AR A vlol2elol2E B HHet
(Control of Bioaerosol in Indoor Environment)

1. &

(1) Hlo] 2ol ZZ&(Bioaerosol)9] <]
A=A T804 (Biological Agents)= He AESH =Y, 5 AHE, 5F,
nAEZo A stk Fal AR, Aol AV e 52 714 L ZA o)A
U =2 o7lo A A= @A (fragments), YA 54 E A (toxin), 31
713}gH= (volatile organic compounds, VOCs) s©olgkal Aolg 4 St} A&
A FaIAE FAHSE g5 5 F71A AA Q] A vho]# ~(Viruses),
Al ¥ (Bacteria), #%°](Fungi), ¥ =7](Mites), 9% %= (Protozoa), ¥t H
(Cockroach) wolth. F7|AlollA Frefiste= FalQlAtE= of¢hg s&E9 7=,
°, I, Hd(saliva), E7FF SolH, HF7|AZEHE =

(endotoxin), o}&et54l(aflatoxin)¥@ 7HE VOCs w°] Tt ol#st A=
ezt FAA 371 Fo AAJE A=A} FAg JAHHE A E,
d4H, 2454 T Ad A 5 2 OdAY Z4E& Hlo] o

(bioaerosole]gtar A ol& 4= it}

I

b ot 1o
1o

wigol, Aldd 2 MAES

© Bolu sFske w71, 7 viAle B, AAel $ETt B SR &
Ao Ao =%, pH, T 5=, FFEe o84 o A-d =3
A FolR719Ed =gl Al ol MAsAl =M, BE olge] FHFo
drh 7] oAM= w3td dAGEFol 24, A, AEA S dHE A4
& glon, M2 BolAY b datel 2o dmES FAste] e
4 718 25 Ak B B2 MAEEe] ALY s e 59 @
BAllM = BES & A



th olEs 5] % iJr%iOﬂ—t— HH}O] Ehs o} 9lar, Z1Fel A wAsk= 101
2EdE g vlolexet Adsel, 29H 7hE7Ie Afdde ¥ A o
2 Al AEZE QAL oeh #Ed WEL, o]l 4, F9=4, mycotoxin
ol TIH vk 175mAAd Ml A5 adHoR AA oled
T Atk dejzEs AN 9] gL BE 2m olske] A4, Fhel
oo et d4 F A3 AFEE ol ofd wg iAo ms A
A= M= S-S TSt e dlojREe] BAH] e = A
& Yolok 8], F WA= PPEE AMSste] a71d ) S50 4% das
2 F de FEd FHED G SF7A A2 T oS e
- Atk

(2) BESA AR F8A4

A7l d3 #EsiA A=A fFaldAte] Tade] xR drk A
of AFsh= AbEEe] A= #-ste] A (infection), FA4 &4 g 2=
HES-(toxic syndrome), ¥}% & 3k(hypersensitivity diseases) 52 AHS 34
s, Ag7| A #edstel &zl Sick Building Syndrome(SBS) Z1 3
Adat dQlel dig B 7HE S0l oy, 1 T 3 AR mAdEY] 29l
7 olg AEEA fafdrt AAE L Tt OSHAAE AWErd A=
ZAbste]l 1 Rl gk SAIE AAA =, 71" F5(50 %), AU
712 4EHEB0 %), oF TAAN0%) & 1tt1, Q9EA] A= VOCs(H,
formaldehyde), 444G A7I(ETS), vlo] Qoo 2% 5 371X = A|A &3t

-

sk A 107 154 Alolo] S
Zpe] A e dol disk Q14 o]

¢

R A9 AHER 8l AESHA {3l
7}etal dt}. Legionnaire @S 4ol
L ADS(FAARA AR T 7

=

o
i olN

Ao R AETH FAAE s on

(epidemic), BEAF A FFF AH| 29 Fuo] ¥= A x3 DNA 7]=9]
d2 AETH FaldAE #e A dFEY Tu9 FAS ST EY
710#0}‘”30‘3% AnAo g AARAAEIIY] FE F9olxm dFS FAT
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o
£
2
o o
o,
o
by

= vlol ¥ ~(Viruses), At (Bacteria), 3% °](Fungi), 2=
13 5 & (Protozoa), W ¥ dl(Cockroach), A&, 5% ToZ s
Attt MAES] FH= Fig. 194 B AAE gdFs Eolth. BdhH
T8k ZH7ke] A AA G, A AW .9 d = 4

Susan Barns and Norman Pace
Susan Barns and Norman Pace

Susan Barns and Norman Pace

figure 16,20 Morphological - diversity
anong the cyanobacteria: the five major
morphological types of cyanobacteria,
{#) Unicellular, Gloeothece, phase contrast;
isingle cell measures 5-6 pm in diame-
te b) colonial, Dermocarpa, phase con-
Inast (¢) filamentous, Oscillatoria, bright-
fiekd a single cell measures about 15 pm
Widey (d) filamentous  heterocystous,
Ailoera, phase contrast; a single cell
measures about 5 pm wide; () filamen-
lousbranching, Fischerella, bright-field, (g

Susan Barns antd Norman Pace
Susan Barns and Norman Pacs

—.
£

Figure 1. Diversity of the forms of Microorganism.



