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Leachate Treatment using Intermittently Aerated BAC-Fluidizing Bed
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The University of Seoul*

ABSTRACT

Leachate from landfill sites contains high organics, chloride and ammonium nitrogen in
concentration which might be potentially major pollutants to surface and groundwater
environment. Most of landfill leachate treatment plants in Korea consist of biological processes to
remove BOD and nitrogen. However, the efficiencies of refractory organics removal, nitrification
and denitrification have not met frequently the national effluent regulation of wastewater
treatment facility, especially in winter season. Simultaneous removal of organics and nitrogen
from leachate is strongly necessitated to meet the national regulation on effluents from leachate
treatment facilities.

The intermittently aerated biological activated carbon fluidized bed JABACFB) process was
applied to treat real landfill leachates containing refractory organics and high concentration of
ammonium nitrogen. The TABACFEB reactor consisted of a single bed in which BAC fluidizing and
an aerating column. The fluidized bed is intermittently aerated through the blower located at the
aerating column. Experiments were performed to evaluate the applicability of Intermittently
Aerated BACFB for simultaneous removal of refractory organic carbon and ammonium nitrogen of
leachate. Organics and ammonia nitrogen (NH,*—N) are oxidized during the aerobic stage, and
nitrite—nitrate nitrogen(NOx —N) are removed to nitrogen gas through denitrification reaction
during anoxic state.

The IABACFB reactor condition reached a steady state within 40 days since the reactors had

been operated. The blowing mode of 60 min.—On/60 min.—OFF is more compatible to remove
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TOC and NH;"—N operated. The blowing mode of 60 min.—On/60 min.—OFF is more compatible
to remove TOC and NH; =N simultaneously than the mode of 30 min.—On/90 min.—OFF. The
average removal efficiencies of TOC, the refractory organic carbon, and the average efficiencies

of nitrification and denitrification were 90%, 75%, 80%, 95%, respectively.

Keywords : Leachate, Intermittent Aeration, BAC, Fluidized Bed, ORP

A f718 9 Lol o] BAAAZ 98] FAEY] AR FEAPHS olgle]
© G718 BEe] tistel 4GS FAsT 1H1%7]A) 3l Holof sk %] A7k} )% Al
ol Tiisto] A HES Fayekd s AEAFEAC 7Fsgel tistel :ste] gkt

T AT ARTE §5 e xe] 398 DR Bed F2%L 2719 Adagel] a7 71ods)
Qo 8T AZBIT S5 oa AEa A el BEels AT 409 Frolan

(o))
(@)

TOC®} fRuold A AejA] fodt TrAAGS & 5= ISIth 7] Y9l H[ZY|ARES: 60 7]/
i BF718] F310] 307 F71/90+ HIFE7 el nlsl A2 afo] ot UrEPfki 1%17: uEd=in s
=7 Aed gl 157 Aedde fsdel e A 2 g2z
e e AAEE RIS 5 ST BES 1 ET]A] ORP =1419] W stel A L}EM% =4
ARG Y] $AAE vehdie slehE = 1%7%3 v o] F IHHEY] jhgxo HA AR EE A

Shovl $-8% A9 £ S P 2

1. ME K2k FAshs uAEe] RS HEleEs ©
RIPAMNE] FER] A& dlgHliiok
S FAT Sade Y ols EEe oM B F7|Fxel wdEdete] 3
2], A, Fusee] 7F TR, oloREEs, 7} AAEE el B, 1S o]&-
A, g EEelA de o]gxa Qlck & A=
dRke] o] 8-2 1925\ A FZAZEn[F]oke] Adler”} Fa7dvbsze 9A, &8, Ak, E2
A 2gdell ] AMgS Zlo] Hx= deAar 2EEA]|, EAdeREe] oA HhEEdlel] FE]
glom 1927 delli= AlFlarellA] i gl & o] 7] T 2o el osl WhgEulellA] of

27|

«=3)

Bhamidimarris”,

e sy A9V RESSte] AdE 22
2= olFAnE  AlAS]  fs]  PAC AEE st A==
(Powdered Activated Carbon)<2 AHE3F o] Kindzierskis?o] it}

v, §EAelA g A o] 85 Anthracite, GAC, €444, Zd=

A7} Ak g ol Aol the 2
|

Bhamidimarris=
A2 3 40

3 ek, B3] A Sl GuAEE
a=deAE e SR A e
(Biological Activated Carbon, BAC)o|2l= tF
o= EY &derg el tiste] & gk

