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F PR (biofilters) ~ % PUrkifik (bioscrubbers) ¥ % PuiEik (biotrickling filter) &7 % PRt Frifif
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25 em I PVC e -
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S| 7 %ﬁ“lr a7 [’“Eei%’” )~ pH #Lﬁfu (THTRCB AL ) » 3111 4096 ik o [ TAA*
B e pH L 627~ 8 ¢
25 f?ﬁ’?%* I & Eﬁb%ﬂfﬁi ﬁfﬂ—?n’ﬁ (Fancom Inc. Netherlands) ?ﬁ‘i’[ﬂrﬁ” %ﬁi@ip 173 =
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Fig. 1. Scheme of the compostmg and biotrickling filter.
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e f‘ﬁ%’??“’& » R T RS E@F\”ﬁ ( Alkaline-sodium hypochlorite ) ~ 'j% 5% #ER;
(Indophenol ) » %I i i 8 &5+ [ &7 ?g‘f& (Sodium nitroprusside ) [T f {1 | g b &1 )5
™ j}%%@%ﬁ”i@w 630 nm L& I > RIS 1515011 (NTEA A426.72B) ©
L 55 5
Tk L%F%%E' A| LR TR f&ﬁ? Vgisa W BIR R > F[FGRFE 5 7 # 38 (Statistical Analysis
System; SAS) SEEREE AT ) - EsE SN A . (General Linear Model procedure ; GLM) 3% /=71,
LIRS -2} %Ef% - EUEEE (LSD, P =0.05) P s PIEAHE G 5T 1~ 2~ 3 5 - GCT » pH (i B &)
NES L AR

e
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AR A A R L  HORREE (1,270 k) H?ﬁﬂ&”f‘ﬁ (if*’{ 7j< 500 L) s ,':r{-éqgll""g:*:{:)

e o K.t%&%jn*]{-éqn[» IH%EH[FEI%’%T[& @fj %[2 zgi—%%ﬁ*[%qu[ 5T -5 “Ok "‘éjé:] 65C[ , Elﬁr
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Fig. 2. Temperatures change during the composting process (Arrows indicate the day of turning compost mass).

IL. i?ﬁ%’_%‘fﬁé =PRSS E’ﬁ”%@‘}% AR BT
(i) i?ﬁ e (B
HﬁfaA “"f’ﬁf PV EES TP AR E TR 3 (W] laﬁffémﬁiféﬁ?ﬁw AR 2 3
A (REPI 2 V550 ELFTERTR ) < VRG] g~ e %W%EIE‘%FE'T%WW%E
VRCP IR0 (R 00 (0™ AR | WRCPA B 2 P75 5 | 1Ael S pH WF]*’ Bl (ZAIEED) o (B ALY



