Téun
Absidia sp., Penicillium sp., Aspersillus niger,
Aspergillus spp. g Fusarium sp. @1ULUATLSY
fiwud 2 aneiug laun Bacillus sp. uag Staphy-
lococcus sp.

3.4 397150d

MUY IRSST (Occupational Health

and Safety Research Institute Robert Sauvé) [7]

(%

FaduaudidesnuendroundisvesUssimauauin
Tiuuzdniatun1sideii sananuid vese
4U01MLazANURDANEYRIAUNY Tngkugtind
UFuauqAunTd (microorganism concentration)
wazUTNIUAIINLT LT UVBILUATILT & (total
bacteria) lususuinensnssuty faslyifu
10,000 CFU/m’ Tue1n1e (naenseegiiannig
e 8 Falug) Fsmansanwiadeidulngenlsl
Aumuusi wiAivSinadige Sso1edmansznu

Aagunnla waznuiUSunauenuntuluaiie

1636

Tuonialulsud sadnidn (In) wuid 4 90
A37930 Viﬁﬁi’lqdﬂ’j’lmﬁ'n,l,uzﬁw Toun ﬁ;mﬁ 1,23
way 4 ﬁU%mmﬂmwﬁwﬁuLa?{aqaqm 14,813.51,
11,931.68, 11,574.40 hay 11,546.92 CFU/ m’
AIUAIAU

AsLAufeg19IN1ALR 03LAS B
ANt LaskuaiseluanAlulsuSou
gL wuduSuiaadudugegn fe
2,938.75 Whay 4,570.08 CFU/m? USuaumanausty
Auialufianade 0.53 mg/m’ 1ny Tarigan Laz
Aty [8] Anwin1sdunasnazessassdininly
mmmazmaﬂwmwfaqsumwmaﬁsg’ﬁ'ﬁwmuiu

3

Wsuiauazrsuugndnludsewmaldviuy wudd
msduiatuidesazossassluenafiisunmi
gty dnavilfanssnamnisviauresenlug
Usgnauo1¥nanas 39alsiin1sdesiudunsny

¥
[ |

dmiuusznouedniiiinisdudatoavesians
Fannlueniene
YSunuanududuresniasiuaiiisy
Tuernalulsadssans wuiUsiuanududy
geaney A9 2,575.58 way 2,524.54 CFU/m’
Usnaeanduduialuiiaiads 0.53 meg/m® 8
asuladusinaaunuluisunylasunsduda
Usnarnudududuiissdniios wil3unamiiy
dudusuanidouuaisluonmaiusinuis
aonAdaeiuIuideves Sowiak uazanz [9] 7

S

ANwINISUSEIUNSTUR ALY 088009808 T 10N

vosfUszneueInlurhiumylnoionzduvidi
Wudumnsreluenniavesuseimalduaud tneiiu
GTaasmmmmiuﬁuﬁmi‘mgawg 14 W15y wudn
Usnaenanduduiuily fe 1.76 mg/m? udl
anunsamelatly (respirable dust) 0.23 mg/m’

LAY USUIUA UL T U T UVDITTLAT W UATILS 8 U
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91NALRAY 2.71x 10° wag 3.42x 10° CFU/m’ wé
USUNUANUT LIRS Az wUATILS luannaAdl
aeiu oradunsigan mgang dvesuszime

TUnaunwazUsenalnetuiianuanaaiy wsay

(%

N3 Wa

o

WU

Wadnwazi uil veslsad vasnafudn
nsfnuwlufiufivhsuanswassnsameiugans
reliAnAudsssierusenevendn fajudedy
ipsnstesiusunsiednyanalnglanizgiids
dusunistesiuluszuumadumela
USUIUANUTNT UYL aE L UATILSY
Tuomalulsadesdnidn () wuindsuanny
L‘ﬁuﬁuqaqmagﬁﬂizmm 2,245.78 way 14,813.51
CFU/m® &3 Crook wazmaiy [10] Anwinisdusa
Aud uiavazeotassdinnlunisudnidn la

