SRS BZE
BB —

RARZ
B A

W 3

BRFEEBRELZRPEDERCRER T REFTG

APk AL B R IR T
U—REZER BB L FE R B

4

4
\

N

EvY

RERFEE Fdy 0 BEBRIRRABALRENHIRE » UAMIBIRRYE
THRAN « KARA—ERATREFHAEI AV BRARE  SHRABEREART
RBEEOAYBRMERE FETERRALE  ATRLLIHRERTIRT S ERY
# o Vliﬁ"*’f’*ﬁﬁﬁff:/\ﬁi%ﬁ’fi/‘iéﬁﬁ&%}?i']’ EAa M o

AEHYRATFREFE L T 20U

% &4 & (Andersen sampler) 47 5 3% % = &
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RfE HEH HEB HEE FRE

BREEREEAPNAEERFEEER
FEYERACESRFRE - Eh4YtR
FEEL A RIB (bioaerosols) Z i EEH
E - AFEE  HERMEAER
(endotoxin) - FAEBRAEEMS » FLME R
EF TR HEREBREARBMEERS Wl
HOE B (Aspergillus spp.) R BRI RE ~
S - BB E IR E R (Aspergilosis)
[1,2] » $E8 BRRE (Mycobacterium tubercu-
losis) BffifERL 2 BRAHM > TRAEARE
iR (Legionella pneumophila) B[R] 5| #E
RIAENEHF(3,4] « BT RRMERRN - &£
Vi RBh ] 5 | RER BRI » AEE
4:fiii 8 (hypersensitivity pneumonitis)[5] ~ 18
B K (allergic asthma)[6] ° T RBHH
HEAER T RTRES | EF MR IE » ZHumid-
ifier fever AR ifiThRECSU S BRERUIE 7] - B
BIEEREPNLERRFREL BHEER
BEATERZCEBYERRE - WFEARIEEN
Z B (ethanol) ~ B RIRTFIG A8 AR FFER
(formaldehyde) ~ J+BH A —F X (xylene)
e B E 2 T fd(methyl isobutyl ketone, MIBK)
E o R EBYERERRTFERERT
ERRAERE B ABNSHERELEE
BRIEAR ~ SRR E » ERZE - 58
7~ ELOFE(8] - RENER AT Re S | AR
MR 2 SRR fEE9,10] © M4t » FEEER
Boeslt - B EYBUEYE(11,12,13,14]

AR Z FEBTEEER P RZH
ZAREIB  EITERTEYVHERBLURE
fEES AR CEYERE ST FELEE
FEAXEFEERE R P EY TR A2 M
BERBZEE  BE—PHLERICHETT
45 AR S B R F R 2 e E I RE AT
TE o WMARKECIRBR R TIT 2R TR -

MRIRTSE

RSEVIH S ST B R R e R ERP LT
FRRFAE » THREMMZEREERR
% AR EEEYERE R ERACENEY
BEHsEE ~ JHE - REERBEERE AR
15 R REME B R ESE TR - AT
FEBREETH - EREVHERBEARR
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S ZREEMEE - AEHREYI R ERE
Z - IREBS RO EETEE - ARIE
PESNZZRA ~ S RERIEERE - 55
0~ REFFERAIRG BEEE Y RE
fEERIETFT - FrE ZERHREEEIETR © [
FRlCR AL ~ BB KB RRFIORE
SHEHRES o LB EREE T HE - #
BERCEVEERERME > 2
R~ HEE - ARHREYIR ZE - BAERE
By o M RBSEER AR E BT
BERFIRLEE ~ WG RERZESHERD -
HH B - —HE - REETHRKFRET
BRI - BRER A TEREFRENT

