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Ammonia Nitrogen and Temperature and Hydraulic Retention

Time Optimization for Acid Fermentation of Swine wastes

Chun Ho Sohn

Interdisciplinary Program of Earth Frivironmental Engineering, Graduate School,

Pukyong National University

Abstract

The anacrobic process can provide a cost-effective solution for the treatment of
high strength waste such as swine wastewater due to the formation of methane
and low sludge generation. It is a well known fact that the anacrobic process
involves two  distinet  groups of microorganisms, organic  acid production and
methane producing microorganisms.

Almost all anaerobic rescarch has aimed at maximizing methane production.
most information about anacrobic digestion focuses on the methanogenic phase and
very little information is available for the acidogenic phasc. So this research was
focused on acidogenic phase.

This research has been conducted based on the facts that (1) ammonia nitrogen
concentration can be a loxic malerial for acidogens and (2) acetic and butyric
acids are favorable substrates for methadones. The primary objective was to

optimize the partial acidogenesis of swine wastewater with respect to the



simultanecus effects of temperature and hvdraulic retention time at uninhibitedly
ammonia nifrogen concentration level.

Raw swine wastewater was pre-treated with ammonia stripping to enhance
acidogenesis. The ammonia nitrogen concentration of less than 12g/L did not
significantlv affect the biochemical acidogenic potential of swine wastewater from
Biochemical acidogenic potential test.

For, response surface analysis for acidogencsis of swine wastewater, a set of
experiments were carried out to produce short chain volatile fatty acids(VFAs) in
laboratory scale continuously stirred tank reactors. The production of acetic and
butyric acids assoclated with  simultaneous changes In  hydraulic retention
lime(HRT) and temperature was investigated. Response surface analysis was
successfully applied to approximate the responses of the VFA productions. The
optimum  physiological conditions where the maximum acetic and butyric acids
production occurred were 25day HRT at 33Cand 2.19day HRT at 34T

respectively.
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Fig. 1. Schematic diagram of overall pathway of anaerobic metabolism.
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Fig. 2. Schematic diagram of the continuously stirred tank reactor

used in this study.
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= VFAE dotn ] 2la orviel &8 E Zh7] delslo] AFE MAsdt)
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Aobstel wlgdd el As) =42 Hrkstel FAHRuel ct al, 2000).

Fig. 3. Picture of Biochemical Acidogenic Potential test system.
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35 %,L)d HPr}l_ll

1)

Q]

6)

L | [+]

Chemical Oxyvgen Demand (COD)

FAFet FE5ol g COD B2 Standard method®l AAH closed
refluxcolori metric WH -3 AFE-3+3

Solid

TSS(Total Suspended Solid)2} VSS(Volatile Suspended Solid) X+
Standard method o Al # WH-E Ab&stelon]. 2= Agd 2le] 10ml
Al eE AREsE T

Phosphorus

Phosphorusi> Stannous chloride method& AF&3Fd o,

Total carbohydrate (TC)

Al@el F g A9 5 5= Phenol-HoSO; S AFE3te] ¥ &tgdo)

Volatile fatty acids (VFAs)

GZo) @We A Gu)AelMEA Taaoua Healal valerate,
caporate) = =437 28] Hewlett Packard gas chromatograph (series

BRO0+) = AFEEgv. 2 e HP  innowax  capillary  column(film

thickness: 0.5um, length: 30mm, phase ratio: 160)8 Al&sl% oo &7

(ir

1= Flame ionization detector(FID)& AF&3F%

[ons

ME o] o]2] ¥ iz Dionex ion chromathograph (DX 1200& AF&31
ol zhel & ASI4c: Srol g flel, CS12A: ko]l &8 s8] Ab8-shaduh
TOC

TOCE #Aak7] 98l Shimadzu TOC analyzer (model: 5000- A)E AH&
SR

Biogas

ekt aE 2487 98] Hewlett Packard gas chromatograph (series

_12_



6800+)  Alg3Stgiey ZF o= HP5 capillary column (  film
thickness: 0.25um, ID: 0.53mm, phase ratio: 3)¢1" Flame ionization
detector (FID) detectors AREstdch. EgF Heliums &7F22 AES)
At

9) Nitogen and Protein

TETS FUTe wverst 771842 54517 #lste] Kieldahl ¥
S A&k 2v] Lahconco RapidStill 9 Rapid Digesters o] &sh<ith.