N 6l

osunelinqduvsendudiuniwesiuimuludni
Un envliinernisuimadumela sautiena
ilAnlsaneviinuazlsanasnaudnauiods
wazalasududannududuvesaUas ol
mmﬁﬁﬁmmﬁm%’uqaLﬂuﬁsammmm‘%asgﬂ 9
Tuvaanfi gusgneuednldviauluanin
wndonfitacudoumani wudenaLduanng i
lfaussanmnsvhnureenanaaios o au
Anensaing q sessvuumaiumelatu wu T
voudia lsagdun 1savanrasyiul (farmer’s
lung disease)
msivendailldimsiaiinvessuar
wuaidefinululsadoumedin sadinud 4 ane
WU ﬁ: lawn Aspergillus spp., Aspersillus niger,
Penicillium sp. Wwag Rhizopus sp. wuaiiefiny
I 2 arewug lawn Bacillus sp. wag Staphylo-
coccus sp. finvlulsauFoudosans sifinud 4
anewug Laun Aspersillus spp., Curvularia spp.,

Penicillium sp. way Rhizopus sp. WUATILIBTINU

1637

1 2 anewus bawn Bacillus sp. wag Staphylo-
coccus sp. lulsadesdniUn () iinudl 5 ane
Wug lewn Absidia sp., Penicillium sp., Aspergillus
niger, Aspergillus spp. W& % Fusarium sp.
wuafiSefinud 2 aneiug Lawn Bacillus sp. wag
Staphylococcus sp. SilemAdefildosusiade
fing 9 waninianuduiugiulsassuumaiy
mela Tsandust Tnslanizetedlsaneviia
swiwuaiiseiinnuduiusilmindunstuse
syuumaiumelane 1w

Lee uaw Liao [11] liAudayaruing
TuenAuazaundudiuvessilaeld two-stage
bio-aerosol cyclone personal sampler ﬁ'UQﬂf:]”N
Tursugnalne Wrsuans Wisudaidn wasviisy
wia dhdegafifudeyalduiiiasizinisi
annsanzEesld (culturable fungi) aleduess
(fungal spore) 573143 (viable fungi) way (1—3)-
B-D-glucan nunAnadsandutuiien 1.9 x 10°
- 1.5x10" CFU/m’, 3.2x10° - 1.3x 10% spores/
m> 1.3x10° - 5.1x10 spores/m’, 4.3x 10 -
2.4x10° pg/m’ pua1nu lawnisdudasilu
omavesaueulugy Wesunsiavildiin
Tsavaludsaenuluvinduans vinfudain vy
T171ne wazTuin Ho gl 25-35 sarn
waod wazAuAUELING 43-78 %RH Feszy
Fazrldsnasaivlaldd wazrhsuiianuin
ANULINTUGIgAv0ITMN YT Av Aspersillus/
Penicillium, Cladosporium W& g ascospore WU
Turhsununsiaonun 39 Aspergillus / Penicillium
agfinunnnlursuans Wisudnidn uazrisuie
\Fewmaidmuduiusiuinnsulsassuunaiu
mefla Tsngiiud Inslanzegrsbslsaveuiin uas

dewansenusieaunnlauriu
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alguened uazany (2559) [12] Anwn
USuraaues ve331 Aspersillus spp., Clado-
sporium spp. kag Penicillium spp. Fnuli LA
Isaneurinegeldnenmludniseueiy 10-15 U
Nan13ANBINUIIUTINAYeIsIRe 3 viln Tng
BsliieTeufumeoegain Medki Wisuiiiey
lulmazessvulaziaazlsaiou wuinlufinim
wanenafy wiiileSeuiisuusinasluusias fu

Januwansneaiun1sadflagldn1simsizviaing

‘=|

N

[

AUU

v
b

WUTUTIUNIA LD gd1Agy 0.05 NANS

3

FA51ERUS UG 3 ¥He nuInlsaSeu A, B
way C fUSinasueds + mﬂmmﬂ?{aummgm
9 8.11+0.99, 7.28+1.09 Wag 7.03+1.43 CFU/m’
mud iy dniseuiifionisveslsaneuiinuazegi
T5958u A, B uay C AnduSosay 1.8, 1.9 uay 1.1
AudFU uenandifmnuduiugssrinasine
sinelsawazsuutnssuidonnisvedsaneu
ﬁmmza&ﬁim%u (r=0.75, p<0.05) L@AII
Usuasanelspenaduiladeid il dniiliiie
ansvedlsaveuitalutineu nansiseiienald
dunwmsusuupqunmenialuieaseu lag
TS lusiniranas 3901908001013
ypalsaveuiinlutniauls