Table I . Characteristic and Sources of Common Bioaerosol Components

Living Airborne Examples Primary Human Lifestyle Principle Indoor
Source Unit or Sources Effects y Sources
Viruses  Organisms Influenza Bespl_ratory Ob||gz_ate Human hosts
infection parasites
Cooling tower,
Organisms Legionella Pneumonia Facultative Hhoétvxée;tneqr sources,
Spores Thermoactinomyces Hypersensitivity parasites surfaces P
Bacteria pneumonitis(HP) Saprophytes Stagnant water
Products Endotoxin Fever, chills — (eSEIVOIrS
Proteases Asthma - ;
Industrial
processes
Hypersensitivity
Organisms Sporobolomyces pneumonitis(HP) Saprophytes (Sr?\;?:;nmental
Asthma, rhinitis
) D . Saprophytes  surfaces
Spores Altemaria Systemic infection )
Asthma, rhinitis Outdoor air, damp
Fungi ) ’ Facultative surfaces
Spores Histoplasma Cancer . . )
; . parasites Bird droppings
Antigens  Glycoproteins Headaches, o Outdoor air
Toxins Aflatoxins mucous _ Damp surfaces
Volatiles Aldehydes membrane P
irritants — Damp surfaces
) ) Infection Facultative Contaminated water
Organisms Naegleria . .
Protozoa parasites reservoirs
) Hypersensitivity Contaminated water
Antigens Acanthamoeba i )
pneumonitis(HP) — reservoirs
Algae Organisms Chlorococus Asthma, rhinitis Autotrophic®  Outdoor air
Green Pollen Ambrosia Asthma, rhinitis Autotrophic®  Outdoor air
plants (ragweed)
Arthro= Faces De_rmatophagmdes Asthma, rhinitis Phagotrophic® House dust
pods (mites)
Mammals Skin scales Horses Asthma, rhinitis Phagotrophic® Horses
Saliva Cats Asthma, rhinitis Phagotrophic® Cats

A Autotrophic = synthesizes carbohydrates

® Phagotrophic =

ingests food



1) slo]# 2(Virus)

nlo] 2] ~= DNA(Deoxyribonucleic Acid)4t RNA(Ribonucleic Acid)7} w1l
4 Q)T MAgle g FrlAe|th vpoly e ke FEH(OH 2)E &
Ak, Aol gk i 7] 2bo]l glojA s AR fFAEHE FU5A
HAGES SalA vlold 2~ ats whsEo] itk = vlojy 2~ 34
AZEWF 71 AF71 Aol A SR = AHrE A Ak et 371E

Fotel B BN Fe V17 BT 4 vk

Figure 2. Typical Forms of Virus.

2) Al (Bacteria)

At iAoz ded AxEA F7IAE o] EAsHA] Folr dIMAE
Zhal gtk fAAEEAQ DNAZE B2 wZeaolx] il &b JHE Al
& ol EAlety, nEZEZ ol 59 AxEA7|He] itk Al AlEs A
How ZuMol glon, ol 54 wet aHES 8w (2 9 A gA =
Aol = lipopolysaccharide A +)3 13+ A (peptidoglycan) 2 Mycolic
acid7} B2 acid-fast Aoz AA #5753 4 Av}h. Al 5 thermophile

T2(56T)NA A & glon Aol e AL PATT &5 9



e XMT'S‘ T glE oftte] WA AldE AR g FEe] Al A EAE
2 AFEA A 2

4
= 7] Foa S 5 glen 2

O

&Zjﬁ

Bacillus

a1y =F

Spiral

Figure 3. Typical forms of Bactria

O A&y gl dlrHLifestyle and Metabolism)

2] At AaAl AEstr Zedt ARG AuA At e
= #1% AHEAAAE 7HAAL vk FELS FUIEAAFEH R

st=7bA véFstth. Al dii-E 71 A wh(saprobic), 2okl

< 533 frlEs dddoe® o) &av| e dn. YAA & 1A

_

7
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52



7oA HAMES do7|7] QA Aol ol 7S A8 AT

Hd Y(autotrophic) .24 F7]EZHEH F7]5S AT HEHH &

SHA] &t} Altto] AEhr] YEiME YAy A gkl 2ne Hx U
dasith AAE a2 ol AdS 374 A, AL glolx: A

g
v Ads 8714 Alrteldt b Ml Sz wet 37| 1FoE i+
H}k 10T o)dtel A 2 Aek= AL A 24 Al (Psychophillic), 50 ~ 55Tl

ZF AgteE AL a2 A M (Thermophillic)o] gt a8, 1 =7 &% ofA]
A= AS T2 Al (Mesophillic) o] 2FaL gk},

2 gt ¥ o Jf X
N
N
)
=)

O A e (Ecology)

@A7EA 2,000 Fol FeA ATk AT G, B T &, $EE Hu
oIt E %, e W 5 AWl ol Folvh J%ol glew AU
1980l EATHE el A

HE27F 7] wiel Fade & 5 fivh Hes
[e)

& Aoldle AEe HWHorRyE  d"Wolx ylt. fHHodeAst
(Legionnaires' disease)& do7]= dX|de} Al AAA 9 Q&= ol
EdolA adn, R e] B, F2AAY] 7T TollA 29 H o
7195 A Ay A9 R wiEE7| = S

At AN = Al A}Eu W2 &/ ARRE (Dolx]) Y&} sl
At 7]X‘ oPﬂUr AR v oyt &7 PAHdroplet, HES W&
Wl vt o]Eo] HEe] A3s do|r|E vk Aule] AXE 2w
7} 7] (Humidifiers)ol A = U2t} 7157]9 299 Eo|x] HA" Ao &
7] o2 AT, 7hE7| o o] AAE o] HiE =olu "’E:_-’F%: Ab&-

o gAdE &

s XA EdHoz Aol wAe
spp.)< A Skal AL EolA] WA 5
A ET(biofilm)ol A Atk AETHS 2dE9] A

