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ABSTRACT

This study was carried out for 30 days in aeration type and agitation type reactor to characterize organic matter
decomposition and ammonia volatilization during the liquid composting of pig slurry, and organic matter and
nitrogen removal rate through mass balance analysis was analyzed. In the aeration type reactor, the pH
increased from 7.0 to 9.13, and TS 34.5%, VS 33.4%, BOD;s 71.2%, COD¢, 62.3% and TOC 83.2% were
removed. In addition, 44.6% of TN and 65.0% of NH,"-N were removed. In the agitation type reactor, the pH
increased from 7.0 to 8.10, and the removal rates of TS 0.9%, VS 0.5%, COD¢; 27.5%, BOD;s 28.9% and TOC
41.3% were obtained. And TN and NH,"-N showed removal rate of 25.3% and 29.2%, respectively. The first
order kinetics constant related to BODs degradation was -0.039 day™ for aerobic liquid composting and -0.013
day™ for agitated reactor. Nitrogen loss in aerobic liquid composting was about 2.3 times higher than that of
agitated reactor, whereas FAN/TAN in aerobic liquid composting was about 7.9 times higher than that of
agitation type reactor. Therefore, despite the low FAN/TAN in the agitation type reactor, the nitrogen loss rate
was relatively high.
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First-order kinetic for BODs degradation during the liquid composting.
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Introduction

Sut 7R EAERS 2012 715 46,4897 EO R ©]F 37,6567 E (81.0%)°] EH|2L 3,5807 =
(7.7%)°] BHI3L, 4,210 E (9.1%)°] At o0& Ael= Ao g sy glon Tt 22 7Ry uhajer
2 5k8-9 15,3154 & (32.9%), 245,681 E(12.2%), 4] 17,7487 = (38.2%), & 6,559 & (14.1%) 2 HA]
O] Aol A Aok 7HER i O] BIFo] A VPRI QITh (MAFRA, 2013). £, $-2fuz} =i2] ARS 571
9] oF 74%+= &2 2] =AREEE Aol Qlo] FiA] 9] &, dr, 12| 3 ARSARS] A7t EgtE] o] el 2F95%
ol/de] £21¢] (Slurry) JHI = HlEE= E400] Qlth (KPPA, 2014). F=gelds 52 TRTF o= Qlsto] EH]
ShAE] Al B2 ] HEXEA (T 5) AFEE 876 Qlo] BAVS A A AL QloH, oF=ae 2] o] A
291 2hdst Hieto = ofH|slof tigt o] wrt. ofofl F-8-5to] 7R o] AfH| 3} B2 2006 1,3007 Eof|A]
20129 3,580 =02 A F71019.0 ™, 2013 5415 =537 715 AFE3t i) (MAFRA, 2013)°f14
7R dH| o] £ 9 et e 7FehE Fal] AH|ekE EXIot A} ks S AlE - S5k Q= g ol

= aulg] Y] du|st e FA @71/ ARisiet 271/ AnjstE R 4 gloH, A4 HH|Sh= 4kt
g ZdElollA F7143 mdEel sl el wollshe 2P o &2 vkt fr ikt W7 vt A s, oFR v ot
(NH;)et &2kra (H,S) 5 THSRt o= 2o gl ¥ 271/ Hulal= 2714 n8E-S 085t ol2ald
o] f71ES =1 - oot AEstA o = PRt HA O] B4 Hei7= o= fRLoh Jalpio) Zhe
ofFEES AL AAaet e R e FIh mEbA] =g E]| o] Sk Eebdollx o] oAt of
A 27 255 L Eole] AL T FA A Q1 2] A2lof oJgt 27)/d AM|st HiRo] F= AfElE] 1 QT (Yoon
et al., 2009).