Reponen wazAmy [13] wuitalosues
31 Aspersgillus, Cladosporium Wag Penicillium
\Judsnszdulivsznsiionnisveslsaneuiia
sty 36-68 % FadluenasiiusinuaUasves
sumaniiuduaznuuszansiiiulsaneuiia
s uge

wifuase [14] namisfiduaiivly
9113 AD Asperillus, Penicillium waz Wellemia
sebi Tnpsmaniiannsaiulnlusmsiivssneu

A8UINNAUTUIUG Y LATAN1IZLIAG DUNY

1638

Msineas dadednsmand fanuduiusiulse
Uanlutnwasns uonaindusiiiunannaniag
wandoudnsuen wWeowuilueiaisaneniading
W1 iRaausneAuLasdn’ wiodwesiitign
11 1wy fls! Aufidesiuld ewns Tagshs 4 o
wuftudsiideatuayuliiaigld Tvdafuiud
Tasdvlaldfninaindu o viedimusgluiiusi
waslad Semuldunn TnesdnuazUSunavessi
M33ANUEANAUIUAINY IR IUAZE A N1EN
answavegiiennialan dwmsulueians 51907
WULAR18AAINY lawn Alternaria, Aspergillus,
Cephalosporium,  Curvularia,  Epicoccum,
Fusarium, Helminthosporium, Hormodendrum,
Mucor,  Penicillium, Phoma, Pullularia,
Rhizopus way Stemphylium lags1 Penicillium
way Aspergillus \ilenuiifguamudausslésuns
fifufui

q

Fuiazdinaduusdld (esaniy
Wannau esussaminulusssumivhllee
lifedunsey uwaursauazdninlilAneIn1sne
amzgitlafu fdendingiiud vielugeeiar
% nmaneu #n lo melafideaiia foinsiadas
W33l [15] AnwvdauazUSunaues
wuafiseluenianeluduiudoveann Tun
WAUNAUASYRULAY TIUTAvaULAY lagLAy
#1081901n1AFI81A3 04ile Andersen Impactor
Feswuwueiise 2 ngu Ao nauinuludswindends
d@1u150n0lsa e wn Enterobacteriaceae way
Staphylococcus spp. , Streptococus spp. ,
Micrococcus spp., Bacillus spp. LLaixﬂdu‘ﬁWUM
Fanndond uduideanslonta laud Pseudo-
monas spp. uaamnﬁé’ﬂﬁa%maLﬁmﬁmdwmju
vosnuaiSodlngfinuannsdnuiidungy

'
o a

18

o
o

wuASefinalsanazidudiausednau wasdule
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lunguiaiglonialudUigniisraniegauune Loy

Unfornaldleyuna i wunyausanisias yues

' v
= o

Auvsd uigduvsdinvegluomeadiulvgjiuay
waniu th #y wardn gaunidluennadivane
gilataf L ldiAalsauaz ity ldiinlsn Wy
WUAN LS8 Staphylococcus spp., Streptococus
spp. kag Bacillus spp. wuldlauslueinie Foay
winladwuafisefiauduiusvinliiinsunsie
doszuumaAumela esanlunguuuaiiize
Gram-negative bacteria 938n1585198157R 84
\Ju lipopolysaccharide (LPS) 1 utfadedvinls
alsAlonaINN1TUsZNaURNTN Tnalaniz Ui
AfinnsazanvesiiviliiAnd uazeesdania 1wy

Lsavieuiaiililygiun

4. a3d
YSunamnududugegavessiulsniou
wzie Tsadeeans uaglsudvednidn Ae
2,938.75, 2,575.58 wag 2,245.78 CFU/m’ n1y
810U USU1auAnudugeanvetLuaiise Ao
4,570.08, 2,524.54 Lay 14,813.51 CFU/m’ Ay

