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EFFICACY EVALUATION OF A CARBON NANOTUBE-INDUCED PLASMA DISCHARGE DEVICE FOR BIOAEROSOLS
INACTIVATION IN A LAYER HEN HOUSE
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Bioaerosols in poultry house environments are important factors affecting the health of both

workers and animals. To improve the effectiveness of microbial pollution control in poultry house

air, this study evaluated the antibacterial efficacy of a carbon nanotubes (CNTs)-coated plasma

module under real-field conditions. The CNT-coated plasma device was installed in a selected layer

hen house, and viable bioaerosols samples were collected at seven different locations to assess the

distribution of bacterial and fungal bioaerosols concentrations. One location was designated to

evaluate the inactivating efficacy of the CNTs plasma discharge device, with sampling conducted

every 30 minutes before and after device operation to observe time-dependent changes in

bioaerosols concentration. The results showed that the plasma discharge generated by electrodes

coated with nanotube materials had a significant removal effect on airborne bacteria and fungi under

actual operating conditions. The concentration of bacterial aerosols was reduced by approximately

65%, while fungal acrosols were reduced by about 55%, with a stable removal effect observed within

60 to 120 minutes of operation.

Keywords: Poultry house, Bioaerosols, Carbon nanotubes, Plasma, Inactivation.
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HEEEMHE - FRRAEESEE - SRR A B
PR R sV E B T o PREAY) AR T 2
4G ~ BRI EYRER > RIRE
EEEYpttY) ~ TIERSE - fkbs EEEY EBE L
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HIRTPIEEARY R SN EIRS Y fEERE T,
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500~ 1,000 7573 REIL— (SRR AL > 3 B AR S
BRI (S KT AR - HEE PR AL I B H
B354 -

2.3 RBAEEEFEEEYRBZRE
B

AWTFEE A B E SR Z BT - AR
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PERRE Ry 28.3 L/min » BREEATEZIRESS A S G HTT
WIEHR & » (HHZ BB E R EIA 27 mL [E#SHEE
B B 90 mm ATHIEE VBB RS L - ASBHST FER
—FERTEAL - Malt Extract Agar (MEA) K Trypticase
Soy Agar (TSA) « Hrf MEA 256 T 2EM# A Al e
(American Conference of Government Industrial
Hygienists * ACGIH) #ERS{ HAYBUIEETE A » AT
BEREMHVE R A - 1fi TSA I IR B 22 R T
Z 4 -

FHEBREE AL B SR T B o 6
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FEVHEHEE R A B (colony forming unit, CFU) » F
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G %Kﬁﬁ)\m (fzitfE 2 2 G L) #ET{ER CNT
plasma ZEE(E N EME AR 2 EFRHESCHE L
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BRAR 2 122 > (BN op PREE A i > B o B e 4 )
PR EEE - HAEZENE RS ERRRKE
HEEEHNEREETERZER - FralEginE
NEHEAZ T E > DU NS EIEN 4R
AR RIRF 2 -
A5 P B 2 Mo HE E TR R S 4
HERBRRL Y RIS T 2 RERREZ > &atiE
1T 4 RZ BEFIGEY) RBIHIERCHE o« Autseit
HUZHAL” CNT plasma EEFVHE S SN KEE R
L5 m (SRR B S TSR] » (EEREE AL IE A PE

CNT plasma 2% 1.0 m & >
AR -

CNT plasma #5857 A=Y @ B HIHERCHIEURAZ
A E R E AT R S T — RS RIB R E R
MIRIRDRRE AEERL . MR BB B R RE
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DA e S5 AR B 8 M
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KT E P 2 ol Rt S EE ST AR
BERRERE LB 7 =Rkt - ffEe
EEEEE 6 Akt (20E 2 2 A~F) E11{ECNT
plasma #EEZLE R (LA EEINMEZ G B EEHAY)
RBERFEHESTERGE W » BEP2ERHERE
LFIEAT 1.23 x 105 F 1.99 x 10° CFU/m#i[&E > [ »
EEEEH 2,000 £ 5,000 CEU/MEiE » (H 25
WEZEF RT3 AIETR > B Je E s SR R R
U ERENE SRS EaEREulEs) - Jottidm
JEUR ] > B T RE Ry AR R IB A T e R h B R IR R

% 2 BRI A& 2= i - &5t 7
PR AR HE YRR - BB (Temp)
BUFH¥EE (relative humidity, RH) 7 5HE4ER - B4
PREEIRE RN R > BT HERE S5%FORE
15 °C 5 APAHENRE S1%EORE 15 °C 5 THRHER
& 50% KR 14 °C - BB UREMAREENEL 7 {l
PR EEAY)RBIRELE 1,974 ~ 4,986 CFU/m?
MAEAEE Y NG < BRI R G A RBRE AI  IATE
1,974 ~2,341 CFU/m® i - ¥HE R s n 853 » &8
WEl 2 B E & EEEAEYRABREBEE S NN R
S MR PR RS E N E 2 AR R EE RN EA
FAERFES (p <0.05) o (i {5 A 28 N R [E B R 2 $REE4s
R IREEZS (p > 0.05) °