—  EVPHRFTRED

(—) IEEEYR B B RAE R

{5 F — P& 22 R ¥R 52 2% (one-stage Andersen
Culture Sampler)#{TE N RIRE » HALK
£50.25mm > AJUERFTA K120.65 umiIHsks
PRiR 2 ZHE B £528.3 L/min[15] » £RA —H&
BE#EL » Malt Extract Agar(MEA) K Trypticase
Soy Agar (TSA) - EFMEARER TH&EE
R & (American Conference of Government
Industrial Hygienists, ACGIH) £ 5 FIH &
s R E » RERTGHERER6]
MTSARIA LUSUEERE B2 P ZME[17] -

REREEEREE— - — - AR LR
T _EFERT R T - BIAS T MR iR (B R AT -
EERERE - HARBBEEEBRZ
BEEL > REEBKE 2R RZEH
FHHEANLTRB LN E - R THERE
B45~60M R B TR AR 2
BRESERE - FESEELAETRE
FIE51.2-1.5m » PEREERISAE Rt iR 2257
HOERELT - BRIESEREIEIH I EER
Baot > MR ERIRERE LIZ2 388 - LUE
BaE / MIRZER -

REREEEEMARERE DR
# > TSAR30°CTHEE48/ N LEMEHE R
& » TIMEABRIA25°CT 85K PIAFHE
HBE - EEREMEEEEIHTENR
4°CUKFE A ET B & 4 R B(Colony Form-
ing Unit, CFU) » MEA Y& 3EE & BIKIE
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EERIREE > PRCEBREMRER T NI E 738
ERAPFBEFENES » €ffAspergillus
spp. ~ Penicllium spp. ~ Cladosporium spp. *
Alternaria spp. ~ Paecilomyces spp. ~ Curvlar-
ia spp. ~ Fusarium spp. ~ Trichoderma spp./\
JB R Yeast—%H » WG HANRRAFEFHIBRAE
ESnon-sporing molds ° & ECFURIERK
E# » ISBUER IR ISR E A B IR
B4 BUNL T AR(CFUM)RIETEIRE
(Z) MIEREFRRE

HEAER ZZREARERLI0.4umZ
JE#K(polycarbonate filter membrane) B
37mmAJTEAEE 1 (poly-styrene cassette) Wi &
HESKCHGillianBth# {8 A B ERER AR ST -
AR ERS1.5-2.0 Umin » 3REEE1.2-1.5m
fEF— R L YRR ER IS4 ~6
N BERIRER ST LAZ2 A8 - R 24K
AT TR IR W B 2 4°CUKAR
fETF

% Z MK LIT AP buffer KR
2% » BLIAER 2 HTi#E(Kinetic-QCL An-
alyzen) M2 » 1EI 2 BB e A
J$LIKLARE(Kinetic-Limulus-Assay with
Resistant-parallel-line—Estimation)?Xﬁ%?ﬂ‘ﬁ
[18,19] ° bt AEZERHBEIRATZE 1 pg/mL in
buffer » BLARAN IR Z10pg/mL » HBERE
6% » BRI HE% 2 HiE - MARERZUSP
RSE(Reference Standard Endotoxin) #8575
F o

= EBERF R D

(—) Z2F8 ~ FRETIHRE ZFEZREI T

R TER S E G ARSI
E o HERE ZFE(ethanol) - FEETHER
(MIBK) ~ —H ¥ (xylene) =L 2 HEIIT]
FIFIE R E (SKC 226-01, 100mg/50mg)ik
WtiREE - M ERAR ATAC B I = AR HE AL Rl I
LIEFAEHT I / KIGEEF L3471 (GC/FID)
ST FABREE 2R BEIERE S
R EERE T LR - Eoth2/H
IR 4> B £$0.0056 mg/mL ~ 0.0048mg/mL
$0.0119mg/mL °