WA ARl GACTE 7 =2 =
a UFE]'ﬂ 7)4\_3 EJ_‘S}SJ‘\E},
e daksl gl Ednkgol 7 xste] W A

A7 ZzATt HEHQEY A2ANE $IF

J.of KORRA, Vol. 13, No. 4, 2005



138 #7dd oJ&&

=AY o % Ludzack Ettinger X2
2 Y9 BODsE @43ks-2] viadl
Z 3kl ) °™ Wuhrmann 24|~ APEE #
¥EZS, 7183 Bardenpho ZEZA|AE 59
2] BODs 9} AFEE AEEHE 'O R 3l
ATt o]glel| = o] & A} ZE-S olehs W
©% Packed Bed Denitrification Reactor,
Oxidation Ditch 5°] §lor ey & ¥
HAZ ol WHE glolE 19 AA7EE Het
%k A/O, A’/O, UCT, VIP, Phostrip, P/L 5 o]
W So] EHGL, o]5 ZRAA HhexE
715S shtel HkeEuUlelA A7) SBRE
1900tz ARR-E7] AJ2FEE ol 70 T
THE 80l ol= A ZF ApEshd| ] T
W g o] ARE-E= Cl7F Srbst otk

o] HhHE W25 SV 571 EE WA
o] 7hsatr] wiitell Ha 9 12] A|A7} 7St
27 gell Wz} golste] 53] AqtEA|eAE R
a1 Zlow defA Ql=dl shte] whgEu
ol A FUF Wil F7], FA, euAIA

gl ] e ARl XBAA A2

)

o

°

¢

=

jins
A=)

ol #7)/37] ATgIEA AN BEEA A
, 1 A A Fofsh= vAES A7EAAE T
= e B enAEY Akt (ot
12ht), Bat, JAAAT (poly It FH2t
Fstar, Z47ke] 7155 L3717 S8t #H A
T o= gre s Agas
JE] =2 A2l 7] - FAkE: - 571

]

H

ol

N
m>r

¢

~

’

%

[

ooz O
JE
BN

A

N

10 1o
)
r
N

ot

Aol7} B atet. it w7
2347 o) F2] BB
s ol S (R718) 7
= 57] g AskEkan
W% Sl T

ol QoA 719, Hl7kedukgo] Al
2 2ol %= 917 e ORP7E A
= 375 MYEthL B
= QA ol 2Ja)x ORPE] 287}
S4o] Baslgla Eek AR 15 ol gat %
P S0 A0 A gE 245

o om o7

b

o

SIA;

3}

oL

b oft W > o lo off M4 KU B~
e

f
R}

oo T,

g

7

i

v}
ok
22
py
ey
o,

il

(R
oo
2
olo

2
x
firc)

259]

offt
22
> 2
o
N %‘Ej

=
l
hul
4
2

] S|

R

F71EA-YS}, A13E, A5, 2005

= ARIE AT,

19884 Peddie5”-& 91%:3]%-2] 1l
g3to] T7)-FAks 2 UasPHel i ORPRIEH
o 5 F A2 FHo] Yepde a9ke
1], Koch®} Oldham” & o]#] gito] A&l 5
FolA v & (2R) S22 Mgl we ditolt
I R 383 ARPEE od @S o]t
o] 272 ZFAZIH O 7 A4 e} Q12] FAIAA
Fl AFE Y3t v Ql=d] Al W Al23e

3] F71EAA D Aaksl - 218 fsha,
o tigtod= Allzel 1S WES f=skal A2
ZollA 919] FJF o] w QIAAEIE Lol
B Ayl BODs, T-N, T-P2 A7&o]

98%, 80%, 89%2] T8t AAGEC] S T
ETS'}'%E}'&Q).

Suhs o8] W k] HY B mHAR
Shar Qlar iREe] wigR] FES HEAde] b
A A7 R oMd AAae] Aatsh gl &
Aol oJES A vk £ A migA FE

e AERe] HEEd fU1ES

.
] =

St Aol sl fRoMd Al A

And

T
oo
N
[nt
o

X

o

SxUe] F71E TR R @18 ST HE
WSIAIA, F7A] {71553 R dae] Ab
sh= #FstarL BlET|A] S-S fieskaat selt
sk el f71E AHREass Alas] ¢
sto] FFMdo] Hojd SRS T - f5AIA
ABEEANE 5N Z Biological  Activated
Carbon Fluidized Bed ; BACFB) & 2%gto &
A R v gET 71-e] dgdt £3s #st

Ak AHFEPAS Hjo] Wk AR

u
fy



21 M= g

N7 EEY el 93 iEAEET A2 139

HICHEES () o) AR Tgol] 339 F7e)
BFEEHS 717 10A 2 1000mYeolth. BEY  HEFE olusle] Agasn e sk A

