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AEER @ ERREC BOKEE® S © REB s e

W H3H - 1038 47 H : #E2 M - 1034 12 H 22 [

W R

B H i AT N R R S R R N ERE P TR R e R
SEAEBRAGE o PSR 2 A 100% ~ 80%  60% J% 40% B » 4 Bl S R A e g
BB I B M S 7 25 P ORI - o 2 ] U M 100% ~ 80% ~ 60% J% 40% ¥ » SE06
S RIS T K5 0.28 ~ 0.32 ~ 0.4 ~ 0.66 sec § 5 7 BB S ML LA 23 IS 0.35 + 0.24 + 0.10
% 0.10 m/s » EEGHIFE(E 200 - 195 - 88 % 86 m*/min - Bz & T ESRIELE R0 B4 - B - FLORT
ERRFGIT B 54.2% - 79.2% ~ 55.4% » BEHIAIZ G4 + WHRE LUK VIR BTE S HERIA (P < 0.01) 535
#5354 ppm ~ 0.93 mg/m’ ~ 67.2 ¢ 1.57 ppm ~ 0.19 mg/m’ ~ 34.6 = [Rlit » At 2 MIBRHE AT 22 R BE & 1 o
HEZE TR ERZ TR -
BHSRSE ¢ ERNE B - S - SR -

e
|

BB BIGATIRE 22 R T A A AR R A PR 2 - R R R BT S R AR B R
B - (RIBTTETIRIRIRGER (2013) A EEIE S AR RSB » SH5 AR 2 RSN 568 1 ppm ~ B
BG 2 BRSNS 50 0 Fretiis 2 BRSNS 30 o KL EESE AR A H 8 U
%o IR ESEESRICEEERE - DU ZIRERES (L Y BNESEEEE T RAEAR RS
& EEEEGNERBREUGRIRBE 242 ENw - RAEANREEEE - HEs S EEERyE A - H
W RE AR 5 iE i EE R 2 25 R B M I R PR SRR E LS R ASIEHI N ER > SEENEEAE
RiE o HEREZARKEHE (@ -

FENEEZ ZRITAY EEAEAT - &7 0 S8k - fbE - NBE - W58y O BEEAYIRE )
Je BLLRZE (Heber et al., 1988; Maghirang and Puma, 1996; Seedorf, 2004) » H BigERIAE ~ BREOR M ~ AHEPEERE - JEZR
ZET - EESRES  fREE - HENEOERTTH - 2R pH - FEREOEEIFEY - RIS K EE AR (Costa
et al., 2009; Lachance ef al., 2005; Lim ez al., 2004) o fHiMEZEIBE TS K EIYIEF SR AUz E R » —LsEks HHas
TARERBI S RTINS 2 T s/ 2 #EE (Dosman ef al., 1988; Donham er al., 1989) » Nfi#5# T1F# N 25%
FEAERGH 1,500 2 7 ppm 2 LG AL T » Wathes (1998) Iy E > (2 USRI LS 7R K
20 ppm Eil 3.4 mg/m’

ZERITHN 2 IR AR AL ~ WAL - R - WU - ARV - AEWRIR - IR - REREE - R
SRR R ALER R BRAE (O'Neill er al., 1992) < AWM G AR EE T B ER A VIR BRE - A FHTAE IR 22 R0 5 4 3 iR
CO, ~ /KRB fREE (Szant6 er al., 2007) o ALV J7 74 £ 5257 By A W) IR (biofilters) ~ 4=9)756#% (bioscrubbers) Kz
A=Y NE 2 (biotrickling filter) 5 o AW 0RA o] DR U B0 i Jig S 2 22 05 440~ e I8 (Potivichayanon er al.,
2006) > FFEZERIENTAEYIET AV - Bt KRG ENKKEE - BE DUKEER LR - Wi
Hi ¥ B0h8 { b S FE AR ZE ) (Yasuda er al., 2009) o [HER AP0 0 ARs < R g 7] eHFEZE ~ BBRBADE] ~ JE MR
1Y 35 1+ 55 #E1H (Pedersen and Arvin, 1995; Weber and Hartmans, 1996) -