.
At DYEE, FFe] Sol $HFOE WAE Rolth

AAel el gt mAdE Toll= A, wholg X, AR So] =, HAT
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o] WA A Bol WAL A= A 2ol 7 v,

- =% (Temperature) : f71A= &= 9% 4 (optimum), 4, oo
sEzxdo] o FFolE 2 we 39 IFeE EFE 4 Utk
mesophillic(F=4, 15-30TC, UtHE FFol7t A= AH =7,
thermophilic(aZ7, 35-50 C) solH, AFS FFol& wgete 2=z
(35C)el &g 3t

ak

- H(ight) : W& F& FFolo X

FAN S =X18H7] el = Wl mEEojof gt

4) 9 A% E(Protozoa)

dd AExe d s=E Wolu E5olA T8 dEdn. B2 dds=o] A

=
o 7]l AqE Fr]Fo R Auroe] AHS doy|AeE et AT ES
AH o g AAX doRES FAGA = AT & e FHE FV]FNA
Ay, T3k =849 B4 Aaksle] F7]Toz 22 AAE S 5
T U a3 4% o=zt HEd S ofr]ste 71X ES] Trypanosoma?)
TZE HojzEr)

Figure 4. Example of Parasite — Trypanosoma
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Table 2. Disease Types, Agents of Infections, and Reservoirs

type of . .
) Agent Disease Reservoir(s)
Disease
influenza virus influenza infected people
Contagious  measles virus measles infected people
disease .
Mycobacterium . .
i tuberculosis infected people
tuberculosis
Histoplasma histoplasmosis wet soil enriched
capsulatum P with bird droppings
Y|rulent Coccidioides R . .
environmental » coccidioidomycosis dry soil (deserts)
. : immitis
infection
Legionella ) hot wator systems,
. pontiac fever )
pneumophila cooling towers, etc.
Legionella Legionnaires' hot water systems,
pneumophila disease cooling towers, etc.
Mycobacterium . ) .
Opportunistic  ayjum atypical tuberculosis natural water reservoirs
environmental c
infections ryplococcus i : ;
neoformans cryptococcosis dry bird droppings
Aspergillus L self-heating plant-
fumigatus aspergillosis based organic matter

(1) AF

1) #AEAH 2%

Ae A Aty Rz 7hg 2 deA vk AdS SAEolL &9
i

O @AY  FAAIA d3slow IAE A St= Bacillus anthracisth+= A
ol el gt o] Al HAHAY 2dE & HEsHAA A
b 7S 9 11H Yol $ AEA AA AQAZE dH AT S A o] dE =



Aolth, E s Ad AVE B A, EEF, BF
AE BH wF F U F4e varle, TE 283 Aot

O Legionnaire's disease : Legionella A+ 7FF o2 213+ ¥ 2 gto|t},
A2 Aol QlFo g e FAAFoA Auidez &34 A,
AR ¢, FHeF7], WJZEr So] Legionnaire's diseased T8 WAL L

—L
otk 44 AuAHS F/FAN Aol 4AH Aol FAH ALE F

i B 4
1-5 A =7 AHS dAA 7L A HES 15%S 233t o9 B ==
2 Qs A7)E o] AFe w=Fo el A%, Al AGAEH Fol FEFS

W=t o] AL 19760 = e yjote] Q1= Bellevue Stratford S8
oA 2lefol] A3 2]QlF-the] th¢l(Legionnaire) 182780l A4 A= A Th(e]
282 ATA). olgfd Al F= WY gxAEY edd WHH o

%_
U W], ARIBA, kA okal v2E Fel A WA,

4m B

2) #71A A3M(Hypersensitivity diseases)
Endotoxin®} #&do] 9lom 2 Axd™ (hay fever) F°] YEFIT

3) Toxic effects
Exotoxine Aol WHFHWAA)oz2 Aikste] 4oz nk&E3)
gy g7l s obA BEarEA] ek

iy

Aolt},

(2) &%)

D #ZE4d 2%

Bhold A AESAJAAT H59 <Al B9 HAste] A S x4
ste ok B3 AAAAE T Al Avete Aw £,

2) A04Q 2%

F9g AR 54 WAUS 4T3 F(antigens)o] wF o] WA



ot} o 24 8] (rhinitis)¥ 18] %A (sinusitis), 4], FNAdHEH So|t}.

O Allergic reactions

°F 60F o]l wFo] Fol Allergy”d Bl (rhinitis)? A& s}
4l

allergens AALslE Ao 2 oA Qth Allergyid v S Hay fever(
O Hypersensitivity Pneumonitis
Hypersensitivity Pneumonitis(HP, #W1AHH)+= dUEH HIFZH Q]

IgGe} #&Ho] r}

3) Toxic effects

O Glucans : HE-& FFo]o] ANxEHo|t}, AFA Jee drEr e
A4 FES 7R JARE A EEA Br= ggko] Hrh WA Fo 5o

[¢}
i+ Glucandl =&%% BRS¢} d#A3S vepdt),
O Mycotoxins :
o] 7FA] A2t dEs yvehdnh A7 943
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4) Volatile Organic Compounds(VOC)

