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Applying Slightly Alkaline Electrolyzed Water
Spraying for Inactivating Bioaerosols
in an Poultry House
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ABSTRACT

Biological pollution, such as Salmonella, the new type of flu, MRSA and other
microorganisms, spreading through the air and causing the proliferation and infection has
been the major challenge of the environmental quality of the biotech industry. Highly
contagious and dangerous pathogens threaten environmental safety of practitioners and
facilities. The existing microbial disinfection technology that can provide effective and
uniform purification in the air of a space without side effects of health has been not
present yet. The fields of controlled environmental agriculture and occupational health
can accomplish something for this problem above. According to the overall ventilation
protective paddock concept, this study has developed an electromechanical system for
anti-bacterial epidemic prevention with low-cost and high-performance. This system
includes poultry rearing facilities for the test environment, spray equipment for the
electrolysis of water, field drencher distribution pipelines, and other existing environmental
control equipments.

The research results show that airborne fungal concentration was 2,261-8,763
CFU/m’ in the layer farm. The sampling concentration on the aisle points was higher
than the concentrations of the 19 sampling point on outer edges. Moreover, the fungal
concentration of the 19 sampling points was about 10° CFU/m”.

Furthermore, airborne bacterial concentration was 1.03 x 10° - 2.34 x 10° CFU/m? in
the layer farms. The bacterial concentration on 19 sampling points was about 10° CFU/m’
without significant difference. The fungal and bacterial concentrations of morning and
afternoon samplings were higher than their noon concentrations for the same point.

In comparison of fungal and bacterial concentrations, the bacterial concentration was
significantly higher than the fungal concentration. By using the electrolysis system of
water to control the concentration of bioaerosols, we found up to about 50-70% of the
antibacterial performance for bacterial and fungal bioaerosols in 90 minutes. After 90
(120) minutes, the antibacterial ability of the bacteria (fungi) began to weaken. 90
minutes should be the critical point for actual operations. The second spraying operation
can be carried out to take effective control of bioaerosol concentrations for indoor
environment and achieve goals of protecting occupational health and safety of workers

and animal epidemic prevention in related agriculture and animal husbandry industry.
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BRI EREE R A « SRR ST A
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Hat - sSSP R - B
TESEERIE 2258 T o BUW FET TRAEME IR -
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2.1 BHRIRBEEMREB SRS

RS NEZ - BB  BRER
mn PR BLEE  AEYIRPRIEEET R HURIR - R
O R E A AT EUR - REE 101 48
JEhs il - EHEERFIERFHBEE 1,703 F o BEY
Fy 36,966,000 € - NFEATEFHHIG 4,113 F »
FERGE 54,632,000 £ - FEIRFEH 2,925 F
FEYGE 8,879,000 £ - WEHMBHIREE LR
FESEE R TR BIARTE & B A (ERIseE -

RN B H 8 F A B AR 2 s S
R RIRERTE R R AT R - SBRE Ry 2 SRl
BEE B HSNI HrAURek « SO E RS

(Staphylococcus aureus) ~ KIGHEEE O157:H7 ~ ¥
M AR B (Salmonella spp ) ERELTREY) - ILE
EVFFAENRSEE AR A TERECH - FEHRG
BE E PP AR A o ERANR R R
B R LR ELER - R T AR EE R
A A RB A A EAS AL E) -

BIAIRAEAHR A Tea - FF 2 RTINS
& REFREHYSE RS R HEESEYE
e B A KRR TR BB R R ~ B AR A P RERA o
BlIAN PR BT AR MR S H O
TKE8l (Methicillin-Resistant Staphylococcus aureus,
MRSA) » 32 [F] Ry B dita i A2 48 1 e A 8 S e
BYRBHIGZ KR - LLAh - BLRYMERE - A& IE
ZAHRE 2 58 & B EER I NN 1 A 20 Campylo-
bacter sp. ~ Listeria monocytogenes 1 Yersinia
enterocolitica % » Y52 N REFS B A SHA TG BREE i
BB A L W) © IO - R AHRRRR
FTHR 92 8 B O 5 e B 3 i o2 A TR SRUB
RgEEREZ B @ 1) - MHEREFEL
1A B IR Ry Bl 2 B 30 B 5 33 B8 1 i B Bk B Ay
## (endoxin) » FIT3& ol i 18 14 FH 28 14 i B 52 s
(COPD) ~ AR MHHER (asthma-like syndrome) /528
R (allergy) TR E PR R TR R fEE A
‘F o