) (7B T B g R BT ST a5 2181 55 -
Q) TTBEEEZ Ao m R a -

Q) TTBERE R A g a BT A 54l -

(4) BRI AR R E TR 4 -

(5) BEEERNBRAE -
(6) #EN/EE * mpcheng@mail.tlri.gov.tw °
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BN B2 SR S A T — B = BRIV HITE e - AR AT S AR (2009) bt T2 RUS AR | &
B ErAR RS RARERPUR SRR T BRI E R E e st R KT - Rl
7K B /KRN BTN IEA (ERERR T - 22 R 5 A& R U (IR BT ) - PRET E B PAAE S ik i 2 22 R A
VIERRSR - SHEIR(E 5 2 225058 A RT3 (ERIEENERG RIS Z 258 - (BB ER IR
ERER LSRR K R -

MR TR
L R

() sEREE
BRI SRR A R 26 m BL5.8 m o AR 83 m > B ~MLAPUETR B AR RE R
S - TR ELO Ry 5.2 mm - SER A W 10.0 x L 42.8 mm - F&—IH7e i A B KRR (L 4.1 m x W
16 m) $50C 1 25 1 B ITHK R - BT R - BRI 70 SR BRI R 50 —
60 ke » R NRITR T/E IHL SEPRM 53 ISR b K R EUBERRE  SF EK R3E 1 - BBATRR Y g
WA AR © TGO - 1 LU PTA2 U225 (Programmable Logic Controller, PLC) £
> PER R R R TR, —REBEEE 5 X -

(i) R
RN AR & ([ 1) » FFRA=E & 50 4 S48FEURUR (Fancom Inc, Netherlands) 2232334
TSNS &4 B - RBRHENILT 3 EYIIEABARY) - Z5H0% 3.8 m’ (W 0.75 mx L3.92 mx H 1.3
m) [ KB EL R R 2 UK R 1| m FokA - BB TG B/ Y 2 K G EE K it
FRRARHE PRI L (TR R kY  BRAFISRIEL R 8 5% 30 9 T4 4 Bk - B KRR E 40K
KSR KR © BB KR KBTS K -

130 cm

¥ =

{ Cistern‘-{\ ) Recycle
\ |

1y

Control system

I EES R EE -
Fig. 1. Scheme of the trickling filter.

(i) 758 Bt LA < P e 2R
T B S AL L% o I FHERIR T 224 (Fancom Inc, Netherlands) 22 i) B 55 28 85 75 53 LE £ 100% ~ 80% -
60% Kz 40% % » 43 BILAF-HF=CE#EET (Lutron Electronic Enterprise Co. LTD., Taiwan) &0l Eea i BlgE 4 A
JEVER o R R i R R R L B oy B~ R~ A 3 BB A -~ R 3 (EfEETE ([ 2) 0 skl
FHPEZ R E 57 FsAll ~ o ~ 18 3 (EHeETE 57 IEE/KEE 2.5 ~ 13~ 235 m g » RAHIEZEFEI A ~ o ~ 4 3 {EfE
BNy AT E 1.4 ~ 2.9 ~ 43 m R EHIEZE ([& 3) -
IL 22 @A PR AR B 7 A
sl BT A < 2 | 21 405 AR 100% ~ 80% ~ 60% Kz 40% SEA G EVBR: > — K 1 M E &R
4 R RIEEE 100% ~ 80% ~ 60% Jz 40% i JE (& (F » HEFT R S 25 RS & iR B 2 22 05 24 sl - 22 Rk
e bR 7 AT T IR R AT (56 N AR SRR ) Sz (U H i ) PREEZE Rk on - /PR B BFEE R - WEE -
FLREZR RGN » ot TAEN T
() BRI + BESEEER P KRR AR IR - TR RS AR - Bl R &N 80672 % (alkaline-
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sodium hypochlorite) 57 4= i Hef (indophenol) » 3 PAGEHH mﬁ /N (sodium nitroprusside) Ay {EF | B]
MERZE 6 o (RS EHEETE & 630 nm GRAETEE O3 » E BT R FRE (NIEA A426.72B) -

(if) FEDL 10 L2 FASHEEESS (Tedlar gas sampling bag, SKC, USA) %Km: SRR - DSBS I (NIEA
A201.13A) -

