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A Study on the Odor Characteristics and Identification of Microbial
in Biological Swine Manure Treatment Process by Bioreactor
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Abstract : A bioreactor filling with pellets and stones was equipped to the swine manure treatment system, which is expected to
emit high concentration of odor in the process of the organic wastewater treatment system, and in comparison with the activated
sludge process as the control process, the reactor operation state, treatment water quality and odor emission concentration were
measured. The reactor using the bioreactor proved to be much more stable in the bubble condition, treatment water transparency,
etc, and BOD removal efficiency was also much better. The removal efficiency of T-N and T-P, however, showed little difference
in the two reactors. Odor, as a result of examining NH3-N, NH3 concentratio, and complex odor, was 4 times to 24 times less
emitted in the system using bioreactor than in the activated sludge system. H»S, methyl mercaptan, dimethyl sulfide, and dimethyl
disulfide were not found or were found in only 5 ppbs in each reactor and showed little difference between the two reactors. In
the bioreactor process, Bacillus sp./ Pseudomonas sp. species were mainly found and in the activated sludge process, acterium sp.
Chryseobacterium sp. species were mainly found.
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71494 Aol FHLB LT =& ASRE GE= FERE A2FA ol pelletd} stones FX13 A=
£ Yot RAEEA AEVSTE EUSHA] = SAAEHAY T4 vluste] vhgx A4, AE4ed,
FHAAFEE SFsIATE AFDA, Aga FAE oA AETS7IE ZYe g7 A4 A B5S BYe
o BOD AA&ZEE 559t W, TAN(TN), SA(T-P) AARES F /H9 BHEE7F & Aol& Ho|X| o}l RS
FA7|ES WHA 7] A HEY LEHYE Stojof & Ao R UEyTh ofFs dEUoM] i, dEYot Sk,
Bt E Ve R ATE A YESTIE Yt 3o E4E&E A 3R HAl= 4uljoll A Xl 24uf o] Af WA
et ofFRlEd Ao A2 Ao g eyt 3, e, duddaels, gudtdnels sE= 747t
o ¥h-gx HF AEEA FAY 5 ppboll ESFF o™ F HH-gx o o] ®IF AR g AR YEuT =R 33
o M+= F2 Bacillus sp./ Pseudomonas sp. £°] 5 o|F1 GAEHA| FH A= Bacterium sp. Chryseobacterium sp. 0|

FHOf ¢ vlo] e ejolE, ik, FFHE, BYEAN, HHtF

™

e Aol Ik ATEle] B doge 3= )] oFHHMY Ewoh we Aos maET 9oy 57
HARA AT A FA Y AR S2F G, FE, A Aelet shelets Ae|AAde] Foh Hohe 27]%0) A
TE 59 Aol FATIA Sutely| = sl ka3 chi, o7 2 =74 Bobs #3272 27 oA
2 EREY & - g id, SAER7E HHAL, 3] &2 ofF #EE wolw gtk
ThEAe A Sab o] FojEr ] gl W BAS o} Z Aofshs WS AU WY EA ] whe} vhek
A Q@7 AES Eojrtal k. B3] skeAAlY, g FER LA 4 ook v wh o] FAasty uAH
)R AN, SAERHIE AYAET 2 & o] itk HAS WHAZAY 5 FASA T FFHA
714 w5=o] Aelabgol A WAElE obFE NIMBY (not in - of §¢lste] el 4= g1 Aolth” ubd, o540l 4l
my back yard)@Ae] F YlEBAR oju] 2 GEA 3} ¥ By, H71 8] Ao g ZAL v, Fuly
A egon? o HAE EFF SAEAYE > FAH > GANAY B etA BAbEe] gt A4 A9 Hy

