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Characteristic Reactions in Anaerobic Nitrogen Removal from Piggery Waste

In-Su Hwang - Kyung-Sok Min*

Offices Livestock Wastewater Treatment Plant, Sangju, Kyungpook
*Department of Environmental Engineering, Kyungpook National University

ABSTRACT : Anaerobic ammonium oxidationl ANAMMOX) is a novel process for treatment of piggery waste with strong nitrogen. In
this study, we investigated acid fermentation of organic matter, denitrification, reduction of sulfur compounds and P crystalization by hydro-
xyapatite during the treatment of wastewater with high strength of ammonium and organic matters by ANAMMOX process. Also, func-
tions of hydroxylamine and hydrazine as intermedeates of ANAMMOX process were tested. This study reveals that various complex-
reactions with anaerobic ammonium oxidation of piggery waste are happened and hydroxylamine and hydrazine play an important role in
ANAMMOX reaction.
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Fig. 1. A schematic diagram of ANAMMOX reactor.
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Table 1. Operation condition of ANAMMOX reactor

Period-1 Period-2 Period-3
piggery waste + 5,000 only |piggery waste + 2,500
Substrate | mg/L NO»-N stock | piggery | mg/l. NO»-N stock
solution waste solution
HRT(days) 5 10 5
Sludge
recyclfigng 05Q 1Q 05Q

Note) Substrate mixing volume ratio :
solution = 1:1

piggery waste/NO2-N stock

A AT A4stod 168Y( 0UMAAE EAPIF
5,000 mgNOyN/LE) obd 4 d48e) 297148 F9)
YL, 2004AAL MY ALBAL EXIA e
EAFEE FUSgeh 2000 o Tl Th 2,500 mg
NO-NLS) o} itd 2§42 FU5HM ANAMMOX
3¢ fESE A 49717 Bad pHE U9FoR =
287 B,

22. 7ed7|&

ANAMMOX &/4# W7IUE FE8& sl EASS of
23E BA8AY EFAg R4 2Pl FLanh
ANAMMOX <8A & J& 27] I8 whgz9 T4
NOx-N 2,070 mg/L, NOs-N 47 mg/L, SCOD 12,100 mg/L
Foy=

ANAMMOX #g& 93 494 72d79 7de =
AHFZ3A G FYE AAYFFFEZEAY + 24
2L AN 1EE AA(%F 44~59 gTKN/L, 4.06~4.62

Table 2. Characteristics of influent

Parameters Raw waste Substrate*
pH 8.5~8.6(8.6+0.1) 8.5~8.6(8.6£0.1)
47,500 ~ 61,000 26,700 ~ 33,400
T , , , :
oD (55,000+3,500) (30,600+1,800)
21,700 ~38,300 13,700 ~22,000
SCob (30,500+4,000) (18,10042,000)
TN 4,450~5,950(5,2304440) | 4,730 ~5,480(5,110+220)
TKN 4,400~5,900(5,180::440) | 2,220 ~2,950(2,590+220)
NH,-N 4,060 ~4,620(4,320:170) | 2,030 ~2,310(2,160=80)
NO»-N 0 2,500
NOs-N 45~55(50) 20~30(25)
SO 400 ~ 440(420) 180 ~240(210)
T-P 1,120~ 1,520(1,260£110)| 560 ~760(630+60)
S-P 387 ~ 856(629+145) 194 ~428(314+73)
13,500 ~ 17,300 6,750 ~8,650
A . , , ,
TA(as CaC0y) (1,5800£1,000) (7,910£520)
8,250 ~ 16,400 4,130 ~8,200
A , y , ,
BAas CaC0y) (12,400£1,900) (6,180960)
VA(as HAc) 138 ~515(337£102) 69~258(168+51)

Note) *after adding nitrite stock solution
Unit : mg/L, except pH
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kalinity(total-TA, bicarbonate-BA), volatile acids”& g &
A&} Volatile fatty acids(VFAs)¥: UV detector$} orga-
nic acid analysis column(Aminex HPX-87H, Bio-Tad, Inc.,
US.A)2 2 4% HPLC(Shimadzu Model LC-10AD, Japan)
£ AHgstAeH, AlgE 4R 7IE AHES 4,000 rpm
o2 1587 94EE ¥ 045 um AFAZ AFeq A
SRth AR 242 TCD A&719 silica gel 2@ o] ©]
A JtAzag2etE a8 Z(Tremetrics model 9000, U.S.A.)
g olg3tgth Z¥ 25+ 60T, FUF 2% 85T, A&7
2EE 3CHY ol&7tee 5 AHESIRAL, 22 mL/min
S22 o|FHIT