Ul F=ge]d] du|slel] It A= 1990 FHERE AR QLo H, 270l A7/ 5714 An|st 2y
oflx1¢] o|efetd E/JR3 (Jung et al., 1998)0]] Tt A77F Bl Qiek. Zefjolli= = Sele] iy
A o of| tiet =s]E] 215 A8 B3} (Shin et al., 1998), H Ajloll 4] =2l H] o} SlotH] = 7to] AH] &
3+ EA (Kwon et al., 2010), EOHE Afufof 4] =EolH] o] THH]o|-& (Park et al., 2010) 5ol Tt A7 P =] et
37 ISt HH|A] G e 2h Fakel tist thlo] 7oA = Uli-E vt U] 9] 31k 4 (Lee et al.
2011), 7}=-Ekr HH|A]Gof| w2 42A4| FEH S} 993F (Kim et al., 2012; Kim et al., 2013) 5oi| Tt ¢1517} B 5] 17
AT} =9]9] 79 7Hi e U] Al G0 hE A4 Q1 5 AEFE 0] 08 §-8 (McCormick et al., 2003; Chantigny
et al., 2004; Chantigny et al., 2008)°]| Tt 110} 224 ST 715t HH] A& A] A E tf7| 20] =+
Z (Tabbara, 2003; Daverede et al., 2004) ¥ 2A7}A Hl& (Whalen, 2000; Chantigny et al., 2007) 51| 39t 91
7= BAEN QLo 7RS4t AE] A3 9 57 of TRt At wie- mlu|gh Aol

o

et

S
°

715 2k u]3} 9HS 7N Belfska] ZulelA AR (Open system) A 875718 el Qlal MAYske
oIStz (COy), AU 5] B (Mass)?h TVEE WhEo] offt 55, FU4E0] Fa 50| oiz7} A
(System)©] ZAZ ol webs] ou|s} el o] saha 4 wake Wds] £45] Sl whe 7] o]

sfala] 4 wiste] ZARLo 2l g} glom, S 48 58 Tejgh B U457 SuloM o] FEst aHt 1
2} o 2hA] 7h ke ulal ol Ae] £ (Mass) Hsloll et AR o]2o0]7 Hlz gick wehA] 2 el
A FEaelEle] $714 oujs} Aol Sake 24 wisks molel] glslo] B4R AL Sa) 5714 o]

SJol ] §712 23 2 emuiole] F9 548 FFH 02 B,
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Materials and Methods

AEME 2 Gl AR Al RE 7715 /el SixIshe S d=Ate] g 2e] Ad=olM Astsl o,
Azt FES T = 500 pm A (Sieve) 2= A2 7 Aol AR, Fegeie|e] ofeby 542 Table 137} L.

Table 1. Chemical properties of pig slurry used in experiment.

Volatile Total

Parameter pH Total solid . CODCrJr . NH,-N BODs i TOCS
solid nitrogen
- mg - L!
. 7.0 56,261 40,469 109,867 7,315 6,263 50,907 18,562
Pig slurry
- (158)" (336) (1,577) (163) (168) (425) (633)

T Chemical oxygen demand.

TBiological oxygen demand.

STotal organic carbon.

"Number in Parentheses means the standard deviation (n = 3).

oHH|at WS 7| YELEE] o] HH|st (Liquid composting) S $1510] Fig. 13} o] ol 8 0]85}ef ¥kg7]
8223 L (884 20 1) 2] SHE4] (Batch) SH]5} -7 Atshgict. st w871 st kel A wyst
= TRt 24 (Scum) ] 2 -FE-S YRS Sl5te] WaR o & Aatstglond, M o] A3 ¢ (Scum buffer
tank) S THH[oF1L 271/ N8I]S} HES7 oA WAYSH= A2 8]4-6to] A HAT (LP-60A, Ko Sung valve co, Busan,
KoreayS ©}-8:5}0] thA] elju]a} Bh-37] =2 2j7} 7heshie s J1Qkstglnt. Au]el wh7]9] 27]= 37] 4571 (Air
compressor)E 183 Y5715 AFE319.07, F7] H87 (RMA-21-SSV, Dwyer, Michigan, USA)E ©-8:51]
HEg o] o7} 75l Tekslglon, oHulskR o] Z7] Byl A7 PEZE Bl 9N 2 HiEE = ARt
Stlet. T3t HH|2LHES 7] oll= pH, DO, ORP, -2k XS A 7|5t Hu|atikg7] 224713 5 Y E P el 7Fsa}
=5 skl