'
o o =

a1 Fedrulng liiAuanuziiaududuue
wuad L3 8lusua 1ULNYAINIIUAIA IRSST
( Occupational Health and Safety Research
Institute Robert Sauvé) A 10,000 CFU/m’ Tu
91177 MABATEELLIAINISINY 8 F3lua Bniiu
Usnamnuitudunuaiiielusnageaadingly
Tsadsednidn () Hrngedie 14,813.51 CFU/m’
FeonadsnanszvusefuiuRcnuld dnvazves
colony LaEAITIATIERIRAVDITILALUUATILSY
uandldazuil 4 uas 5

s

9

q

Tsa3aumnzinnusiluainiea 4 arewy

laun Aspergillus spp., Aspergillus niger, Penicil-

1639

lium sp. wag Rhizopus sp. wumilisyluainiall 2
maﬁuﬁ: laun Bacillus sp. Wag Staphylococcus
sp.

TsuFoudssgnswusiluoinia 4 aneriug
lewn Aspergillus spp., Curvularia spp., Penicil-
lium sp. wag Rhizopus sp. wupitsglusinia 2
maﬁuﬁ: laun Bacillus sp. Wag Staphylococcus
sp.

Tsadosdnidn () wustluenna 5 ae
Wug lawn Absidia sp., Penicillium sp., Aspergil-
lus niger, Aspergillus spp. Wa¥ Fusarium sp.
wuathSeluenie 2 aneug laun Bacillus sp.
uag Staphylococcus sp.

mAteinususUssam W Penicillium
uay Aspergillus SauduiusAulsATEUUNINLAUY
mela lsaniiud Immawwﬂuﬂuﬁqﬁluﬁu RIS
HU28 1991l n1svieu Fia Lo melailideania
nsduiatuswazwuafiiselueiniaiiusua
m’mLsﬁm%uquuﬁmavi’ﬂﬁammmwmsﬁ’mu
YoUonanad TNANIENUABAYNIN TIUTINGUVDS

a a

do g & oA
wupiliseiinelsandududelunduniaselonialy

HUqeAfis1anegoune aunidlueniativaie

'
o o

YRR bVl AalsAwas i vinliAnlsa Ly

WUAYILS Y Staphylococcus spp., Streptococus

P

spp., Bacillus spp. WutauelueIne wuaiiized
AMNFuRusi iR nduns1emassUUNILAY
wela lewnuuafise Gram-negative bacteria
aefin1sadieansiiv daudu Lipopolysaccharide
(LPS) WuiladeiiviliAnlsavenainnisuseney
a3 Tnsanzusnadiinsazauvesiivhliiin
Auazoosdinm 1w lsaveuindilaldndui
a3 98 ealH il uunanisFuss

auntnentAlulseiauliduiuiusuasy



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 9 September 2020

wuaiielusneanas dajugnsinisiinse e
Aunmenalulsadoumngdgn vielsaudoednd
N1991unN1sinens nalwinisssurgennialu
TsaSou iletestusunseuazanavaiinelin
nsiduthedmiugusznevedniifinisduias
wazuwuafiiseluennia saudwinsnisdeeiu
dunsIgduAnalagianizansnslun1sleiu
ssuumadumelave s usznous1Indaiy

SndusdnsBafidedlasunislesiutazaiuny

5. AAANIINUSENIA

3
av

NuITellaAsUugAnyUAINlATINISIdE
uazuinnssuitonievenmaluladguuvuziusin
\WPIBYERANANYINIANE TUBaNREAWTona a1
dlnauANEnITUNITNITEANANYY Usednd
uUsTUIU 2560

YBYOUAM AMAINLD 2IUUNY 131904159
Aesans thuuadw suadiesnsla sunenniud
3 FmINgUaTIUsNT ANEAAT WAIN LI1VeS
TsaSoumziin Yruun §1ne313ut1su Smda
uasweil uazannide yaualon iwedsades
1A sunefiyaiiams fminguasusiil fingan
Tianueyaszianiuiluninfudeyaniside

qunsAnudnsegasinef

6. References

[1] Phanprasit, W., 2000, Indoor Air Quality
Procedure, Health Department, Bangkok.
(in Thai)

[2] Occupational Health Documentation,

Academic Development Center in Eastern

Industrial ~ Zone,

Rayong  Province,

Department of Disease Control, Ministry

of Public Health, Available Source:
http://www.siamsafety.com, November 1,
2014. (in Thai)