Hydroxylamine(NH;OH)¥} hydrazine(N;Hs)2 A 25 94
2o & 045 pm oFAAE o F3F AL Spectrophotometric
method*” & A}g3le) 23359 th Hydroxylamine& A 8.9]
0.05 M X&ZEA(pH 6.8)S A7} F, JEFHCH;0H)FH
AR} EFENaCO;) EA5tA F&e] 8-quinolinol(CoH;NO)
% dFHez AFAA FAHH Indooxines 705 pm TG
qA &35t s Th Hydrazine S Al g9 gt 2
o GAEAE EFste] ZAF p-dimethyaminobenzaldehyde
[(CH3).NCeH,CHO] 2 A kg F7bstol 3hg 458 pumeol A
&3 5tA

3 2t & 1

3.1. |24 ANAMMOX BHMAE

ANAMMOXE 53 whgxoA £8AE AFAsHA 2
T ¥ & YAEE AAskch A8 42T, ANAMMOX
982 AR 159 ool AY o]Fo] HOoM(Fig. 2),
ANAMMOX ] = Eg3Ql uhgo] doitg 7teids B
o Ft} olw, A w)AA A A-&(specific nitrogen remo-
val rate) 0.1 gNH,-N/gVSS-day(0.77 gT-N/gVSS-day)s-2.
o, o) olday ALAAEL 0.67 gNO:-N/gVSS-day = A
NHy-N AAGHET} o9 #34vh TH7FAE 2499 25, o
EYol= BAEZR ggtod, 98% o]4e] ALrtAs} oF 2%
o] ojdsteart AEHAT. F82] AFAA AAE NO»-N
NH-N Hi= 6724 ANAMMOX®] 6|229) kol 133%=
G Aolg Holal vk o|A2 71AA Al IHE
7182 Qlstd ANAMMOXo| #AsA %2 NO»-N7F &
A A7 dZolth. WA NO-Ng ANAMMOXe| ¢fs] &
At o231 NO:-No| 93] f71&Ee] ZAHAGE 713
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Fig. 2. Microbial activity test.
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Table 3. Carbon sources in various wastewater

kgC ODconsumed/

Carbon sources KENONramovat Remark Reference
Wine sludge concentratate 7.3 NOs-N 11
Brewery spent grain extract 5.48 NO;s-N 11
Starch processing effluent 3.26 NO;-N 11

Spent slufides liquor 3.94 NO;-N 11

Whey 9.65 NOs:-N 12

Lactic acid 2.8 NO»-N 13

Piggery wastewater 8.44 NO;-N 14

Piggery wastewater 6.42 (N Of}\% I-\Il\i)g-N) 14
This batch test 4.97 NO,-N

BT @718 ARAATHNN Yoluke Solwkg 303

sugars

+pyruv1c acid
D- or L-lactic acid <—— pyruvic acnd w-acetolactic acid

-CO,

+CoA t
+CO, acetoin

oxalacetic acid formic acid acetyl-CoA 2,3-butanediol
+2H
+4H
malic acid ethanol
CO, H, -CoA
+2H
—-CoA
“HO o ceticacid -(—j +acetyl-CoA
succinic acid —CoA
~-CO- acetoacetyl-CoA
propionic acid
t ~€0: +4H butyryl-CoA
—CoA-SH
+2H —~CoA +4H
—CoA
isopropanol butyric butanol
acid

Fig. 3. Derivations of some major end products of the bac-
terial fermentations of sugars from pyruvic acid.'”
(The end products are shown in boldface type)
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CeHi06 + 0.2 NH," + 0.2 HCOy —
0.2 CsH;0oN + CH3CH;CH,COOH + 1.2 CO, + 1.8 H,0 (2)