(iil) 7 EE 2 UL EEE M EE U 25 28 (Gast Manufacturing Co. LTD., England.) PLE 847 mm > #L& 0.45 um 7 JE4K (SKC,
Inc. USA) £/% - BRI RFIEARE NI B A B = (Wang et al., 2002) » JEARERE AT AERE IR BN E R
45°C 2[R 24 /NIG 1% FEER -

1L &5+ 73 47
FEEBUR 2 ZERITHYIRE ﬂ i SAS EHCHIAG (SAS Institute Inc, 1988) » HETTRICET t (EMIBE% (paired t
test) LLEOR BRIt B B 1 fe % < 7= 51

0 09 1.96 302 392 ynit:m
I — | ]
03 — [} o o 1
0.65 — (¢ (] o 2 Cross section
1.0 — o o o 3
13 L
A B C
Vertical section
2. HEEREEEENE -
Fig. 2. Location of the air flow sampling spot on the trickling filter.
‘ 28 | Unit:m
014 ) o 1
5.8 Q2.9 © Aisle © 2 Cross section
25 efm.s --------------- B-T ---------------------- 13501 3
A B C

Vertical section
U Water pad © Samplingspot . Tricklingfilter

3. EMFGEENEEREAE -

Fig. 3. Location of the air flow sampling spot in the pig house.
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L SRR < 25 PRI B R ]
RHECRFE BN 22 R E - I BRI ] S M AR 25 PR R 25 P R e B 5 7o bE > B = PURE &R
27°C 5 RSBl /K e RS It i s A 1 3 BT TR0 > B PR BS 30°C B Rl DA AR i L B A - 4
73[1 RO B EPUREERR 23 TR DA N R R EE - AR 2 RS RA 4 BRI m AR
Bﬁz%zﬁlu\fﬁf‘tﬁ“%ﬂi_ﬂ ZHEIE 100% ~80% ~60% 2 40% A [F & o LENIE R B Z S NIRBDR K
uiﬁfﬁﬂ ARG e R S B A v B s B AR TR S 2 A i R < JRVERAEL - ot R R e ZE S I R ] 3% 1
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RS A PRI PARSE SR R - ERREE

el

Ry [ o A 5 4y LR 28 2 R R S -2 K~ R 23S BRI R > & JEURR LA 100% ~ 80% ~ 60% Kz 40%
TS > 22 R R R 2 4y R PR JE 2R 0.65 ~ 0.79 ~ 0.66 Kz 0.53 m/s » 8 E & RII[FK 198 ~ 242 ~ 200
162 m’/min » FoRFEEARGE S IR & 5 S N R BB R 8 - STEHEIESEEEEELL 100% ~ 80%
60% Fz 40% HEifE > G BEBHI% R (gas contact time, GCT) 437515 0.28 ~ 0.32 ~ 0.44 ~ 0.66 sec » W HAEFZ4T » 41
Jiang et al. (2009) FIFHAEYREIEIRE E RASHEMEIFE 4 — 20 sec EFRE AR Wu et al. (2011) F|FHAEYREIEIR
EFRAFHEA b E AR 2 RAS PRI Fy 9.2 — 32.5sec -

1. AT S T R R e R

Table 1. The wind speed and ventilation volume of the trickling filters before and after the installation

Power of the fan Wind speed (m/s) Ventilation volume' (m’/min) GOT? (s50)
(%) Before After Difference Before After Difference

100 3.37+0.75° 2.72£0.22 0.65 1,031 £233 833167 198 0.28 £0.02

80 3.13£0.30 234%0.17 0.79 959192 717+ 53 242 0.3210.02

60 2.38+0.23 1.7210.16 0.66 728 +70 528 +48 200 0.441+0.04

40 1.66+0.19 1.13+0.10 0.53 509 +57 347130 162 0.66 £ 0.06

' Ventilation volume = Cross section area of the trickling filter x Wind speed.
* Gas contact time (GCT) = Volume of the trickling filter + Ventilation volume.
* Mean £ SD.

IIL.