2.2 ERKHIE R

BUTER YR S TS S B 22 SR P AR T B
HIE T2 EE AT R ~ #K ~ 5
B0 RGBT TREERGAE - B
— A LB MEERE T WK~ TR ~ R
FAF /KSR SE R TR ~ A - WEORE - A
Btgesa e 5 /7 AT RE R B 2 W
W - ERUSRE ~ [FIRFME R R 2 E 0
PERTEZE A -

AL R e M iz » 3T
KL fEIK (Electrolyzed Water)f 2 BE 2 &
i LEF AT E AR 1 R - Rl
FEZKHIA NaCl B¢ KC1 B » FHRAWRIILL
WA TR E - B AEA FEEHR XA
/%43 F(Hypochlorous Acid) * XEMEA THH
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EXVEN: S R .
25 X gk
A3 (CFU/m®) B Xk
m g 7.3 x 10*
He Thorne et al. (1992)
i 1.9%10°
ta B 1.1x10°
WPRHE | 6.6x10'
%&ééi k Venter et al. (2004)
TR A 6.7 x 10
A 7x 10
S | 4x10°
e mmg| 8.1 x10°
T A Lange et al. (1997)
B 1.8 x 10*
#E 8 x 10°
WHEHEWE | 5.6x10*
BERE | 9.8x 107
FH 5.0x%10°
EH4FE | 6.3 x10°
e Predicala et al. (2002)
FEFFKHE| 3.3x10°
SUEEARH | 4.3 x 107
e | 4.8x 107
WM RB| 6.0x10*
i 1.9 x 10?
e Cormier et al. (1990)
WAMAIG| 49 x10°
By |MAMAN]| 42x10° | Clark et al. (1983)
o (HAMAM| 1.5% 107 | Sonesson et al. (1988)

Electrolyzed
0XidiZiNg Wate! - em—t— +
(HOCI, dilute HCI)

Tap water

AW FRDIREZ B - ST R I Eom S E)
ZHEE -

TR R @RS B T A 2R P ) S B R
REEEE RN - RIBRS B ARG B B
FER - BN REEAAY) - RS RE R
H RIFHNHICR o feAh - REWIT T IERRES
BRARBIFAE L P EY B A TIHICR - B H A
VBRI R R - VA R ERCR -
AR LB i 1 & B MR AR R AR TR T
2 T R B - B AR ST R A e T T 7 A E A
20-50 pm R KA BLGART » SHEAFEHER I Bl
i S B 1 2 T A AT BRI A o S R BEUR B ¥
MRSA ~ Norovirus 553 99% . A VI 35R
(Clark et al., 2006; Park et al., 2007) °

S WFE R R R R R SRS TR B E.
Coli. 0157:H7 ~ S. typhimurium - S. aureus &Y
EHREURTERMRE & » BRI SO E SR
BB  JKEEE ~ SHRERIR - EITEHEE
BHES - MRBRER LREHRITER 100%Z
AR R (Koseki et al., 2007; Guentzel et al.,
2008) - EAth i 3 AR SE N BTN R K SR
VR R ~ Yt~ TR T~ YIEIMR - T
EERHRNAHRAREETIENE - Be8es2
TJEH(AL-HAQ et al., 2005) °

Salt solution

-

——— Amperage
i
v H > v
H,O H,O
i HO™ < HO™ >
) | H,0, OH,H, Gas(Oy)
A
cr Cl < cr i
Cl, i
Na' » Na' ! Electrolyzed
_ =t reduced water
(dilute NaOH)
Men_lbrane