EP YN BE7h dolWThn YT W, RANL 7]
42 3 BLWSIA LoPks COD 28] B Aavhs 44
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Table 4. Phyla from the dominant bacteria represented in the
ANAMMOX clone libraries determined by BLAST
comparisons of partial clone insert sequences

168 tRNA gene sequencing
% Subclass
Clones Closest match No. o.f Slmn.larlty of
(Acession NO.) nucleotide| with proteo.-
compared| Closest |bacteria
match
PA(13"| Clostridium disporicum (Y18176) | 474 92 c
PB(11) | Tissierella praeacuta (X80833) 589 93 Cl
PC(10) |Fusibacter paucivorans (AF050099)( 719 87 Cl
PD(9) |Clostridium glycolicum (AJ291746); 809 97 Cl
PE(3) | Clostridium hastiforme (X80841) 794 73 Cl
PF(9) | Clostridium tertium (Y18174) 827 94 Cl
PG(4) | uncultured bacterium (AF371835) 800 95 Cl
PH(6) Clostridium sp (X75909) 445 91 Ci
PI(6) | uncultured bacterium (AF371689) 862 95 Cl
PJ(5) | uncultured bacterium (AF371837) 715 94 Cl

*The parenthesis is the number of colonies involved in same group
* Clostridium group

NOs” + 0.29 CH;CH.CH,COOH + H,CO; —
0.034 CsH;0.N +0.483 N + HCO5™ + 1.54 H,0 +0.986 CO,

@

SO + 0.4 CH;CH,CH,COOH + 1.5 H —
1.6 CO, + 1.6 H,O+0.5 HpS + 0.5 HS 5)

£ Table 59 2T} ANAMMOX #29] 2%, A7 S): NH:-N
g@ 0.114 go) AE7 AP, Aaz A 001 gol
AP =P NHAN 1 go] AAD ), 2.04 g(1.632 )9
AAa7E29} 0.26 g9 NOs-No| AAEHTE COD AA:E &9
3 et

32. ANAMMOX EH2 1} COD MIH
ANAMMOX ¥Hg2 EHQFEFoI2E $7]4 COD A

Table 5. Reaction summary using HBu

2 FEE F4YSNAE 3, oWy 42
AW A4 2AVAE, H44YAE 193 § B0

A2H 2L F49Y P4 98 Dol & Atk

321, R7IS9 MEE
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7142 AFL3 Period 290 A% Period 13} 2Rt} &R
9] COD7} AAHZYLH, FirTads YT o
59 butyric acid7} AE AT w2kA Period 29
Ax Agae 98 NHo-N/F AARYES ¢ F Aot 4
Q)¢ o], AAY NHAN2 2% A E=Z F4Fr)h Period
17 3¢9 H# 9 SCODE #4Z 13,300 2 9,530 mg/Lo]
2oy 8&254E 47 7450 2 6,510 mg/LHh ghEe] £
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0
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Fig. 4. Removal of nitrogen and SCOD.

Biomass production

Gas production

by-product production COD removal negleting

Reaction @STP .
gCell/gNH4-N gN/gNH4-N (gGas/gNH4-N) (g/gNH4-N) cell yleld(g/gNH4-N)
2.04 gN»
. . 0.26 gNO:-N -
ANAMMOX 0.114 0.01 1632 L N, gNOs
HBu fermentation 8.071 1 189865L7 g(C)Oz 31.468 gHBu 11.429
. 2
NO;-N—N» 0.963 gN»
. - . - 2.20 g/gNO»-N
partial-denitritation 02989 gCell/gNO-N  0.037 gN/gNO-N 0.7704 L N: g
NO;-N—N» 0.9655 gN»/gNO3-N

02783 gCell/gNOs-N  0.0345 gN/gNOs-N

denitrification

Sulfate-reduction - -

0373 L/gNOs-N

3.31 g/gNO;s-N

0.733 gCO,

0.67 g/gS0,~
0373 L CO» ¢/280s

J. of KSEE / Vol. 28, No. 3, March, 2006



Al ee 7122 ARG Period 29 B9 #YsY $&F
9] SCODE 247} 21,700 ¥ 10,500 mg/LEt}. Period 13} 3
¢ ¥t §9 NHeN7} 242 2,100 2 2,060 mg/Lg o, &
&7 47 566 2 1,700 mg/LATE ¥t Period 29 7
F #4959 #5579 NHA-NE 22 3,970 9 1,350 mg/L
224 AIZte] A Wl $E549 NHeN7F $718ts 2
g By