130

ATRRERGL FREETPLE 53500 B

fi=
PISApISERE F 1 o EU IR SV IR A G 248 VIR POES R MR ET + R 1T 94.6%
i 7 FL%? 1.06 m’ » b [ HITIRC A SR B A2 T I8 5 | F[E%H: PRFRFE BT 118 m® & 242 L
= 119m’ K 264 L -
(i) VRS s A PN el
Hﬂ’EL AGE IR B A R R R %%Eiﬁiiﬁﬂﬁfu—??ﬁ (Fancom Inc., Netherlands) '
5’9?3?]]5'5%1%%}@%3&5@@@"%%{E_fﬁ,ﬁfl71 F“ﬂﬁ‘[ﬁ [ VR EL H}ji T%F[ R fii 'Ujf'\@[ % 25
em [V PVC (12Ut BN > 206 T3 e 7 T I { FELLORE F~(45% 60% = 75%) I 3p|st &1
i&?ﬁﬁfﬁ%ﬁﬁﬁﬁ (GCT) » % 1. £% L‘tﬁj [ [3EIEE 155 Fﬂf ﬂ@iﬁi’*ﬁﬂfﬁ ISR SRR RN GCT
BiBORE ] % %ﬁﬂﬂ;ﬂi P13 E8L 45% [ SR A 22 e B A = PR~ SRR BN GCT 53l
£%5,0.96 m/sec ~2.83 m*/min ¥ 22.6 %yﬁ’ 0.97 m/sec ~2.85 m*/min ¥ 22.5 *}; &t AT 173 EEL 60% [
TTRC A SR B AS T SR gl S R GCT 55 [5G 1.44 m/sec ~ 4.25 m’/min * 15.0 FJ% 1.45
m/sec ~ 4.25 m’/min  15.0 ¢ BOGBEAEE 15T EET 75% [ o VR A S B AT VT B RGH ~ 5p)
£1R GCT S5 J|I£% 2.01 m/sec ~ 5.92 m*/min » 10.8 #J=* 2.03 m/sec ~ 5.98 m’/min ¥ 10.7 ¥} > EEti
ﬂﬁufﬁﬁw‘%ﬁﬁsﬁg 173 EEL 45% ~ 60% 2 75% [ T A SR B AT 2 AT TSGR ]
i Bl GCT Hof B = il -
oL TR I
Table 1. Estimation of gas contact time in the trickling filter
Power of the fan Treatment Wind speed Ventilation volume' GCT’
(%) (m/s) (m*/min) (seconds)
Filter A 0.96 £0.08 2.831+0.24 22.6+1.88
45
Filter B 0.97£0.08 2.85+0.24 22.5+1.87
Filter A 1.4410.09 42510.27 15.010.94
60
Filter B 1.4510.10 42510.30 15.0+1.07
Filter A 2.01£0.09 5.9210.25 10.8 £ 0.47
75
Filter B 2.03£0.10 5.98+0.30 10.7+0.53

" Ventilation volume = cross section area of the trickling filter x wind speed.
* Gas contact time (GCT) = Volume of the trickling filter + Ventilation volume.
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M 1 NEG 459 — 948 ppmv [V [L] 0 BV 2 “\EE 245 — 532 ppmyv V[H] 0 8T 3 NEE 207 — 331 ppmv V[H] >
Ferbesrdi g R SR B SE 0 5 GCT 7P > A BN o 2S5 I 0500BR R (& o PRI G BT 1~ 2
R 3V BRI R 130 — 997 OU/m® Vit > 7+ [EHEAA IR TR [ 5h (2 2) « iR B AT iR
xR BRI AGEAIT] (& 3) < =91 iRl A S T %TEZ%'E?I%J\ pH U = gt
PUEE 7 GRS (2 s o pH AR (£ 7.43 - 7.68 1 1H] (2 ) 2) -

TR A 5 5000 B . s

VR A RSB T 1 2 % 3 5T [l GCT B2 (Outlet) [V 44 53478 /747 5.12 - 87.9
pmwwm<%a’?b%vg%ﬁﬁﬁsaswowﬁVF | FIGER Y 550 B LS - B
AR A S T SRR SRR B R -

FEREE AT AR (R 4) ISR SR TR AET 1 20 3 S S (P < 0.05) »
S [EPHE AR [ VBT [ 6 > 35 $403 5T IES 782 ~ 404 B 270 ppmv » REHLE i 5
TEEHERGET L~ 2~ 3 N B 0 STRIRE 22.9 ~ 34.9 ~ 30.6 ppmv o [EIF [EIFEET 1 N (96.99% ) B
BT 2 W 37 (90.4% # 88.1%) ¢ 7 I GCT fE(F ™ » &5 11V 5538 1) GCT 11 #) (%47



* 2.

Table 2. The ammonia and odor concentratlon of exhausted gas from composting process before and after the

23~ 15 Fp BB (P < 0.05) » Rl iV 5 R A HIT ] GCT 15 Fpiik 11 #pE(%

g

| GCT 23 F) ~ 15 FREE 11 Fly (P < 0.05) -

ISR B [ BRI, T B ST 1~ 2 3 ST [IKE 733~ 653 R 179 OU/Mm’ (A 4) » ')
S22 (P < 0.05) 0 BRI B T B ST 1 S 2 W 3R
B S S 50.4% — 73.6% o 2 BE B

it %f‘m ST AL T 1
213 OU/m® /[4] »