NaCl +H20 — Na"+ CI"+H' + OH~

S

BEKREEDFTEBE[S]
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M Fault L A E B AR AT LASH - R
ERREREE B AHEET ZHIERES] - [N
A HER AR S FE R B L TERE < @A
R R @ WS W T A 2 A2 R E A
(Oxidation-Reduction Potential) F] §E& H B R E
JIZ FEERFE - AT ERMEETEAEE
ORP Z B& 4+ T /KAl A B A 3 58 # e
77 TR B Z A BHNE TR R R H H HHER
%\ (Free Active Chlorine , FAC)FTE 2 EAER
H FHEE(hydroxyl radical) AR ERE ST - TAEHSE
pH 4 ZSIRIEIRRE T - RGP fcoi o HITI A
YIHEJI(Huang et al., 2008) °

JERIN B =M EE M E TS
JEZ e IR =N - AR B TIEA B2
BN - T4 B RERE S FEANEE - B E R
S FISIREASEE HAT R ERE R A S
FHEMESN - KA T ARSINE ARG H
RIEA L EEFEBBRIRE 23] U FRHE
re S DI A » BRIRHING ~ EESENY ST A
RINEURH 4 285 (Huang, 2006) ©

11 A JE TR Bk B B ER B 22 [ o2 4 &
RS - BINEE R R @K R &E =
S P e B e r i AR BR B - A E HER
FHEE R TSR AR AR B
PRERHIEA_ FERE SR ROR - I HeGEE =
' FLZ BREEELE - i HR BB
IR EIRILEA - SSEMTSERIEREE 8 HK
HEVER BT R » B ESHH H B & 50 ppm
(pH 5.8)HY K&K » T ¥ ek B EHERH B 2Kk -
Fem paH A A b R S B R e G

ISRz S - FDAESE T 20REIERE R RE Rk
IR BR T - PR RRH e K B e
FE SRR % (Huang, 2003) - SBAMEHAS
[fl SANYO Bt IR e THE 75 3 1 A -
s LU NEE Ry RS Y H AR fEEREEAE T T
Bl o SIS R G FAC P2 By 125 £ 25 mg/L
f - BB A B AL AT B A A AR
B IR AR L (B AR RS - 2006) -

AL - B R R E AL R m e a &
VIR - IR R IR B MR
FETHERLIE PR FE 5 2 IR (Bongiovanni, 2006)
WEEF KRR T T VA TR F A B S R e
2R I FsE LR D » HARPREP#EE e
FEHBIHEE M FHIEE R 6.4 mg/m’ (pH {H 5.5-6.5)
R AW RIETEEITRENES 75 1.5 /NFZ
HIERFFE TS » "I S.aureus BRRIFIGEREEER
0.2% ( Ono et al., 2006)

= HMRAE

3.1 ERKZERIEEIBH &L 6

B A 7K 22 SRR T 2 B 1 FH i B Ry 35 5
KN A - R TR AR R A K EER(HOCT)
5T+ T B /K o120 e A 7 S e
Wz v o L Rk n IR R 22 i R R AR
K7 #E R BB R ISR RPCEREE BN 2R -
ERRAGKETER 2 a0t 2 s - BBk
TR 2R B - B SFE0RHER 7
DUES RS -

A ger prist it 2 B K R A BB A 7K
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RIE(T) F 9 H(6) k%
X<

P 2
EPS 10

KIE4)

—O—
ok BHiE(Q2)
THEH(3)

fo o B K AR (1)
3 BEKEETREE

BhELELH - [RIRFIG 28T LU RERS - IRKIBTR SRIY
FIREMEE - TR EOE ISR I R
PERTEERIRIE UG VE B A - B e
BRATT  (40kE 3)

B RN - K Q) B ERERAT
B /KA (1) PR HHEN BRI /K BB (3) T Bk
NREGAIAE R - B EERA R 20 251
& - BT 0.8 A% - DIBHERR
5V BRI 13 A - £ 30 /- EEE % 0 1l
13 20,000 mg/L =AM AR IR E K -
EfRSERR DT B B FH)E (6)  SAMNILG
o T N B 2 B B Feh K BT (5) FH /KB (4) hel Kk i
ATELLER(T) o % bhas B B B A P =T R
HIERRIEE MK - FRfE 100 fZRURHENE(FAC)
200 mg/L Z 457K 100 L B Ebsepiss Qa2
7\7“” EfEeeT o T -