Bowonkitti, S., Srisawai, P., Chanvichit, C.,
Health Care Articles and Tips for Good
Health for Sick Buildings Disease, Available
Source: http://www.healthcarethai.com,
October 16, 2015. (in Thai)

Prasert, N., 2011, Entomophthoromycosis
in mushroom farm workers in Muang
district, Ratchaburi  province, Week.
Epidemiol. Surv. Rep. Ratchaburi Province
42: 74-80. (in Thai)

Sowiak, M., Brodka, K., Buczynska, A.,
Cyprowski, M., Kozajda, A. and
Szadkowska-Starnczyk, I, 2012, An
assessment of potential exposure to
bioaerosols among swine farm workers
with particular reference to airborne
microorganisms in the respirable fraction
under various breeding conditions,
Aerobiologia 28: 121-133.

Kang, J.H. and Jo, W.K,, 2006, Workplace
exposure to bicaerosols in pet shops, pet
clinics, and flower gardens, Chemosphere
65: 1755-1761.

Goyer, N. Llavoie, J., Lazure, L. and
Marchand, G., 2001, Bioaerosols in the
Control  and

Workplace  Evaluation

Prevention Guide, IRSST Occupational
Health and Safety Research Institute
Robert Sauvé, Montreal.

Tarigan, Y.G., Chen, R.Y., Lin, H.C., Jung,



i 28 aviuil 9 Auerey 2563

5a15mermansiasinalulad

(12]

C.Y., Kallawicha, K., Chang, T.P., Hung, P.C,,
Chen, C.Y. and Chao, H.J, 2017, Fungal
bioaerosol exposure and its effects on the
health of mushroom and vegetable farm
workers in Taiwan, Aerosol Air Qual. Res.
17: 2064-2075.

Sowiak, M., Brédka, K., Buczyrska, A.,
Cyprowski, M., Kozajda, A., Sobala, W. and
Szadkowska- Stanczyk, 1, 2011, An
assessment of potential exposure to
bioaerosols among swine farm workers
with particular reference to airborne
microorganisms in the respirable fraction
under various breeding conditions, Int. J.
Aerobiol. (DOI: 10.1007/510453-011-9216-
0)

Crook, B., Easterbrook, A. and Stagg, S.,
2008, Exposure to Dust and Bioaerosols in
Poultry Farming, Summary of
Observations and Data, Prepared by the
Health and Safety Laboratory for the
Health and Safety Executive.

Lee, SA. and Liao, CH. 2014, Size-
selective  assessment of agricultural
workers’ personal exposure to airborne
fungi and fungal fragments, Sci. Total
Environ. 466-467: 725-732.

Thongnern, N., Nakkrai, S., Onkom, N. and
C. , 2016, of

Kongcharoen, Spores

1641

Aspergillus  fungi, Cladosporium and
Penicillium induce asthma with potential
in students 10-15 years, Thai Sci. Technol.
J. 24(1): 126-138. (in Thai)

Reponen, T., Lockey, J., Bernstein, DI.,
Vesper, SJ., Levin, L., Hershey, GKK.,
Zheng, Ryan, P., Grinshpun, S.A., Villareal,
M. and Lemasters, G., 2012, Infant origins
of childhood asthma associated with
specific molds, J. Allergy Clin. Immunol.
130: 639-644.

Wutudomlert, M., The Infections and the
Indoor Air Pollution, Available Source:
http://www.pharmacy.mahidol.ac.th/th/k
nowledge/article/116/ Mold - the source
of pollutants in the building, October 16,
2012. (in Thai)

Dechamala, P. and Natapinthu, K., 2015,
Type and airborne bacteria concentration
in the old shop Khon Kaen Municipality,
Khon Kaen, J. Dis. Prevent. Control Office
6 Khon Kaen 24(1): 68-77. (in Thai)
Procop, G.W., Church, D.L, Hall, G.S,
Janda, W.M., Koneman, EW. and
Schreckenberger, P.C., 2017, Koneman's
Color Atlas and Textbook of Diagnostic
Microbiology, Jones & Bartlett Learning,

Burlington, MA., 1830 p.