T3gole AgHA gla 71AS #eletHA VOCE AJAdsitt. VOC 33HE

o] dH-= EAAS WANE WrE st ojgfet WA= &3 Aotk VOC
|

]
BRS¢} Avte] gdnh. Zrefuh A4Sl A

w=Fo ¥ A A VOCe] A oA
ATHx okr) a1y MVOCE 27HA] SHdlA F g st

AA, HAE= VOC7L d7el s = + As AE9 EHT s44ES
el = 4elA] Lofrolof gt} £ w2 whge 49 Hux=ge xd)
stot, 2efu AWEAdA e s ol %S A gl &2 75,
o] Abvh, HFHRSH, oA e% T TFAAAN TS vHY =4, ofd 7
AEo] zetar gE7tE 4 FE= A FE(marker, fingerprint) 24 7]o& 4= <l
cAE ddeted f&8HA o] &5V % Stk
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1) AEAAFF 1(Biosafety Level 1, BSL1)

BSL12 7H¢ w2 @9 falidatz f1ddol wtal A43 oM 2
WS do|x FEett), o|E 59 WXEAA Bacillus subtilis, B. lichenifornis,
E. coli K127} e]el] &gkrh. BSL1ol ek ti A2 ox] ZFEv| A& dat
(Standard Microbiological Practices)?} &.7-5W, 583t 7| & Q3R =
gt A9 JigE AgdielA st 2274 BoE fEA At &
gt FElFe 2adow ANE ¢ 9o, AN A= A F Ao

fA| ¥ ofe} g},

2) WESHASFF 2(Biosafety Level 2, BSL2)

BSL2 17k= QlAlol AW f2d o dow, o AW F3F Fro 47
e zton owrd e X5l bselth o7)elE Mt (Salmonella,
Shigella, Legionella, Staphilococcus aureus, Staphlococcus), 53°](
Cladosporium, Cryptococcus neoformaus), 71 A 2K Coccidia,
Cryptosporidium, Giardia spp., Trichinella spiralis), v}o] 2] 2~(hepatitis A, B,

C, D, E, 2] Poxviruses, rabies virus)7} 33t}



Table 3. Large Scale Guidelines Summary

Containment Level®

Criteria GLSP BL1-LS BL2-LS BL3-LS
Formulate and implement institutional codes of practice for
safety of personnel and adequate control of hygiene and X x x X

safety measures.

Provide adequate written instructions and training of
personnel to keep the workplace clean and tidy and to keep

N . X X X X

exposure to biological agents at a level that does not
adversely affect health and safety of employees.
Provide changing and hand-washing facilities as well as
protective clothing, appropriate to risk, to be worn during X x x X
work.
Prohibit eating, drinking, smoking, mouth pipetting, and % « « %
applying cosmetics in the workplace.
Release of aerosols during sampling, addition of materials,
transfer of cultivated cells, and removal of material, products,
and effluents from the system is

minimized by work practices and procedures x

minimized by engineering controls X

prevented by engineering controls X X
Internal accident reporting X X X X
Emergency plans required for handing large losses of % < < %
cultures
Limited access to the workplace X X X

Viable organisms should be handled in a system that
physically separate the process from the external X X X
environment(closed system or other primary containment)

Culture fluids are not removed from the closed system until

organisms are inactivated. x x X
Minimized the release of untreated, viable exhaust gases. X

Prevent the release of untreated, viable exhaust gases. X X
Closed system is not to be opened until sterilized by a « « <
validated procedure.

Inactivate waste solutions and materials with respect to their < « « <
biohazard potential.

Medical surveillance X X
Prevent leakage from rotating seals and other penetrations « %
into the closed system.

Validate the integrity of the closed containment system. X X
Closed system shall be permanently identified for < %
record—keeping purposes.

Universal Biosafety sign to be posted on each closed « <
system.

Access to workplace is restricted. X X X
Access to the controlled area is restricted. X
Closed system to be kept at as low pressure as possible to %

maintain integrity of containment features.

° GLSP = good large-scale practice; BSL1-LS = large—scale Biosafety Level 1; BSL2-LS = large—scale
Biosafety Level 2; BSL3-LS = large—scale Biosafety Level 3
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shth. mbef AA]) A o] 295 HA U dAG=EHEE P, Class 10]
Lt 119] AE<kd 7l Yl(Biological Safety Cabinet)©]

\/

BSL1 7]zl 718 o2 A4 A& Y A AEXAAZA, o84 7+
Al, Biohazard AlAl 1¥)o] Q¥ ™ (¥ 7), T3k 72 B S G (Personal
Protective Equipment, PPE)7} AF-&%ojoF &l #H|7]Zo o]t 2 ol o

AM = HevlE ARSsholok dhth

[B1O-HAZARD] Biohazard Labeling
Q Warning labels must be affixed to
containers of regulated waste, refrigerators

LISE EKTREME G»\\LITION

.,m.,":". oy and freezers containing blood or other
rrapsom o potentially infectious material. The labels
must include the biohazard symbol, and

the word "BIOHAZARD."

Biohazard Symbol

The biological hazard warning shall be used
to signify the actual or potential presence of
a biohazard and to identify equipment,
containers, rooms, materials, experimental
animals, or combinations thereof, which
contain, or are contaminated with viable
hazardous agents

No Food or Drink

Food and drink may not be kept in
refrigerators, freezers, shelves, cabinets
or on countertops or benchtops where
blood or other potentially infectious
materials are present.