%3 Bl A iista & - ST mWEr 7 4@
PR A Y RB RS~ BRBDRE DR 2 534
ELER - Zi%ﬁérﬁ/ﬁm%%ﬁﬂégﬁ B 7 EEREE
BE B YRR 1.23 x 105 ~ 1.99 x 10°
CFU/m® » TE5EiE NG 2 BRIk G 2 AR
JEREAE 133 x 105~ 1.52 x 105 CFU/mM* ] - Tfig-&4hk
RIBIE VB4R 2.5 x 10° CFU/m® - BREREA8



x2 BHESAGESPEERENRRRE

BF 7 F
PREERS FHIEEH (CFUMY) HHEER (CFUMY) HHEER (CFUMY)
RH 50%, Temp 15 °C RH 51%, Temp 15 °C RH 50%, Temp 14 °C
A 4,542+473 3,128+541 4,518+£764
B 3,997+541 3,068+285 4,688+598
C 4,552+389 3,093+244 4,986£1,213
D 4,594+822 2,969+678 4,796+1,132
E 4,4324365 2,731+293 4,005+1,026
F 4,077+722 3,166£165 3,958+532
G 2,067+365 1,974+355 2,341+426
*3 REASSSPHAEREENRBRE
B s T
PREEE FHEEE (100 CFUM’) | SPYEFEE (10° CFU/MY) | “PHEFEE (10° CFUMY)
RH 50%, Temp 15 °C RH 51%, Temp 15 °C RH 50%, Temp 14 °C
A 1.67£0.32 1.25+0.48 1.98+0.32
B 1.67£0.45 1.23+0.36 1.94+0.26
C 1.50£0.17 1.25+0.43 1.860.37
D 1.66£0.27 1.35£0.29 1.79£0.18
E 1.56£0.33 1.42+0.36 1.92+0.29
F 1.55£0.56 1.27£0.27 1.99£0.10
G 1.4240.12 1.33£0.22 1.52+0.31

15 S IRANE AV R B E R YRR o i1
B2 tEEEE GREER A~F)ZHEEYIRE
RSN (BREEE G) - T PR R AL P5R
RS R (R EL A (R B2 (p < 0.05) T FEER]
T A [ PR Z SRR G SR R R G fR4Riat |
ZHEEER (p>005) -

S E B A B PR > I AR
ViRBREEE SN EEEYRERE (p<0.05)-#
T EZFRENBHESFERE P R EEIRMY) £ R
Mg RS - &R BB SO P S S 3R
ZAEYRBESTHEER SRR - BERE
2 n LSRR SRR 2 AV R REHE S
FEHERER R 3 (Vhr) 2B T - dIEEVRBR
FETAIZEE] 10° CFU/m’ B gloKAE - BRIt —ER #Ehd]
sanBEAEDEIERNEER - ZRMEERL
DEE o BEAD - IS ENERIME Z BRERES G HE
B SN R TR B R S (BREEEE A
~ F) B K BAEEYRBREERRER
10° CFU/m* ¥4l ~ HEAYISRARB ) 10° CFU/m® 8
B HEF -~ 9 TF=ERBEEREREREE
S CRIEEFMER 10%) ForRERER G #EZRERR AL
REENEINAETHREY - EREEREE - A5
EREEE (PR A ~ F) o] RRE A I3 5

(EEEEE /A 2,700 2 5,000 CFU/MH5[E) - #08E E i
8L G {E Fy1%48 CNT plasma 58 EFREERCZ A7 -
WREHERRE SRS ) 2 THE > TRRE R IR ESEE M
NEEGEEERSE  (ToAMRAEEEFORES
S YR BBE MR 2 TR - AR ER TR
2 e -

3.2 ESTERNERENMHAREYRE
MR

ARRFER S PSR CNT plasma 258 4255 1A 5
SHEEET (RE 2 2 G R WREEEEET
GRCEIRTE - WS SN R L YRIE E 5 A
HilpE I - AP EL AT LEER BRI % < Y R
TRFEE L DA E FACR » ST IO © B— &
PRl 2 S5 RBUR > BN EHY CNT plasma ZEERL
BIRT - WIHGHIEDRELI Y 142 x 100 2 1.52 x 10°
CFU/m’ » &€ CNT plasma JER#1% - 30 78 /9HTH]
HHMERBRERR T EES AURRE L
65% > HiE 3 ) > MRS SRR R R 2 R
L& 40% - FER N EENFEEEHE Z E R B AR
AR 60% > HFFEE 180 s Alstas R - tt—
SERBUR 0 &% CONT plasma ZEERYH ARMEREGET T2
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[ 4 Fy55 K CNT plasma FEE # E 2& A P4