Table 1. Analytical condition of Gas Chromatograph (for VFAs)

-
i Items Condition
\
Gas Chromatograph HP 6890 plus
Column HP-INNOwax (30m < 0.32mm > 0.5 u m)
Oven 60 C(Imin)— 10T /min—220C(5min)
Carrier gas Helium, 2.5ml/min, 11.75psi !
Injection mode Split (ratic 10:1) |
Injection volume .00
FID detector temp 275C

-13 -



36 W9 A= HA3 A9

Fea A A A0 Egudel SlojMd vHE Fa3t Waelnt ek
AFAIZEel AL WM Sl FE sl FAe] VEE T AR E
siof g}, i uE dASudRbgxs A 49 g dH] ARAtE 19
ol Ay 32l Awz HG3slo] A3 dgE 9l TS A FAIME Folok
sko(Banerjee et al., 1998)

el Fe vgRe BEHS 0Teldoz S ok HAdd &
evb 25Celste] gl EAd sSedol FAsHA Astdrh TreiA 2k
of tigt dFE <otu ] fdte] 25 ~ 375C ®WANA FAHAE 3AUrHCha
and Noike, 1997).

pHel Aol = ZAAAQl o] F = Qlsto] dAnba stz sl o= Ao
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o] ERWE AL&ste] HAFES HAE9 TCOD® SCOD= zhz)b 130g/Lat
60g/lolth, =3 G742 CODE °F 45g/1L.8% o} SCODY ¢k 75% % b

Ashis ofolth Eeh oluch ¢l WAl FEL 65g/LE 493 ¥

Table 2. The physical characteristics of the swine waslewater

Parameters " Concentration(mg/L) Stdev

TS 09,010 } 2,390
 Tss 3,100 s
7 7Tli)gi - 77750;910 - L 1,340
- TVS 7 | 40,600 | 1,650 -
- iI‘FTS - | 18,410 | 7607” 7
vss o weo 8w
VFS : 8,170 360
7 VDSL . 710,670 | | 930 -
FDS o 10,240 | - 4107 -

_15_



Table 3. The chemical characteristics of the swine wastewater

‘ Pararnete.r.s Concentration(mg/L) Stdev
cop | 130,770 3020
SCOD 96w w0
- BOD - 45,010 o i G920
Soluble organic Carbon| 2710 | 150
,C,, | . _;40_ ]
_H I B ,,,2’170 .
N " 20 A0
V’I‘otailizarbohydratc 13,070 . _183_0_ o
WSr(r)lublcr carbohydraté 1 (}080 | 9,080

Table 4. Nitrogen charactenstics of the swine wastewater

Organic N(iotal)

| Parameters é;)ncentrétion.(;l_g/"l;)" Stdcv
| TKN 7770 70
STKNWﬁ - 6,270 | 7 130
Kieldahl as N(total) 6490 om0
Kjeldahl as N(soluble) 5,790 70
| S

- Organic-N(soluble) 490 : 110

- 16 -




Table 5 The volatile fatty acid concentrations of swine

_17_

wastewater
Parameters 77(3;;;tra1;iron(ring/L) Stdev

Acetate 13,320 217
CPropionate | 4430 2

Butyrate e o

Iso *Butyratf:” - 1391) 771 |
Valcrate 200 1

Iso Valcratcﬁﬁi | 1%:%& - | -1.- o

Caporate o0 0o
Blanol o 0 *\



4.2 AststA AHAAE A1E (BAP Test)

=R wH eontrol), 1, 2, 6, 24, 48 “rala 96A1ZF Eot &3 T o) FHF

ool A4l Fiei= Zh4 4.0, 30, 24, 15, 1.2, 09, 08g/L o|t} &7 &
o}
=t

WA et & A F] el HAAe] s oF 80%7F AlARL
Jo} 7] Hd5e] CODSE sS2] W&z 10% vlvhe|ty, o] 22 ¢hhv|o}e]
],

