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ABSTRACT

The quality of indoor air has drawn increasingly more attention
because of its impact on the well-being of people who are exposed to the
indoor contaminants. The presence of airborne and surface-bound
bacteria is one of the primary concerns of indoor air quality. Various
methods such as ultraviolet irradiation and chlorination have been
commonly applied to inactivate bacteria. These methods, however, may
be harmful to the health of the people and the environment.

This study examines the effectiveness of applying hexavalent
ferrate, a powerful and environmentally benign oxidant, for the
inactivation of several types of bacteria, including Escherichia coli,
locally collected airborne bacteria identified as Micrococcus sp. and
Staphylococcus kloosii, and a known pathogen in Staphylococcus aureus.
All bacterial inactivation experiments were performed by mixing a pre-
determined range of ferrate dosage with the bacteria inoculated in liquid
Luria-Bertaini broths under room temperature. The reactants at the
various dilution levels were then transferred to agar plates for inoculation
to determine the growth of tested bacteria. The applied potassium ferrate
had a purity of 15% experimentally determined.

Statistically, E. coli was completely inactivated within 5 minutes
when a ferrate dosage of 3 mg/L was applied, and within 3 minutes when
5 mg/L was applied. Applying ferrate with higher purity (73% and 90%)
did not result in significantly different inactivated rate. In all cases, a
reaction time of 3 minutes was needed to completely inactivate E. coli.

The two airborne bacteria Micrococcus sp. and S. kloosii were
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completely inactivated in 5 minutes with a ferrate dosage of 100 mg/L
and 200 mg/L, respectively. In comparison, a higher ferrate dosage (500
mg/L) and longer reaction time (30 min) were needed to completely
inactivate S. aureus. No complete inactivation of S. aureus was observed
when the applied ferrate dosage was less than 500 mg/L, demonstrating

the higher resistance of S. aureus to ferrate.

Keyword: Potassium ferrate, Inactivation rate, E. coli, Micrococcus sp.,

Staphylococcus kloosii, Staphylococcus aureus
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SRR FEAZMRE > 2 2P) 34 &F (Indoor Air Quality » TAQ)
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3.(US.EPA., 2017)

"nﬁ*"\‘n#{)’?f“}”‘ﬁﬁﬂ'b,}‘ﬂ H‘J]}\‘-‘]‘;i*ﬁ:;].‘PMlo‘PMz‘s‘ge;

(kg R, 2011) -



21 2457

211 44 5%

RV L LR AR TS T L SRS |
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£ RO R P F R AR SR R AR R
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2011) > # = ’J“ff',f‘z_EL‘%‘\:‘fa"gZ WM RARHEL /Y e T E
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i()]%r,j‘f 44 B4 )]33-* (Virus) ~ ‘a7 (Bacteria) fr
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FrA g AR 0 25 wEE SRR R 100
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(Jung et al., 2009) -
HAILR T T AL B R E R 4T g
B2 4 Pl - F e b B 400°CEF B T 0 T i 99.99%:}

B
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o
)

e BRI B ERERETE wedml iR iE gk
BE Fm Rk G0 W en® AT 2 a2 4  (Madigan &
Martinko, 2005) ©
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(UVGID) Bi5 3 290pW/em? p5 > 75 12 8 £ w3 ¢ s
B # 7% (Lidwell, 1994) » = @& * 7 b 45 UVGL 7 14 8 % %

B R T RE T 99%4 F(Lin & Li, 2002) -
}:t

AR BT R AL R il R i S
B RESETREL Y £ EFSE % K

TE R o pw s ERY ALHE 2 F 5% 3P (Kujundzic et
al.,2006) - & * % bRt a6 A 2 L ¥ (Kujundzic et
al.,2006) > T ? K ZEH P RT 0 gAML F AL &

o4 §HPEi 2 B0 W (Nardell et al., 2008; Yen et al.,

\

2004) o

T BipEFLEIPERETF ORI TG BER L
etk o - B FERECALLEF f B 2
ROFfol > A P B IGR ) RBR ST R E R
b is o TR LR REE R A R o S ER T AL B T
T AR T FRFMNEF R AEAL Bk T
P EeFEEFE e F w32 F ¢ (Miaskiewicz-Peska &
Lebkowska, 2011) °
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TR LA M AR R E T A 2 FL AR SRR
BB RS SN N E e N 3 2z(Eninger et al., 2008;
Lee et al., 2008) -

B kL - A7 oo “fiq‘w;f?’i}}m—' PESEN 2
Gk Hdes § 4 (TIO,) fof 4 (ZnO) - % R4t »
kg vier garmAdpd A wmie A HETA R
Rimfg et fose = h+ #(Chang et al.,, 2010; Sanchez et al.,
2012) - H g % KT TR § 3 HRA 2 BB
PAE LET R ILT RIS HrRE o F g B R R

%5 TS%S LS SR B R IPEETIO ik & 0 b Rk
BT SR F e s 2 ‘f-ﬁf % 93.5% 0 @ & b x5 5%:eh
2 TiO, i % & » 7 73] 87.8%3 "f 7 (Pham & Lee,

2014a) -
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2.2 B4
BAP R EEFDEHZ - 0 P REEY BELG 7
g A4 0 B9 2 % (Lo Fe(l) fo+3 @ (4
Fe(Ill)) ¥ ik % % 2 > d Fe(Il)dr Fe(lll)e = chghtr & 4& 4

W~ BABH...... % (4 2-1)-

Z2-1 -~ 4% (v 4 cn¢ 875 3% (Tiwari & Lee, 2011)

& g s B /B
FeO Ferrous oxide Wauestite
Fe20; Ferric oxide Hematite
Fe;0q4 Ferrosoferric oxide Magnetite
Fe;03-H20  Ferric oxide monohydrate Goethite
FeO(OH) Ferric oxyhydroxide Akaganeite
FeOy> Hypoferrite NayFeO,
FeOs Ferrite NaFeO, ~ KFeO,
FeOs* Ferrate(IT) Na,FeOs
FeO4s* Ferrate(IV) NasFeOy
FeO4* Ferrate(V) K;FeO,
FeOQ4* Ferrate(VI) NayFeO, ~ K,FeOy
FeOs* Ferrate(VIII) Na,FeOs
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B B H a3t a R ® e Fe(ll) o

it g P T R AR IR -
% K e Fe(Ife Fe(llD2 * » fei ¥ - &5
A~+6 { § HdcF G o R—R B P (FeOs) &

i (Jeannot et al., 2002; Rush & Bielski, 1986) » &4 : Na,FeOs >

NasFeO, » KsFeOy » KoFeOs fr NayFeOy ottt 5 i #iccrdi § 1

PP o6 BB BAR(VDE R LR o R 2-1¢ o
R frE 2 W d 2 3R AN (FeO2) 5 B4fkd -
Kd LG EREEFDR A FBTRE

A3 CRRAFBE P A F

o~ F AR Y R FF 5 B R A = 48 (Sharma,

2002) & 198°C 2 F fris dkizik @ 404 18 T
ik T > BB s A H

Bt A A WA o I A F

FOAEG R R TR BB kY R

4K FeO, + 10H0 — 4Fe(OH); + SKOH + 30,7



% 2.2V % 0.7V (Sharma, 2013; Tiwari et al., 2011) °

221 BHBpe UG

#_1702 & Georg Ernst Stahl j&m a4 248 F B ° BLR
Ilia% ¢ F By 0 @ 18 & 1834 & Eckenberg - Becquerel %

LSBT F OB R S MR B

Bofs il I B R L A BB o P ST =

fa= 0z W B4 L JR5VF b2 (Schreyer et al., 1953;

Thompson et al., 1951; White & Franklin, 1998) ~ 3z ;% 3 it ;2

(Scholder, 1962; Scholder et al., 1956) 7 2 & i & ;* (Bouzek et

al., 2000; Denvir & Pletcher, 1996; Lee et al., 2002) °
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222 BB 2

BB Y P WAB L AP AR B H oS

% FeOs > 5 - w5 #5542 & #(Jiang et al,, 2001) > %

N/ O O\ Ve O O:\ e o
4 Fe\ _ e P Fe"\'\ ' B /Fe":: _
O O O O O
1 2 3
B 2-1

5 B B R

mA e pH EHRFET - A Fdhig e fE3 kAt
-k ;A 7% ¢ (Licht et al., 2001; Sharma et al., 2002) :