Figure 7. Biohazard Warning Sign



3) AEHHA+FE 3(Biosafety Level 3, BSL3)

BSL3 Q1Ak= oloj=Ee] Aol oa) #ad 7hsAdel e B3 2 97
Axfolth. o}t W= X m7F 7hsel™ Al Zbskal A Abe] o2 & 4 ‘Rl%:— =
B BEE dxEeth o] 81 Jh7RIA ]

s 1 Y =7 Lt TB, yellow fever virus, HIV(type 1. 2), Human

T-lymphotropic virus(type 1, 2), Coxiella burnetii, Venezuelan equine

k_l

rir
s
flo
do
e
k1
il
H:: il
E
-
=2

encephalomyelitis virus 5°] <7} € 4 At}

BSL3el thgt e E5atA dAg A2 didom do=w H HHOﬂ
3l containment®} BSL2olA Q7%= 274 o|Aate] dAxprl Qs (RE ¥
e R ARER A, Aad/EAd7/A s w/olsw A, w7 E l7]4 A
=3 54, &% A §). Class o]y 19] A=<Hd siujvla Bt dAsH
PPEE #-&3lofof gt

4) AEAAFFE 4(Biosafety Level 4, BSL4)

BSL4 714+ Ydstal Al F(exotic)e] QIA= ou 2 X857} HE B/l
g RS et AME o8 5 e =2 IS 7Y S5
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Table 4. Selection and Classification Biological Safety Cabinets

) . Contami
NSF Min. Origin of nation
Intake HEPA Exhaust Treatment Application
Class ) . Dusts/
(ft/min) Downflow Air
Plenums
None. Similar to
lab fume hood ) + or — BSL1, BSL2, or
Class | 75 with filtered HEPA to outside. pressure BSL3 containment.
exhaust.
70% recirculation within Low o moderate
Class From common the cabinet, 30% + or — ) . )
75 risk biological agents.
Type A plenum. exhausted to lab pressure BSL1 BSL? BSL3
through HEPA. ’ ’ '
Low to moderate
From separate 50-70% exhausted to risk biological agents.
plenum of ) BSL1,BSL2,BSL3.
Class Il ) outside through HEPA - .
100 uncontaminated ; ) Minute or trace
Type B1 . filter and dedicated pressure )
recirculated amounts of toxic
. A dust. .
inflow air. chemicals and
radionuclides.
100% exhaust to risllzog\i/oltc?gincqgldgz;aetits
Class Il 100 From I.ab a|‘r or outS|de.through HEPA ; - BSL1.BSL2.BSL3; toxic
Type B2 outside air. no recirculation within  pressure )
. chemicals
cabinet. . .
and radionuclides.
Low to moderate
Class risk biological agents,
Type B3 From common 70% recirculated air is 3 Minute or trace
(similar 100 lenum exhausted to outside ressure amounts of toxic
to P ’ through HEPA Filters. P chemicals and
type A) radionuclides.

BSL1,BSL2,BSL3.

Hermetically sealed glovebox enclosure for
ClassllI n/a confining extremely hazardous materials. Used only
in maximum containment laboratories.

High risk agents.
BL4.
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B. sash
C. exhaust HEPA

D. exhaust plenum

Figure 8. Class | biological cabinet construction
and airflow diagram.

2) BSC Class I
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§ Room air

D
E Contaminated air

HEPA-filtered air

A. glove ports with O-ring for attaching arm-length gloves to cabinet
B. sash

C. exhaust HEPA filter

D. supply HEPA filter

E. double-ended autoclave or pass-through box

Figure 10. Class Il biological cabinet construction and
airflow diagram.
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Figure 11. Horizontal Laminar Flow Clean Bench
construction and airflow diagram.
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Aslo] A FHBFe]oF e}, malk B0 Hlo]| Qo] REL A7 B T
2 2 o7t A7) Wil &R 2 guyt gld. et hesetd w

A NBAAARANA F A w= A A ol NBE ARt F03 ®
St g AGIES sl WEAl gxl A ARE A skl
HE ) GorEES sok k.

Rl

Table 5. Samplers Commonly Used for Collection of Indoor Bioaerosols

o . Sampling Recommended
Sampler Type Principle of Operation Rate(Ipm=) Sample Time
Silt impactor Impgct|on on rotating or 30—.700 1-60 or 7-day
stationary Plate continuos
Sieve impactor Impaction on agar;
- single-stage portable - "rodac"plate 90 or 185 0.5 or 0.3min
- single—-stage impactor - 100mm plates 28 1min
- two—-stage impactor - 2-100mm plates 28 17 5min
Filter cassettes Filtration 1-2 15-60min or 8hr
High—volume filtration Filtration 140-1400 5min—-24hr
High—-volume electrostatic Electro.statllc L up to 1000 variable
collection into liquid
All-glass impingers I‘mpllngement into 12.5 30min
liquid
Centrifugal impactor Impaction on agar; 4077 0.5min

plastic strips

* |pm : liters per minute

(1) Alg ANs AH
D AEEF
O d=f @ Atdse] &5

=



O ZAYAAZAQF (Source sampling) : A Ao FHFe
Holx| gtov}t Aol Al&E9H(biofilm), A (foam) s°] A 7

T AL WA e AS Alre EAE vYERlE ot da e 75T
(humidifier), ¥Z ¥ (cooling tower), ¥l 7-(drained drip), -2 % (condensate
pan) ‘s°]t}.

