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To treat piggery wastewater containing refractory compounds including nitrogen, physical treatments using zeolite and

biological processes were investigated.

In biogicaj treatment, the remcval efficiencies of organics and nitrogen in

bioreador using BACC (Biological Activated Carbon Cartridge) media filled with granule activated carbon were
examined. The best removal efficiencies achieved for TKN and CODg, were 82% and 53% respectively, when zeolite
dosage was 300 g/L. Specfific nitrogen removal ability was 3.2 mg/g at a zeolite dosage of 50 g/L, whereas specific
nitrogen removal ability was 1.8 mg/g at a zeclite dosage of 300 g/L. The increased of C/N ratio resulting from the
removal of nitrogen using zeolite led to an increase in removal efficiency of corganics. As C/N ratic was increased to
2.0, 244 and 6.58 at a HRT of 48 hours in a BACC bioreactor, removal efficiencies of COD¢, were increased to
53.5%, 57.4% and 80.6%. The removal efficiency of wastewater using a zeclite dosage of 399 gfL was increased by

27.1% compared to that of control treatment.
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Table 1. Characteristics of piggery wastewater

(Component Range Average
PH 75 -92 8.4
SBODs 1,390 - 2,300 1,920
TBODs 2,130 - 2,750 2,540
SBODy 2,050 - 2,950 2,450
TBOD;g 2,800 - 4,500 3,750
SCODc 2,900 - 4,550 3,850
TCOD¢, 4,800 - 6,800 5,800
TSS 750 - 1,080 920
VS8S 620 - 950 750
TKN 630 - 1,060 860
NH;-N 450 - 930 670
NO:-N 5-30 10
NO3-N 5-25 10
T-P 16 -24 18
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Figure 1. Effect of zeolite concentration on TKN concentration.
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Figure 2. Effect of zeolite concentration on COD¢, concentration.
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Figure 3. Effect of reaction time on TKN concentration and removal

efficiency.
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Figure 4. Effect of reaction time on CODcr concentration and
removal efficiency.

TRElEE e z}gﬂ o]8-510] Langmuir model# Freundlich
model- & H&3te] 5& FAHYHL Sy EAE @
AHeln B-&FHYe) B A1 7193 ZEdAS Langmuir
o M AZE FLEE HE 242 S Ao

____abC
9 =7 ¢ nC

A g FHA BURAY §HE HERA o o, b
B8 4%, ce FAY @%E(mgfuolc‘r CERER L
4% a, b8 PEk7) slstel @E AAdTh

e, o}é _&

71& 717} lja, yZ2] AFo| Jabgl FHe] v elo] o) wh
204 zeolite?] Fato] HWyo| md Aig AAF ot
HYEHAE plotsha Figure 59 @tk 2ol o) 4
4 a, b 247} 426, 53x1070] ©rh o)A sled Langmuir
modet 42 &3 gl

4.26(5.3x% 10 Q)
1 +53x10°*

q =

ozlA AEAs o] gel 0.99ZA HEE
model 2 #-2]4de] gle HAOE H7lET} Freundlich model=2
AR G F2EE Py 2wl A o ghe] 0.68

Seky

180
160 }
140}
120}
R
G
100}
8o
4 1fab = 43.9
1fa =0.235
801 = 0.99
1/ab
40 . . . , .
0 100 200 300 400 500 600
[

Figure 5. Relationship between C and Clq.

2 ool Sic Aoz JdEich

BA0f 570l G2 BACC M2S|9| S4
ia‘}ﬁﬂ#% 2 IR BN dRA f018 B 2 @
Bl A4sk O REHT ) W] o A
AR CIREE UT 0 A B DEEal Yool
d 3

ALE AEDH A A 1 Aa9 AAZ FasEy

t}. o]o] wel zeolieE )\]—%—E}-O:] AH e FEAAE A A
81, Aast AAE S 1A AeEleE BACC 48
S7)elA4 AgeE Audde s9u) ZeoliteZA HAE
Eggez AAH #Hd ON 37 e omg ON
H7L 12 13} HZeE BACC AEurgr|dr Febdsl
et g AR o o 2o

ZeoliteZ 50 gL, 300 g/Le] sz &€l3 A &%
5 BACC AEWE7)dA A=g of 8y AFAT
Wl 3] AAEES HIE EHEY Figure 63 2ok
Figure 6o m=w HERES-7)9] A FAI7roi24, 48, 7247
zoz Z71% 1 CODq, BOD, TKN2] A A& o] Hg 2
dHe 2 Fyksta 3k 3 COPg, BODE 1 F7HE9
4 ZA dEged, TKNE S50 =4 ¥4t