K947 —

B2 B S[R3k [ 50.6% — 75.6% -

TR A R e LA PR 1155 M B R

treatment of trickling filter A

oRps Fikaas AR

I GCT ety st

Ammonia concentration

Odor concentration

After running act pH Inlet Outlet Inlet Outlet
(s) (—) (ppmv) (OU/m’)

23 7.51 — 7.58 868 — 947 (902)' 19.5 — 28.3(23.4) 733 309

1"d 15 7.54 — 7.64 656 — 948 (840) 5.12 — 28.4(20.3) 733 174

11 7.46 — 7.58 459 — 743 (604) 17.7 — 31.5(24.9) 733 98

---------- 23 7.53 — 7.64 424 — 532 (475) 13.2 — 50.1 (26.0) 997 309
2" d 15 7.53 — 7.59 416 — 454 (440) 16.3 — 29.7 (23.8) 550 98

11 7.43 — 7.54 245 — 389 (295) 18.8 — 87.9 (54.8) 412 232

---------- 23 7.57 — 7.68 278 — 285(281) 25.4 — 35.1(31.3) 232 174
34d 15 7.43 — 7.59 275 — 331 (310) 18.2 — 27.3(23.8) 174 55

11 7.61 — 7.68 207 — 230 (219) 34.0 — 38.6 (36.7) 130 55

' Min-

* 3.

Table 3. The ammonia and odor concentratlon of exhausted gas from composting process before and after the

Max (average).

TR B ARSI L LS B 550 W BRI

treatment of trickling filter B

Ammonia concentration

Odor concentration

After running act pH Inlet Outlet Inlet Outlet
(s) (=) (ppmv) (OU/m’)
23 8 870 — 1059 (952)' 196 — 314 (236) 733 309
1"d 15 8 649 — 969 (788) 165 — 231 (197) 733 412
11 8 440 — 757 (609) 120 — 175 (153) 733 232
23 7 317 — 576 (471) 27.7 — 101 (66.8) 997 412
2"d 15 7 376 — 500 (435) 21.1 — 48.5(38.6) 550 55
11 7 214 — 303 (272) 259 — 77.0(51.3) 412 73
23 6 332 — 387 (362) 9.72 — 11.7(11.0) 232 174
3"d 15 6 223 — 492 (319) 11.8 — 21.2(16.7) 174 55
11 6 226 — 274 (243) 10.8 — 14.2 (12.7) 130 55

' Min-

Max (average).
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(iif) P B A 550 1 B S p gk
TP B A BV 27508 1) pH L 6 d (F (10.8 —21.2 ppmv) » pH £, 7% 8 Eﬁﬁ} WIS 21.1-
101 ppmv =% 120 — 314 ppmv > £/ IR F[EE 55 — 412 OU/m’ V] (%< 3) o HF D 47505 BRI
LGSRV IRE L 2 ﬁmﬁBf&&ﬁFIﬁ*ﬁbb@@%ﬁf?%w%owiw
Ifil pH > il EJGCT BIES S FOGRE R J [ Bl BN > 1) pH EL 8 K3 - GCT 7 23 »
15~ LR 9550 BRIt IHE 75.2% ~75.0% ~74.9% » G IR B A2 GCT o 11 7SI ) EH >
B RIS F&fﬁa%" pH ffi °
RERRFESTAT » 1 S BET IR B AL ACE K D R W 3 gk pH G 6+ 7~ 8 ]S B
E(P < 0.05) » HR s V5B o A gk iar pH#LﬁEUE" 6 (13.5 ppmv ¥ 95.5%) ik pH £% 7 (52.3
ppmv > 84.9%) FY 8 (195 ppmv » 74.6%) £L{F o F i B IR £ 94.7 - 318 OU/m® V] » 2 [ #
o T 50.4% — 77.0% » 2 B Bl o