Scum + air
Monitoring
system Scum layer
—» Air
pH. DO, OFP, -
Temperature ------------------- o
sensors [s]
Scum
Air Air
_> Regu-lator lep _
Ccompressor
Liquid Scum buffer
composting tank

reactor

Fig. 1. Continuous aeration reactor design for the liquid composting of pig slurry.
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37| 28 IH|3} -37]9] 2 F=EuiE] 94 20 LE AH|g} §E7]o] SXA7|0, £35S 0.03
m’-air - min™" - m> 7|54 7] Z7] (Aeration) A0 2 30Y -5t (MAFRA et al., 2009). =] S} HE
571924 EHEi%}—%H%}O% 87 4 717451, 2,3, 7, 11, 14, 18,21, 25, 30201 212} 500 mL2] Al &5 A5
Stlom, dH|ekx A7 5 7] 7|2 QI S H%"*’M Hﬁkﬂ Au[S}RES7|of A $HFZ O RAIE
ZA519). T IRAES Q5] 20 L 7]9] 959 ot RS F3om, 51F 13] 207 #ojA] wHt

(Agitation)= A AT

A& 2M pH, £33 = (Total solid, TS), 384 1= (Volatile solid, VS), 24 (Total nitrogen, TS), &=
Hold 24 (NH, -N), 8F8F4 44 @ 415F (Chemical Oxygen Demand, CODc,), &35 4H4- Q= (Biological
Oxygen Demand, BODs)+= EFEAH (APAH, 1998)°] w2} 38HE.© 2 4=aistort. 12|11 F-57 ]84 (Total
organic carbon, TOC)+= TOC £47] (TNM-L, SHIMADZU, Kyoto, Japan)E AF&5to] E451c}, T9F 2R 9F
Lo} (NH;) 9] 5%+ Eq. 1 (Hansen et al., 1998)= ©]-85}o] A=01L), o714 7= Atk (K)o|th

1071}1{
Free NH;, = Total NHy X |1+ Eq. 1
i 3 10—(0.09018+ 2729'92) ( 4 )

MESEE BM  FEST Y HH|st IPgellA o] wEEL BAS flsle] BODS| EE4A1E EA6IsoH,
BODO| BRI E 7| Z7]of| w2 -8 Sty A g5 ol 2 A= &3S 1251 Eq. 29} Zo] AHEs}
et 01714 t=9H8719] 23713t (day), BOD,+= t Dol BODZ (g), BOD, _ ,,cqsurea=t BN ST 57
BOD (mg- L"), V,E4-g7]ol &gt Fesde] o] Hul (L), £+t LollA9l 4‘»‘%5%*%*@) S, =t GolA 9] A]
= AHFZF Lol

MaSSOfBODt = BODt—measured X (VU_ zEf+ Z*Svf—l (Eq 2)

t=20 t=20

=] 27144 dush oA U= e 242 dH] e} 7]t 5 BOD ©f A 4o tiste] 12F
HESSE 1l (Eq. 3)S 2856192, SigmaPlot (Version 10.0, Systat Software Inc., San Jose, Califonia, USA).S.
2 st 714 BOD, = t EollXe] BOD™ (g), BOD = 5+g710l 48 BODT (g), k= 12 HHS

A, t= W79 224717 (day) o] T

BOD, = BODye ™ (Eq. 3)
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Results and Discussion

WH|3t £ Het J=Eu|T]Y] Anlst HofA BlsHA §

¥} wHt (Agitation) WAl FEF AH]eL M-S Bl - ISRt oE
Z7)2] A3} 717 5 pHE 7.009014 9.13 0.2 Z715t Hh, wHk2] ou]slofA= pH7T7.0014 8.10. 0.2 Z71519
2714 Ru|3lollA] pH F7P7} o] & A 02 Lrelth Z7]4] HH|3kx0] TS9FVS g 717F 53,630 mg - L' oA
42,363 mg- L, 40,469 mg- Lol 32,943 mg- L& 743t vhA, wHb] offn] 2}5 o] TS¢} VS gk zhzt
58,261 mg - L'oll4] 64,529 mg- L', 40,469 mg - L'oll4] 44,978 mg - L' & Z7F5IIct. wHEA] ofu]glzo) A TS,
VS| giago] ofu]st A4rt A ateto] whet Z7teHe 21 sl 711k 5 Rl ofgk 1B o] B A4l A
71R16k= A 0 2 s Th. HH|S 7|7 (30Y) B F714] dHekR o] 4 SRS 0F3.65 LE SAE o™, Wit
Al HH|SFE 0] o FEFE oF 2.1 L= Ul B[} 7171 5 F714] d]alzoflx] o] ~E5 o] of gatZol
I E-oal 27| 4] HH|SEEof| A O] AT (TS, VS) b 4513 oL, WA fH|Shzof| A= 1= (TS, VS)
o] Z715HAAT. o]2fgh @2 714 AR|StoA o] ME f7]E (VS) wols s 1ol 2 5ol o5t 5=
Aol B 6kl e st asks A0 2 vEhd Ao} TRt £7]4] HH|elx9] BODs= 50,907 mg -
L'ollA 17,960 mg - L' 2 FA] 74519900, wHb4] ofu]e}20] BODsE= 50,907 mg - L ol14 40,460 mg - L' 2 &
2 BODs A5 WEHISITE. TN NH, N @ 2714 ofiu|alzollx] 242t 7,315 mg - Lol 4,954 mg - L7,
6,263 mg - L'ol41 2,683 mg- L' & 7“\0}‘212”1, WHHA] oE|ekzo s 212F 7,315 mg - Lol A1 6,150 mg - L,
7)4] AE|glo A 0] A AR ATt 2 0 & LT Jeong

