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ABSTRACT

A system including units of anoxic, anaerobic and aerobic has been developed
in this study to remove nutrients for swine wastewater. Three tests at different
organic loading rates were also conducted to evaluate the treatment efficiency for
this system.

Both anoxic and anaerobic units were controlled at 37+1 °C, while the aerobic
unit was controlled at 30+1 ‘C. The influent COD was prepared at a concentration
about 5,000 mg/L before feeding. Three different sets of tests at system HRT of 5.75
d, 3.83 d and 2.875 d were operated to evaluate the performance of the whole system
and each individual unit. Water quality including solids, organic matters, nitrogen
and phosphate were monitored during experiment.
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Experimental results showed that all three tests had significant effect in
removing both COD and nutrients for swine wastewater. The removal efficiencies
of COD, total nitrogen and total phosphate were achieved at the ranges of 92~98%,

62~93% and 42~88%, respectively.

Keywords : Swine wastewater, Biological treatment, Nutrient removal
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Fig.1 Flow diagram of the system
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Table 1 Comparison of different methods of biological nutrient removal
(Metcalf & Eddy, 2003; WEF, 1998; & » 2001)
BTy ik % % S
Methods Advantages Disadvantages
SBR CBROREARRETRAAEHE | mAANNAZTHRE
* FIAR KRS © AN E KRB R HIME 0 BT
- T VAR B e BB I SS &
« Single reactor process is easy to s MEETERTFTREE 5
operate TR R
+ Requires smaller tank volumes « More suitable for smaller
« Both nitrogen and phosphorus flowrates treatment
removal are possible + SS of the supernatant is high
due to extended aeration
+ Sludge will be washed out due
to floating sludge caused when
conducting denitrification
A0 « MR R RARH AJO ik - b A/O A4k
© PLAH PR B B 34k AR A AR 0y | - BHAL ~ BRAK LR BRPT % 69 SRT
BB TS0l SR R T ARAEAR 0 AHAL ~ IR L AR
cBEFRASHBEME AL K4 SRT - M RARIA 4 3 8K
B 1A SRT
. IRENLAERE 5 B R ek R s | © More complex than A/O
+ Denitrification efficiency is better | * SRIS of o
than A/O Nitrification/denitrification and
+ No need to provide additional phosl? horus release are
(external) carbon source cqnﬂmte@. I .
. Wasted sludge has abundant Nltrl‘ﬁcatlon/demtrlﬁcatlon
o requires longer SRT than
phosphorus and valued fertilizer hosphorus release
+ Denitrification and phosphorus PROSp
release are separated and no
competition will be occurred
UCT | B R EAE &AM HAHE| - A GRARR  RIEF D
BERRATY  AARAET| s RRLABTHEL  #EHE
R G FER IR %R ERILE
C AR S B  FEERIEF |+ RS0 BODP
© IRAE SRR ERRE > AR B | o REAAR ARG 0 213
R+ R 5 e REAT B GARAN > @
« Recycling the effluent of the Mk 3k 2
aerobic tank to the anoxic tank is | . Operation is not easy due to
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helpful in removing nitrate, and
thus increasing phosphorus release
capability of the anaerobic tank

+ Denitrification and phosphorus

release are separated and no
competition will be occurred

+ No need to provide additional

(external) carbon source

complex system

* Requires additional recycle

system, and thus increases
energy consumption and cost

+ Need a higher BOD/P ratio

Due to plug flow of the
anaerobic tank, anaerobes are
hardly retained in the reactor
and thus reduce their capability

Fivestage |° MRS M - T HERMF | - R RBHMA - RIET S
Bardenpho |* PTA LAY ALK FAAER VT | RMBAER » H£ERMAEHIL
%z%% X
c BRFRERRIFSLFE R E K
. E%i??«z?ﬁi&)ﬂ A d#t % | - &% 589 BOD/P
* Denitrification and phosphorus « Operation is not easy due to
release are separated and no complex system
competition will be occurred * Requires additional recycle
+ Least sludge produced of all the system, and thus increases
biological phosphorus removal energy consumption and cost
system « Requires larger tank volumes
« TN removal rate is better than « Needs a higher BOD/P
other processes
+ Generally used in South Africa,
and hence more data available
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Nitrate is recycled to the anoxic

X
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* Requires additional recycle

system, and thus increases

tank, thus reducing DO energy consumption and cost
requirement and alkalinity + Lower temperature decreases
consumption the nitrogen removal

Effluent of the anoxic tank is
recycled to the anaerobic tank,
thus reducing the nitrate loading of
the aerobic tank
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Fig.2 Schematic diagram of the experimental system layout
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Table 2 Analytical items and methods used for water samples
I R
Items Analytical methods
TS(g/L) Standard Methods 2540B
TVS(g/L) Standard Methods 2540G
TSS(g/L) Standard Methods 2540D
TCOD(mg/L) Standard Methods 5220B
BOD(mg/L) Standard Methods 5210B
TKN(mg/L) Standard Methods 4500-Norg C
NOs™-N(mg/L) DetectlON  NO;-E 4%
NO,-N( ¢ g/L) & E 3% (Standard Methods 4500-NO,-N B)
PO, -P(mg/L) # 4 % C 1t & 7%(Standard Methods 4500-P E)

= BRI

OHXEERMER

Bt e Jlifi {5 [H(HRT) »
ﬁf[JCOD T TECE - eﬁs: {4t psugf,

¥ COD g

G ST B 0.794 > 1.342 %

=R BRI e A

&
il
S

deviation) °
90%)
pad S ] 5 64%~T7% »

M

1.859g COD/L/d

x3 FEHREMER

Table 3 The experimental results of the first batch

46,4%&& IYJ“ Fj/7j<

Ko H A [if} VEERR 3 * 4 R 5 A
F IS S e b S il AR
S N B E 5P COD RA S [ S i i
J b RREYS B2 3 EE 73%~91% - BHPOLP)

7 (standard

Raw wastewater

Anoxic effl.  Anaerobic effl. Aerobic effl.