A ()5 Zol s FFe FEANLZYUEI} AMEEHY
A8 g3 pHIE wobzlt)h Ty B AN E §4
9] pH7} 8.5~8.60)19 21}, ¥rg2 pHE 8.5~92 EA
FAHAT ole @ 93 & L= B o A
22 3gEt §95Y FRALZA=EE < 6,180 mgL
(as CaCOyRLH, F&57Y FENLZE =+ phase 17} 3
9 2% 747 15,100 mg/L ¥ 11,900 mg/Lo) gtk

ANAMMOX ¥t8x& 233 27, #9712 &34 +
71Eo= &34 CODE 7|£202 ol EAL 54.9%, T2u &
3 58%8F FEA 47%Z F4HY 9en, g8 A&
HA gtk W] fE5oE oM EAL 63%, HF) T2
2405} P 45%2 FEHYT o)#P A= ANAMMOX
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Yehdt

. Period) Perod Period - 3
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72}
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Fig. S. Phosphorus removal in ANAMMOX reactor.
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SO + 2 NH,” — § + N; + 4 H,0
AG® = -47.8 kI/mol ©6)
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oo
o2 W
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2 LAAFAAE Q (P)Y AAS Fukst= ANAMMOX
Hee A AA gk
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tite[HAP, Cas(POs):OH]$} struvite(MAP, NH:MgPOs)+ 2
& 2FFug™ oA gojg £ Atk

E A A2 ALST FEASFY HJEENAH oF
270 mg/L9] Ca™'9} 8 mg/lLo) M7 F7d RoZ ¥
Ak ol EAFE 083 8 4779 94 B4 2
Fe} gAA T g Eo) 714 A5 ofday AAhEd
o] #uu) 1:12 FY8 o, #Y=E 712 °F 135 mgL
o Ca¥'eh 4 mgLe Mg 7} gdTh WetM 4 (DI 2
o], hydroxyapatitet= Ca$} P7} 2ZFgu= <k 21:1& Y
ERE, 7149 F4HAAM BTl okt

ot :lO

5Ca™ + 3P0+ OH —
CasOH(PO4)5(S) ; HAP(hydroxy apatite) @)

Fig. 63} o] & AFtelA ghgxy A9 AAA7 &3
=tk AAR 20~25%2) P& Ca’7} 1 2RE Wl &
2yng Mg* 7t AFAAQ struvitea(MAP, NHMgPOy)7H
ohd hydroxyapatite A¥kgo] Fod 4Fe T Aoz WY
At} wgzolA HAP AFo| A5 A2 HAP ¥hgu &
(5.4 gHAP/gP)ol w2} 2=, struvite 2F 3 22 §H30
o}y ojP ok weEkA struvite A/go] % dRYoly &
29 AAGEL dojuA geth o A= ANAMMOX
e HAP 233 2 FEBRL IFF W30 o
2 gojd £ & /M54 e B9En a8y E A7AE
o GEAE AFFA Q) 2FEC 9@ JReAL A
23t

Hierargaetel x| 283 3=, 2006E 33



Fig. 62 ANAMMOX #$zo4 #2d 2349 Al
ol

3.4. Hydroxylaminex} hydrazine

Fig. 8] ANAMMOXS$] %3FAHEQ) hydroxylamine® hy-
drazined £4& JehiArh Strous 50 BH3Ex @
2 ANAMMOX wg=xolA ¥hg9] ZAMAEQ] hydro-
xylamine¥} hydrazine®] wZF377t w&-& 435 A1 5
Aot BasHed, 42ZFL 27 0.7 mg NH,OH-NL
(1.6 mg NHOH/L) ¥ 1.4 mg NH-N/L(1.6 mg N;H/L)a}
I RIuEag.

B A7oA AT EAbeE AZRAA EFL 9
27R ¥71E st g3 Zo] hydroxylamineo] A
Aoz gogdg?