H3FeO4t 2 H + HFeO,

) O N I )
H:FeOy 2 H' + HFeOs  PKa=3'5 oot (3)
HEeO; "2 H"+ FeO7F  PKa=T3cimemmriiormsromserernenne (4)

w fE 12558 i 4l A B 5 FeOs” ~ HFeOy
HyFeO4 2 HsFeO, > ¥ 2 ¥ x4 b pK, B35 2 47

pH & &t &(Li et al., 2005) (8] 2-2) °
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1.0

Fraction

o
+a

0.2

0.0

‘F_&
&

Mg kaor o § pH ET " pF o = E S K (Kazama,
1994) » B it a53% a2 i 484~ 5 ! (Sharma et al., 2005)
v a5 B4l a(HFeOs )4 57 % T 5838
A(HFeO7) = [H'] / ( [H] + Ka) eoooeereeeeeeeeeeeesseseessseeseseseeen (5)

K. % HFeOs iz ¥ #ic
HF€O4- = H+ +F8042- ............................................................................................. (6)

K.=5.89 x 10 at 25°C
(Sharma et al., 2001)
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GPRETEDY R TR S SRV SR
(Bl AL~ BT ~ %4 F W 4..%) 387 4 dxeni
IR, o

FeO/ + 8H' + 3¢ — Fe’* +4H,0 E° =220V ... (7)
FeOf + 4H,0 + 3¢ — Fe(OH); + SOH E'=0.72V ......(8)

220V % 072V > #§ i it4 §3048% g0 - ok Bf

Aok F EF NI o RAREHE G CBRRT PR G

4% | (Tiwari et al., 2011) o

Bokd s A BABERT SRR AT §

|
9

._3

F AR BBET RN IR BRCRARIL 0 R R
Bokd s v m A Ay o g A aF 20 BRIEA D
Sz BB TR G T SRR ITER P o L R Ak R

GG R RSk O S S FESSE i
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223 BB 2 AT
RIS PR E ST S R S S & SN

AT R X kA 7R o

1. % £F 7% (Volumetric titration method )
FEIFIGFASF 2 BB E P kT R MR
BMAVER 0 2F LF KA L D= B4 (Ferricions) ¢ 7 %8
AT el R o ARl F RE g B WA 2 () = B4
BB RS LEBHES (F) o ¥ * T EFHBEBER
97 % 5 4% F T2 (Vicenteperez et al., 1985) % 7§ 22

(Losada et al., 1985; Schreyer et al., 1950) -

2. %%~ 477% ( Spectroscopy method )
K,z A B L G 2 RS T (FT-
IR) % % ¢bk_7 BLkk 7 (UV-vis) > 348 3 KA
R EEBE S 5 H A R K 500~800nm T Bk -iT i
7k S wex 7 sk ¥ (Neveux et al., 1994) -
Vo3 AT RT o BB AL E S10nm frof k
S (Jactal, 1999) » T o ki ik ¢ FABRE LR T S

i Beer-Lambert Law e% ¢F - B sk 23372 p| 2_o
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3. X kY8t 4 4772 (X-ray diffraction » XRD )
X kS5 A 4752 5 A1F Xk SbA 47 S W 0
% (Lietal,2005)41% XRD 4 55 A& & 75% ~ 90%% 99%
eNEAREL4Y > R (B 2-3) 7 (002)~(111)~(21
1) = (013) w B35S ¥ H R BEBREM LG 0 205

b 20 A W3 17.5°~20°~29° % 31°(Li et al., 2005) -

(013)
2400 -
2200 (211)
2000 4 (111)
= 99% K FeO,
= 1500-_ (002)
E o
E 1400
(] | o,
< 1207 90% K,FeO,
£ WLMLMJRW»
g -
£ ﬂoo-_
600 -
400
75% K_FeO
200 — 2 4
0 1 N 1 ' I ' | ' I ' |
10 20 30 40 50 60
2theta (degree)

Bl 23~ ¢ * XRD A 15 5 4B ik 49
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224 BHESEY
BABBLA R G 5w F M A ke A > T g ok
EfRRY 3 2 TP BAHERR G 225 AR
ARG sy C FRS LEF MO A RAS
(DBPs) > 4r= &7 *= (Trihalomethane » THMs) > ¥ it -k ¢
S AREEAr YA BRI EORAS (Z B4
(Sharma, 2002; Talaickhozani, Bagheri, et al., 2016) » F]* v 4%
Rp— AHBR IO TR * BRI F & o
A B AR A TR Ak g 4 4
K~ 224 B (Jiang & Lloyd, 2002) ~ £ £ /& > 4 Mn*" ~ Pb*" ~
Cr’" ~ Hg?" ~» As’" ~» Cu*'{v Cd**(Bartzatt et al., 1992; Murmann
& Robinson, 1974) { ¥ M PE# 4L 5 1% > b prdigs
A E R SRk d 3 K,lrt 75 4 4~ (Lee et al., 2003) °
BRI FMES AP e o T ARAEERAE U BB
du B2 s /Eﬂii’#ﬂ P 1};@” V-V “/T"ﬁ’ r])%;»sp v o
SO, ~NO %2 Hg’> % pH & 5 8.0~ /5 5 1 L/min ~ §
Bs 320K @~ B4BkAR S 025 mmol/L £ Fl& & F ik
it M3 "/T‘ <& sl E_100 ~ 64.8 ~ 81.4%(Zhao et al., 2014) -
AT H Y ) 3 R > BABRRLAT R St - Aenyy
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A [ F v S, mpﬂfr@;* g A4 ER R R B/R
S & A 47 (DeLuca et al., 1983) -
BAMAILE A 0 2 BB ERESTF B B

BZF &P PESARE X7 €44 RGBS

4

(Sharma et al., 2005) o @ rJZ @t & Pl F P > blde | 45§ I8
<+ 35 % 4 (Aerobic spore-formers ) ~ T Frfic B B R # 7
( Sulphite-reducing clostridia ) » = % 48i» & F 3|5 »cihd
K,érf i * (Sharma, 2007) -

foid & peB4prt > pH B33 Bafhiz P06 0 AR

SA PR AR HETFIRRE BRFPE SO 2 R

e (Jiang et al., 2003) °

LREASRES G 0 LEET pHSS B 4
WA R TERZ RIERPE  #F tF AR SR RA
BET R R E ABFLLT F 4F o SEF pH Eeant 2 > Hoank
3 ¥ i B (Jiang et al., 2007)

Y- SER Y S B pH & B MR 4 5 ek
%o % pHETHE > XS EhL ERESF 0 P~ 4
fichf B RF s pH & 8.2 B % 10%3% 4 1 pH
% 5.6 pF 1 80%(Cho et al., 2006) -
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IR I A FAE2 o AR AR EEHY
(Schink & Waite, 1980)F QB + % & 4 748 (Schink et al.,

1980)e7% E R % ® o & FRE BT ~pH &~ 3 Mpise

ERGELEC SRR A Ak R & L

§OoAlE G OMF e > BT CohE R AR

GV SRR %_’rﬁfg *ER x}% 7R ERER 'p‘Hﬁ STHE 58

~

&

G ITIR Y AR ARk > R RRAEE T L%

s { ie— 328 (Ma & Liu, 2002) -
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+ % 4% ";Ft-]‘
~ "5 1% 7] Escherichia coli (E. coli) i & % 2 %% & &5 47 e

BEN 0 ESE R 01% * SR FLE LR 2

4 enfg %o —EEK}?& fﬂ"fﬁml £ 3 _{Lv?,{__,_ﬁﬁd i R
= 54 T O gl SRR T A L TR S R

cAFAARTI S R ERE (2013) A- S &2
BRETLHABEET R A A G RFTE SRR E
Zbls Ao ARI07TERE 3 Sk L R
BEEFard 4 RS L old 4 o
2011 & WA N fEfEche ¥ 1) T 4 % FHE
%8, (EHEC) 4 » = 2k & > 27 2FR2 12 F
=S AET g 22 A= (BB, 2011) 0 @ 2018 # 11
'O AREREHFERL (FDA) S N2 ERFEE L ¥
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AHEFE AR I BE LA T A > A
FRAFEGHFFEARI G LG ANR TR BRI RFE
% | (hemolytic uremic syndrome ) » Jg & & 32 % % B(GHRE R,

2018) -
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24 4% ¢ FHRA
&% ¢ § § 2k F (Staphylococcus aureus ) > 3B 4 5 R Hb
(Staphylococcus ) > B 53R 7] > BB TEANZ T 52K 0 3
B RS R YIe 0 Lo AR T E A HABRY ZE RS
BiE e f RBREZT » 53 %2 3¢ FIOLAFRE  &F2
ERREFICo AL 2 pHES 74> EfgERBE TV 4 £

B ? o S A 80°C 30 A4 A B o o
W FarAmzf v F B2 AR AR 0 ¥ S PP
Ao e GAREE M L RR AP A 0 REXT 5
AZRTE i M LS SRR A AR TIRNE S E P g L

MaA018) F=+E R FlEqd FHHIFI? 2 LF

A 235 600 A o
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i akag 4y

&k FHR

A 4

Him 2 40 B R

i S B A7

!

