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Abstract

The cross-sectional descriptive study was aimed to assess the quantity of airborne fungi and bacteria in
recycle shops, compare the quantity of airborne fungi and bacteria between inside and outside of recycle shops,
compare the quantity of airborne fungi and bacteria between six recycle shops included in the study, study the
relationship among air temperature, relative humidity, wind speed, the number of workers and the quantity of airborne
fungi and bacteria, and determine health impacts on the workers. The samples included 6 recycle shops
located in Tha Khlong Municipality, Pathum Thani Province, 37 workers of these recycle shops, and 144
air samples collected from the recycle shops. The participants’data were collected using questionnaires. Bio-
aerosol sampling was performed according to the NIOSH Method 0800. Statistical tools used for data anal-
ysis included independent t-test, one-way ANOVA, and Pearson correlation coefficient. The results showed
that the quantity of airborne fungi and bacteria ranged from 367.75 to 509.10 cfu/m® and 355.97 to 747.28
cfu/m”®, respectively. It was also found that 33.33% of the recycle shops had registered the quantity of air-
borne fungi and bacteria exceeding the recommended standard of WHO and ACGIH (<500 cfu/m*). Addi-
tionally, 33.33% and 16.67% of recycle shops had more indoor quantity of airborne fungi and bacteria than
outdoor quantity of the same with statistical significance (p-value<0.05). The recycle shop number 2 reg-
istered higher quantity of airborne bacteria higher than the rest of participating recycle shops with statistical
significance (p-value<0.05). Wind speeds were negatively related to the quantity of airborne fungi (r=-0.56,
p-value<0.001) and bacteria (r=-0.75, p-value<0.01), with statistical significance. Air
temperature was moderately negatively related to the quantity of airborne bacteria (r=-0.44, p-value<0.05)
with statistical significance. Operators of the recycle shops where the quantity of airborne fungi or bacteria
exceeded the recommended standard (500 cfu/m®) had 2 and 1.5 times of skin and gastrointestinal symptoms,
respectively, higher than who work in the recycle shops with quantity of airborne fungi or bacteria not
exceeding the standard limit. Therefore, operators of the recycle shops should provide the efficient ventilation
in their work environment and encourage the workers to wear personal protective equipment (PPE), such as
face masks, long-sleeved shirts, long pants, gloves, and boots to prevent exposure to microorganisms in a

work environment.

Correspondence: Chonlada Palarach E-mail: chonlada.pa@vru.ac.th
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Table 1 Personal and work information in recycle shops (n=37)

Maus U (AN) Sasaz
Hayadnyana
e
e 23 62.16
SN 14 37.84
ag ()
23-33 13 35.13
34-44 14 37.84
45-56 10 27.03
X=38.11, SD=8.74, min-max=23-56
SEAUMIANT
Tdladnwmn 6 16.22
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Usauau 7 18.92
sanUara /e, 2 5.40
aydsuan /e, 1 2.70
F0TUMN
Tan 11 29.73
ansd 23 62.16
wihe/ueniag 3 8.11
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M3l 1 dayadiyanauazdayamumsinnueesluuiudeveai (n=37) (dd)

Table 1 Personal and work information in recycle shops (n=37) (Continue)
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11,432 7 18.92
X=11,432, SD=5,635.90, min-max=9,300-30,000
msguqvﬁ'
litpagu 12 32.43
waguilagtudnua 10 27.03
tagtiudsgu 15 40.54
shsAIshadisiuaanagad
Tpeda 24.32
wedundagiuanud 24.32
ﬂwﬂ'uﬁ'qﬁ'u 19 51.36
HaYAAIUNITINNIY
szaznaIUAaiY (Th1)
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2. UssnandasuasuuaiiGeluame
Usnandanluameashuduiavai
U 6 DU NABEILWIN 367.75-509.10 cfu/m”
Huit 3 ﬁﬂ%uwmt%ammnﬁzgm (509.10 cfu/m®)
wazgedanfuzaumiidongeign (482.54 cfu/m®)

796

Fayalumani 2 dwduidouveiiFeiidssvig
355.97-747.28 cfu/m® $1uil 2 HUSnanda
wuaiEeannilgn (747.28 cfu/m®) uazyadauan
spumidauuaiiGaanniige (526.29 cfu/m®) daya
Tuonsaii 3



Ns@smuaulia Ui 49 atui 4 a.0. - 5.0. 2566

o @ 2 & -
AnadiusnaUSnandanuasuuaiiGaluamauazuansznu
sagumwpasiinauluusudavam

M3 2 MedslTinadenluaimanyadn 9 (mie : lalafidegnunamiuns (cfu/m®))

Table 2 Average amount of fungi in the air at various locations (unit: colonies per cubic meter (cfu/m?))