SR 78 B 0 HIEE FH T 2 B iR B (R

e &?é’% Her Tyan Chuen Inc., Taiwan) » DUfE§E
%‘é/u ST BN - AR Ry
43 pm » AIFE 1 F38ENEEAE 100 mL /K EE - R
THIHRE 2 A SRR B 22 R TR 2 B -

EAME RN B = BT E BRI E
SR » TERNEMKAE BRI A A HER
PR AL KRR SR - BAEERK
A R B AN AR K FodlT 3 B80T » g LA
TERAZRAGE » BE R ZF R - #E4E FAC

1 7 13
2 8 14
l L |
‘. i
JE Ei
f;} Ul = |3 %= |o| &= |5| = A
H He e e He
£ # # a [l
<L % 4 % 10 % 16 % .
1 E E E E | |2
5 11 17
6 12 18
—> 20m 19 ]
x
?
ra B AT B A

4 BHSREHRETEE

Fy 200 mg/L ZEfEK » AKKIZ 0.17 T/
R A T ES MR IR BT - AT e R B R
B R MH V8 Z IR Al

32 BEEXRE

B HEESZ BRAR AR - K IRIR BRI
NIEA E301.11C "2 P22 5@ A HEHH S Al 5 35
B NIEA B401.11C " 28 2258 e L B ksl 5
1k o Z R PR R R B AT 1.0-1.5 m /=5
(HRE &S TEEA B RS s H T
3 WEEE R I A ARSI - DU A KA
WEIR A & SR o PR B E A EE R B DU
500-1,000 /528 RERT—EERER A & - 7 HLARHR

BB ITRSS TR RA5 SARIRIRDL - R IEREAL
e
ARERERE RS Ky —ENERY

h sz'/:ﬂz—ﬁjﬁ.d(l/hr) K/INKTEs 180 (m) x 20
(m) » A& 4 Frorded = KAEE » KIARE B “5‘%
TE=RKEEETEYRIBERE - B E e

B 30 mEAL—BEEITERER - L 18 - 77%
A B Ml 22 it 34— BEES T EL TR AR (19 i
PRARBRIEURAE 4 vh) - fE— BB » 1952
EERESE R 1.0 m - B BEREGEIT =5EE
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BB - AR AP f T = RERBGET T L -
FEAYIRIBIRE S MR - BEETR 19 BhE
ITERE AT+ e K EE R E E T - A2
ECEE T —Rh(PRERRL 9)BLEE MRS (PREHR,
19);EFTHI R RIRELLRL -

3.3 EMRBIREE S

AE B A T T A R B L B ERAR R A
MEPRAEYIZ2 R ARAESS (Quick Take 30r, SKC Inc.,
USA) » JHHtEss B 400 7L FLER 0.75 mm »
PRARIE Lo R EE BB PO B R R R - R
PRI A - MR R E A R M SR R R 2
B BREEEE 28.3 L/imin > SREERIR LSS
AEGHITRIEHRR » FHZEENEREIA
27 mL FEEZE 90 mm WIEREEL =
I« AHFSErRER A A5 22 5L » Malt Extract Agar
(MEA)J% Trypticase Soy Agar (TSA) » Hr MEA
hy S5 T 24 2B BTt & (American  Conference of
Government Industrial Hygienists, ACGIH)¥EREE{#
FHRI RO R R » IR EREM I E R AR
1T TSA HIFH DU 2222 5 R 2 A

FHEERAREETT =R 4(9:00~12:00) ~ 14+
(13:00~16:00) 5z R-(17:00~ 20:00)F%Es » BRAFEsF
TEERARBGEMT AR M BT T - ERERIR RIS R A
AR BZE A ESEE - TSA 1Y 30°C MRS 48
/NEELDIGEAG AT RS - T MEA HIRY 25°C FHS#
5 K DEHMEEERE - SR iara A
HHET B AE B 8(Colony Forming Unit, CFU) e