O &7/ =43 (Air sampling)

- Agar impactor

— Multiple hole impactor

- Filters

- Impingers

O ANEAZ @ 3RS 2 25

2) NEEA

O Culture(® <) : viA](media)& &3 o=z M H=(colony) S A3
ol e Al AlFete ¢

O Fluorescence Microscopy : ZE| AFE AdS S T oS 7

FAEE HE ARL THG RE ATS T AF

3) %7}

= I <
- aEud e FolkR
- Abgre] g o® QIR Alvte]l wAlHS sjdsior & AR & TREE &



(2) &%o] A& A

D ANE¥EH

O AT 1 Fgo] WAL ol A A5 FFolk AR P A&
ALl dashy Fr7l2 HAY 37 5 Alg AHAE BE Qs

O Aol ANEEF

- Tape sampling with microscopic analysis : @AY} X2 52 &9l

- Culture of surface or bulk samples : &3#°]9] & 47| 93}

O Air sampling

L

A

- Agar impactor
— Multiple hole impactor
O sample handling : W¥3&x 37 L 24t

2) NEEA

O 8% (Culture)

- Malt Extract Agar(MEA)

- FE7F ¥ (10° CFU/m) A9l #4,
oAM= Al A4S AT F U=
streptomycin “5)< Ao FH7}stofof &

O &v 4 (Microscopy)

- dnAdos dWARQl Fgol= Uy ‘TR gold 4 Qlth

- AA FA8S A= Al ofgk 573

O 3}stEd 24 (Chemical analysis)

FEIER AT, HAFANE

=
J F-(chloramphenicol, penicillin,

3) B7}
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3 (Indoor/outdoor relationships)

&
AL G 849 A4S duelael Fgo] wEE g
9] 1 =
pZs
o

- A #Z(Indicator Species)
ol X3 FFole EAF wet Xy F717F A 2 “7d e
g A} oz vERd & Qo o]k HUME
o
=

3 ]
st Aol Aol A oW Fo] $HFAVE Tt

- A4 Y94 +Fo](Potentially Pathogenic Fungi)

WAd wFol7t AE & dve Edoly =MW Bl WA A
capsulattum, C. neoformans)®] BAE NS W= HAA FFo|7F &AL
7hA o ok weba WA wdolrt A" ¢ e 240y 212 AlA S
of gttt WA H3FolE st EdolY & ELES AT = AE

@ Folg 7)clob dut.

3) 371F A& A

D e 9% HH € F=5

O A&

ANEANHE st 283 771+ 37 T sAJAAY AFH et sdsiA F
32 Elol [FH, Iy JHHE Fo|th

- 0.4m9 pore size, A7 37mme Nuclepore ¢34 (Millipore Corp.,
Pleasanton California, USA)®} A A th(support pad)ES HH Z~E ZE
ZHA EMillipore)ell &2+ste] &7 & Azt 330] AFHE oAA= AFE-SHT).
of AAE TEA TFVIFH Ao AHFE 20/mineE BAHE H



2 aTAZEY AASL A F AAE RS ANES JPFE el
wha,

Mo [®

O A g8dA mABE F=

0.01 %(V/V) Tween80(Aldrich A1°F) 100 wE FHF el &gttt o
£9(0.01% Tween 80)2.% Peptone 0.1 % =5 W50 FEH o7 ALE3
t}. =, Peptone 1lg& 109 =9 tS 0.22/m Millex-GS filter(Millipore
Corp.)® o33t & W3t} 121 C, 1595 gFeo|A] 1583 datate]of
gt}

- 37150l AFHE DHIAEANAN mAdE FEHFE otdY B =
A 1.5 me JHES EF(outlet)E &3 XA o] =4 &= ZHIE L
Al 5 mE FHAIES FYF(nle = FYg & 815 Hal FEH0] F=
HA s X5 FMAEE wgbtfol A 15633 S50 Al w3ol7F &
Hol| FZHEF gt FHAE 5o v FEA A &S mlolazy
o8 wixe &tk R2AAHA ekl wigTlel ¥eth aear F=7]
A AFHE A= ZeEE e Yo "ok Alerg vl 35 TelA 2¢
b ae]al gol v = 49zt wis & AT E AgsTh Alestr] of
& AE=Z vAE FJ=H(Colony)o] Bom A ste] thA] HEstojof shr
Al wgol7F A& E Y AE AR AT, UF s Alole wEsHi
43-3sto] 1o Ak Al 3ol JehE Agsta £33 WS woko
F A= o Jgre d9= A2 1 3 colony forming units(CFU)

of &g meste] ofFAe] AAW F MAEFCFNE AAW
T7gFo R o] F7] F AE HE(CFU/mY)E g},

2) Agar impaction sampler
Azg A& o] &3ttt WA E FE7](impactor)ol] “F3bskal 28.
S717F wix el FEete] mlAEe] AMFAHES Frh 7T o4
mel EX N ARk AFEAH A= BE 5-108 A AFAT

£ A0 AASLA & A AE wgel FHsta A e

=
3
IJ
ot M1
o



H oA WX E w3 v FEVE ISR daste] Q9S Akt
- A& wA| : TSA(Tryptic Soy Agar)

- &3o]& vjx] : SDA(Sadourand Dextrose Agar)

- 28 Mg A MAC(MacConkey Agar)

(4) A7}

1) OSHA

OSHAOI A= AAE 2 1mlol| A #+3Fo]7F 10%0]4 S u], =3 WAL}
7% g3 10°%0S WE SR V|For AAEt §

o] §la1 A3l #7|7} o] FoiA = AS HE AucAe mAEsE
ot vt} whef Auje] Aol FFole FEvl Aut =8 Ag vA
T HA Y Ak gRlo] 9l AoE B ¢ Qi