}

& AR A7 1R
ABATRREHR

ER T
KiE

= SR 47 1k

E & T
€ 3

A

A

IR BRI AT

SR AL AP AR
AR kiEHRR

5 HRE AT 1k
B xiEME

5 R R4

A 4

W31 F g %

- A AT AL R
BB B RATHR HEEREZDE
R AP
XL
PR
Y A
HRm HRE




32 FHHFERA

AT TR Y B LR RBAck 3-1 £ 32 AFF Y

e LE Y LA kR o oy
T Ew- it g R 15%
B 4Bk 47
Potassium ferrate(VI)
THZUAR BE T3 90%
B & 49
Sigma-Aldrich WERE T IAR
KHaPO, 2 Al 78
IM i 3 i“4 1.
. &P‘ 97% Showa AE pH 2 #
Sodium hydroxide
1 M % ps
£\ 37% Sigma-Aldrich 4 8 pH 2
Hydrochloric acid
B PR il 4
il Sigma-Aldrich 0.1 M
NazS203-:5H20
~ 95 & 55
%. .Ef] . ATCC 11775
Escherichia coli
A NTCT 8532

Staphylococcus aureus
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232 FHKAEERE

- H R% Al B R

bk /e RSk
Ak Sk R Jasco / V-630

(UV-Vis)
BEBRAFALE LTI EFAAZE /AL o 1
, Tomin medical equipmenco.,LTD/ | .
FERARAS p o
TM-329
e AT
B FHE T o ESCO / Class 11 BSC v,

HERIE Thermo/ VORTEX MAXIMIX II £ H

% ®eF T  GAST/DOA-P704-AA EN-y

7B % e KREF AP /CYL-50D e

Fo 7 g A ADVANTEC / C020A047A P~
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33 o>
AEE RS LR IS%F B A A 5T vk
(Cho et al., 2006)F 5 &1 ™ 719 2% = i
331 Wk B
BARERY T3 ARG R AP KOIGR)EE - 2
TR R BRI ORBET R FERFRBPFLEN

R2I°CF RIS A 4h > MAFELF LEF A+ 3FF 5% -

3.3.3.3 Luria-Bertaini & % /%
NG ATTH ?ﬁﬁé‘? #* LBE R RETE S - KT
Al (% 3-3) 4er 3 1L 2 35 Kok ¢ ¥ApHET 7.0
o UBEBEBRAFRSE EI121CR 720 24 0 4 Eri T

% 5 ¥R 442°C o

4 3-3 ~ @ # Luria-Bertaini 3% % /% & %

Zr wqa 1L #77 E
Typtone 10g
Yeast Extract Sg
NaCl 10g
Ampicillin

33342 AWHR

AN FERESANG D pH B4~ 15% (FE
31



A ) 03 fg (Agar) £ = 0 4 4rI K 55°CH » R
FAEE LA KD O0MME FR A » W EETAF K3
A 442°C > xRl 14 o
3.3.35 * % FiL 7B R
WHE 2 EE SRR G MR A g R
50mL ch LB &Y o fEE R & 5 37°Ce % 18 /)
{$ > 12 4500rpm #w 15 4 48 0 302 pH (B 7.0 dpiph @ g

% % (Phosphate buffer solution, PBS) it = o

F@

s £ 371 50mL PBS £ A7/ %~ S # %

B & R (W13-2)

‘ j 15mL PBS
| (pH=7.0)
— |
/ ko E. coli
15mL LB 4500rpm, 15min Washed twice
=
‘ . ] .
° .| 15mLPBS Stock solutlon.
° - (pH=7.0) of E. Coli

\ o)

Re-suspend E. coli
F3-2~ Wk < g AR id iR
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3.3.3.6 B 4L 4 RE 5B R
WUEBBREETA R EE RO BB (58
WA 15%) B k4o~ 4K o 1L 02um fhk 35 M
FhrArp s BR G2 GBI TR b
r1a § 4 (NaOH) 2 @t (HCI) A& pH E2 9.0

(@ 3-3) o

—\

s h— o]

LA BRAER SR 1R n

E@}F\ % o

-:..: Fe(VI) powder

100mL

100mL DI Water 0.1M Fe(VI)
(pPH=9.0)

Used within at least
1h after preparation.

B33~ 6l apa s mnn
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3.3.3.7 pH 7.0 ik 3 %% % /% (Phosphate Buffer Solution )
11179 ik = & 47 (KHPO,)  4c » 250mL 2 4 3t

k3mgmets > 2w HClI-NaOH 2 Z pH &3 7.0 > 1 12

4

\

0.45um R 3R A F Wi o
B LOSMLG AR IL G 0 B2 R
121°CA F 1S A 40 MAERE 3 %54 B P EF it

7 (B 3-4)-

/

1M HCl / NaOH i

PBS (pH=7.0)

o
S,
/

1.25mL PBS /

Phosbhate Buffer Solution DI Water
17g KH,PO, +
250mL DI Water

1L Stock solution of

Phosphate Buffer Solution

121°C, 15min

B 3-4~ W& pH7.0Bipk @ 073 7%
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3.3.3.8 0.1M #= % Fifk 4 ;% /& (Thiosulfate solution >
Na2S203 )
BB RRAN A R 6 0 Fe(VI % b F il &
Fe(lll) - .k B4 4% Fjenk J& > 7 £ ¢ ~ %% F4

oo BB F B AN L
652047 + 2Fe0.> + 8H;0 = 2Fe(OH)s + 38405 + 100H~(9)

342,482 g NaS>03 2 ¢ 100mL #hd 3 -k d > ¥ @& #

1 MHCI 2 NaOH :# 2 pH 5] 7.0 » # * 383 B= F 4%

MLA21PCR A 1S A4 0 MFERHE 3 X F AT BEL R T %

71

a

1T o
T
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332 B 4Bk w2 ek
LR B MR R P Epk o RE R E B
REP20UL Bt A ALY o F oz Aoy h G
P ERBMBEAIEET - BANEERE A 83 37CE
% 18hr {8 » LR H r A Bt E £ 3 & wEaE 2 £ E D]

Frck (W3-5)-

Petri dish

Inhibition zone

Fe(VI)

Bacteria

B 3-5 B 4BPLAT 4% 4 F 2 PriF ek
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333 B H L H AL 2 Enk
AFBRR Y ER L I~Smg/L 2 BHBHEARATE

THABRFREE o NE LT LEFHRE FF RERET

-~

I~

Ak R BBRAH S E L ERTLBEET £

-ﬂ,; o

3331 mA#MAE B
xR e LB R A A L9 fRE o £ B
R AR a0 37°C & 18 | FFfid » Bod i 442°Ci 3 o
F B R F F B~ 100ul £ 900uL 2
LB 35 &R fe o B2 EE R 4801 37°C £ 18 /) pF b
oA RER BFRBERE M FE e LB AR

i % 3 37°C35 & 18hr 2 44£2°C T 15 o
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3.3.3.2 B 4B ¥~ B ik A2 4 F2x %k (Inactivation effect )
33321 BBPLTE ~ ik A2 L Bk
SHMARfrB BRI FTARE S E R B
R TR EIRTELERT K 05 AT T
544 » P anA e » 0IM B R ERELAN B R
B 2 BB SR (F3-6) FiEiT A

a2 A a2

Tt EE S

L

SNNEE |

E] Fe(VI1) —_— L , Foout
1% PL;:S ith E.coli j mixed solution
2 g with E.coli

i }
: 100pL

Equal volume mixed 0.1mM Na5,0;

B 3-6 ~ B B0 H 4 {2 4 ok
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33322 FiEv ik
SHTRiEE 10247 16 p 22 2 k¥ BETEHK
Hipl > 2 — % 32 (NIEAE203.56B) -
P R RTBHL AR G ERFPSIR
Mo AR e F E P 100 pL FiRF ~ 3 900 uL B
BEE R MR e g ) 10 BHFR R R

oo s

0

3 emisp 10 BAFFE R F T
S 1020 10° B F AR T RESS .