Ak A s,

o

o wEE COD Wgow whed ramolrh, Wgdy BEL vgstae) 4
gol gl Aow o b Afel BEA A9 g & 5 Atk ERk
o WA BEE O RAT el o Yok Ao bk ol Ay A

Eo] ABA ol WAel mddb Ae o FUh vk AlelEE 8 wale]
T] EhYebd Hael gt 08g/Lel HEFH R AR A= frt
vk ok ATwhebE g 2 U qdoh ol

bofolakel ARl RS F3 olvhs 4% wax vk 2@ guely

1 Atz A 2 IS
Aol vl L2g/Lolstel e MAHAA T AEAZFE Ao vssive
g 7F Ak ol ofuh mielM salskit 1.5g/L olste]l grE el
Ha T dgdge] e del A 7o ook AFd P A
z] % 2t Angelidaki and Ahring, 1993).

U& S(Table 6% VFAs A4 %%l Hoje] VFAs 44€ debdl ol
thoel 8 FelM e 12g/L olskel shEUebyd Ha wieolAMis A e
FAE vkl ar S o 4 dnh & 12g/L oskl dnvolA Ak w
i ARl e #Eel] T AES A wenkes AS o4 ¢t oldl A
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VFA concentration
(g CODequivalent/L)
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0 20 40 o0 100 120 140 160 180
incubation time (hr)

(@ 08g/L, © 09g/T., W 1.2¢/L, v 15g/L, M 25g/L, (1 3.0g/L, ¢ 4.0g/L)

Fig. 4. Productions of short chain organic acids as COD equivalent

at different concentrations of initial ammeoenta nitrogen.
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Table 6. VFAs production rate and maximum VFA production
in BAP test
| o | |

- Ammonia nitrogen | Production - Maximum VFA
concentration{(g/L) rate(mg/hr) production(g/1.)
0.8 68 | 12,80

_ ___()_()_ I 67 - 12.70 -
i : 771 2 62 12.60
- s 53 9.70 B
- 2.5 .5.1“ 5.70
T w0
AP SR 290

17 e nds ofdlel ghAl A F A 7TH] ~3day) . 2= (25~35T)
oA AEE HAsEAC E(Table Dob Z181(Fig. Dol ol Ao dA o
P e B He FesH ARAR 2daye 30Ce) Sxolv,

3wle] whE AL Foto] dAd HHAEs S

_20_



Tablc 7. Conditions of the central composite design and extended

trials
— — e _
' Conditions of variables
Trials R o
e84 A FAlZHdays) ' Temperature(T)
1 1 25.0
2 1 35.0
3 3 25.0
4 3 350
5 2 30.0
E, o _ [
A 1 | 300
A 2 2 | 25.0
,,,,, , R . ] T
A 3 2 | 35.0
R S o _
: A1 3 30.0
e I o
A-5 2 375

#a o Experiment was replicated 3times and the response

represented average values (standard deviation)

_21_

b : Additional trials outside the orthogonal design
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of this study.

- 929 -




dl e 7 Aacid)e] =4 A ojot,

hucetate = 3819 + 1,147 x; + 144 xo e (4)

hpropionate - 681+ 399 xp b 1T xo ceeeeeeeeeeeeeenes (5)

hiuterate - 733 + 239 x; 4 Ad Xy ceeeeeeeeereeee (6)
o] 7] A,

h; : the concentration of acid 1

(g i /L, where i = acetic, propionic, and butyric acids in order)
b; : the coefficient values of jth term

(mg i /L/x; , where by = constant, j = F2&38 2 {FA77 &5)
X : the corresponding variable term
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Table 8 The p value and residual SD of the first order model

and paramcter estimation for propionic acid production

with first-order model

Terms p value
R-square 0.9920
B - 0.0&)747 X
}3277 - 0.0096
Re_siduz_ll SD - _ 38.6940 B