U maludu MeuanIIu
S wiinow AAUEN a;mﬁ'mﬁu MLHY X (SD) X (SD)

1 3 502.55 557.52 455.44 505.17 (51.09) 369.06 (49.04)
2 3 4217.95 372.98 302.32 367.75 (51.42) 290.53 (29.64)
3 3 506.48 553.22 4417.59 509.10 (62.86) 380.84 (109.44)
4 4 482.92 459.36 435.81 459.36 (19.23) 310.17 (47.60)
5 8 388.69 482.92 243.42 371.68 (98.51) 259.13 (35.34)
6 16 459.36 494.70 294.46 416.18 (87.27) 314.10 (75.73)

X (SD) 459.33 482.54 352.70 320.64 (46.50)

(46.04) (68.12) (93.47)

mM3Nd 3 MwdsinudeuuaiiGeluaimeanyac 9 (mihe : lalaildegnuiadwues (cfu/m®))

Table 3 Average amount of bacteria in the air at various locations (unit: colonies per cubic meter (cfu/m®))

X (SD)

MEUanIIU
X (SD)

355.97 (66.78)
747.28 (109.68)
525.71 (182.69)
477.69 (63.59)
376.61 (50.02)
359.90 (45.50)

310.17 (78.43)
335.68 (77.24)
420.10 (59.28)
380.84 (106.88)
282.69 (82.45)
341.58 (70.67)

P maludu

it wilnaw AOUEN @mﬁ'mﬁu MaLeU
1 3 431.88 306.24 329.80

2 3 844.13 769.53 628.19
3 3 655.67 604.63 316.83

4 4 518.25 510.40 404.40
5 8 420.10 387.78 321.95

6 16 408.32 353.36 318.02
X (SD) 526.29 463.89 373.57

(172.92) (175.82)  (123.01)

345.18 (49.23)

3. MSNAFIUANNUANENTBIMIRABUSIN D
uazuuaiiSaluaimasswinameluwazmeuan
Huduitavaain

it 1 (p<0.05) uazudi 4 (p<0.01) &
donmeluhuginhuenduagiideddyms

806 uaziuh 2 (p<0.01) Hirauuaiisamalusiu

N v @ a

genuenIuedNitEdAYNNEAH dayalums

=

N 4
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M9 4 ANNLARERIMWIUSIN e IwazwuaT e luamastr e lutazmeuenHUSUTaYR LM

Table 4 Differences in the average amounts of fungi and bacteria in the air between inside and outside recycle shops

a5 X SD p-value dauuaiiGe X SD p-value
il 1 Hui 1
TusHu 505.17 51.09 0.025*  lusu 355.97 66.78 0.484
UBNIU 369.06 49.04 uaniu 310.17 78.43
Hudl 2 Hudl 2
TusHu 367.75 51.42 0.169  lusHu 747.28 109.68 0.006**
UBNIU 290.53 29.64 uaniu 335.68 717.24
Hudl 3 il 3
TusHu 509.10 62.86 0.158  lusHu 525.71 182.69 0.395
UBNIIU 380.84 109.44 uaniu 420.10 59.28
Huil 4 il 4
TusHu 459.36 19.23 0.008**  lusu 4717.69 63.59 0.249
UBNIU 310.17 47.60 uaniu 380.84 106.88
il 5 il 5
TusHu 371.68 98.51 0.196  lusHu 376.61 50.02 0.167
UBNIIU 259.13 35.34 uaniu 282.69 82.45
Huil 6 Huil 6
TusHu 416.18 817.27 0.248  lusHu 359.90 45.50 0.725
UBNIU 314.10 75.73 uaniu 341.58 70.67