EE3

TS, g/L 4.363+0.435* k : 1.152£0.080
VS, g/L 2.710+0.401 ; ; 0.559+0.050
SS, g/L 2.425+0.357 - ; 0.0270.020
VSS, g/L 1.915+0.382 ; ] 0.006+0.006
COD, mg/L 4563+876 12744443 641145 133424
TKN, mg/L 53661 247438 20039 14215
NO;-N, mg/L 64429 39416 3413 147+48
NO,-N, ug/L 6734267 264465 18041 28414726
PO,3-P, mg/L 67+19 31413 25.5:6.4 2346
TN, mg/L 60079 286::49 234+47 16445
ri‘:ﬁ“;‘éﬁ“j/oe —— - 7248 863 97+1
i‘ﬁtﬁ“; N ; 5246 61+7 7347
Cumulative PO4'3-P ) 52490 58422 6414

removal, %

* average t SD

" not available



B B b

57145

5743 2005:7F 127F]

x4 FEHIRERER
Table 4 The experimental results of the second batch

Raw wastewater Anoxic effl.

Anaerobic effl. Aerobic effl.

ET3

TS, g/L 4.617+0.533* - - 1.410+0.146
VS, g/L 2.987+0.352 - - 0.669+0.065
SS, g/L 3.000+0.816 - - 0.051+0.034
VSS, g/L 2.188+0.588 - - 0.023+0.015
COD, mg/L 5144+701 1046+171 865+124 249+23
TKN, mg/L 597+55 227421 215+18 11£12
NOs™-N, mg/L 16+3 14+3 12.3+4.8 35+4
NO,-N, pg/L 6714334 246+29 203+40 787343355
PO4>-P, mg/L 107+27 3247 29+7 2545
TN, mg/L 628+59 241423 227+19 54+12
rce‘;ln(‘)‘iﬁuf/: oD - 80+1 8343 9541
i‘;“;‘iﬁ“f/f)m - 604 624 9142
i‘ﬁ‘iﬁ“;ﬁ BO;P : 70+5 7256 7745
“average + SD " not available
=5 FEoHINEEER
Table 5 The experimental results of the third batch

Raw wastewater Anoxic effl.  Anaerobic effl. Aerobic effl.
TS, g/L 5.212+0.915* - 1.826+0.966
VS, g/L 3.204+0.465 - - 0.855+0.085
SS, g/L 3.1312+0.1692 - - 0.118+0.019
VSS, g/L 2.056+0.349 - - 0.078+0.018
COD, mg/L 5346+647 1410+119 1117+111 378+39
TKN, mg/L 698+87 282+39 227+32 67+20
NOs-N, mg/L 30+£3 2742 2642 50+5
NO;»-N, 1 g/L 790+230 336+70 240+47 8146+4840
PO4'3-P, mg/L 109+28 32+10 2742 2544
TN, mg/L 729+86 309+39 254+31 125+19
ey . 7344 79+4 9341
i‘;’;‘iﬁ“;f)m ; 57+6 65+4 8342
Cumulative PO . 69+11 74+4 76+6

removal, %

* average + SD

** not available
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Fig.3 Effect of the COD loading on treatment efficiency of the system
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Table 6 Comparison of this system and other biological nutrient removal systems
3
System Loading HRT. davs Influent ~ COD removal Fl;l\flﬁrci?r:)cval PO,~-P Sources
Y kg COD/m>-d "> 9% cOD, mg/L.  efficiency, % lency,  removal
%o efficiency, %
Bardenpho - 13.3 164* 08* 92-93 50-72 Stlegngs(e)zl,
Immobilized cells 0.25-1 7.5-20 7500 90-96 20-75 32-69 Liu, 1996
German
Two SBR 0.13-0.35 7 300 87-89 20-80 92-98 et al.,
1998
Anoxic-anerobic- 0.8-1.9 2.875-5.750 5000 92-98 62-93 42-88  This study
aerobic
*as BOD

Iy COD . [ S~ [l [ (% Hﬁ%? SR
SRR ARy COD i - Tl
- FIRpH S TfiP%@E' i 5 AE ] %?i*ﬂ
E'Jgﬁl’ﬁ] f“‘ﬁ%{ﬁ’lﬁ f“‘Eél}[ﬁ’ TKN juiAg Yy FFI [
[ G A (R
(1 RL 8 Raead U il 4 FAUPUTN G = 3“’&'?'}'
iy FEELCOD fifie 7 1.3 g/L/d Eﬁ s TN p9
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