MR A B P L AR R 2 FHR 20 WL F B &
AP TNz ARBIHIRGEF o BANEREEH
W 37°CH % 18hr i > LBH Fii#k (B3-7)° F 7

B R 3~300 @ 2 B0 P~ LA R om0 T 7
SRR AEEE 0 H =% CEU/mL (Colony
forming units/mL ) e

FETORLL Y ET S A T Lo
B o #ede 4 A 0E B B 100~OX10Y o ke (T
e 9T RAERIFF R E RIFEIR{rERL Y &

- E
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RPN % _ X1+4Y14X24Y2+---
775 #& (CFU/mL) 002 DT 002/D T (002 DD O0T BT (10)

DI ~D2: Ers 4 2 AR
X1~ Y1:DlAFRA 33 4w 2§ o i

X2~ Y2 D2 AR sk 2§ o i

100pL 100uL 100pL

(I '}

M
S

1000pL 900pL 900puL 900puL
E. coli + Fe(VI) PBS PBS PBS
Dilution: 10! 10? 10° \

Grown for 18h at 37°C
B 3-7~ <5 EEFHTH
3.3.3.2.3 4 &
S S RE R LR S S ISR NSHE
il (No) & £ B E T (N) L8244 577
Bob RBP4 LS

Inactivation rate(%) = (No — N)/N,x 100%.....(11)
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334 BHMKEET F ¢ mEZ L Ek
AF SR ER L 25550100~ 150 ~ 200 mg/L 2. B 4%
oA R AT ETHIF P HREL oA o N E A
PREIFBEFEFEI A8 BB NEHEVE L RBLEF

FHEAES LA FHFBRIUTF HE AL E

3341 wFAH S ~ BfAZ B
33411 ok &
WA A B AR S106 0 #-90mm £ FE A r B
BAraE G 4 120 3 150 2 A 2 & A 24 o pE
{60 BANEEE X § ‘137°Ci%%18fjff51§]ffjlp,_w’

I 4E2°C IR TF o

33412 wmpFp#afaz i
FHIEE 3T CR A% 18/ Fisam 2 A P A 3dia ik
FA (549 ¢ ) B (% ¢ ) B3 LBR AR
¢ AN 12 K 4902 37°C % 18hr 0 4+2°C iR T o
&R & pF o R FE P-4 100pL €2 900uL

2 LB % ipRfo ¥ % 30581 4 4502 37°C % 18



P PEA % o ¥ R EjR bF KB ts 0 BIE L 4~ LB

BAR o T B3 37°C & 18hr o 4£2°C ik 5 » ¥ 2 B

)

- E’;—’E‘ ﬁ@é?ﬁ‘/%/l’i’i"” /z“:/n\‘*'vljﬁa_%,‘_ = A~ Bf\?ﬁﬁ/%‘/fé .

3342 BT § ¢ wE 4 Erkk
BB ARPLAT R AR E A B R IR IR A U EHAER
foo ER Y R ERTBEFRL M- KPS

A R A 2 O0M AR R ERFAAN B R @ A T AR Pad g

= Ak H LR o 3Rz (NIEA E203.56B) & (7

335 FMMAHRBILE WAL X Bk
NGB ER L 100~500mg/L 2 B4R 4T AR 0T

ETHEF S TERARFAA B S5 A B E T 5 P

o}
e
i
L
D7
&
i
e

SRS L R BT R 4 E
S0 w E BB H R B 2R L

A 7
ke

B o,
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3.3.6 ‘wmFHAE

fo A iR Y dEAR Y 16S i 4EEE RNA (16S rRNA) h%
22 4% X > 16STRNA A F|d + 5 1,500 B &% & ¥+ 2 (Jo
etal.,2016) > £ ¢ 3 VI~VOx 93 & ¥ 2 %3 (High
Variable Regions * HVRs ) » £:iE:5# 2 7 3 % %5 7] (B
3-8) I BT R L FFR 4 F B (PCR) ehik - Pz
SHAR BB VTR EF mp g T (B 3-
9)e

@ %4 PCR 8 3| craff 3t = (Amplicon ) » H 3 +f & < e
ERe BHSEHERT M MBHRE > FHH T L RLT
200 # 35 7P > H A KRR E 81.7% 0 L B K 4o 3]
400 & 5 B 71 RI3 2 2 90% » i 900 #k A B 7 H A S5 E A
S94.1% > B A2 2008 B PE o B A ATHEE B B
< (B 3-10) (Nossaetal.;2010) » » A5 & 34 cug & 5 7

£ & 5 1410 2 1430
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= oy
L3 (=1

=
=

e
w}

Mean frequency of
maost common residue
o
o

=
in

M’\

o©
[

100 30

O

Envirenmental

micro

% accuracy

bes

100 r

75

50

N
(9]

300

400

500 800

- : :: | :_Zi___ji:’-a,'?
7 AN

Mixed
genomic DNA

165 rRNA gene conservation

165 rRNA structure

A

Wi

vl ) Q i 3
~ R e, A

R Wy

L] '
6 Vi
DI00- 1040  11MB1060  A343-1300 140 a0 L V_Q
pe — — . _
700 B0 SO0 1000 1100 1300 1300 1400 1500 (bp) ';
Base position in 165 rRNA gene N2
B 3-8~ 16SRNA * 9B 35 AR E %K
—mmp  gem R ATCGATCGGAT
—— CATCATCGCGA
- — — — TCGATCGATCG
“p— TCGGCCATAAC
= CATCATCGCGA
- L N CATCATCGCGA
PCR marker gene oy Amplicon MNGS
Ex: 165 rRNA etc. library sequencing
Bioinformatics Analysis
Taxonomy

Community

‘ H

1 3-9 - 16S RNA &6 /5 4%

100 200 300 350 400 500 600 700 800 900
Amplicon size (bp)

B 3-10 H3FHF P EEREH S FHER
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3.3.7 B ABfL4n 4 B P

FoEe ®*TRNE B UF SR 3% 90%2 F 48
fede » FIEE 2 BAMO SR RZATY AF M &g+ 3
L2 R 15%% Hpidrie T AT g o

AP S FHFBESBRELTHTRE BT R
ZHT R HR T15%  T3% ~ 90%:FE Wik i~ e
Bk BARPIETD F AT o

H A2 0.05g 2 B 4ABAL 47T 100mL TR AL 0 T 4o 22 B
K0 1 0.2um SR IR A F iR f B R = s
HagpRe o ¥ - 500ppm 2 73 ik X @ FARE L 31.25ppm 1

Boebk/m A ke kiR (UV-Vis) &7 447 (H 3-11)-

Serial dilution

* «’ Fe(VI) powder (500, 250, 125,
) 62.5, 31.25 ppm)

100mL DI Water

UV-Vis 510nm

B 3-11 B i de & B Sn AT
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AR S ek /v Rk A kiR (UV-Vis) Bl 27 &

R ER 2 BABRAA & S10nm 2k B o I RPET Ao 50

kR }};-FJ%(Bielski & Thomas, 1987) » 7 8 4 ks &
510nm fed B~ S 0 H 3Bk e (e) & 1150£25M
lem' ;@ A LS kR (RE A=log%) B % 4
Fowe #* nfwE g LR (om): Cifh&? B2k
E (molL'1)o

Mo i TN vl SN RE R Hme £E
BB G R R A+ F 5 198.04g mol ! :

198.04

iy o= A 0
K,FeOy purity = 50 < 0.1 x welght of sampls X 100%...... (13)
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Frd . BERaMH