= v @ ' o aa d o
NHIYLKE PN ﬁmmauwuﬁ"amqﬁuﬂmmy‘mqaﬂm N3¢OU 0.05

o o v o | aw oo W aa d o
RPN umwauwuﬁ‘amwuamﬂmmqanm 320U 0.01

4. mpdauANNKANIaIAREsSInada  wuefiGauansetuathaiitedaumesda (p<0.01)
TuazuuaiiGeluaimassning 6 S Foyalumswd 5 Jnhdayalunasaudieds LsD

HaMsNagaUAMNLANGAWaBUSINa  wuhSnandeuueiiGeludui 2 denuuandi
FanuazuuafiGamelusmeuashuiudossam  nndud 1, 3, 4, 5 uaz 6 pENAUHAYNNTDA
WIN 6 U AI8FDA one-way ANOVA WUl (p<0.05)

Inusueraumediniay 1 @iy HUTinaude

M9 5 ANNLANEBIMWAUSIN MR ILazLLATSEluIMATENNe 6 U

Table 5 Differences in the average amounts of fungi and bacteria in the air between 6 shops

wraaaN s SS MS p-value
Ha FENINNGN 56,774.25 11,354.85 0.169
melunga 71,826.03 5,985.50
T
Hauuaiie FEWITNNGN 341,415.21 68,283.04 0.003*
melunga 116,958.05 9,746.50
T
W  mnai denuduiusadiiedagmeada fiseeiu 0.01
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5. ms‘nmaaummumnsh\maammﬁﬂqmwgﬁ
ANNTUFNINS wazaNNSIansznImeluuas
MEUBNIUSUTaVDILA

NAMSANE WUNANNGIANIANNULANENI
AusenIamMe LUt zMeuanUSUTDY LM BENH
v o, W aa v a
e AYNNEda (p<0.01) dayalumsnn 6

MINH 6 MABNANNUANTNYIMRAEMMAN ANNEUENANS uazanumanszriumeluneszmeuanHusudieyaam

Table 6 Analysis of differences in temperature means, relative humidity and the wind speed between inside and outside the recycle shops

MFIATIBHANNUANAI X SD t p-value

GLITHEY

Tusu 35.93 0.98 -1.180 0.250
UaNIIU 36.79 0.93

AMNBUFINING

Tusu 54.51 0.99 1.100 0.298
UanNIIU 53.62 1.74

ANNSIAN

Tusu 0.23 0.08 -3.197 0.004*
UanNIU 0.35 0.03

(ERETUT] spaneda fenuduiugadhaivedaymeaaa fiszau 0.01

6. ilasuiisiuadausinaniasiuazuuaiiGely
a e

anuEansulSnaEe (r=-0.56,
p-value<0.001) uazuuaiitse (r=-0.75, p-value
<0.01) HANNFNNUST@USEAULIUNLELTEAU

g NNTEHAYNINEDH MINaI0U gunginy

USinauiauuaiss (r=-0.44, p-value<0.05) 3

o

ANNFNNUSIENaUsEaulhunaNatNTitadm A

06 (MINN 7)

M5199 7 Jadefleanudunusaatsunadanuwazuuaiiselusmeaneluwazmeuanaims

Table 7 Factors related to the amount of fungi and bacteria in the air inside and outside the building

IR min-max Usinaudan UsanamuaiiGe
r p r p
RRVHEY 34.21-37.42°C -0.26 0.21 -0.44 0.030*
aaduduing 51.11-57.31% -0.12 0.58 -0.09 0.68
NN 0.10-0.41 m/s -0.56 0.004** -0.75 0.000%**
Fnuwiinnulusu 3-16 AU 0.15 0.49 -0.08 0.73
wname  vangte danuduiusadniiiedagmeaia 326y 0.05

ey Aanuduwusadelitadeaneaie

f52AU 0.01
7

ey Aanudunusadelitaddneade fiszdu 0.001
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7. manssnwiaqmmwmnms%'uﬁ'us'i'aﬁ;aimaz
wuaiiGeluainea
wﬂ'mmﬁmmss:wmqLauww'en“lamnﬁqm
Taua 19 thynlva la w fasas 32.43 5898980
Ao enmamaiaviia Téud dunues iudu Gl
DALFU 5988z 27.03 WALDINTITUUMNLAUDIMNS
Teun eauld sFou Hauds Jowaz 16.22 8
azdoaudaslumsad 8
wirnaufiniulusiuididesinie
LUANEELAUMNNNTFIU (500 cfu/m®) HaIMINN
wWuwala 0.6 1 2IM5MNRIKIN 2 1 wWazaIMS