2 AR DGR E (SKC 226-01,
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RAFEREERPEMTERCEIER T REF

100mg/50mg)fe LUETR BB TR » BRI
EfS40mL/min » FEFEEEREE— -
—~ AR BT EIRFTR T A EI T HHRE RS
(B EREEA T o BB E - PRI S —
N EHBRE RS ER.2-1.5m » FRE
BERE AR TR 2
HEAHE FREEW L AEEE (para-
film) BE A4 CH » BRI R R A U
E(CS2+5% butanol)HEITHEHT » FHIRIFEEYE
I ELRAEITE / KGR Lot
(GC/FID) 5 » M| Al BT EEIBE
[20] °
(Z) gz e

7247 EE (formaldehyde) Z & EFI A
Bruel & KjartHiZ Toxic—gas Monitor Type
13027 2 B BRI R AR AL IR E 1
TR - BEHIRE IR E B30V BRI — K »
BRI TIERAREE R INEE o SRERRTER
B ERIF SR EASRRIEZ » LT
%2 1EHIRR £50.06ppm ©

T

— EYHRERERT

BIELERFLEERE S EREE ~ +
AR R BRI IR E W E —Fr
T ERHEBERESOHESSZ RN
B - FHBERS50.4CFU/M? - HRHIR
SZEN > FHRER25.33CFU/M?® ° &l
EFEBENMEIE R ERNRERS
FIHE B T — By kkEdE > FHBRER
9.9 CFU/M? » HEHZEFIFIRERT
& MESHLBRMAORERS » TR
FEF326.8 CFU/M?® » I ERNTIREERE
U AR ER R EmMEERNEES
Bt 2 (indoor/outdoor; 1/0)E50.29 - 4llE =
Ffi/RAspergillus spp. ~ Penicllium spp. ~ Cla-
dosporium spp. ~ Yeast R EAME BT RITEL9
BRSPS AI LB © Penicllium spp.fit
A SNERENGS9.8% ~ ALEIN45.7%
Bt " E IR HIEB © Aspergitlus spp. i
SN IR EE33.9%  IEZEAILL
Yeast{i A% B15556.1% - AEYFAIE AN
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RiRY HEH HER MEE FHRE

FME  BIUBERR AR T SR E B IREE2.27 ppmix & » HHEI%0.46 ppm
DIpekE iR iR S 31.82 pg/M? » HERIRE RIE(RET) - FERETERPRERFTS8

P - B B EHREY R ZREE48.30 ppb ~ /A
(BRI F38.90 ppb © — FRFRTEITECERFT
M EBUBERERT MEBEABE0.25 ppm » MEHERZRFY
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Rz HEBHE #AEB HiEZ2 FRE

HPNEERATFRNERZRRET A ZE
F|A Toxic—gas Monitor Type 13021 T{EE
RE /U NP RSB R R A AN B 7SR © 72
REEHIRAX — B B EEXE R/ MEFL
BEREE4.76 ppm * Bx{K£2.03 ppm * MM
EAE/VNRF IR B R IR £32.89 ppm » TR
HIEAEAE R N IR B Ak 51 552.89 ppm
W{KE2.36 ppm » EE/ VN ETFINEE
£52.52 ppm > H —HERRBEMBE RS
TE%13.3 ppm ° HEZ THEHREY =
IR RIS - B/ NP IR R = £50. 49
ppmE{KE30.13 ppm » EE/ VNEFE Y
IR £50.33 ppm ©

B

BRIEI R R M 2 oK » BIRE
NIRE R R ENERTE - FiRlHRk
ZE AR ~ MERFERVEIE > IREAIR
B AT RSB E Rt s E
FERI LT EBALEF S - 1£1991FE - Macher8i
Huang#1/ —B#TH A BEER T RE %
MEEZANMEYRSCRIR > ERFERE
A Ze R AT A YRR F 8 B T 3 S BARERY
S > MEAZERPTIFHMERES101 CFU/
M ~ TEENFISRES198 CFUM?[21]
MIE— AV EEBREH R P MY R BT
{EA01996E Sigler FTEMEE T RIS EH L+
A REH B EERTEENRE
BEBH > F—ROFHESED TR EE
B £238-1442 CFU/MAT & T ATEHE