AT RES LA AIMA > B - MALETRBHRS T

JFF 1 37

R FF R

A
=i
Ay
V

ﬁ
*=
N

Iy
\4
=
8}
i
_;L\
<ok
?
g
beits
;’?
V‘"
o

f

B 2w

\

M
T

Fend R E Bxmh S8k FR2Z BB 55

PHRRLARBROEAR S F Y B R e AR P AL R F—

Qo

£ TERERLET P

@Y

EERRET AR SR FLAE ATCC
11775~ £% ¢ § % 3 A2 A4 NTCT 8532 > 11 2 j& K/ +
EmESI06 73 EHEEZ A T HE G RAAET

Ja 2 o

4.4.4 FfBER IR
MRAR IR L [EIBES 0 BED O
FracBl 4157 o BB EA T P PG RS 7 i
AR E > Au i Pﬁ'L;,»LwJAE-]&ﬁ&%iﬁ B]Ef-](]%]

4-2)

a7



FEL AT EIM G b PR
» Micrococcus sp. strain CAU1456 %

Staphylococcus kloosii strain ATCC 43959 » & it 4™ o
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4.1.2.1 ' A Micrococcus sp. strain CAU1456 _like(99%)
mE ARl 430 HEFERE S LR AR
( Micrococcus sp. ) °
1295~ pr 21 %7(Kloos et al., 1974)# % Micrococcus lylae

o Bp RERET  FEAMMI B AT AL

SR A Aol A SRR H A

2 LR G 25~37°C-

Bl 4-3 ~ A F#] : Micrococcus sp. strain CAU1456 _like(99%)
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4.1.2.2 = B : Staphylococcus kloosii strain ATCC
43959 1ike(99%)

‘oA B 4B 4-4 0 2 #4b % % 5 Staphylococcus kloosii

strain ATCC 43959 -

TOREARAGA HEFEIE - HEB S SHA I KD

Bl 4-4 ~ B 7 : Staphylococcus kloosii strain ATCC 43959 _like(99%)
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4.2 R 4BPLEH I F2 P

AR BRI FABNFARBMRA R - TR
%ﬁﬁ%o
B T E Ak St i T e gk
oA E ez s ¢ é’f”fm*};&]"# 7 :}fﬁﬁﬁﬁx% o ¥ 8] 4-5 ~ ) 4-6 %
{6 BABRPLA © KR A
BRI R RBRA LT = F 4 PR IRIT BRI

AN

s A A P RENABRE CAFEBE A 26w

e

B

w

i

Y

B 4-5 ~ B B4 4 X 5 B A
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B 4-7 ~ F 4fkdn$t B bw 2 rFpe
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43 BABROH FEFHZ L Bk
AR AR BRSO F L E S G Fd S
B o
BB 48 F URET]  BHM R T G ki G
.

hokd 2 A BREAE S TR FIERE 2 BRI LT EE

4 b ik Y IIER 2 B B -

100+ § ...... @ ® O O i @ 5mg/lL
T W 4molL

E A& 3mglL
: W 2mglL

P ¥ erot
Lttt iR

60+

40

Inactivation rate (%)
be

204

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Time (min)

Bl 4-8 ~ BB E-RY ¥ LiwpF s F 1 FDR FaF
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b L s anpFEiz o % kR S Smg/l chB e v i

T 65.46%% ok > R RARF I G 1mg/L pFo iR
2.98%:ih~ MR AL E L R Z A4 R ER S Smg/ll
BAELAm e T E D] 96.93% % Eakk 0 P AR = A aE T

7] 100%% iEc% > @ @ % kR 5 3mg/L 2 4mg/L 3% M4

rb

“11

B ET KRS B FE T 100%%E s F 2@ kR
1 mg/L s 4 fadm 5 it i€ 64.77% 0% 55 & ET"]@L\ "o

R 48 TR > F BABREAE R X2 3mg/L PR it A
B B EE Tk IR e Bk R A 0 B RF T E T T
AP ka3 100%2 Ee Sk o ESER R Y T 2mg/L
o FRILER RS BERERIT A4 B A FFE A
T6~T7% » H3 kAR % Img/l > A%e ~7 A4 @i itd
65.36 ~64.77%% E5 o P FKFR T8 0 &Ly

BE Tl 4 iEoeh > ZHGER K2 §ERT BP0 K HE

X

BEPFEHE > AFF Y3 gL WERE > FAPEREDF
w8 B BMREENFENT R 0

% Lk o
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44 RBBEHLF Y B MEL L ExE

ARk A EHBBREH L R L 4k

B 4-9 v Ry %iﬁcﬁ’xf“"’"\? ie _«,_if. P BT

A
a0 EERTHFINI U 25mg/Lc ® HIF A 2 B 2

ERRF IS -

fm

Fjf * ARl kR PR A4 € | e ok o

5% A B (Micrococcus sp. ) K#. > &% k& & 25 mg/L
BB %I AT EI1947% 4 F 5 tERBER
5 50mg/L pF o %I 24T T T 98.34%4 Eanhk 0 BRa
FHRAEARI 100mg/LpF - &5 = A&7 & 7] 96.06%% 7
LR N A

F 45:% 3] 100% >

/r'51 °

B ARPF - BREBRF (S koosii) PG & { % k&
BT o FR VLR 5 SOmgL H9F AT T KPR S 1

LgmpE o> W sy 1] 60.79%*

A% EHEERFZES T 100 mg/L
PEOBET AL Wi

Tl 84.88%% HF > MERERKES D
200 mg/L FF > &%

- A48 ¢ B 100%% i e
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Inactivation rate (%)

Inactivation rate (%)

Micrococcus sp.

o g a"”jj;;;;;:::::. @ 100 mg/L
® B 50 mgiL

§ A 25 mglL

804 ; i V- omglL

6o i ..

404

Time (min)

Staphylococcus kloosii
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1 4-1

) 3 , B
& % 2
L Fb F ‘s B2
E. Coli 5 mg/L/ 3min 100%
B4 Micrococcus sp. 100 mg/L / 4min 100%
h A
fesa S. kloosii 200mg/L/ Imin  100%
S. aureus 500 mg/L / 30min 100%
H5.5/10 mg/L
y e 100%
/15 min )
NaOCl E. Coli H 7.5 T (Jiang et al., 2007)
PR PIE S <100%
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& E. Coli TiO>+Ag/ 1hr 93.5%  (Pham et al., 2014b)
1 e E. Coli TiO,+ Cu/lhr  87.84%  (Pham et al., 2014a)
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uv ¥ ouill BB 50°C 39.45% (Geveke, 2008)
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co [ o 45°C/ 14 min / 99.99% (Ballestra et al.,
? B 5 MPa CO; pressure 1996)
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5.2.3 Fjtk k1l
AT WY Z RN e AR R4 1 4 Sk B
Ho A REERIEF VEF SR NP o
FHT AT F P AL A ERE IS T AT R
ARBREY RARE (bldr ! - LA RO VEORE B 5
S FRIALLLLE ) AR FERRA T A
? I Iop FRE T RGE (et SR F N IETE A F)
HEBESE A BAS L EE T AT ER
524 A KB ¥
ABBEAARET 3 6 0 FIBMMGIE G AR
FUEE R (del PR E ) ¢ BB MR 3
Phdmat £ H A § ¢ G PR (GRI24, 2018; A 3B,
2017) > £ #-H B igm Bl s » 3593 % Gt > 7
A ME CBREZET; BaEE  ERRET Y el
MHAE e PR D 2 FlR AL Tk o
FLBT > - B F R A7 Fa 1

o Brr k% B 3t 98%(Songer et al., 1963) °

A

St EY (BS-1) f1* 455 %42

~

F_\\

ABEBTEALFOPIEIIFRE AR o AR BRZE T

68



ForREEHT o R A F BUERRBIRE > T - B
FEWRIFTY 3§ BRIPZAFFHE > Ume)
f 2 AR E ok o

LA G T URLE UV SR A ERERD - T T A
7+ (Talaiekhozani, Salari, et al., 2016) > - 4= H & * 3 4ffkdw
Ao RPUVEEFEMeT o d o mdpg 47

"1t 35 A 4K 100%4 1K B R P T 0 f R Rk

AREPE S (T A 04%% § 0 enT BE 0 A R R T 5
GELHEIFP R EUVEN & A Eswk BF 5 -
Sensors
(Temp./RH) Bioaerosol sampling
M
U
Mist injector
F o0 Bioaerosol generator
-9
Bioaerosol
Test filter chamber (1 m?)
<« Air

Bl 5-1~ % F e iplsd kg

69



Ak TR

Baldacci, S., Maio, S., Cerrai, S., Sarno, G., Baiz, N., Simoni, M., . ..
Study, H. (2015). Allergy and asthma: Effects of the exposure to
particulate matter and biological allergens. Respiratory medicine,
109(9), 1089-1104.