E/J 0] ¥H3lE nfelolr| f15te] #7] (Aeration) HA]
|8} gl A 2Fetd B4 ¥igk=Fig. 292} 2t

>E

12 70000
10 4 60000 -
o ® Ea
e o o "1 50000
8 ..8 o ° O QO o] g’
o0 S 40000 -
T 5 c
= 2
£ 30000 -
o
41 =
3 200007 o 75 (Aeration)
2 i —O— TS (Agitation)
@ Aeration 10000 1 . g... VS (Aeration)
o O Agitation o L8 VS (Agitation)
0 5 10 156 20 25 30 35 0 5 10 15 20 25 30
Operation time (days) Operation time (days)
180000 —@— COD (Aeration) |- 25000 8000
160000 - —O— COD (Agitation)
s -l BOD (Aeration) E —
=, 140000 4 O~ BOD (Agitation) | 20000 2 "1 6000
> ] &55 —-A— TOC (Aeration) £ 2
£ 120000 F,~A77—A\\A —-4A— TOC (Agitation) 5 %
j23
‘e 100000 - r 15000 ¢ aé
2 8 £ 4000
G 80000 + L Q
o c ©
o - 10000 § =
é 60000 - 5 4 —&— TN (Aeration) -
& 40000 | coem gD o ] 2 2000 1 —o— TN (Agitation)
| - - Na L ‘m- NH,"-N (Aeration)
20000 4 . o~ NH, "N (Agitation)
0 T T T T T — 0 | 0 T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Operation time (days) Operation time(days)

Fig. 2. Changes of chemical properties during the liquid composting of pig slurry.
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etal. (1998)2 F=a 2] o] HHlsfolld £7], Wi, 2] 5 An|o} iale vt 2, £7]4] jn|8}of| 4 2] BODs

o] faFo] 71 A7 HERdthe Haleh dx[jit.

R7I8 ¥ HA AMHE =S Hu|st I ol|A sfshg IAkEC] AAE-E miele}r] $loto] AH|s)
3719 =E5AE A5G Table 2 €F3-2 M]3} 711 5 £7]4]) 9 wikA] Au]3} gEg7] oA E852] 74
Bl 4SSt 3fshA QIAbEC] BEXRF IStE UERRICE 3097te] 2714 dfu|shx oA TS| 4w ¥iS
1,165 goll&] 764 g © 2 7145 TS A|AE-2 34.5% 2 WEFL O, VS O] 85 FASH=809 gol|A] 539 g 0.2 3
Sto] VS AIAE-E 33.4% = UEFETE GRH2Q1 H|Slx 0] AAA|R1Z1Q1 BODs 9] 73-%, 1,018 goflA] 294 g0 = 71,
5lod 71.2%2] BODs AlA-&& XG0, -8 717F CODer= 62.3%, TOCE 83.2%2] A& Vet 5t
O] A% 146 gol|A] 81 g0 &2 7HA5}0] 44.6% 2] A|7-8-S H.0™, NH, -N-L2 125 gollA] 44 g © 2 714510 65.0%
O AAE-S eIt wiHA] Ru|akxol A= TSLE VS A&l 212} 0.9%, 0.5%E WERESH, CODc,, BODs
9 TOCE=Z7}+27.5%, 28.9% 2 41.3%9] A|A-E&S KT EF TN NH, -N-2 212} 25.3%2429.2% 2] AlAES
LFERJ AT}, Westerman et al. (2000)-2 =& 2] 714 sk 2] 5204 BOD 88%, COD¢;, 75%, TN 61%,
NH,"-N 94%& A ATl B gt vl Qlek. o]zt ek e] Z4ole] 7] 2 A AARES 2 A+ 4
e} Hlwste] B w2 AAES UEISIE degele]o] Aok e|et Aulst g4 7EA 02 ST nidES