=
B> Hie > A5 AE 202 B dehbs 202 B1 A7AY 4AE T 9] SaAshs el 27}
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ST IS TS ER 0| MESH M SToIM AFLM EM 3 0|MESHol| 2t i
SRR F2 71E HAVMA| o, A Axel e HiHS Table 1. Characteristics of inflow wastewater in the reactor
Agstar ok et o] Eat oY 2o Bts) o Sample
L Aesl WAl 2242 Aesty] ojFa, tjREo) "D" farm "H" farm "J" farm
A7HA, gHAIEC] EF dHER E Foflvt a3 A= Period (d) 1~30 31~50 51~75
m 2 Zo] ofFER o] 53ty EdolHo|L oA & Q (L/day) 05Lx3 05Lx3 05Lx3
b Qe mul ofUg), 2E uPEAHSo] 2EL o] BODs (mg/L) 20,385 44,295 17,460
by 23k wok, Ao 7]5A ofelgo] ork? whata CODwin (Mg/L) 10,120 14,680 9,380
ol&at ol olHurAle| that /1A &g E el ok Aol SS (mg/L) 22,900 29,300 20,374
ol Aol A] YA 0 2 oFH B vtlS A 7HA| 7| HE T-N (mg/L) 3,135 6,857 4,327
Holal AzhE T, T-P (mg/L) 95 981 674
oj¢} BelEl A Fol= EAMAES TR v
A% 5402 pelletit sione WEO] ARWSTI(Bio- 71 FH/E UAsAn 10T FEA #RE F 4
reactor)of] F-Z13F & st A A wjFxo] HAsto] & 1 U230 YRR = “D” B oA TR FEd: 1.5
A%t A ofHdEd I o] FAT] Fasigitts HaL LE 747} 0.5 L & Uio] 815 33]0] A4 £3191,
7k gl 3R S0UATAE H ol A TR E o
2 AFoAE 9 AFe iR A FETE = EH4E 2Ust 2704 Bstglon, npx]ut 5123t
S Aoq A= f714HS AP § Fefe A TSETHAE IO € Aol Al nH R FEHSE
B2 ARfe S dHOR 3 Fofl FHATS 51 o) gre 2714 EYstglon] W BuR A
2 He g A2 AWERRS-7|(Bio-reactor)o] pelletT} stone Table 13} 7},
< AL hRAERA RESTE =84 Y 5714
Ao Hlaste] w32 SHAE, Agaed, of 2.3, ELA{HEE
Ases S4sAT
a3 Ate) e x D fEapol] diste] vy gewy 231 AHSA
of Wl =S AAste] u|AEo] TS RALE AlA|EFSTh 2 At ARG HEHe g A B 2 AR
< AHEE IS A o HFAAI Ol Esho] AA|
shalon, EARES d3 R Aol AL Q=
2. AlSix 2 2 i myo}, wEmieh, Salea, Huddule]s, tHdt
Aduols, B E Hter shglct
2.1. HIS X M7 2 M%| obmujobs S 2] 87]9} A eFH I(SIBATA, LV-40BR,
B oo ALeE ohH|urAle] mEo okEwd: 374 A Japan)E ©]-& 0.5% &4H-&H(Boric acid)oll 715715 &
23 F BRI SHAY AAARE FHo 2 HA 5 AAReH, E4E ARgHe = HEpAofe YERZY
Ao pellety} stone® 2 ZX%E AWEUS 7S 223} test H(IMAE YEF X1t Aot LAY ERE &HE 7)ot
HFS 20} 220 B A] AEHLS |2 Z2eHA] Ok control B3 A(UV mini 1240, SHIMADZU, Japan)S o]-& 640
Sz 2 LAt Ago] AFEE pellet (MT0001, INC nmIpgo| A FFEE 574 ’8}"‘4

Environment, Japan)i} stone (MT0002, JNC Environment,
Japan)-2 Z}ZF 100 g+ 10 g¥ AJEHS-7]o] FHsIH o

AENET) SRolA 3715 FFTA. B Zzte) wr
SZE 3714 24 §A5] Y £E71E 9 20 L/

min®| $718 A%x02 FFAG 2249 WeRE 4
283 1.5 Liday, 4-2J31 2 AR AIZHHRT) 409, ¥H&
100~200% W= AAstH o A lg A AEH(STS304,
23 0 AW T