4.760

RRBEHMECZRTRHERENET  H
YR I 37£2200-13931 CFU/M3[22] = 4%
TE1992F Smid FE NG R TR M ER
HEAANERZZHNE TREVENTE
FRRER o TEMERIEREREE R UNRFHIE A
BRENTRBIBES2S ng/M® » MIEE
RETHE T AWM EEL[23] - &
R EERETREYERBEEBMNES © 7
HI1% 2 8 B SR H M SUR R 2 T 91R
1K - MURBARE 2 R BT - R4
BERSNEE > 2 RIHERERR
EZZAM  EHAORS NZHENEB
VB AMBEER o MEHME2 R
TERRARILSY - thrTRe R B — LR SR T
RIE AW BEY &N B SIRENEIR - 75
B EFCIR 5 BB R Y > Bl FEEERIE N
HZRIRRREE RO WA BIEEER A E
YERB 2E - MUREH T —E#5MPE
VBT AR AR - RE TIEMER%
HTEHARIA SR RIS KRR S
BEEYHRBREESVEERRE - &
EEEBMS & £ R @ERAEES -
EANER ZEERT NS ZENEBZE
& o MMAHRTZFERER » Aspergillus
spp. * Penicllium spp. ~ Cladosporium spp. X
Yeast EEINI ML BT ZEAIR - BTLL
RLNERNRETELEENEHBEZES
Kt =R EARE R AR F S LR FIE
IF R E B R A TR - (R ERE
B ERENHAEI1/0)550.291 - BER
ERNREREINRER - (HREAMES * ®

5.000 —— NS
4.000 F 3'1m8 2837 | — 8/NEFEEY
23.000 |
N—
£2.000 | Mg 2267 2.167
1.000 f
0.000 ' | ' ot ' |
1 2 3 4 6 71 8

(hr)

B &4 KEA 7 & (Formaldehyde) 39 R &
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SAVEZEIB AT BRI B T BRI B L]
R > QUETAE SRR B RR B R A (L= &
LG Penicllium spp. ~ 7~NERRHRE BB H
UEHIAspergillus spp. KB ZER Yeast © {HS
EEH IR Aspergillus spp. X Penicllium spp.TE
FERFHELLERENG - BE ZRGRE
TF1E Z VI RE ° MAspergillus spp. X Penicllium
spp. MBI X H % Bt BRI EETR
B H B2 Aspergilosis K BB % (hypersensi-
tivity pneumonitis)Z 34 H R K HAE 5 &
TERE SR 2 W B R P < I E B IR LRI
LAERE -
TELEMRFHE » HRE—REEIEE
BREPCEYENERTR - ERERER
SEEARA R - (HEHBARRERR RS L B3
Bl B T 2F T HERT & —/ N - L 5T 2B HHR
B 2 (EEAET > BUREEARREIG HIR(F
ERRERBMRE - REFEETHR
& o ZF8 - FERTE R _FRAERBIERIT
BB R A EME BT RERIRRES
BIIE51000 ppm ~ 50 ppm & 100 ppm[24] ° T4
RIFFFB L =Y EE EREH 2R E
EREEREIFRE - BALREKER
B R R ERIERR - Fr ARG =EYE
MM FEREN RBEE WA ENEREKR
BEPE - FEPBRAPEEARRER
B8 -~ EEAFG LML - MEEABERf i
B > ok GTEIR @R Rl R R A B 3%
EELT 2 TR - HEBICDC(Center for
Disease Control and Prevention)Fi AThHIfEE
PERZ RN - FERR T §RIBIR -
8 FFE - WIRE LR EEEESN 0 BR—
& & ek I BUE R F(carcinogen) * KESR
TR e & E B &% (nasal cancer) ° thF
IS URBEFRESYBUEY) - MREER
TEEF/VNETYRFREEES]
ppm[24] * FrLART B AR HFAEEA ZRT
gz EFRERAFIRE2~3ME A
EEMREREIRENRBEEREBES T
TREERTRE ZBFFRE2ppm(OSHA
PELs; Occupational Safety and Health Admin-
istration Permissible Exposure Limits)#76.65