T B St L PG T B R e A R R B 3 R

FPATFE S AR IR % 58 NS B B 5 A A3 LR TRt Es (22 2) 0 43 il B R
0.35~0.24 ~ 0.10 } 0.10 m/s » R fEEk i AL s% i B 1% 58 P R 7 B By 1.49 ~ 1.26 ~ 0.85 K2 0.57 m/s £ 1.14 ~
1.02 ~ 0.75 F2 0.47 my/s * B A SE 1% 5 2 P P44 4 Ji B SE 3% A /D 290 ~ 195 ~ 88 K2 86 m’/min » EU LA
100% ~ 80% ~ 60% Kz 40% #Ei# » PIEEEHE L AT EL 1% > M EE Y By 1244 ~ 1049 ~ 712 K 480 m’/min £ 954
854 ~ 624 K 394 m*/min - F5& G F E APERENKIER - BULZER 0 BHEE (2001) BRI EEE
RS 21.1°CHF - JEZE 0.17 — 0.27 m/s & AFEFEE B RfT %4 5 Barre et al. (1998) f5H 6= 200 JHAGE 90 kg
ZIAFE > EANERE 29°CHEEEE T 453 m’/min ; Whittemore (1993) F5H{EZE 0.3 m/s A AFEA R - Akt
PSS & LSRR i 1% < 54 N JER B JE B 157 & B aORk s - BRARFE SRR N B A~

R 2 RS AIRFE SN R SRR E

Table 2. The wind speed and ventilation volume of the pig house before and after the installation of the trickling filters

Power of the fan Wind speed (m/s) Ventilation volume' (m*/min)
(%) Before After Difference Before After Difference
100 1.49+£029° 1.14+£022 0.35 1,244 £ 241 954 £ 185 290
80 1.26 £0.27 1.021£0.19 0.24 1,049 + 229 854+ 155 195
60 0.85%£0.19 0.75%0.15 0.10 712 £158 624 £ 129 88
40 0.5710.13 0.47+0.13 0.10 480110 394 £ 107 86

' Ventilation volume = Cross section area of the pig house x Wind speed.
* Mean £ SD.

L PGS S 2 2 IR B 2 R S A R FRAR

TR ES 2 18 Za 7 5 T A 100% ~ 80% ~ 60% J% 40% A [F i (GCT 4371 55 0.28 ~0.32 ~0.44 ~0.66
sec) » AR IR S R B AT R (R T THE SR BR, ~ MR ~ R BRI R 0 45U 3 Fw IR
SRt P B T R R e B A S A 4 A T S B T PR MBS Ik = - SRk s RS BB 7 o PR > B
SRUIMERERE 2 FEENE RIS  FEE R RAEE 100% (GCT 0.28 sec) #E I R i B 58 S H0%E 2 2R,
MEE ~ BRI EFRE Ry 64.7% ~ 79.6% ~ 54.2% » HpEE ~ BRRRERHEFTEZE SN EHE (P <0.01) 0 &
THET R EF%ER - E ~ BSR4 B B 1.93 ppm ~ 0.95 mg/m’ ~ 58.2 % 0.48 ppm ~ 0.20 mg/m’ ~ 21.3 ;
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HE SR E 80% (GCT 0.32 sec) BRI RIS i 4 58 MUk 2 2R, ~ IR ~ JRRSEI RBRE I Ky 54.8% ~
82.3% ~42.3% > FRIEH] M R FRE 2 AR I EE ~ B Sy R R 2.75 ppm ~0.91 mg/m3 ~52.8 }2 1.20 ppm ~0.16
mg/m’ ~ 29.8 > WHEEFEE IR AR = AR (P < 0.01) 5 HEEAGEE 60% (GCT 0.44 sec) HEHHE 8 i
FEERURZ BRI ~ RREEERIESUIR (P < 0.05) » P EEREITHIR 47.8% ~ 80.5% ~ 50.3% » BRI K
% BE O EE ~ BRI /YR E 4.26 ppm ~ 0.93 mg/m’ ~ 54.1 K 2.00 ppm ~ 0.17 mg/m’ ~ 19.4 o F&<= i
F A% E 40% (GCT 0.66 sec) AHEERIF R E S ¥ 2R - MIEE ~ FRPIIRBRF A Fy 49.5% ~ 74.5% ~40.9 » ZJR,
WIEE ~ HEI SRS Sy B R 5.23 ppm ~ 0.94 mg/m’ ~ 67.6 F2 2.61 ppm ~ 0.23 mg/m’ ~ 40.9 » WE R L EEES

BE PR AR (P<0.01) ©

3. EIESEEA F R RS HUR 2 2R TR 2 BERR

Table 3. The removal efficiency of air pollutants by the trickling filters under various gas contact times