o
o1 5= AIBNL Zohs Hol A S-S /T oIk e et 2L Ao HRE BAo

B ?bF o rE

B>

2

BODsfr %7515 0.4~1.0 kg-BOD - m” - day™' = AASh= ¥, okx|2] S4olkl= 25 Ao Rada %

Table 2. Mass change and removal rate of chemical parameters during the liquid composting of pig slurry by
continuous aeration.

Parameter Total solid V;’;?it(‘jle CODc, ' BoD' TOC! nitTr Z:in NH,'-N
g
Operation 0 1,165 809 2,197 1,018 371 146 125
time (days) 1 1,070 736 2,099 1,018 362 115 99
2 1,052 725 1,853 1,021 354 111 94
3 1,021 701 1,728 883 272 107 86
7 985 690 1,546 842 256 106 82
11 943 684 1,442 704 233 102 81
14 911 658 1,415 631 186 100 78
18 861 625 1,315 546 165 99 70
21 833 604 1,175 469 164 95 66
25 849 608 1,074 376 148 91 52
30 764 539 829 294 62 81 44
Removal rate’ (%) 345 33.4 62.3 71.2 83.2 44.6 65.0

TChemical oxygen demand.

TBiological oxygen demand.

$Total organic carbon.

f(Mass of removal/mass of input) x 100.
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Table 3. Mass change and removal rate of chemical parameters during the liquid composting of pig slurry by agitation.

Parameter Total solid V:;?it(‘jle cob.!  BOD' Toct 1tTr Z:in NH,'-N
g
Operation 0 1,165 809 2,197 1,018 371 146 125
time (days) 1 1,167 807 2,182 1,021 351 138 116
2 1,148 789 2,066 1,014 331 136 112
3 1,152 800 1,950 1,003 321 132 110
7 1,165 810 1,828 982 327 124 107
11 1,164 818 1,804 900 320 121 108
14 1,194 834 1,741 873 303 120 107
18 1,196 827 1,718 822 277 114 106
21 1,175 829 1,709 754 266 116 102
25 1,150 827 1,645 744 254 115 98
30 1,155 805 1,593 724 218 109 89
Removal rate' (%) 0.9 0.5 27.5 28.9 41.3 25.3 29.2
TChemical oxygen demand.
TBiological oxygen demand.
$Total organic carbon.
f(Mass of removal/mass of input) x 100.
1200
1000 &

o]
o
o

N
o
o

Biological oxygen demand (g)
(2]
o
o

O Aeration (BOD,= 1,053 exp(-0.039t)) e
O Agitation (BOD, = 1,037 exp(-0.013t))
—— First-order kinetics model

N
o
o

o

0 5 10 15 20 25 30
Operation time (days)

Fig. 3. First-order kinetic analysis for BODs degradation in the liquid composting by aeration and agitation.

27 916101 Su]s} UK WS BOD; #4256} (0.5 ke-BOD - m* - day” o]t 475131 20T (MAFRA et
al., 2009), ATl L0 2 okA] BN 0] 5718 2 Ak0] A £:go] 7] el 744ko] ik, Fhell A 571
2 (CODc,, BOD 57} A2k (TN, NHy -N) o] AlA &L pesele] Japde] 34014 Baiar)ze] 555 24
o WS- 8- 2| FEolLt |5} B H%E AHE] o] ol SRlolq §7120] A7 s oflo]
BT ) E g 20 2| MR P |3 ik, T o] o] 1L o] Fof matehe H2 AR
a2 200] GRS ot Zlolm, Au]o] Bt Al o o} A2 2o 7] 251} AR 7| AH HEES 2
A3 o], Sl A 2507m ] Ak} phtste] oju]st Bl A o] £71% 2
91A) 3. oule] B ol el §7120] T140 2 Bl n AR eta . Beld . sjelA o 2 QP 712