34 BEERREEBRKZNEUR

Fo 1 R M/KIE BN & & E RN
SURE » AWFFERNHIE ERHE S PR 2 JERGETT
HIEEHIES - SR RS —Bh(PRAREL 9) Bl
HMUEL(ERAREL 19)MEf THIEAELLE - ERERHEEL
L RIS AR 2R A PRERS 9 B 19
- BERETE MR /KIE TR MR DU R (L R REE
17 > AR R b — RN #5258 2 2 I H e
TR - KA R R B KR 75 R MU
Jastaia N - FH R EE AR K R e R A
BRI - FHE N HAIBTRA R - et R

st - AR e < B - S R
FERAEK - R DU R T ST T - R
HEERCEALEE 10 o8 - AEETERE - R
I TREAN MK IR O T R Al - TR TR
RESL VIR BIRE ML - DI B RKE
ZHNEERETST » M DA BN 75 1 VR R -

3.5 BERiE
AWFe B EEAR o R Fi B ER 5 - — R %
SR B R IERE - SRR KEER
B HIEHEL - DUT 3 RIS mEA s &
B TER I -
3.5.1 BEFERE Y RIBIRE 77 L BB
12

(1) REEEITERERT - FEEITRTE - A
Y RIBRARIF R E Fy 30 7+ EELIREE
MAYITERS B EZ Wik A em s
AN E - EEHIHEIRBIE 30 B
RS - HRERSGEREESEE
i B B A g RS A E
AR FCHIER E SRR ot B8 10 75
HE Ry 305 -

(2) B EIREBEAYERE SMRBI AR/ NS BB
TREITROE - T EERE 6 TR,
=58 s EEINRE 1 B HORpESES
e L 19 EERERES -

(3) EEREER I S B F 8 = (impactor) £ VI RB
28 (Biostage with Quick Take 30, SKC
Inc., USA) » FRHEUERERSS 1A 400 L » FLIK
Fy 0.25 mm + FRAERF A AR EE AR BRI N B S
FEHIZER, - SRR ST A - M
HEKIBEE RS - R E
JE 28.3 L/min » FRERHTRZAEZS AT G EHIT
ROEH R RN E R BIA 27 mL
B BECHK 90 mm AN BEBEEE
I« FRAR S REERE ok 1.0 SRS » DUSEHE
NFENPIR A o R o

(4) AEHER RS A Malt Extract Agar
(MEA)}% Trypticase Soy Agar (TSA) » AJ43
AT EL B DU PRA - Hivh MEA Fy36
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B T ZE A Al & (American Conference of
Government Industrial Hygienists, ACGIH)
HEE G RO R A - WHR BERTER 17
FIEEA R » T TSA HIHDUKEEREER
HRZ AR

(5) PREGEIZFIFRFAIA Q-trak (TSI inc.)EHIfE
BRI IR BA SR -

(6) AR EREGEIT =R B L~ HpPE R R
B TR R AR DL M BT -

(7) PRGBS B R A IR R A R s %
TSA A 30 = 1'CH53E 48 + 2 /N\Kf » LA
TR AR R IR R AR A% 22 S8 R i B SRUB 1
J& i MEA HIl 25 + I'CRFEFEAETE 4 £ 1
K GG R HERBIRE - B5E%
5P A B B R AU BUR 4°C vk AR
17 A HRFTE A BB B & AR
(Colony Forming Unit, CFU) °

3.5.2 B /K FE A 8 & RS BRI B B RE A
L B

(1) R — B & FREBUE h AV RIB SR AR
MR E Rl & 10 B LUK E R Ky 30 1 -

(2) EfRKEFNE & ZNE e S 2 Bk
BB - e KA 5 P R [ T 3 E A ()
CERARE - R ERIEEBER A RIBR
R e R BT E B AN TR E Ry PRARES 9
BREREREL 19 o AGHEME R KA E S
HE - 2R E R TR BT TERER -

(3) EELGRMEEN % - BRI IGHETT -
R EE R PRI EE K o LA HEHE
i RE P9 Heh N v ) SE R ER K - PR
100 4 A& 200 mg/L ZiH#E7K 100
L - bt p s I H B A2 s e
HEITIETE - WAy 10 706

(4) R FEERAR - BIGHETTHE —RERER - A&
&R 30 SrEEPETT — IR - LT
150-180 S ERER - MELIFFEMKIETRE 2
BRUAE ATHER 2 AVIRF -

(5) BEHEER I 2 2 F BT =X (impactor) E VIR
RS (Biostage with Quick Take 30, SKC
Inc., USA) - IEAUEREESS B 400 £L - LI