M7 8 HansenudaguMwraIntnnuluudazHu

Table 8 Impact on the health of employees by shops

MNLAUDINS 1.5 11 ga9winnuninaulusu
= ﬂ‘y = o o T a 1 %
liganvisuuaiieldinuainassiu Taawtinau
lﬂ' I3 k4 o dgl 1 ld'd d%’ = o o
AnulususudeveumniEasviauuaise
NUANNAIFIUY U 9 AU (ud 1, 2 way 3)
Tudhinuiiiianmsmadumela saeas 22.22 M3
PRIV 5089 44.44 LaTDINSNNLOUDINNS
Sp8az 22.22 warwinNuUNHOUluUSUTYea
1 dld dy Gl o o 1T a 1 o
imnldenvsanuaiiGaldiuanassiu Hnu
v A o i o
28 AU (U 4, 5 waz 6) TuswIulioMsn
Wwurela $a8az 35.71 IMINNAIVIN Sa8ay
21.43 WATAIMINNLOIUDINS 588 14.29

HANIENUADFUNIN
U 2 smatiumala 2ININNEIBIUY 2INMINNLAUBINIS
i, i Taid i Taid i Taid
U (%) U (%) U (%) NI (%) PUIU (%) U (%)
1 3 1(33.33) 2 (66.67) 2 (66.67) 1 (33.33) 1 (33.33) 2 (66.67)
2 3 0 (0.00) 3 (100.00) 1(83.33)  2(66.67) 0 (0.00) 3 (100.00)
3 3 1(33.33) 2 (66.67) 1(83.33)  2(66.67) 1 (33.33) 2 (66.67)
4 4 1(25.00) 3 (75.00) 1(25.00) 3 (75.00) 1 (25.00) 3 (75.00)
5 8 2 (25.00) 6 (75.00) 0 (0.00) 8 (100.00) 0 (0.00) 8 (100.00)
6 16 7 (43.75) 9 (56.25) 5(31.25) 11 (68.75) 3(18.75) 13 (81.25)
ERLY 37 12 (32.43) 25(67.57) 10 (27.03) 27 (72.97) 6 (16.22) 31 (83.78)

sl

HaMSANMIASIE WuUSinaudeues
wuaiidameluhuiudoraumiisinasagsswis
367.75-509.10 cfu/m’ Uas 355.97-747.28 cfu/m’
udey Felemipanimsiseirusnlusania
2auwny lasduSunauuaiitsesenine 969.16-
2,157.88 cfu/m*® a1atinandsztanyadaini
Unar uasunasiiinlumsiude swdeannad
maniianuuaneaiy agelsimumsanmade
i wunhuSudereum Jesar 33.33 fUSnaude
INIAUUATHIININATIAININTFIUYDIDIA NS

awnalelan p9ANIUNFUANTNTANANUNIITNM AU
800

Ussnaanizanism uaznaspuaniuaunaaas
Uszinadealudidmual3lithu 500 cfu/m*®”
msdnwilugasiifiuihhuiudevaam
uundsmiiiadanuazuuaiiGe Taeud 1 was
1 fidanmeluhugainhmeuandiu uasHui 2
fidouuaiidameluduginiiuanduadeiite
Homeadd manannmsiiuazanzaammely
Suduszaznannu vennniivsnaiiiianssums
inunndainlifidadunidinnty Taswui
vinaideusnuaumilidauuaiiGagenhaadofu
wazmadiu dasnniduusnaiiifanssuiou
wnnvanenhusoasy ldul mstedaudheuaam
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FINLANIVNALVFBLRWIZUS UMY T e
meluhulifemsmamannmeuanidhgmeluiiu
A a Py o Ao ] a &
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