A

91 54] (Humus) © 2 HSHEl= P A 712202 o 2oy §7]80] FE3 Rol} ool dof gtk ol

Hu
o

we,
)
B>
2
N
o
flo
r
i)
kl
H
1,
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et FA o] f7 1= Al et T . TFebA] RS ofH| O] AT E flolAl= Hu] AlZo] ofd o] Az
oM ] 4712 8 Az A8} TR oulsl AL 2712 ek Fig 3.8 271403} k] ofujs) 71
o/ i H= BOD; alle} Tt ulge sfat whe g 17 whedmalo 2 sdst Ao s E7)4l0] A9 e b
A2 (k) 71-0.039 2 UFEPEo ™, WA 0] AL MRS 2w AR ()7} -0,013.0.2 LR} Z7]4] oju]5lol A 2] BODs
o) 57} oF 3] o WE A0 2 Uehe,

dl
r
%
o
h\}r

A@Llor 3 J=seio] It el E B2 ] dRUOH(NH;)7F 7] S0 2deh=5/d0] ¢l
o dEEEe ‘i‘r J5E] ©F4,000 mg - L' o)) g Uob AAS 1k 2 m5tslal 9l om ofu|g} 1y
o 7129 et @A A GE7 = o ofeftt EgelE] SO HrYote] A 542 FEselE o] pHoll
°Jsf 2=t} (Kichmann and Witter, 1989). 9/X Lo} 2T (NH," — NH; + H')2> ffE Lo} o] 20] Alsfjz] 4 o
2 BE/dHelA Q] U of o] 2-9] Atell2] 4 (pK.) = 9.245 2 KT (Harris, 2010) %] 37 3101, pH7F 57 Fok= 73
% iU} $]ho] IA| 7ok SAd0] Al & Aol FEsee| o] et /IRt & iy o A Ao A
I} Ao} 713t F pH RIEo] I PR Yot 22 9] Hle2 Table 49} Fig. 401 HERHSIT JRYoMY 4 S
2:30947¥0] Z7)4 st ol A st 2713907439 g © 2 FAF] FISHATITE ISt 117 44 g 0 2 ¢
R S7HE HAoH, 1485 H 30 87H1= 47 goll A 81 g7kA] thAl G2 S718 LERI et w2 oljH]e} by
oA €] ol A AT 30470 fH|3t Aol 36 g 0 & L, F7]4] HH|s} wg v} vl wsto] W
A 2HFE HYlont et i F Aa £4A0 S7hs 2714 ARt I AR 43S Lrehd it ol
Z714] Au)a} Aol o] Fetr o} o] % 2R R Yot ApRJshe 28] (FAN/TAN)S HH]S} 271 0.3%]
A 187K 32.5%7H] FAS] F7FSIH.CH, o1% 30971 27.6~31.5% 2] HHAE UERHSITE aiha] ofu)|s}
ol A 7] £7]4] b8t 475U FAN/TAN HIE-2 Bl o, wiba] Hu]st304712] 2F4.0%714] ¢+

Ol

¢

Table 4. Fractionation of ammonium nitrogen during the liquid composting of pig slurry.

Operation Aeration Agitation

time TAN' FANT Al FAN/TAN TA FA Al FAN/TAN

Days =~ e mg L7 ceeeeeeee % - mg - L eeeeeeeee %
0 6,071.5 18.3 6,053 0.3 6,071.5 17.0 6,055 0.3
1 4912.5 65.0 4,848 1.3 5,841.0 223 5,819 0.4
2 4,503.5 94.3 4,409 2.1 5,613.5 26.1 5,587 0.5
3 4,329.5 81.3 4,248 1.9 5,582.0 27.7 5,554 0.5
7 4,270.0 357.5 3,913 8.4 5,445.5 30.7 5,415 0.6
11 4,333.0 816.5 3,516 18.8 5,508.5 69.7 5,439 1.3
14 4,214.0 976.6 3,237 23.2 5,659.0 68.6 5,590 1.2
18 4,025.0 1,310.1 2,715 32.5 5,676.5 130.4 5,546 23
21 3,521.0 970.1 2,551 27.6 5,435.0 157.9 5,277 2.9
25 3,153.5 974.8 2,179 30.9 5,365.0 175.5 5,190 33
30 2,667.0 839.1 1,828 31.5 4,784.0 192.4 4,592 4.0

"Total ammonium nitrogen (NH3-N+NH,'-N).
Free ammonia nitrogen (NH;-N).
SAmmonium nitrogen (NH;"-N).
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Fig. 4. Ammonia volatilization during the liquid composting of pig slurry (FAN: Free ammonia nitrogen, TAN: Total
ammonium nitrogen).
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