=

Z(seeding)2

Fokghe AR A A7 AR A Su-

peleo)E ©]-&35to] HEH “(5 L, Supelco, USA)o| JF] =
B Aol (da)el dolx HRUR o]F %3] &
Aatoiet. BlSeuo] A3 AR air samplerr} H2bsl
AA YZAS ol g% AF AL FH(ATD UNITY,
MARKES, France)ﬂ W cold trapof| Al A|RE -15TC=2 ¢
BAHED) 5 F 72 el 280C 12 225t AHE
O 2 gas chromatographyi FoIA A BA5tE EFEA
& rigasol A Al 23t A ARkl en, HEAAE wETES
3] 42| (Dynamic Diluter Model 4600, Entech Instru-
ments, USA)2} | S8 AFE-3le] I14-E 244(99.999%)
= 8]4s}o] Zihok"‘i} 7 2Anie BAARA, 444

L

o] Am= o ATHRZE 0.991~0.999)5 AgloH, HE
A= B ln PS whEsklct
F718 Aol o GHAEE A flste] &
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Ao e ARE AHF st A HIZU A lA
HRAEE 5= 9l 7)o YRS AT 4= Qe oFHAE A
A FAH](Model 1063, Supelco, USA)E AHE-3}3IT o]
Frl aregE R FYE ARG ﬁig A2
o] ZH| YR Z7E EZE wjESAIo 2N AF 29
AAZIA Hol Aoz mkdeel of7] 2o wm :
I A4S BEuslA] o1 gHZE QA E FHoll= AE

B EOH A ABHHAE YE2 99514 )

op

O

Forz Ado Wast Alg= 37] 3] 44| (Smelltec-7P,
71718}8}, Korea)S ©]-8-5F0 A5 A HEA
Aol A AL e H7PEHE olEsto] A5
= W\IE.J A= 3 L &9 EejoaE A4 37
ES

2.3.2. £EE2N

BODs, CODwmy, SS, T-N, T-P, NH;-N & 4219 ¢
W71zl lske] AT, MLSSE S55%
A FrEldfo g = 2417 52 105 T ofl A T
k" DO, pH, €%, ORPE EMAFE =% 7](YK-2001, In-
telligent meter, Korea)& AR8-3}0] 2451911 SV30-2 1,000
mL imhoff cone2 AM&3}o] 3087 AX] & &£8A] A7
=243}k SVI (Sludge Volume Index)+= o)A
T %l MLSS9| 5=9F SV o]-&3to] ofgf 4] (1)
o8] Arstger?

Al

]_

o)

Ol

)
ofN offt of
ol

=
Az T 5
7]

ZolE

SV (mL/L) x 1,000 (mg/g)
MLSS (mg/L)

SVI (mL/g) = (D

>
il

12
Job et o

< T TR 2rxRRE A
st u| & o]-&3ske] nAEo it A7
o] F=H Fofl= test Whg-= HiEo] I
Aite] sto] dojxl Helg s2Ax Al
FE-SEM (S-4700, HITACHI, Japan)S ©]83to] n]y& A
e WESHeTh B3 vAES] eeRYE s 44
Hex 2 fFEF2REH UES AFT & R2AH}A|(yeast

extract 0.5 g, glucose 0.5 g, proteasa pepton 0.5 g, casamino

y Mo

N

O

acid 0.5 g, soluble starch 0.5 g, sodium pyruvate 0.3 g,
K,HPO,4 0.3 g, MgSO;4 - 7H20 0.04 g, D - I water 1,000 mL)
2 ol gstel 334 ol4f Aukat > RS Helstart.
a2)ar 2R w2 168 tRNA 9714 E E42 $15k
27F ¢} 1492R primerS AF&-35lo] PCR 222 233519 ch
TEHE A2 GAIRE § EHE(F) (Korea)o] &J=|5ke] ¥
1MGE AT BAE 165 RNA 24 @714 G2
NCBI (National Center for Biotechnology Information, USA)
9] Blast search program (http://www.ncbi.nlm.nih.gov/pubmed/)
2 Z3 7|20 % uAES] 16S rRNA 714Gt A
54e wisle] 2RSS Tolaigt,