Ballestra, P., Da Silva, A. A., & Cuq, J. (1996). Inactivation of
Escherichia coli by carbon dioxide under pressure. Journal of Food
Science, 61(4), 829-831.

Bartzatt, R., Cano, M., Johnson, L., & Nagel, D. (1992). Removal of
toxic metals and nonmetals from contaminated water. Journal of
Toxicology and Environmental Health, Part A Current Issues,
35(4),205-210.

Beggs, C., Noakes, C., Sleigh, P., Fletcher, L., & Kerr, K. (2006).
Methodology for determining the susceptibility of airborne
microorganisms to irradiation by an upper-room UVGI system.
Journal of Aerosol Science, 37(7), 885-902.

Bielski, B. H., & Thomas, M. (1987). Studies of hypervalent iron in
aqueous solutions. 1. Radiation-induced reduction of iron (VI) to
iron (V) by CO2. Journal of the American Chemical Society,
109(25), 7761-7764.

Bouzek, K., Schmidt, M. J., & Wragg, A. A. (2000). Influence of
electrolyte hydrodynamics on current yield in ferrate (VI)
production by anodic iron dissolution. Collection of Czechoslovak
Chemical Communications, 65(1), 133-140.

Bush, R. K., & Portnoy, J. M. (2001). The role and abatement of fungal
allergens in allergic diseases. Journal of Allergy and Clinical
Immunology, 107(3), S430-S440.

Canova, C., Heinrich, J., Anto, J. M., Leynaert, B., Smith, M., Kuenzli,
N., ... De Marco, R. (2013). The influence of sensitisation to
pollens and moulds on seasonal variations in asthma attacks.
European Respiratory Journal, 42(4), 935-945.

Chang, Y.-T., Lee, Y.-C., Lin, C.-H., & Chang, Y.-J. (2010).
Photocatalytic disinfection of bioaersols in an novel air purification
combined nano-titanium dioxide with UVA irradiation. Journal of
Biotechnology(150), 271.

Cho, M., Lee, Y., Choi, W., Chung, H., & Yoon, J. (2006). Study on Fe
(VI) species as a disinfectant: Quantitative evaluation and

70



modeling for inactivating Escherichia coli. Water research, 40(19),
3580-3586.

Dedesko, S., Stephens, B., Gilbert, J. A., & Siegel, J. A. (2015). Methods
to assess human occupancy and occupant activity in hospital
patient rooms. Building and Environment, 90, 136-145.

DeLuca, S. J., Chao, A. C., & Smallwood Jr, C. (1983). Removal of
organic priority pollutants by oxidation-coagulation. Journal of
Environmental Engineering, 109(1), 36-46.

Denvir, A., & Pletcher, D. (1996). Electrochemical generation of ferrate
Part I: Dissolution of an iron wool bed anode. Journal of applied
electrochemistry, 26(8), 815-822.

Douwes, J., & Heederik, D. (1997). Epidemiologic investigations of
endotoxins. International Journal Occup Envir Health.

Douwes, J., Thorne, P., Pearce, N., & Heederik, D. (2003). Bioacrosol
health effects and exposure assessment: progress and prospects.
The Annals of occupational hygiene, 47(3), 187-200.

Eninger, R. M., Adhikari, A., Reponen, T., & Grinshpun, S. A. (2008).
Differentiating between physical and viable penetrations when
challenging respirator filters with bioaerosols. CLEAN—-Soil, Air
Water, 36(7), 615-621.

Felini, M., Johnson, E., Preacely, N., Sarda, V., Ndetan, H., & Bangara, S.
(2011). A pilot case-cohort study of liver and pancreatic cancers in
poultry workers. Annals of epidemiology, 21(10), 755-766.

Gorny, R. L., Reponen, T., Grinshpun, S. A., & Willeke, K. (2001).
Source strength of fungal spore aerosolization from moldy building
material. Atmospheric Environment, 35(28),4853-4862.

Georgakopoulos, D., Després, V., Frohlich-Nowoisky, J., Psenner, R.,
Ariya, P., Posfai, M., . . . Hill, T. (2009). Microbiology and
atmospheric processes: biological, physical and chemical
characterization of aerosol particles. Biogeosciences, 6(4), 721-
737.

Geveke, D. J. (2008). UV inactivation of E. coli in liquid egg white. Food
and Bioprocess Technology, 1(2), 201-206.

Ghorbani, S. F., JONEYDI, J. A., YOUSEFI, M. R., Mohseni, M., &
Shirazi, J. (2006). Type and concentration of bioaerosols in the
operating room of educational hospitals of Hamadan University of
Medical Sciences and effectiveness of ventilation systems, in year
2004.

71



Grigis, A., Farina, C., Symoens, F., Nolard, N., & Goglio, A. (2000).
Nosocomial pseudo-outbreak of Fusarium verticillioides associated
with sterile plastic containers. Infection Control & Hospital
Epidemiology, 21(1), 50-52.

Grinshpun, S., Adhikari, A., Li, C., Reponen, T., Yermakov, M.,
Schoenitz, M., . . . Mohan, S. (2010). Thermal inactivation of
airborne viable Bacillus subtilis spores by short-term exposure in
axially heated air flow. Journal of Aerosol Science, 41(4), 352-363.

Hawksworth, D. L., & Luecking, R. (2017). Fungal Diversity Revisited:
2.2 to 3.8 Million Species. Microbiology spectrum, 5(4).

Hayleeyesus, S. F., Ejeso, A., & Derseh, F. A. (2015). Quantitative
assessment of bio-aerosols contamination in indoor air of
University dormitory rooms. International journal of health
sciences, 9(3), 249.

Heininger, U. (2010). Update on pertussis in children. Expert review of
anti-infective therapy, 8(2), 163-173.

Hendricks, K., Wright, M., Shadomy, S., Bradley, J., Morrow, M., Pavia,
A., ... Smith, T. (2014). Workgroup on Anthrax Clinical
Guidelines. Centers for Disease Control and Prevention expert
panel meetings on prevention and treatment of anthrax in adults.
Emerg Infect Dis, 20(2), 20-36.

Hinds, W. C. (1999). Aerosol technology: properties, behavior, and
measurement of airborne particles: John Wiley & Sons.

Hoppin, J. A., Umbach, D. M., Long, S., Rinsky, J. L., Henneberger, P.
K., Salo, P. M., . ... Blair, A. (2014). Respiratory disease in United
States farmers. Occup Environ Med, 71(7), 484-491.

Jeannot, C., Malaman, B., Gerardin, R., & Oulladiaf, B. (2002).
Synthesis, crystal and magnetic structures of the sodium ferrate
(IV) Nad4FeO4 studied by neutron diffraction and Mossbauer
techniques. Journal of solid state chemistry, 165(2), 266-277.

Jia, H., Yang, X., Yang, Y., & Gao, Y. (1999). Direct spectrophotometric
determination of ferrate (VI). CHINESE JOURNAL OF
ANALYTICAL CHEMISTRY, 27(5), 617-617.

Jiang, J.-Q., & Lloyd, B. (2002). Progress in the development and use of
ferrate (VI) salt as an oxidant and coagulant for water and
wastewater treatment. Water research, 36(6), 1397-1408.

Jiang, J.-Q., Lloyd, B., & Grigore, L. (2001). Preparation and evaluation
of potassium ferrate as an oxidant and coagulant for potable water

72



treatment. Environmental Engineering Science, 18(5), 323-328.

Jiang, J.-Q., Wang, S., & Panagoulopoulos, A. (2007). The role of
potassium ferrate (VI) in the inactivation of Escherichia coli and in
the reduction of COD for water remediation. Desalination, 210(1-
3), 266-273.