By 0.25 mm» FRARIG LSS B BB REI A BTG
ERNINZE S, » H SRR T AR - R R
HEKE ARSI E A - SRR
& 28.3 L/min » SRARAIRRZZSRA S & HTT
FOEHE - R M E R A 27 mL
B R AR 90 mm AIIEEEERS
I - ERER AR E Fo By 1.0 SRS » AR
NFENPIR < T o IVERERAR Ry BRER /K
WEFFE SR 1.0 m BEAETTERER -

(6) ARG EERFHMEERE#E A Malt Bxtract Agar
(MEA)J% Trypticase Soy Agar (TSA) » AJ43
AHETT TR DU B ERER - Horfr MEA 538
B T 2445 4 At €7 (American Conference of
Government Industrial Hygienists, ACGIH)
HEPE G PR R R B A - W BERTER 17
HEEREER @ M TSA AIHDISERESBRZER
HRZ Al o

(7) BESRFLERFFI A Q-trak (TSI inc.)&HITE
BRI IR A SR -

(8) PRGBS AL A IR RS B AR R B 2 -
TSA 230 + 1'CHE5EE 48 + 2 /\Kf » fEEL
TR H AR R IR ] LG A% 22 S8 R i B SR 15
J& - ifi MEA HIl 25 + I'CESERENE 4 £ 1
K DGR HERBERE - 5581
5P A B B A AU F BUR 4°C vk AR
17 AEHRFTE A B R B P AR R
(Colony Forming Unit, CFU) °

MM - FEREETER

4.1 BEEERBEEVRBIHIFY

7 2 2 B E RIS 19 EERAERED
HEMEAYRBIREE M FEIRENRE - RE
AR o BERRPRRERIR  BUR R Ry - B
BHEE 55% S8 15°C ;s AHEHREE 56% 5
BE16°C 5 FAMHENRE 57%SBE 14°C - 5§58
BURFRHGEEY 18 R HRH AR
JBIEREAE 2,261-8,763 CFU/M’ » #E A EIMEZ
BEE 19 CERAMRBIREER 1312-2114
CFU/m’ [ - SIS pa8E - BEHEAEYRE
EEEENIMEER AV RIBIEE » rh R
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x2 BEREERPREERE

*3 BEREERPZEERE

i ¥4 T L 4 T
#® | PymEn IR 34 1 % ¥ ® | FHEBER FH B ER I E K
23 (CFU/m®) (CFU/Mm®) (CFU/m®) 23 (CFU/m?) (CFU/Mm®) (CFU/m®)
¥ | RH 55%, Temp | RH 56%, Temp | RH 57%, Temp 7 RH 55%, RH 56%, RH 57%,
15°C 16°C 14°C Temp 15 °C Temp 16°C Temp 14°C
1 4,688 3,463 5,371 1 1.87 x 10° 1.23 x 10° 1.89 x 10°
2 5,230 3,675 6,360 2 1.43 x 10° 1.10 x 10° 1.69 x 10°
3 3,958 3,199 7,208 3 1.23 x 10° 1.01 x 10° 2.34 % 10°
4 3,887 3,540 4,735 4 1.61 x 10° 1.10 x 10° 1.76 x 10°
5 3,392 3,110 4,876 5 1.54 x 10° 1.09x 10° 1.58 x 10°
6 3,816 2,827 5,145 6 1.43 x 10° 1.12 x 10° 1.78 x 10°
7 4,170 3,110 3,958 7 1.32 x 10° 1.03 x 10° 1.67 x 10°
8 3,110 2,544 3,110 8 1.45 x 10° 1.23 x 10° 1.89 x 10°
9 4,240 2,615 5,583 9 1.37 x 10° 143 x 10° 1.66 x 10°
10 3,675 2,261 6,926 10 1.42 x 10° 1.11 x 10° 1.77 x 10°
11 3,821 2,403 8,763 11 1.54 x 10° 1.15 x 10° 1.64 x 10°
12 4,382 2,898 5,159 12 1.43 x 10° 1.26 x 10° 1.55 % 10°
13 4,170 2,898 4,240 13 1.52 x 10° 1.21 x10° 1.78 x 10°
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