3. Aty na
31. 77180+ M23™ 2 dnt
311 |RI7180 s XM2SE REF H
71789l Algg ol A ags A6 9
Zvo] vk8-x 9= tsle] BODs, T-N, T-P & H
A5ttt £ 5 10Y0] FE + test HE-g-=0f| 4] BODs
126 mg/LE EF ot A|zto] AutEdA AHA3] &
=7 WolA 7] A ZEYI YeEr)l vmE Eo “H”
ol ol A 47.6 mg/L~85.9 mg/Lo] A=A
Astgon, 24 FErt vIA W Pl fy
= 242 mg/L7HA] HopA|= ke BT uE7HA = con-
trol HF&% AJA] &4 10¢ & 567.3 mg/Le] H|1F =&
9ESEE BUOU 24 3090] AT IR 445 o
AL Folrte mHS Hol HEHOFZL 56.1 mg/L7tA|
ol Tt SR UE AWHA S 2 control HF-S-Z 9] BOD5 =
7} test Wh-g-2 tfH] 1.5~4u) 71F A YEhue
o] BODs A2 a&2 test Hhg-x7F 4% o= Jéﬂﬂ
I tH(Table 2)

W, SENT-N)EE FA(T-P) e FUUs el &
ol SOl AR BYAU F A wgolA o
L Aolg Berkn Byl PEuh ol
Al S 7122 AT 27 A %@0171
o] MEsHA &R, go] 7|Lo] n|Est Atz AL
), Teps] T-NZ} T-Pof] tfsf] Hoh &2 AHasgs 7|
st7] fleiAlE HEo ke FAH o] =YEojof 3t
A|AFEreE.

E5F Ao A e B KA A

=
2y

(9]

Table 2. The quality of effluent water in the reactor

Period BODs(mg/L)  T-N(mg/L) T-P (mg/L)
(d)  Test Control Test Control Test Control influent
10 126 5673 1332 1368 "D" farm
22 76.8 170 1002 366 888 180 "D"farm
28 3192 4776 1248 1608 "D"farm
30 1233 4493 "D" farm
37 476 733 "H" farm
38 1212 1032 108 1128 "H"farm
44 859 10387 "H" farm
46 1296 1416 1104 1104 "H"farm
50 316.8 264 "H" farm
52 898 112 "J" farm
53 108 1164 "J"farm
57 252 264 "J" farm
58 296 732 "J" farm
63 1211 18312 1336 "J"farm
65 376 1326 984 1884 "J" farm
72 242 561 1248 2316 126 1288 "J"farm
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Table 3. Transparency and MLSS concentration of each reactor

Test reactor Control reactor

Period
d MLSS  Transparency  MLSS Transparency
(mg/L) (cm) (mg/L) (cm)
10 5,600 125 6,050 73
25 4,450 112 4,780 6.5
27 5,650 135 5,900 8.2
29 6,320 150 6,080 85
45 9,327 10.8 8,760 92
50 7,120 154 6,700 8.7
58 7,280 146 7,500 76
65 6,150 158 6,300 6.5
avg. 6,487 136 6,508 78
Helpe] BAES 1eg 5 vl Table 3Tk Zo] 43
Geofl T BAIE BAS B AT} test BHSEE B 136
cm AE2 HW A =8 B4 UEl = ¥ control HF

L=
SxE W 78 em2 WA UEkdeh

oz 9 Akl Tabledst o] pedrh. MLSSS] 4
$ W8z ARG S, ool AUTA BAE 99
Edoz F7& ANstdenz Sug ot glot
Srof| A A2 Hiel Zo] SVI, BODs, FAIE & A3
] test reactor?] #4279+ 6,000 mg/L~8,000 mg/LS
2 Ueiten 95 S5} 52t vE £ Wl
A -8t Aol frEEdt AFAC] SHA FHE A
© 2 fErh pH, 2, DO 5= 7%t 5¢t & W3k

2 Holx ghalth. ol £HY|7E Bok R Wk} 2
A oot ol ZA| GG vIXA oot FH 3]
B0 DO 3 APNsAIA LT Wl

ORPE: A A Me] @714 olg wekate AE=n"
5714 AESEE Aol A +0~50 ool e A
Aol Al ORPE A A O2 +0 o] 02 A AT
A 4=2] o] F25] WHs Aol control WHGEE
ANHOEZ ()3he Hol7|% B WIHl test WH-GEY]
() B FAT A0 et ABUSTE FHY
o] F4sto] wlwal 3 Ao WerHch