{51251 - ATAIMEA ERIER ZBRIEREA
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HRFERETRPEYERCEERTFRETN

BB IEE Vg R E
o BLMFSEBNR 2 2233 SR 2 3R
EEH) PSS FRMAEE - SIS
Be S AL B REIRFFRT N E - AT ALREW
ERAIZERRM -

AFesE R ARE S R R 22 3[R
B BREERBIR P AV R LR RRER
RYMEAEHERE I RBIRE - (BRRAE
HFERT A 2R I T iR Z R - BR T H
BEONE RIS RV T RE R B RIUEREE
TIFHAMRFHFIRERT - ERERBIFR
BEERRIN 2 RBRE -

l%:n: =&

BB A RGNS » HERIEER
BERPRIEFENZREREERELESD
HFRBRE  HBEBREHPIERTEA
BERFEEZYN - EFHEEAER 2
IERERIEZZHEIN - MERTAEZEFALLEM
SERhEERGE - (HIb—FE R A E I &L
ZEE  BEBEEYABRMEEREER
BB FAPERIGEZREFTARE © ALK
WE S ERERAENIRRR 5 - RTEIRMFE L
hnEEhEME (chemical-safety hood) * TEFfH
AlReE R PR R B FOR B E B2 B/E
e tE R RIEER » FRERRERHEINE
B2 EEE - BEEH GRS - 5
N E1REE THZ 2 HIFENMER, & ErE
A FERTE IR EERETISBRE LIEFER
TE VERGIRR I 38 2 DL B g R AR R R AT 1SS

Eo

REHE S A AL E R/ N S B E
B E K218 » RIREHRBOORERE
LIS - i - HEBRKES
FEANRNGERE
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AIRBORNE MICROBIAL AND CHEMICAL EXPOSURE
ASSESSMENT IN A HOSPITAL ENVIRONMENT

Pey-Cuid Wu, Huey-JeN Su, CHIN-FENG Huang,

CHiA-YING LN, CHING-CHANG LEE

The characteristics of a hospital environ-
ment easily potentiate health hazards result-
ing from microbial and chemical air pollution.
This project was conducted to evaluate the air-
borne microbial and chemical concentrations
in a modern hospital environment with cen-
tral air-conditioning.

The bioaerosol exposure was assessed by
sampling viable fungi and bacteria using a single
stage/N6 Andersen impactor with Malt and
Nutrient agar. After incubation and morpho-
logical identification, concentrations of airborne
fungi and bacteria were expressed as CFU/m?
(colony forming units/ m®). Airborne endot-
oxin was collected by filter cassettes connect-
ed with personal pump. Limulus amebocyte
lysate test and KLARE method was applied
for analysis calculation of concentrations. Air-
borne chemical concentrations were examined
according to the SOP(Standard Operating Pro-

cedures) published by the Council of Labor
Affairs, Taiwan, ROC. Ethanol, MIBK, and
xylene were analyzed by GC/FID. Formalde-
hyde was measured by a Bruel & Kjar Toxic
Gas Monitor with data taken every 30 sec-
onds.

The preliminary data analyses showed that
there was no particularly high bioaerosol con-
centrations observed in the modern hospital
environment in this study other than the Wash-
ing Department and the Emergency Room.
Most of the chemical exposure did not appear
to be of concern. However, the formaldehyde
concentration was about 2 to 3 times above
the Permissible Exposure Level (1ppm). Con-
sidering the animal carcinogenicity of formal-
dehyde, special improvement of local ventila-
tion and enforcement of personal respiratory
protection is highly recommended. (Chin J Pub-
lic Health. (Taipei): 1998; 17(2): 93-102)
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