Power of the fan

(Gas contact time, sec) Treatment Ammonia Dust Odor
% ppm mg/m’ —

100 (0.28) Before 1.93+2.52 0.95%0.24 58.2+29.1
After 0.48 £0.26 0.20%0.16™ 213+12.17

Removal rate (%) 64.7 +14.6 79.6 +12.3 54.2+30.7

80 (0.32) Before 2.7512.36 0.9110.29 52.8+25.1
After 1.20%0.89 0.16£0.08™ 29.8+23.8

Removal rate (%) 54.8 £20.1 82.3 £9.94 4231259

60 (0.44) Before 426+2.77 0.93+0.39 54.1+25.7
After 2.00%1.02° 0.17£9.30" 19.4%6.0°

Removal rate (%) 478 t153 80.5 +7.32 50.3+258

40 (0.66) Before 523+2.08 0.94%0.28 67.6£40.3
After 2.61%1.18" 0.2340.13" 38.4+27.7

Removal rate (%) 495 102 745 +10.9 409+21.1

" Means in the same column with different superscripts differ (P < 0.05).
™ Means in the same column with different superscripts differ (P < 0.01).

TR B S 2 ER  WEE ~ BRI (3% 4) FREEAT S 5 3.54 ppm ~ 0.93 mg/m’ ~ 67.2 HIEHEE
SRR % B 1.57 ppm ~ 0.19 mg/m”® ~ 34.6 (P < 0.01) » RT3 A B 54.2% ~ 79.2% ~ 55.4% o s
KRG e i BRI RFISCREEE S (2012b) DUERS4E K (U FEE T 2 i FTAH L > 22 RIS skt
P RS 5 /8 5 2 PP S SR B R R R ERAR T 1 By 52.0% H 18.6% (i o BRIt B PHZAE & 1R AL
ZERR - RURpR AL R BRI MAFTIRERF A0 Saha er al. (2010) 2 S H A YRS T LRSS IR ETE
AL Z &SR 37% — 53% © Melse and Ogink (2005) 5 tH/E7Z F FH 7 167 T 2 Bl e B A ) e R P 3 SRR R PRl oy
Ky 30% B 45% > B W EGR A PREE Ky 40% — 100% > P 5 96% ¢ AV B 2R A PREE Ry -8% —
100% > *F#59 % 70% - Manuzon et al. (2007) $5HEHREEES 5 ppmy B2 100 ppmyv 2 SZ0RGEE 2 RFRFRITHI R 60%
H127% °

R4 THIEREFE SRR Z 2RI TAN) L KRR

Table 4. The removal efficiency of air pollutants emitted from the pig house by trickling filter

Treatment Ammonia Dust Odor
ppm mg/m’ —
Before 3.54+£2.70° 0.93£0.30° 67.2123.9"
After 1.57+1.19° 0.19£0.12° 3461 16.5°
Removal rate (%) 542 164 79.2 £104 55.4+21.1

Mean * SD.
" Means in the same column with different superscripts differ (P < 0.01).
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AR IR SRR R AT 2 SRR P By 3.54 ppm Bl (2012b, a) P RIRE Ry 5.3 ppm (BHRESE
S5 ) & 1.73 ~ 0.68 ppm (5 ~ BAREPAR B LR ) > KR (1997) LIS &AM 5 ppm 25y
JALL > BISMITFEETASE S BU% ~ SRR FAHE R > /5% 0.8 — 24.7 ppm Z[#] (Kim ez al., 2008; Blunden ez al.,
2008; Predicala et al., 2001; Groot Koerkamp et al., 1998) - Predicala et al. (2001) 54 B A8 B 8 B GG 205
T AMEKIEE (inhalable dust concentration) JEE B 2.19 mg/m’ A1 2.13 mg/m’ ; Takai ez al. (1998) 5155 A HI
B2 A AR EE B R 2.19 mgm’ 5 [T B EREANTRE (1997) FEFEIGHEEE 2 M BE &R 17 0.15 —
0.34 mg/m’ ; FEF (2012a) FHEHPAAFE S BR H IR 2 P EE - BREFS A5 022 & 023 mg/m® « &
sl BB 7 P T A P 1T B AR ER (% T RIS 2 Y BE 1Y 0.16 — 0.95 mg/m?® (3% 3) $5% Predicala et al. (2001) £
Takai et al. (1998) Z SURNRSE » BL5RTE (1997) FRsF (2012a) Z&ESRSAIL - (IRTTEIES 8N (2014) N2 55T
TEEB AT RBILNE » JUNS H RS R AR - S8EER 10 mg/m’ » &R SS 50 ppm > HEABREUREURT
R -