AoA A T PR T S IR 55000 Bk R

Table 4. The ammonia and odor removal efficiency of trickling filter A at different days and different gas contact

times
Ammonia concentration Odor concentration
Inlet Outlet RE' Inlet Outlet RE
(ppmv) (%) (OU/m’) (%)
1d 782" +174 229" £ 803 96.9° +132 733" £ 0 194 1107 73.6" +14.6
Aft.er 2d 404" £ 96.4 349 +254 904> +803 653" £306 213* £107  65.0° £19.6
running

3d 270° + 44.0 30.6° * 6.77 88.1° +4.19 179" + 512 94.7° * 68.7 504" £22.6
23 553* +277 269" £ 11.5 93.6° 1448 654" £389 264" 1779 50.6° £22.9
GCT(s) 15 530" +253 22.6° + 801 948 +254 486" +285 109" 1603 75.6° £6.92
11 373 +195 388" £22.0 87.0° +8.04 425" +£302 128" 1923 627" £21.9

' Removal efficiency.
"¢ Means in the same column with the different superscript differed significantly (P < 0.05).

5. B AT pH RIS 558 Bk [
Table 5. The ammonia and odor removal efficiency of trickling filter B at different pH

oH Ammonia concentration Odor concentration
Inlet Outlet RE' Inlet Outlet RE
(ppmv) (%) OU/m’ (%)
6 308"+ 57.1 135+ 3.62 955"+ 1.32 179°+ 512 94.7°% 687 50.4°+22.6
7 393"+ 121 52.3" £26.7 84.9"+9.74 653*+306  180* +201 77.0°+16.3
8 783"+ 194 195" +542  74.6° %548 733*+ 0 318 + 903 56.7°% 123

' Removal efficiency.
"¢ Means in the same column with the different superscript differed significantly (P < 0.05).

JF

A ERERF PR R [ VI PREE ([2) » SR EEIR (R4 R T RS
L2 Sl %!‘ e YRR U1 Pagans er al. (2006) 7 ok ERIEAE R B S R
Hanajima et al (2010) [/Tﬁ“ﬁL[' fﬁ‘n‘éﬁ”lﬁﬂ% 1-2 70 0 B [/““%‘E‘HFA]F o F[?’*J ’%@ﬁ:ﬁ!’ﬁ!u =
PRV T AR - = = FE%'F?FE”F% % 1,000 OU/m’ > Shen et al. (2011) % Higgins et al. (2008)
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VR A S B AT PR SR B VR ST 15D 87% — 96.9% T 50.4% — 75.6% (T 4) ¥
74.6% — 95.5% % 50.4% — 77.0% () "% Ogawa et al. (011) FJ" [BEiSHACEI P13 A il 55 -
= %J[?Ejﬁu@ 1.27 -3.09 m/s ¥ pH < 7.5 VE (B[ ™ F [ 22 50 353 £ 55% — 95% + Jiang et al. (2009)
FIIE |2 Pk GCT 4 — 20 Fp3ahai e #3514 98% (&2 %% 20 — 100 ppmv) *» Wu et al.
(2011) [P & Pl B HEPI™ 1 53507 GCT 9.2 - 32.5 7)™~ A R 4503 99% (GEif 7 % 1% 9.8
—42.5 ppmv) » Melse and Ogink (2005) ~ Melse and Mol (2004) 15"%5%71% B SR EE PR
iy W & PIROE L B8 35T 15 40% — 100% 0% — 100% » KA {TEHN - ffﬂﬁ Manuzon et
al. (2007) FJ" | (pH < 2) WNSRECEH rﬁ‘t{?‘.;JN W5 0 Tr GCT 0.2 — 0.4 )V (g~ 3
G5 63% — 98% > T ERER VIR B AT S L b 3 (SR S R SSsk (pH £ 6 K 95.5%) (R 5)