Jiang, J.-Q., Wang, S., & Vogelpohl, A. (2003). Inactivation of
Escherichia coli with ferrate and sodium hypochlorite: A study on
the disinfection performance and constant. Oxidation technology
water wastewater. CUTEC-Series Publication(57), 406-411.

Jo, J.-H., Kennedy, E. A., & Kong, H. H. (2016). Research techniques
made simple: bacterial 16S ribosomal RNA gene sequencing in
cutaneous research. Journal of Investigative Dermatology, 136(3),
e23-e27.

Johnson, E., & Choi, K. M. (2012). Lung Cancer Risk in Workers in the
Meat and Poultry Industries—A Review. Zoonoses and public
health, 59(5), 303-313.

Jung, J. H., Lee, J. E., Lee, C. H., Kim, S. S., & Lee, B. U. (2009).
Treatment of fungal bioaerosols by a high-temperature, short-time
process in a continuous-flow system. Appl. Environ. Microbiol.,
75(9),2742-2749.

Kazama, F. (1994). Inactivation of coliphage Qp by potassium ferrate.
FEMS microbiology letters, 118(3), 345-349.

Kharitonov, S. A., & Sjobring, U. (2007). Lipopolysaccharide challenge
of humans as a model for chronic obstructive lung disease
exacerbations. In Models of Exacerbations in Asthma and COPD
(Vol. 14, pp. 83-100): Karger Publishers.

Kim, K.-H., Kabir, E., & Jahan, S. A. (2018). Airborne bioaerosols and
their impact on human health. Journal of Environmental Sciences,
67,23-35.

Kujundzic, E., Matalkah, F., Howard, C. J., Hernandez, M., & Miller, S.
L. (2006). UV air cleaners and upper-room air ultraviolet
germicidal irradiation for controlling airborne bacteria and fungal
spores. Journal of Occupational and Environmental Hygiene,
3(10), 536-546.

Kummer, V., & Thiel, W. R. (2008). Bioaerosols—sources and control
measures. International journal of hygiene and environmental
health, 211(3-4), 299-307.

Lee, B. U. (2011). Life comes from the air: a short review on bioaerosol

73



control. Aerosol Air Qual. Res, 11(7), 921-927.

Lee, B. U, Yun, S. H., Ji, J. H., & Bae, G. N. (2008). Inactivation of S.
epidermidis, B. subtilis, and E. coli bacteria bioaerosols deposited
on a filter utilizing airborne silver nanoparticles. Journal of
microbiology and biotechnology, 18(1), 176-182.

Lee, J., Tryk, D. A., Fujishima, A., & Park, S.-M. (2002). Electrochemical
generation of ferrate in acidic media at boron-doped diamond
electrodes. Chemical Communications(5), 486-487.

Lee, Y.-H., & Lee, B.-U. (2006). Inactivation of airborne E. coli and B.
subtilis bioaerosols utilizing thermal energy. Journal of
microbiology and biotechnology, 16(11), 1684-1689.

Lee, Y., Um, L.-h., & Yoon, J. (2003). Arsenic (III) oxidation by iron
(VI)(ferrate) and subsequent removal of arsenic (V) by iron (III)
coagulation. Environmental science & technology, 37(24), 5750-
5756.

Li, C., Li, X., & Graham, N. (2005). A study of the preparation and
reactivity of potassium ferrate. Chemosphere, 61(4), 537-543.

Licht, S., Naschitz, V., Halperin, L., Halperin, N., Lin, L., Chen, J., . . .
Liu, B. (2001). Analysis of ferrate (VI) compounds and super-iron
Fe (VI) battery cathodes: FTIR, ICP, titrimetric, XRD, UV/VIS,
and electrochemical characterization. Journal of Power Sources,
101(2),167-176.

Lidwell, O. (1994). Ultraviolet radiation and the control of airborne
contamination in the operating room. Journal of Hospital Infection,
28(4), 245-248.

Lin, C.-Y., & Li, C.-S. (2002). Control effectiveness of ultraviolet
germicidal irradiation on bioaerosols. Aerosol science and
technology, 36(4),474-478.

Liu, L., Li, L., Wu, Z., & Song, L. (2011). Physiological responses to
ferrate (VI) stress in Microcystis aeruginosa. Paper presented at the
2011 International Conference on Remote Sensing, Environment
and Transportation Engineering.

Losada, J., Vicenteperez, S., & Hernandez, P. (1985). Ferrate (VI)
oxidimetry-direct potentiometric titration of Arsenic(IIl) in alkaline
media. ANALES DE QUIMICA SERIE B-QUIMICA INORGANICA
Y QUIMICA ANALYTICA, 81(1), 100-104.

Ma, J., & Liu, W. (2002). Effectiveness and mechanism of potassium
ferrate (VI) preoxidation for algae removal by coagulation. Water

74



research, 36(4), 871-878.

Madigan, M. T., & Martinko, J. (2005). Brock Biology of
Microorganisms, 11th edn. In: SciELO Espana.

Mandal, J., & Brandl, H. (2011). Bioaerosols in indoor environment-a
review with special reference to residential and occupational
locations. The Open Environmental & Biological Monitoring
Journal, 4(1).

McLean, D., Cheng, S., Mannetje, A. t., Woodward, A., & Pearce, N.
(2004). Mortality and cancer incidence in New Zealand meat
workers. Occupational and environmental medicine, 61(6), 541-
547.

Miaskiewicz-Peska, E., & Lebkowska, M. (2011). Effect of antimicrobial
air filter treatment on bacterial survival. Fibres & Textiles in
Eastern Europe, 19(84), 1.

Mohr, A. J. (2007). Fate and transport of microorganisms in air. In
Manual of Environmental Microbiology, Third Edition (pp. 961-
971): American Society of Microbiology.

Murmann, R. K., & Robinson, P. R. (1974). Experiments utilizing
FeO42— for purifying water. Water research, 8(8), 543-547.

Nardell, E. A., Bucher, S. J., Brickner, P. W., Wang, C., Vincent, R. L.,
Becan-McBride, K., . . . Wright, J. D. (2008). Safety of upper-room
ultraviolet germicidal air disinfection for room occupants: results
from the Tuberculosis Ultraviolet Shelter Study. Public health
reports, 123(1), 52-60.

Neveux, N., Aubertin, N., Gerardin, R., & Evrard, O. (1994). Stabilized
Ferrates (VI): synthesis method and applications. In Chemical
water and wastewater treatment I1I (pp. 95-103): Springer.

Norcross, B. E., Lewis, W. C., Gai, H., Noureldin, N. A., & Lee, D. G.
(1997). The oxidation of secondary alcohols by potassium
tetraoxoferrate (VI). Canadian journal of chemistry, 75(2), 129-
139.

Nossa, C. W., Oberdorf, W. E., Yang, L., Aas, J. A., Paster, B. J.,
DeSantis, T. Z., . . . Pei, Z. (2010). Design of 16S rRNA gene
primers for 454 pyrosequencing of the human foregut microbiome.
World journal of gastroenterology: WJG, 16(33), 4135.

Park, S.-M., Kwak, Y.-S., & J1, J.-G. (2015). The effects of combined
exercise on health-related fitness, endotoxin, and immune function
of postmenopausal women with abdominal obesity. Journal of

75



immunology research, 2015.

Pearson, C., Littlewood, E., Douglas, P., Robertson, S., Gant, T. W., &
Hansell, A. L. (2015). Exposures and health outcomes in relation to
bioaerosol emissions from composting facilities: a systematic
review of occupational and community studies. Journal of
Toxicology and Environmental Health, Part B, 18(1), 43-69.

Pham, T.-D., & Lee, B.-K. (2014a). Cu doped TiO2/GF for photocatalytic
disinfection of Escherichia coli in bioaerosols under visible light
irradiation: Application and mechanism. Applied Surface Science,
296, 15-23.

Pham, T.-D., & Lee, B.-K. (2014b). Effects of Ag doping on the
photocatalytic disinfection of E. coli in bioaerosol by Ag—TiO2/GF
under visible light. Journal of colloid and interface science, 428,
24-31.