2) ACGIH

O wigely AF7t 7bsd & Alatoly #%Fo|(Total Culturable or
countable bioaerosols)

Hj¢Fo]l 7hsgk nlolQoloj =& AP A A dAg vjx] 9} vtz A
ek 7 de A oS wett o] Ak H =
(CFU)E yerdith, &= A7t 7hssh vlojdoj2 52 dAnF o= F7HF,
3ol ZA, Al AR & skl O FES Ale Aotk Hiojodoj®
& B% F7|FA 10 T 1000 CFU/m® Aol ol=v tj B
(log-normal distribution)& skaL glof 7oA el dx A& F9 5 (median)th
7183 (GM) #kol Tt

HjFolyy A7t Thsgt F Alatelyt wdo] F

ACGIHAIA &= AAeFA] @kar ). 1 o] = ofgje} 22 #etAoz 4
Al et olfrE wlEolth

wjFoly A7t 7hs ek F Aldtoly wdol= o JRAIZE ot A
oA =ZH & Hlo]dol2 L ditHoR Fe AR tE HAE, §E, 4
EdA7F £ Bt (complex mixture)o|th, H3tAlolm 2 X Fto] §lar,



- Hfo] Qofloj 2ol gk AbE] wbEE wmExdolut i1 FhaAd el

e} Tl Aol A FE wlg- AT A elal e Hr ol

3ltH(wide range of human response). Z18] B2 oj®H 3 ulo] Qo o] ZZFof
[e)

w3k
3 A 7| FE o2 QAo AAEA RS Fx 9}

3 7 e ARSI B vheledo2ES AF st FUtshe A
BIbsatt) wlol Qoo %S AF st BAske WS whek EAWe o

UARE M2 e A7 ol v (=g Eolv

fluctuation©. 2 YERD). et A= o2 AH BAMHLS wjeko|} A
7F 7t & AMatelyt wegolel gk AR thE FAX 7 A o] Ml
7} o g ok

Cpebd et AL 5@ Aweldt Tgele AnE Agel
dapol vig ARZ Vehiy] 98 F-uswAE A9 de 25 ol

[e]

Ll
i

O wjgelt A7t 7hs 3

S 54 vhol ooloj 2%
slgkelnt A7} AHs @ 54

ulo] Qelol el YF wEV)EE obd ¢k
A, wFolt A% Fhsdt uhol eolol =& Aol gl BAe o
B ARE AT AR wF 7k AnEWelTh G MewE 4
FHoz My A% GAA DAL FRAA B olfE e
2

- 54 nlo]oloj2 e g 5A AE= A&7 He A S5A(indicator

agents)©] o}y7] Lo
El7] 918k Aeow 7
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(Assayable biological contaminants)
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2 npghAshA] &gtk A& 7FE7]E “clean steam"s AMEES dhoof ght}
TGel A5 2"l morpholine® &2 =49 FA A= Al A= o|of gt}
W7t 7hE7IE S8 E AbEstelof sk ThETIE S wiEEE HoE Ut
3 st 2ol AHS e ThETIv SR ARES bhE

2 ok A wlojof s, 3Uwitt gk WA 5%
chlorine bleacht} #Atslris A& stal A Lo} A A Ao of

sk,

ol

A AE¢ HVAC system® TS =Z air washertt 23X o8] 7145
7= wAEe] AT 7 A ThETIEely A dEH 58S Yo °
2 WelA ngAelA] gt ddHoR ol gk A= Hat

S AHEES stojof gt 2yt o] wf At EEde

AL ANl A S 5 e A ol Felt,

O €5 (Dehumidification): Al AFA oAl AdlFE+ 4 d Wd 60% o3}
2 A stefok gk ol& f8 tiFEe] AUl A=olA= HVAC Al&He
2 Fwd Avle] ¥ mds ARgste] w719 Adelu 5718 ARG &
=S FAse T UE W2 ] sy Fel gauAd Akd 1S
ARgetE Zlolnk A AAE A= o] g A= o HE= Hol
=t A7t 70% ool HW F71 w7171, Fol, o=, 7He]
HH S) FrEel Skt el EAE A WAs Y Ees &
T Utk 57 EFeEREH ARAE Bostal o B wA F7] Ago] A4
gk oj3kx] Aulel xETa & o

i)

O o F(Filtration) : HVAC Al2EloA g9 9= 7174 A=
AE Hlo]| o2 EZHE AFAE HEsh=d vlg- Fasith glEEe
zZ7lM = e dudty] FEY AR FHl fAste] shR %] ¥
oju} 7h57], AE Yol AH T 2 SE7]0l oA A= Hhe] e
2EZRREH AUWAFAE B35d ¢ gl 9o Hd3 2 A B

NE A BEE 7] AA SR ClPA7} Bas,

12 2 1o ol -y



2) AUEANA HAEZ 297 AL FLE

AN M=z LAEY] A8 T2AA, 7T, AR 52 e

R A N o s P B g

5 [¢)
- F5717F v BAId S FHske 37
- F o] s I ESHA  HE 5
- AAZE ARE T2
- F7)1ZSFAY Az BV GA el AAE FFol(FHe))
W8 A
- ol ZAH

|
2

U
)

- A FF o e A Altelut upel o] FH 3 A=k
s
2

Aw 7 7Y S(wool), W(cotton) 53 L F7]
A

=2 (e}
= S
- 2] g 5 ooe) MARedd A 4

3) HVAC A|2¥3} Hlo]Qoo]2E o] vtag]
O 2 9](Outdoor)
- 219]F 7](Outdoor air)