NH; + Oy + 2H" + 2¢ — NH,0H + H,0
[AG* = -120 kJ/mol] ®)

Fig. 73 Zo] §9U714 2 AHE3 =Xl G Q5= <k
L5 mg/Le] NH,OH$} 2.7 mg/L.9] NoHy7t 8688 Aoz
Eigon, whgo] Mg de = E<E hydroxylamine® hydra-
zined) &5 BEE 43 e B

2 ANAMMOX #48& Hol: Period-19] A<, €4
T &5 BF NHOH 557} 27 0.6 2 0.9 mg/L
ford, oHd s5& 242 1.5 9 3.1 mg/Lgth ¥
NO-N7} 235R] &2 Period-291 M= L5 $559)
¥ NHOH F=& EF 15 mgLax #Hsrt ggoH,
NH, 558 247 27 9 3.1 mgL2A =2 2748kt 60%
°l49 NH»N¢ A7 #ZHE 27 Period-3ME &
At #2579 B¢ NH,OH 55 247 08 2 1.4 mg/l
Rer, 3¢ NoHy %5 42 13 9 25 mgL2A =7
F7H T 28U AR E At mWE ANAMMOX &
AR Q8] NHy-No] 15% o]3twt A|AF Period-39]
FERRol M et $559 BF NILOH =27 <F 0.8
mg/L AF2A & AolE Bolz ggtod, BE NoH, 5%
E 47 13 2 1.5 mgLgth 2322 ANAMMOX &
o] £, F NHe-N9 A AZo] &L Period-39] A¥EI} A

J. of KSEE / Vol. 28, No. 3, March, 2006

Period| Period

4 P Period - 3

¢ influent OEffluent

° ¢ %"f

B Influent ) Effluent

NHOH (mg/L)
N

-
o0

NzHs (mg/L)
oW s o

e

130 180 230 280 330 380
Time(days)
Fig. 7. Hydroxylamine and hydrazine.

Ago] Y FutREn ez ¢ NHO0HS N;H, 9 &%
7} E%en, ANAMMOX €47 #3131 NiLET NHOH
9 Wy} o FaEch wEA NHOHS NoH,7F NH-N

AA Z28 9BL 5= SHAHNEYS ¢ 4 ok
4, & =2

A old g 248 EEdEe V2R Ty
ANAMMOX ®H3-& {53t 23, i5: die F718 2
A} go] xH 7|AEH ez Qe ANAMMOX ¥Hg
oj9ol = Tt HEFGE] dojd F UE VML B
ATt NHeNA A= ANAMMOX 3H3 2ot oju)g} Ahdgol
JHANE 7158t E, ANAMMOX HI&ZdAE 8789
AL, FEGIATF] AT ofA4Hg A4 9 ANAMMOX
FAEQ AN 249 g2l 93 |70 AA
HAT £ Fa&F HFAE0] A= A¢AR & 3
FE9 &4, A9 2P e 5ol BFFoz gojg v}
40l B2HAT. B ANAMMOX ¥ BA5AE
A7 AsiMe Ekgod o AE} B5EA Aow



AEEL

FU7IAE AR EAM S dFolE oF 1.5 mg/L

¢ NH0H$ 2.7 mg/L9] N:Hot /8 ROE uehge

ﬂ’

ANAMMOX &40o] £L42 W2%x9 NH,OHY N.H,

9 3 duHoz A eyt A7As, NILOHS
NHi7t ANAMMOX 829) 2044224 288 98

937 98e 8 T & A
gL

10.

B, ¢B%, 1A, “FU1E £ BHERE ol
s %*}1417-4 2w AA” WFEZSIR, 22(4-B), 615~
621(2001).

Strous, M., Heijen, J. J., Kuenen, J. G., and Jetten, M.
S. M., “The sequencing batch reactor as a powerful tool
for the study of slowly growing anaerobic ammonium-
oxidizing microorganisms,”
50, 589~1596(1998).
Dong, X. and Tollner, E. W.,
and denitrification during anaerobic digestion of poultry
manure,” Bioresour. Technol., 86, 139~145(2003).

van de Graaf, A. A., de Bruijn, P., Robertson, L. A,,
Jetten, M. S. M., and Kuenen, J. G., “Metabolic path-
way of anaerobic ammonium oxidation on the basis of
"N studies in a fluidized bed reactor,” Microbiol.-UK,
143, pp. 2415~2421(1997).