EAEYRB ZHHIHEEE R - BlgRURE S — IO
ZHEE)L > CNT plasma S5E EIEN % 30 sr8E &

B0 A YRR Al R R B R RE 2 4 65% »
i FRE R (A B T 4T 60% 2 HINHI SR L & 180 43
FOHERAE R - AIHTT B GBS N B AT AT Z WK
{HF] CNT plasma $EE EERAH B AEY) FAE 2 HIH LG
EREHE 2 BERAEEH HHE RS REER
HRIE Ry 10° CFU/m3§?J§(Z$§%—/§*Z%% ENDE
seat e CNT plama S5 BTy A2 B I R 1R FREE T
RI599RE - HEAFHEAME

3.3 ERPERNEREINHEREYRE
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ARBFFFEFITRAFEL > CNT plasma 5 28 20 B

CNT plasma device bioaerosols removal

1* round .
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s E N EE AR 2 AR 20 E
5 Bl 6 Fon - [ 5 Bl E & ZEE T EEEYR
BRI CNT plasma ZEEELEIAT » #WIIAREL S
1,974 ~ 2,341 CFU/m* - [fijj/s CNT plasma $E & RIHIK
B &Y 30 N TTEEE] 25% 2 HEAYRBIE
[T G2 - & FEE CNT plasma $EE HEEIR(F -

HERBRE SRR 2 5abtGR1 2 47 45% » %
mﬁﬁﬂ%ﬂx&%ﬁ%?iﬁ_%’ﬂ 55% o BERGERIAEE IO
HREEER 0 8 6 B CNT plasma S5 B EEIE 1%
30 itk - EEAEYRBREHVGR R ERZ2LY
75% > HaEfNHIRCR HER Y 120 S35 180 73§ -
[E] %) 55% » Bt CONT plasma B EAEE > B
B SRBUE MEHIHIRE

RARREMPEHERNEREANFIE
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Z CNT plasma $EE - TEILVURE IS MG HHEE
Al AR WE S EH AV R Z R E IR T
HE ° 1£ CNT plasma FEERIH)%HY 30 778 » HEHR
IBHNHIRR A LY 35% » & 90 Syl R = 24y
65% ° MENEERBIMNE » AZREE) 30 S8 m]
ZER 25% Z IR - MR A IR 2 120 7 $#1%
THERERY 55% 2 7KAE » BURILASE N R EIEE > 4=
YIRBE A RENE  REIHIEA  EEAES M-
HZRRIREM R ATeh 38 2 AT - HINFTHINMAEYIA
G4 GRS LB AL EEA -
i ZEFHIHIE Y RBUE D B - BREaskiRER
HZE R (aspect ratio) B 451  (sharp-
tipped structure) » T B B HEEEFIAT AT (W 2E VA A A
D HAERE(RIATER AR IREEALE (nano-dart effect))
FF3& > CNT plasma BE#{E S S ALY (reactive
oxygen species, ROS) Hi G & H B & (hydroxyl
radicals) A - L B & E R EE A LEWE -
AT AEIE A S LB T (oxidative stress) » 255 H
HHRERE ~ BB EEEY)E 181 0 SR
JLEEIE 7 SR .

M EE N EE 2 ISR N - HE
RGHEFEEYRBE LI (fungal spore) BIFERET
RZERZ T T E B -4 A e Lh A B Y At A B
SR H 45 S A [FIRF /R B A 26 T 2K (chitosan)
BYYE » se ARCHIEE R PIEESR(LY) ROS 2247
e BAE S I EEE Y - AR T dHE 24
HBEsE 2t B (REEIE A - (AT AV B 4 B
(LR » HERBSEENNERMT - (B
EVE R LY S 5 P i SR AR S N 4G - 559
Sh o BEREM-FRAEY) A ar B A BRI RAE - H
REHEBIR(E - 7T ROS Ty 2k 2 B Y/ E 1R 158 E T
EEMERE - N EREAFAIEDEEMET » #3H
FIERE AW TSR A R - A S e B A4
RO ES EFE AR LR E AR - M ESE
JRUCEE S R R B B R BT RE U -

3.5 ERMNBERENHENRBZHNE
£ 28 [ PR

BESRAHTFEATIT S 2 CNT plasma 25 &SSO
AR HN & & 502 M v e SRR IH AR YR
BIRE 2R - EHENE SIS EREOA - ATFeHT
W R a2 B — A R B (AR IR B L ATR
ZAHEREE - SCEYN AR R IS AR )
SREE  IFEEREDS R ZBOR > AIFRE— PR ONT

plasma $SEE R DUFET LG22 M 25 AR B o

BEAD > DU A SR F AL BE SR R B T
EVEIER] > DETE AV RIBERIN S - EA5ET
& PR Y RIBIREE ALY Ry 10° CFU/m’ B4
&I NRE2E R KRR P YRR BRE ALY
F5 2.5 x 10° CFU/m’* J@&k - &2 AHESHRA 3 (Vhr)
ETERER  Him AR SENNEREREES
AR E BUR SRR T 2 10° CFU/m’ [ /T #E[E] -
BEYE AR - S-SR REREE
EAERF ALY 10° CFU/m? B4Rk A » SUaTHEsm 2k
ENHEEFEHERE 2 53R - FlngEhm &
FENIPEMY BT YI0IE ~ RORE ~ BEE - PRIEL
G RER - LAYV E 2 R TRE R AR RE
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