- A% 2|5 (Building exterior)

O HVAC system(Z1¥H 12 #*x)

- 9]7] 9+ (outdoor air intakes, OAIs)
- Filters(A)

- du3l7](Heat exchangers, B, C)

- Supply air plenums and ductwork(F)
- Supply air diffusers(G)



Relief or
exhaust i
air /
" Air plenum and ductwork
Return
K fan H
R Return air
etlurn grille
air
(CandD ;
optional) Qecupisd
space
A B C D E F
[ e 3| -
Outdoor % - N ' 7 :
T b e N\ e | Supply air
air | Vo N e diffusers
” a1 . Air
plenum
Prefilter Heating Cooling Humidifier Supply  and ductwork
and filter coil coil, fan
drain pan

Figure 12. Typical Air Handling Unit(Heating, Ventilating, Air-conditioning,
HVAC) in Building.

O AWAFE7HOccupied space)

- Water—-damage

- Chronic condensation

- Potted plants

- Carpet

— Fabric office partitioners, wall covering, drapes
- o]&2] 7}57](Portable humidifiers)

- Return air plenums(l)

4) &%, &+, 27

O A= (Decontamination) : =84 S 3}18H%<¢l HHow ZHAS 8T
T U FTEoE fUIA 5 F4A4 HE F JAEF o= Aotk 8 F
N T I st g3t A5 AlEY A S BRed ¥ ooy FY



4924, clean room)= B &3, A5E A3 HidE HEs 5= 9l
= ZHA<Q gojolrt,

O "1t (Sterilization) : BE §7]5S s A =Fol= Aolth(MF ZA7}
A &).

O At (Disinfection) : 79 K71 A (M T34 A D)E Al 283 5%
T+ olgtR Foli= Ao|ul. AtAl(sanitizer)E FAEQ ¥Ho| AL&3ta &
=7 (antiseptics) = 3 F-of AFgF T}

aue d, 3], AT 2 28 WY S SetEAY oA o] F
Atk Aol wzd AgAet A doldE AXEe] HAS YehjE=,
Aerg B4 9AXS 2 Hxetn w5 oW, BFErYs] D5F o
WA E At Aol Fasttt o] &3t WAMAXS} r-4)2 qfAlell <]k |3
Zpwk Abgslojop  dltl. 3 stE A (ethylene  oxide, formaldehyde,
glutaraldehyde, 74t 47 b8 583 A3 7=l 844 se&E4
o wet 3 RUE R oA A7 e

O %E]Z'] Jq_o]

- H#9(Wet Heat) : ¥ 25 aio HAS o] f\]ﬁ TF71AE FAh

&
221 (100To A 307 olsh)o)ut A& 2 (72ToA 5% & 62ToA 308)
o3

& A AEE Folv A= Y F gl

- A< (Dry Heat) : 9 A& Ao A 2758237} Bacti-Cinevators(871C oA
AZ2EES TAA 7= A7H FA)e ASF2E HAAZ2 o AFE-3ko). Hot

A
air ovens(160 7 180T oA 2A17hH& 18] A4 powder & T4 Edd A}
| 27 EE A9 HAVIES AT

- 571(Stream) : Fr7IQtel Al A 4H Ak wEk 157 18psi)otiAl
121CollA AFg3tt}. 57](Stream)= B WY S 7B de 2ola A W
ok, mAHRl F7] Hae =FA 24, B4 et A7), &719 F
g3 27] S ole]l 7HA 89le os AAFHrt. AT AxTol S



H3al7] 98] £F AFEEY autoclaved] A3 V|TAS F9E7] s F

g &= AREE ook Ft

tH ol

ot

- o]23} WAL (Ionizing Radiation) : EXx T (catheter)d} FAL7|9F 28
=2 A E 23t 93 8Fo] xS 9 Hito ALgE )

= -

- A A UV) : FA ZFe] A AFE-L virus, mycoplasma, bacteria, ¥ HF&
84438 A7) F83 ot 3] F vAEY AEHHANYY] &
HH LHEE B FToE XY AU osE ayAolty. ey 1
T8 B AT ol A, =z awlatel AAE A 84
& AAAY. Uve a4 Sels 4884 Lo,

- o (Filtration) @ 2 oA = A= B o= RAOZHY A, X, &=
0

o}
FolE AAT F Ak gl 1 A7) 0.22m, 0.45um, 0.8mo] T},

W@ AFe avbge serEdel 54, wE, 43711, £, &%, pHe §
A EA Wt stk 5k 25 AE A A B3t uEE A}
g3tol T §718AS AAs o} Bt

Sodium hypochlorite(7Fg-8 3ZWAD=  ©Yst A, wholg 2, AR,
Staphylococcus aureus, Salmonella typhiis X3Fs TBoll dwh4 el A=A 2
g AREEI Qvh 7HEE AEokSs Eol 1:100% SMA7IH A Al
o F-3Eo] vhole o] g 32Q1 500ppm ©]/e] A A7 A4S wET
T AETA 249 AF9LaTY sEE BtEeRE A oEH Te s
th 1:10 3]24(5000ppmo] o] A+ 4)S kA o= o] Wol A&Hr, &
oko 2 Al wuMiAe] g F AdE M xA e adE YehdEd 4
2500ppme] %7} "o sitteE dup FAAo

oA Zstw wid Aj 2 8

= LFE__ yal
lodophors(iodine—carrier)= %< W99 & v A&, ddfolg]~ A4S 717

4
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