- 924 -
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Fig. 6. Residual plot of linear models for propionic

acid production.
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Table 9. The p-value and residual SD of the first order
model and parameter estimation for acetic acid

production with first-order model

Terms p - value
R- square 0.4240 |
s oos |
B2 - | m__—?gozs rj
onesmasp | Lwew

Table 10. The p value and residual SD of the first order
model and parameter estimation for bulvric acid

production with first order model

Terms p value

| R square 0.2700

B - 7 7()7.()017

Bz - 0.0019
”l%l;aﬂsidual SD” - | 77777””:527.4800 -
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Fig. 7 Two-dimensional contour plots response surface of

first order model for the production of propionic acid

with respect to HRT and temperature
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Table 11. Acetic acid production in design boundary

Trials | HRT(days) Tcmpcrature("C)! Acetic acid(mg/i-,;_‘
1 1 25.0 570 ‘
o 2 1 35.0 1,370 h
- 3 3 25.0 1,93(; W |
' 4 o 3 35.0 _4.010
5 2 30.0 4,130
| A-1 | 1 30.0 7 71817(7) 7 |
Az o | o 2420
i _
A-3 | 2 30.0 4,270
A | 3 30.0 i 3900
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residuals

Fig. 8 Residual plot of the partial cubic model
for acetic acid production in the expanded

experimental region.

- 31 -



LI
L

I
-

Temperature (C)

25

HRT(days)

Fig. 9. Two-dimensional response surface of the partial cubic
meodel for the production of acetic acid with respect to

HRT and temperature in the expanded.
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Fig. 10. Three-dimensional response surface of the partial

cuthic model for the production of acetic acid with
respect to HRT and temperature in the expanded

experimental region.
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Table 12. COD conversion for acetate

( Trals HRT(days) §Tcmpcraturc(°C) COD conversion(%)

1 1 25.0 1.66
7 2 - 350 4.00
3 3 T Y
a FEEEY. b 11.70
5 : 300 o0
Al 30.0 290
B e 0
A3 |2 350 12.50
A4 3 30.0 11.40
A5 e 475 e

Conditions

[tems
I
HRT
Design condition
Tempcralure
Model
HRT
Optimum condition — -
Temperature
Response

1 ~ 3day

25 ~ 375TC
Parnial cubic model

25

33T

4,715mg/L.
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Table 14. Butyrate production in design boundary

Trials ﬁRT(days) Temperature(TC) Butyraté(mé}L )”:
1 f 1 25.0 305
2 1 35.0 781
3 - 3 25.0 8(;8_ -
4 3 5.0 | 1211
o 5 2 o 30.0 1,75887 |
7A71 1 30.0 - 607
A-2 9 95.0 989 ]
Aﬁs 2 35.0 - 1766)67 |
A 4 3 7 m.;s(r)to i,mg |
- : e - |
A5 2 375 1620
| ! I
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Fig. 11 Residual plot of the partial cubic model for butyric acid

production.
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Fig. 12. Two-dimensional response surface of the partial cubic
model for the production of butyric acid with respect to

HRT and temperature in the expanded experimental

region.
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Fig. 13. Three-dimensional response surface of the partial cubic model
for the production butyric acid with respect to HRT and

temperature in the expanded experimental region.
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Table 15 COD conversion for butyrate

Trials HRT(days) | Temperature(T) |COD conversion(%)
1 1 25.0 1.5
2 1 35.0 3.9
3 3 N 250 4
4 3 35.0 6
5 2 30.70 7.9

A-1 1 30.0 6.0

A2 2 25.0 49
A-3 2 “ 35?(). 8.3
A4 3 30.0 0.5
A5 ) ws 2.0

Table 16, The summary of condition for butyric acid production

Items Conditions
HRT 1 ~ 3day
Design condition -1
Temperature 25 ~ 3757
Model Partial cubic model
Optimum HRT 2.19
Condition Temperature 34T
Responsce 1,729mg/L
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