T BRI R PA TS S IR B SRR R R i R R ERAR E 3 i B 58.6 K 27.5 [ 4 Ky R it R ER AT
Kotk Z SR dElE (10 — 99.3) » Bl (2012a) 2 W PAESE S UG L R P SR RE fy 99.0 £ 68.7 » &
30 — 235 K (2012b) 2 BRIEUESES 2 540k 106.2 £29.0 - #E[E 71 — 175 » BUREMOREEFRK - Lim
et al. (2001) LB REMEARHE 2 (H545 2 (B S HE R BLPERIE 2 AR 05 R 18 (7 — 85) B 199 (94 — 635)
OU/m’ » Tfij Zhu ez al. (2000) 1% 475 SE{R B 54 BT H 1R 2 FHGRREE Fy 765 OU/M’ » Ak ERAT S~ SR (E B
REISNSCR Z 251 -

a -
$40%-Inlet  L60%-Inlet  AS09%-Inlet  (31009-Inlet I
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Fig. 4. The odor values varied before and after the trickling filters under various ventilation conditions.
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F i T oy BRI T eSS - (EFE S Y R R B [ B v T 558 B A RFROK - RS R R 2 &

R ~ BRI EFRAR I F 54.2% ~79.2% ~55.4% » e AR E S IR EL & (P < 0.01) » 5371 B 3.54 ppm ~0.93

mg/m’ ~ 67.2 F 1.57 ppm ~ 0.19 mg/m’ ~ 34.6 - ZAEs 2 MR o] 2SN IR S E R & = RIS ER 2 T
= o

Ao ol

AFERRSAFTR TROERL A ~ S5 B8MaRin N\ BB S s F/INE BN SE R > Frb e -

Z2EXR

TTEBE S5 EEL © 2014 © Z5 TAESEIGRT AT REAAE - TEERE 103 5 6 H 27 HZ8HE 55 M 725 10302007931 5%
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TTBIERIRIRER - 2013 - EE)5HWRZE RIS AHHIERE - hEERE 102 4 4 H 24 HiThiRigrg B RE =+
£ 1020032301 S5 {EIE -

EANEE - 2001 - EBHER o PEIERAERESRED - pp. 293 -

SRAFSC ~ #i0h ~ HRR - BREH - 1997 - BHGFRREREEI o & T ENEERT] 53) 1 122 -

FRESN ~ FEHRESE - 2009 » ZEFUTHHBRIEE - PEERBEIFEAEE - HrlE M3690303 55 -

AERERN ~ BRRHA - FUATE - s ~ BB - 2012a o AKERAFES R RITHN LA - BEIT 45(2) ¢ 153-164 -

FERES ~ BRKHE ~ S ss ~ RRAEE - 2012b - BEIUEBSE SR B RIS AW 2 KRR © BIETE 45(4) & 311-322 -
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Abstract

A trickling-filter system was installed in a closed type swine house. When the ventilation system were set at 100%, 80%,
60% and 40% operation, the air speeds were reduced 0.65, 0.79, 0.66, 0.53 m/s and the wind amounts were reduced 198,
242, 200 and 162 m*/min, respectively, when compared to those before setting up the trickling filters. When the ventilation
system was set at 100%, 80%, 60% or 40% operation, the empty bed retention time was 0.28, 0.32, 0.44 or 0.66 seconds,
respectively. The average removal rates for the ammonia, dust and odor emitted from swine house were 54.2%, 79.2%
and 55.4%, respectively. The ammonia, dust and odor concentrations of treated exhausted gas were 1.57 ppm, 0.14 mg/
m’, 34.6, respectively, which were significantly lower than those of untreated gas (P < 0.01) as 3.54 ppm, 0.93 mg/m’, 67.2,
respectively. The trickling filters could be installed in the closed type swine house for air pollutants removal.
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