-

Table 4. The operation condition of the reactor

tem Result
Control reactor Test reactor
MLSS 4,780~8,760 mg/L 4,450~9,327 mg/L
pH 8.09~9.3 73~82
SVgo 540~980 mL/L 420~837 mL/L
SVI 120~165 mL/g 80~125 mL/g
Temp, 223~252C 216~2557C
DO 1.8~2.7 mg/L 1.6~3.1 mg/L
ORP -25~55 mV 24~75 mV
Color dark brown brown

$% Erd gELol
29346 ppmo.2 23| A o}za 5 A%E s
= B8 109 F 1.4234 ppm, 259 F 1.0221 ppm ©]
0.6221 ppm, 0.4692 ppmO.& A3} ZFAsH}7} 652U
AlZ o)A 0.1085 ppm o2 79 AEE il ¥, control
W2 e FY=27] 42778 ppmO 2 FEs] =& e 2
o o]% oj= AHw 7F43FR|WF 10.369 ppm, 5.4096 ppm,
9.2895 ppm .2 o] 73] =L ZHe Holn] oxq Fnb7] o &

test g0l ]3| oF 249 o4} T S MLk ol
A= 7 ¥H3-x9] BODs “5=H3le} Blastd BODs &
£o} ghrUol WA RS} AURAS B & 4 Ut
(Fig. 1) , BODs 557} 7r43 o] otmujel SEE A7

o o

BAE AT gashs A0 Hop whexolA WA E
gmUol uEaE f7189 Er|BAelA ©7]Ee A

o2 Z=AEoZct FE3F HFEZFY U] AA =&
oF Wheof Al A== Yol Fleete] Al A
% SholE|d|(Fig.2) dyobd A w7 #8445 o

600 50

500 2
) 40

%
B —e— NH, (Test reactor)

. 4009 3 x -.0-- NH, (Control reactor)
= 30 —
[=) £
E g
~ 300 4 =
S P z
m Y % B —»— BOD (Test reactor) 20 Z

200 - K Lo --:%-- BOD (Control reactor)

100 A

Period (day)
Fig. 1. BODs concentration of treatment water and NHs con-
centration in each reactor,

50
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Fig. 2. NHs and NHs-N concentration of each reactor,
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Hujol WAl EE EFF wolAl= A & 4 Slrh webA,
3717 AeggolA HAEE Yoo wijE2 oy
o7} A4tetE 7] o]F 9] f7]=o EajHg oA WA E=
ot Erlo] ofsf HUEohal & 4 glon, &Rt
715 A2 vkgxolA = F71EY Bl oA HA
e dRUoMd HA9] FieE Wil o E ujibE= ¢F
Huol & ¥3e a3E HAAva & 4 Stk

71& AFtolAe 2714 AeggolA ol ok of
HAA 7\2ro] opH qurE A mAE YAIe YA
of olat Eabetm mastech B Aol ARUS]E
Soist 2Ae] opHubge] BqshA ke Ao Hls) o
A Uehhs AE AES 7ol ol et ndEY] F
o] g} of =4 A= E ERlE Aol AEvke7]el
ol &3ty mAgE hAHEE Y] AFEsol AolE HAl
7] Hmez %o ok

E 2 AFo A= Pseudomonas anguilliseptica , Bacillus
cere3.2.us 52 A o] aWE Ho|= nYERE HIF}
Ak B AT E AL BT} EUE test HHGF

=

b

i)

2410 2 Bacillus cereus, Pseudomonas anguilliseptica”}
w2 Een olgjt FEo] F2 =129 T4 AHEA
olA WAL oFF A oo HIE Kol AVow A
Qlt) HhH, MLSS =9} OPEQOPH A4, MLSS®} ¢
Yol il ek 4HbAE St Aoz mAssc