Jetten, M. S. M., Strous, M., van de Pas-Schoonen, K. T.,
Schalk, J., van Dongen, U. G. J. M,, van de Graaf, A. A,
Logemann, S., Muyzer, G., van Loosdrecht, M. C. M., and
Kuenen, J. G., “The anaerobic oxidation of ammonium,”
FEMS Microbiol. Rev., 22(5), pp. 421 ~437(1998).
APHA, WEF and ASCE, Standard Methods for the
Examination of Water and Wastewater, 20th Eds., Wa-
shington, D.C., USA(1998).

Buchauer, K.,
procedures to determine volatile fatty acids in influents

Water

Appl.  Environ. Microbiol.,

“Evaluation of Anammox

“A comparison of two simple titration

to wastewater and sludge treatment processes,”
54, 24(1), 49~56(1998).
Frear, D. S. and Burrell, R. C,,
thod for determining hydroxylamine reductase activity
in higher plants,” Anal. Chem., 27(10), pp. 1664~ 1665
(1955).

Watt, G. W. and Chrisp, J. D., “A spectrophotometric
method for the determination of hydrazine,” Anal. Chem.,
24(12), pp. 2006 ~2008(1952).

US. EPA, Manual nitrogen control, EPA 625/R-93/010,
Cincinnati, Ohio(1993).

“Spectrophotometric me-

AP @714 AEAATANN Dok Solue

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

307

Bridle, T.,
sources in biological denitrification,”
Res., pp. 1613(1982).

Henze, M., Harrenmoes, P., Cour Jansen, J., and Arvin,

“Discussion of industrial wastes as carbon

Water Environ.

D., Wastewater Treatemnt : Biological and chemical pro-
cesses, Springer-Verlag, Berlin, Heidelberg(1995).
Akunna, J. C., Bizeau, C., and Moletta, R., “Nitrate and
nitrite reductions with anaerobic sludge using carbon
sources : Glucose, Glycerol, Acetic acid, Lactic and Me-
thanol,” Water Res., 27(8), 1303 ~1312(1993).

W2, LB, o)&F, oFE, “DHEI2ANITES
o] &3 =42l A, Proc. of Livestock Wastewater
Symposium, Korea Univ., Seoul, Korea(2001).

Stanier, R. Y., Ingraham, J. L., Wheelis, M. L., and
Painter, P. R., The Microbical World, 5th Ed., Prentice-
Hall, Englewood Cliffs, New Jersey(1986).

Rittmann, B. E. and McCarty, P. L., Environmental Bio-
technology: Principles and Applications, McGraw-Hill,
New York(2001).

Fernando, F. P., Maria, F. P, Neivy, F., Miguel, A. U,
Pedro, A. G., and Santiago, V.,
taneous removal of nitrogen and sulphur under anaerobic
conditions,” Water Res., 35(4), 1111 ~1114(2001).
Strous, M., Kuenen, J. G., and Jetten, M. S. M., “Key
physiology of anaerobic ammonia oxidation,” Appl. En-
viron. Microbiol., 65(7), 3248 ~3250(1999).

Kuba, T., Smolders, G. J. F., van Loosdrecht, M. C. M,,
and Heijen, J. T,

“New process for simul-

“Biological phosphorus removal from
wastewater by anaerobic anoxic sequencing batch reac-
tor,” Water Sci. Technol., 27(5~6), 241~252(1993).
Loewenthal, R. E., Kornmuller, U. R. C,
Heerden, E. P.,
robic treatment systems,”
107 ~116(1994).

024, o8, AAS, AFF “FAATY TLHY
A g A% #7144 FEWSVY v A7)
NHRF Zos] FASeATLRY =8, FFIURE,
pp. 706~709(1997).

and van
“Modeling struvite precipitation in anae-
Water Sci. Technol., 30(12),

}‘-J

AEF, o=, AbsT, “FEdr Ade AT B8 A
EWE719 g waL” W@%@%‘iﬂ A, 22(11), 2047~
2058(2000).

Hyman, M. R. and Arp, D. J,
fo the thermal-dependent and reductant-depent aggrega-

“An electrophoretic study

tion of the 28KDa component of ammonia monoxygenase
from Nitrosomonas eutropaea,” 14, 619~627(1993).

Uty 5ol x| 2863 32, 20063 3