Zeolite 50 glLS ol 83ld H4E AAF 13 AHz¢E
BACC AEukerlo] $43498 o CODqol HaEE Aay
o AFAZI] 22 24, 48, T2A17Y o AAEEL
40, 57, 75% = uehdth ol#§ AAESL zeolite® im%}
7l B2 A4E MR A vy & 5%AE B2 AA
&S Ueid%th BOD2 ®HaEE dwEY HH*P&O] z
z} 24, 48, T2A|17HY o) AAELL zhet 46, 70, 85% 2 U}
U2} o] H3) CODo EYUslA zeolited] A2]7} glol
A3t A2tk AAEE] W A JeETh 3§ TKNS
HELE AEE A FAZ el 217} 24, 48, 724121 o] AlA
ez 33, 47, 6% Uehdtl ERHos n#Ey
£ o zeoliteZ 50 g/l M5l 132 dwold FAAE A
HE #H5r CN BiFE 2394 252 Zrkslgen, o2
BACC AJEntgrlela AEEE Asids W 2 2484



144

100
50g/L zeolite

——

a0

80

70k

60 1

50

Removal efficiency (%)

40 |

30
100

300g/L zeolite
90

80|

707

60

® COD
50 G BOD
¥ TKN

Removal efficiency (%)

40 - . -
20 30 40 50 60 70 80

Hydraulic retention time (hr)
Figure 6. Effect of HRT on CODg, BOD and TKN removal efficiency.

o AAREe] 22t mAEHA Atk ole YRRy
A4t AEHA AMEle] 714 A dezide AME 3
HHe = epd Yk

ZeoliteZ 300 g/LE o83l thgke] ALE AAS2
< Ayke 448 X F4OH5E BACC AEHRS7]
A Mg A ohgr 2 AEET)e] ARFAlz gz
24, 48, 72A71Y o] CODe8) AAEES bzt 64, 81, 92%
ZH oe 2L AAEES VERY E=3 BODE] wHale
zhzb 24, 48, 72471 w BODS] M AELL Zvz} 69, 89,
9% EZH COD4t w722 vl ¢ & AAEZES vehd
I glvk A9 HEls HHEBY bz 24, 48, 72 A
o] EFL0 AAEEEL 7ZF 60, 68, 77%EN CODe o
BOD Erp gA epgey HElge F349 FEs N2
A7Ee] AFAIZRME 30 mg/LEA FFEgch ulabA
zeolite2 A FuTe BAAE Ayxe FAierrl FJxE 3
o] C/IN |7} 2304 648 Z7lelo s Aid AHE B
E #7189 AASE d$ A4 e

C/Nu| Hsjol| |5t ®H5S9| Hsl

ZeoliteS oGt Fwuield HaE AAGLRAM Hid
#H<-9 BOD/TKN2] Bl-& = CN H7} déled, o#d
C/N H7} BACC AEWE7IoA MEaHHQ) Azlsol nlA
= 9¥Z Figure 7o el ol ON H|7} F7lde
2 CODq, BOD, TKN¥ AAEEe] HAHFHoz Zriehs
e VERERITE ZeoliteS AMREEA] e HAbH o] Y

Korean J. Biotechnol. Bioeng., Vol. 16, No. 2

COD,, removal efficiency (%)

0 - 1 L L L L

1 2 3 4 5 6 7 8
__ 100
£
> 8ot
=
o
Q
£ 60
[+
g
Z 40}
E
e
a 20
Q
]

0 L L 1 L L L

1 2 3 4 5 6 7 8

100

TKN Removal efficiency (%)

® HRT = 24hr
20 f i O HRT =48hr
v HRT=72Hr
0 L 1 1 H L L
1 2 3 4 5 6 7 8
C/N ratio

Figure 7. Effect of C/N ratic on CODg, BOD and TKN removal

efficiency.

9] ON HlE HF 1.92~2200]197, 50 gLe] zeoliteS
ZshE CIN BI7} 2.44~2560 2 4445511, zeoliteE 300 gL
2 g #W5e] ON vle 6.05~6.58%2 4&atgt olu
AFAIZ o] 48417 ™ COD o] AAFE&E vluste] B
CN vl7} 209 w AAEE0] 53.5%004 C/N vz} 2.44,
6582 AEEh AFEEo] ZH2 574, 806%E FAHT] s
gk o)le dRUoly] E=Rrt A LS 7pHLE Fo
2 oeEnh webs ON Hl7E 23 AaAeld] gag
Mzt drke 1S el it mEkA ON B2 H
o] AEEH Aol glojr wi FLE WFEEA N H|7}
FHEEF AAEEC] S7HETE AE ¢ F ok ol
ZAz}= McEldowneyand S(19)0] 7|22] ¥} ON H|7t A
EbiofilmA T FHNM HF AFAE FTZ At
g A A



Seung. K-D., Removal of Nitrogen and Organics using BACC Process(IT)