(iv) H:ﬂ e R ™ 1 AT

i 6 4 ﬁj?’ﬁ%ﬁ GYEIRR D B SR A RS B AT Rk Y NH,-N » NO;-N » NO,-N -
TKN % TN *‘diéi JTHIEE 1,132 ~ 1,527 ~ 2,721 ~ 39 1,566 mg/L » 1,233 ~ 1,869 ~3,413 ~30 ~ 1,899
mg/L o [P U B pxj,;r'g jﬁﬁﬂ@;ﬁﬂﬁ][’“’ (=5 (nitrification) ZFl 54 o HEPI=E & 1 23 502k
5 BT B 03 B VI 5 S BB NHL N 550 pH -] » NHL'-N A2 (= (=]
e “‘F‘/E*{’Pﬁfl&ﬁ (nitrite) Hﬁj\f&ﬁﬂi (nitrate) ffi pH ™[5 » LRI &V CO, Ayl I fEus b

#fk (H,COy) il pH ™ R > A0SR F 155 BI5TSE © Renard er al. (2004) 1Tt 1 £l 7Hf HESR |
Ft I ph A R 2 301 75« MceNevin and Barford (2000) 7 F'%“(Ji f[*lffzﬁ[ G e
(il =S E O T P&E@S’ﬁﬁ PRER > =T HlIhE (=2 il T PRERAE Pasny o

6. pERERRELDY P
Table 6. The characters of washing solution in the trickling filter

Treatment  After running NH,/=N NO:=N NO;™N TEN ™
(mg/L)

1"d 1,040 1,499 2,525 34 1,533

Filter A 2" d 1,112 1,527 2,825 45 1,572
34d 1,244 1,555 2,813 39 1,594

Average 1,132 1,527 2,721 39 1,566

------- 1"d 1,174 1,975 3,588 42 2,017

Filter B 2" d 1,185 2,023 3,250 28 2,051
39d 1,339 1,608 3,400 20 1,628

Average 1,233 1,869 3,413 30 1,899

w

?r’:‘ﬁ‘%ﬁ){n]{éqﬂl “ R ] E 65°C ) Y ;gﬁﬁ R N [g’;_ﬁ SRR ﬂ e ﬁyﬁﬂ I
% va?é“f"%'ﬂﬁa@ > T B S AR S o S

I JFRCA A2 G5 BRI GCT 23 %w 15 7 AT S i 3 TR B 5T 145 93.6% - 94.8% -
EIpRA Bfiﬂ« 7t Il GCT (=L /145 50.6% — 75.6% VR «

UL 3R B A G 5a sk » ¥ GCT 11~ 15~ 23 PRI B ([l pH 55 6 [ - BV 435008 »
Fof T pH #L 7 % pH EL 8 SB[l GCT % pHU IV 488 BT ™ B PRS2 B35k 3E 47.2% —
77.0%

V. ’géﬁ%ﬁ%‘l%ﬁ“f%ﬁrm VG R RIR IR RS D RS GCT 7 15 731 gy
% pH VIR ]l pH 1% 6 K34 -
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Abstract

There were two trickling filters used in this study. Filter A was inoculated with ammonia-oxidizing bacteria.
Filter B was pH controlled. The exhausted gases of broiler litter composting process were conducted to these
two bio-trickling filters to reduce the NH; and odor emission. The gas contact times (GCT) were set at 11, 15 and
23 seconds for both filters. The temperatures rose to more than 65°C and was maintained for over 3 days during
the composting process. A peak of the NH; and odor emissions was observed with the thermophilic stage. The
odor and ammonia concentrations of the exhausted gas significantly decreased when the piling days of compost
increased. The ammonia removal efficiencies of filter A were 94.8% and 93.6% when the GCT was 15 and 23
seconds, respectively. The odor removal efficiencies were between 50.6% and 75.6%, and there was no significant
difference among different GCTs. There was no difference on ammonia removal efficiencies among different GCTs
for filter B. The ammonia removal efficiency was 95.5% when the pH was controlled at 6, that was significantly
higher than those at pH 7 (84.9%) and pH 8(74.6%) . The odor removal rates ranged at 47.2% to 77.0%, and there
was no difference among different GCTs and pH values. According to these results, a bio-trickling filter with GCT
15 seconds and a trickling filter with controlled pH at 6 were suggested to be utilized on the removal of ammonia
and odor produced during the composting process of broiler litter.

Key words: Broiler litter, Composting process, Ammonia, Odor.
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