742 0.73mm 2 AF2] (0.500~0.850 mm) g+ 3
go)&4g No] Bk}l 7|28 A|ASI 105T
d7 XNZHTFE

ofl A 24413 AZAIZ 5 o7]°ﬂ

1:1
o)1=

FH600mmHg, 202 310 EAdEke] u) A 3=
PR %7]'5 ]7%6]' ‘:15: .13g# —4 ]—Oﬂ F|g

B Aol AE AbgE gdee QR A FAeg dobiy] 918 A% 2108 98

solgls —ru]o}oﬂlﬁr k= K= 9

42 KHP (Potassium Hydrogen phthalate)
9} NHy —N& o]g3lo] Akt #9192
T2 W whgZ o) AL [Table 1] 2ot

1 el ARERE ngEIe 95
Ui iﬂﬁﬂ% A WS ok 50% = Bt

2 99 <BeREE PRSI 2710

v Inf. °‘%J Pz exs AT FePEe] sHEv)
] Al FATE TR ATl whEt f
Eff. «— -2 /% 2 TOC, UVess, NHS'-N 9] 55
) — Shimadzu TOC Analyzer 5000 % UV
égls uor:]pnt on Spectrometer& ©|435t F33It) 3=
Dia.16mm Fgo] Fdaredel nlsl] Exl 27] whitel ke
H.310mm ez 7Pgske.
Activated 22 Ant 3 nE
Carbon el digk f257 29E3 ¥1&(C/Co)
U W= FYAIZE 2~54 ool C/Co 7} g A1
A& TEw s Taste] ol &5
2 gl FAEE e o Asle 74 =4
o I 1g & F2E &2 [Table 2ol et
Pump W oufe} ek QlyzA|Ne] A7t deE S
[Fig. 1] Schematic diagram of  Fluidized ol Fl F o= vebtsd] o T E el 9
Bed for adsorption capacity St Q1) HErF s w2 Aol o A
experiment FAEQ Aoz wekgtt 2% 199 KHPY)

[Table1] Experimental Condition for Adsorption Capacity of Activated Carbon

Influent Leachate Synthetic soln.

AC (9) 413 413

V (ml) 38.936 38.936

Q (ml/hr) 18.85 15.25
HRT (hr—1) 2.066 2.553

TOC (mg/l) 260.2 1725.8

NH4 =N (mg/!) 1752 2648.5
UVasq (cm—1) 7.864 35.3
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[Table2] Equilibrium Concentration and Adsorption Capacity

- Influent TOC NHs"=N UVass
SCuli o Lone, Leachate 215 1.636 7.812
(mg/L,cm—1)
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I : Influent Tank
T : Intermittent Timer
S.V.: Solenoid Valve
Pm : Pump for Methanol
B B : Blower
Pr : Pump for Recirculation
£ G.B. : Glass Bead
Qg B.Z.: BAC Zone
o S.Z. : Sludge Zone
H O : Outlet

S.Z.

Cylindrical Column
O || Column A for BACFB
. (Dia. : 80mm, H : 1000mm)

Column B for aeration
(Dia. : 40mm, H : 1000mm)

%

Pr
[Fig. 21 Schematic diagram of Intermittently
Aerated Biological Activated

Carbon Fluidized Bed.

Jo
rl
iy

a

=T TOC,



[Table3] Operating Conditions of Reactors

1827 42
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Run 1 2
Aeration On/Off (min.) 60/60 30/90
Packed GAC (g) 300 300
[Table4] Characteristics of Leachate
Parameter Minimum Maximum
TOC (mg/1) 276 460
CODwn (mg/1) 417 439
BODs (mg/) 93 106
T=N (mg/l) 445 575
NH;* =N (mg/)) 380 564
T—P (mg/l) 2.2 2.3
pH () 8.1 8.4
NH;"-N, NO, -N % NO; -N ¥%= [Fig. 7} i-g-%x2] 5 TOCE] ﬂlﬂi%—%%%%
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[Fig. 3] TOC variatons of Run 1 and Run [Fig. 41 NH;-N variatons of Run 1 and
2. Run 2.
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[Table5] Operating Condition of the Reactors on High Concentration of Leachate
Run 1 2 8
Aeration On/Off (min.) 60/60 60/60 60/60
Packed GAC (g) 300 500 700
[Table6] Characteristics of the Experimented Leachate
Parameter Minimum Maximum
TOC (mg/1) 1,031 1,289
COD¢ (mg/1) 4,240 5,470
BODs (mg/l) 1,584 2,690
T—N (mg/l) 1,407 1,998
NH, =N (mg/l) 1,355 1,738
T—P (mg/l) 3.85 5.59
pH (=) 7.8 8
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[Fig.12] SEM photographs of BAC in the reactors :

and NOs -N.
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[Fig. 10] Removal  efficiencies  of  TOC, [Fig. 11]
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Comparison
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influent.
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organic carbon
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[Table 7] Reaction Coefficients and Removal rate of TOC, RBOC, Nitrification and
Denitrification

Classi. ltems Run1 Run2 Run3
KTOC 1.08 1.91 1.69
Reaction Rate Coef. KRBOC 0.34 0.56 0.64
(day™) KN 0.74 0.69 0.82
KDN 5.72 7.21 9.59
TOC 0.083 0.097 0.109
Removal Rate RBOC 0.063 0.072 0.08
(kg/m°~day) Nitrification 0.136 0.145 0.168
Denitrificatn. 0.13 0.146 0.162
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