Ramseier, M. K., von Gunten, U., Freihofer, P., & Hammes, F. (2011).
Kinetics of membrane damage to high (HNA) and low (LNA)
nucleic acid bacterial clusters in drinking water by ozone, chlorine,
chlorine dioxide, monochloramine, ferrate (VI), and permanganate.
Water research, 45(3), 1490-1500.

Rush, J. D., & Bielski, B. H. (1986). Pulse radiolysis studies of alkaline
iron (I1I) and iron (VI) solutions. Observation of transient iron
complexes with intermediate oxidation states. Journal of the
American Chemical Society, 108(3), 523-525.

Rush, J. D., Zhao, Z., & Bielski, B. H. (1996). Reaction of ferrate
(VD/ferrate (V) with hydrogen peroxide and superoxide anion-a
stopped-flow and premix pulse radiolysis study. Free radical
research, 24(3), 187-198.

Schink, T., & Waite, T. D. (1980). Inactivation of 2 virus with ferrate
(VI). Water research, 14(12), 1705-1717.

Schleifer, K., Kilpper-Bélz, R., & Devriese, L. (1984). Staphylococcus
arlettae sp. nov., S. equorum sp. nov. and S. k1oosii sp. nov.: three
new coagulase-negative, novobiocin-resistant species from
animals. Systematic and Applied Microbiology, 5(4), 501-509.

Scholder, R. (1962). Recent investigation on oxometallates and double
oxides. Angewandte Chemie International Edition in English, 1(4),
220-220.

Scholder, R., v. Bunsen, H., & Zeiss, W. (1956). Uber Orthoferrate (IV).
Zeitschrift fiir anorganische und allgemeine Chemie, 283(1-6),

76



330-337.

Schreyer, J., Thompson, G., & Ockerman, L. (1950). Ferrate oxidimetry.
Analytical Chemistry, 22(5), 691-692.

Schreyer, J., Thompson, G., Ockerman, L., Douglas, B. E., Snyder, M.
K., & Moeller, T. (1953). Potassium ferrate (VI). Inorganic
Syntheses, 4, 164-168.

Sharma, V. K. (2002). Potassium ferrate (VI): an environmentally friendly
oxidant. Advances in Environmental Research, 6(2), 143-156.

Sharma, V. K. (2007). Disinfection performance of Fe (VI) in water and
wastewater: a review. Water Science and Technology, 55(1-2), 225-
232.

Sharma, V. K. (2013). Ferrate (VI) and ferrate (V) oxidation of organic
compounds: kinetics and mechanism. Coordination Chemistry
Reviews, 257(2),495-510.

Sharma, V. K., Burnett, C. R., & Millero, F. J. (2001). Dissociation
constants of the monoprotic ferrate (VI) ion in NaCl media.
Physical Chemistry Chemical Physics, 3(11), 2059-2062.

Sharma, V. K., Burnett, C. R., O'Connor, D. B., & Cabelli, D. (2002). Iron
(VI) and iron (V) oxidation of thiocyanate. Environmental science
& technology, 36(19), 4182-4186.

Sharma, V. K., Kazama, F., Jiangyong, H., & Ray, A. K. (2005). Ferrates
(iron (VI) and iron (V)): environmentally friendly oxidants and
disinfectants. Journal of water and health, 3(1), 45-58.

Sanchez, B., Sanchez-Munoz, M., Munoz-Vicente, M., Cobas, G.,
Portela, R., Suarez, S., . .. Amils, R. (2012). Photocatalytic
elimination of indoor air biological and chemical pollution in
realistic conditions. Chemosphere, 87(6), 625-630.

Songer, J. R., Sullivan, J. F., & Hurd, J. W. (1963). Testing Air-Filtering
Systems: 1. Procedure for Testing High-Efficiency Air Filters on
Exhaust Systems. Appl. Environ. Microbiol., 11(5), 394-397.

Srikanth, P., Sudharsanam, S., & Steinberg, R. (2008). Bio-aerosols in
indoor environment: composition, health effects and analysis.
Indian journal of medical microbiology, 26(4), 302.

Sundell, J., Lindvall, T., & Stenberg, B. (1991). Influence of type of
ventilation and outdoor airflow rate on the prevalence of SBS
symptoms. Paper presented at the Healthy buildings. Proceedings
of the ASHRAE/ICBRSD conference IAQ.

Talaiekhozani, A., Bagheri, M., Talaei, M. R., & Jaafarzadeh, N. (2016).

77



An overview on production and applications of ferrate (VI).
Jundishapur Journal of Health Sciences, 8(3).

Talaiekhozani, A., Salari, M., Talaei, M. R., Bagheri, M., & Eskandari, Z.
(2016). Formaldehyde removal from wastewater and air by using
UV, ferrate (VI) and UV/ferrate (VI). Journal of environmental
management, 184, 204-209.

Thilsing, T., Madsen, A. M., Basinas, 1., Schliinssen, V., Tendal, K., &
Balum, J. (2014). Dust, endotoxin, fungi, and bacteria exposure as
determined by work task, season, and type of plant in a flower
greenhouse. Annals of Occupational Hygiene, 59(2), 142-157.

Thompson, G., Ockerman, L. T., & Schreyer, J. (1951). Preparation and
purification of potassium ferrate. V1. Journal of the American
Chemical Society, 73(3), 1379-1381.

Tiwari, D., & Lee, S.-M. (2011). Ferrate (VI) in the treatment of
wastewaters: a new generation green chemical. Waste Water
Treatment and Reutilization, 241-276.

Tsapko, V. G., Chudnovets, A. J., Sterenbogen, M. J., Papach, V. V.,
Dutkiewicz, J., Skorska, C., . .. Golec, M. (2011). Exposure to
bioaerosols in the selected agricultural facilities of the Ukraine and
Poland-a review. Annals of Agricultural and Environmental
Medicine, 18(1).

US.EPA. (2017). Introduction to Indoor Air Quality. Retrieved from
https://www.epa.gov/indoor-air-quality-iag/introduction-indoor-air-
quality

Van Leuken, J., Swart, A., Droogers, P., Van Pul, A., Heederik, D., &
Havelaar, A. (2016). Climate change effects on airborne pathogenic
bioaerosol concentrations: a scenario-analysis. derobiologia, 32(4),
607-617.

Vicenteperez, S., Losada, J., & Hernandez, P. (1985). Ferrate (VI)-
oxidimetry standardization of reagent with standard iron (II)-
Titration of aniline. ANALES DE QUIMICA SERIE B-QUIMICA
INORGANICA Y QUIMICA ANALYTICA, 81(1), 93-99.

White, D., & Franklin, G. (1998). A preliminary investigation into the use
of sodium ferrate in water treatment. Environmental technology,
19(11), 1157-1161.

Williams, C. (2011). Who are you calling simple? New Scientist,
211(2821), 38-41.

Yen, Y.-L., Lin, H.-L., Lin, H.-J., Chen, P.-C., Chen, C.-R., Chang, G.-H.,

78



& Guo, H.-R. (2004). Photokeratoconjunctivitis caused by different
light sources. The American journal of emergency medicine, 22(7),
511-515.

Zhao, Y., Han, Y., Guo, T., & Ma, T. (2014). Simultaneous removal of
SO2, NO and Hg0 from flue gas by ferrate (VI) solution. Energy,
67,652-658.

FrcfatR B ¥ . (2011). FA F 4 & F 7 22%. Retrieved from
https://law.moj.gov.tw/LawClass/LawAll.aspx?pcode=00130001
HEF. (2018). [H7]) FRMEE 2 FREFASHERFH~Z > F

5 ¢ > m T 2% Retrieved from

https://www.commonhealth.com.tw/article/article.action?nid=7846
5

FRIEAT(2018). 7 b E W FH R B EjE T Rz
& (L), L4+ 8, 29 3 Retrieved from

https://hdl.handle.net/11296/27t763
Fa 5. (2017). g it = B E G 2 AT FRL), Kk

g, & ¢ 3 . Retrieved from https://hdl.handle.net/11296/5tg42f

Fl# & (1996). i~ % 4% 7. Retrieved from

http://resource.blsh.tp.edu.tw/sciencei/content/1996/00100322/000
5.htm

BRE.Q01]). mEAASER ~LmEIARAE T E. 47 HR

Retrieved from https://news.ltn.com.tw/news/world/paper/499679

79