S, Fobea, mEniE, fuddelels, tmddyd
o] E =Tl test BHS %9} control YRR oA A A A O
HEol A 7 S ppb o5tz ofF WA HEEHSA
Lo ol FEHSe] 4H e FHAA FBat A
130.41 ppmol| 4] ¢} 438.52 ppm7HA] ehgde 72 o
FABEHD v BYPS v F5) B FES Howw ek,
S|, B Qe SA1sIA RAIE pellet} 74P 9] stone
& WBWSI|o| FAste] SAHSH: HBR-II 34 A2

il

fu

Table 5. Odor concentration in each reactor  (unit : ppm/ppb)

QMR Test  NHs M8 MM DMS DMDS o
Sites day(d) (ppm)  (ppb)  (PPL)  (PPb)  (PPD)
025 29346 08738 04429 24123 ND
10 14234 12634 12634 03977 03333
Test | 25 10221 46355 31506 16595 06217
reactor | 40 06221 ND 14231 10654 ND
58 04692 19723 ND 15340 ND 45
65 01085 07712 06512 ND ND 45
Mean 10066 15859 11552 11781 01591 45
025 42778 03047 05139 10261 ND
10 10369 ND  ND 04897 ND
Control | 25 40691 ND 13420 2.3655 ND
reactor | 40 54096 35274 32428 24274 02743
58 92895 ND ND 14831 ND 68
65 26337 ND 07899 06342 ND 67
Mean 12,4248 063861 58886 1.4043 00457 475

*ND : Not Detected, MM : Methyl mercaptan, DMS : Dimethyl Sulfide,
DMDS : Dimethy! Disulfide, DT : Dilution threshold

Table 6. NHs, NHz-N and MLSS concentration of each reactor

Period NHs-N (mg/L) Ammonia (ppm)  MLSS (mg/L) nfluent
(d)  Test Control Test Control Test Control
0.25 29346 42778 5,600 6,050 "D"farm
10 14234 10369 5,600 6,050 "D"farm
25 138 274 10221 40691 4,450 4,780 "D"farm
27 226 347 5,650 5,900 "D"farm
29 162 279 6,320 6,080 "D"farm
40 180 262 06221 54096 "H" farm
45 286 587 9,327 8,760 "H"farm
50 190 276 7,120 6,700 "H"farm
58 160 304 04692 92895 7,280 7,500 "H"farm
65 72 266 01085 26337 6,150 6,300 "H"farm
HEgzo A= gel4a7) 11.6 ppb, WEHZITro] 2.2 ppb
2 9 HEHME E HE ‘ﬂ—?ﬂm H a5k 2 Ao
A g w7t RA A 2ol ol gtel A3k of
Yep AdEnh 28, 2 Oq:rLoﬂ AHEE ARV BT AE
vl RejEo] AA e g AR A7 AFz Al
FEHA FopeEo AR ST wme] & Aol A
PR ZeRt =AY Tt o WA HEE S
HE QARG FAE pelleti} FA4H 9] stoneS AME-dl=
SHENA FFor oAF I TR B AL ol B
zAe] AT YAL AR TekEo] Ao
Eg omuole}l FRTE ob RAvte R HEs
oF3 §& 71714 o3g wletal 4 glene uglelx &
A WY 1 A, est WHSRE SAuE 45 1}
EFEIL control WHSZ oA & 3| AH]E 67~68 AL 2 H| 1

4 L7 vrepgt.

3.3. 0|ME 22 U S
3.3.1. O|ME 22| HjY
B Ao AL oAAlolel Tolsts AR E4L 3}
ofsl7] 918] Zkzte] NhSzol A AT L9k FELol
sl Her@n| g, FE-SEMS A-gstel dAe MAS
R2ASNA S ol g3 Heluje 2 BHE A .
Test W33 £oAE dAHOR Syt Foot
o, 7HtE7 AAE QA9 Control B
of HAEJUKAT vAA). Bt =
A eF oA oF 108] A= 2tolg H
= A3 *l ) HPOZS-J MLSS %7} tf2
ol e Wja ] S
7] olge A
= Zezae 2o )
% H 524‘6]— ﬁ_ﬂ}- test B]—
Bacillus cereus/ Bacillus
Z O\ A= Bacterium 741/
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Arthrobacter sp. 0] el
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Fig. 3. SEM pictures of microorganism in test reactor,
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