2 o

ALE TEY JEA 2dE2E e IR Sk
2 2dedE AFHez HEE HEAAM zwolieds o &F
ETEE el dld] R4, AERAQ] xechd
A Qagdete] A% BACC BHE |83 803
e Me] §718 9 At AAT dEs 2AEEY &
Mg stmuyely ZAe] A AE zeolited] TR 300
gLtAs guuteld 2h 9 §714EHY] AH7L 43
Aem, o B wolied] FTAME AAEEY] F/H5e)
Zad9nk. gty AAHE ZRiFE Ad S sEd
zeolite ] 2 300 gibo]w, ojue] A|A& F TKNE 8%,
CODG2 33%2]90tk. Zeolited] 23 TKN2] A|AS L zeolite
AFREE 50 gLollA 3.2 mg/g zeolite, 300 gLo] ¥%o)A
TEN| A AFE 18 mg/g zeolied 7|E8 gt =47 +E
reolite 22 A42F A S ONY7L S71ge s §7184
2] AAse] Z7E%EH BACC MEYHE-7)dA 48471y
HAEZAZ oA CNHIFE 2.0, 244, 6582 Z718 ] CODg
AAEEO] 535%, 574%, 80.6% 2 Z7}5tH zeolite 300 g/l
E Mg H57) zeolited] vlAe] FatHad] AHEEEC
271%7F © HobETh

REFERENCES

l. Ludzack, F. J. and M. B. Ettinger (1962), Controlling
Operation to  Minimize Activated Sludge  Effluent
Nitrogen, J. WPCF, 34, 920-931.

2. Choi, E. S8, H. S, Lee, M. G. Park, and Y. S. Chang,
(1995), Selection of Nutrient Removal Process for Low
Strength Muncipal Wastewater, Proc. 5th [AWQ Asia
Reginal Conference on Water Quality and Pollution
Control, pp. 382-397.

3. Beccari, M., R. Passino, R. Ramadoti, and V. Tandoi
(1983), Kinetics of Discriminatory Nitrate and Nitrite
Reduction in Suspend Growth Cultures, J. WPCF, 53(5},
59-64.

4. Burdick, C. R, D. R. Refiling, and H. D. Stense (1982),
Advanced Biological Treatment to Achieve Nutrient
Removal, J. WPCF, 54, 1(78-1086.

3. Monteith H. D, T. R. Bridle, and P. M, Sutton (1930},
Industrial ~Waste Carbon  Sources for  Biological
Denitrification, Progress in Water Technology, 12, 683-694

13.

15.

16.

17.

18.

19.

. Painter H. A.

. Koon, J. H.

145

. Skrinde, J. R. and S. K. Bhagat (1982), Industrial Waste

as Carbon Sources in Biological Denitrification, J. WPCF,
54, 370-377,

. Pianzer, C. C, M. Komanowsky, and G. E. Senske

(1981), Improved Performance in Combined Nitrification/
Denitrification of Tannery Waste, J. WPCF, 53, 434-439,

. Abufayed, A. A. and E. D. Schroeder (1986}, Performance

of SBR/Denitrification with a Prnmary Sludge Carbon
Source, J. Water Pollt. Control. Fed., 58, 387-397,

, Focht, D. D. and A. C. Chang (1975), Nitrification and

Denitrification Processes Related Wastewater Treatment,
Adv. Appl. Microbial.,, 19, 153-186.

. Anthonisen A. C., R. C. Loehr, T. B. S. Prakasam, and

E. G. Srinath (1976), Inhibition of Nitrification by
Ammonia and Nitrous Acid, J. WPCF, 48(5), 835-852.

. Hutton, W. C. and S. A. Larocca (1975), Biological

Treatment of Concentrated Ammonia
WPCF, 47, 989-997.

and I. E. Loveless (1983), Effect of
Temperature and pH Value on the Growth Rate Constants
of Niirifying Bacteria in the Activated-Sludge Process,
Water Res., 17, 237-248.

Mercer, B. W, L. L. Ames, C. J. Torhill, W. J. Slike,
and R. B. Deau (1970), Ammonia Removal from
Secondary Effluents by Selective lon Exchange, J. WPCF,
42, 95-99.

Wastewater, J.

and W. J.
Removal from Municipal
47(82), 64-68

Her, M. J. S Lim, and B. G. Kim (1998),
Denitrification of Ammonium Nitrogen by Ozene for a
Closed Recirculating Culture System, J. of the Korean
Environ. Sciences Sociery, 7(4), 493-500.

Kotter, M., L. Riekert, and T. Turk (1989), Enifernung
von Ammoniak aus Abwasern Durch Stripping und
Serption an Zeolither, Chem. Ing. Tech., 61(1), 74-75.
APHA, AWWA, WEF (1992), Standard Methods for the
Examination of Water Wastewater, 18th Ed.

Joo, C. S and T. K. Yoon (1998), Basic Swmdy for
Development  of  Denitrification  Process by lon
Exchange(Il}, J. of the Korean Environ. Sciences Society,
7(1), 89-95.

McEldowney, 5. and M. Fletcher (1986), Effect of
Growth Conditions and Surface Characteristics of Aquatic
Bacteria on their Aftachment to Solid Surfaces, J. of Gen
Microbiology, 132, 513-523.

Kaufman (1973), Ammonia
Waste Waters, J. WPCF,



