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Characteristics of Ammonia Removal in Biofilters Inoculated with Earthworm Cast. Ryu, Hee Wook'?
Hee Dong Han!, and Kyung-Suk Che’. "Department of Chemical and Environmental Engineering, Soongsil
University, Seoul 156-743, Korea, ZResearch Institute of Biological and Environmental Technology, Biosaint Co.,
Seoul 153-120, Korea, *National Subsurface Environmental Research Laboratory, Ewha Womans University,
Seoul 120-750, Korea — Four inorganic packing materials (zeocarbon, porous celite, porous glass, zeolite) and a
earthworm cast were compared with regard to the removal of ammonia in a biofilter inoculated with earthworm
cast. Physical adsorption of ammonia on packing materials were negligible except zeocarbon (23.5 g-NHsy/kg), and
cell immobilization capacity have similar values irrespective of packing materials. Pressure drops of the packed bed
were in order of earthworm cast = zeocarbon = zeolite = porous glass =~ porous. The maximum elimination
capacity (g-N-kg!-d"') of ammonia, which were based on a unit volume of packing material, were in order of zeo-
carbon (526) earthworm cast (220) = porous celite (93) > zeolite (68) > porous glass (53). By using kinetic analy-
sis, the maximum removal rates (V,,) and the saturation constant (Ks) for ammonia were determined, and zeocarbon
showed superior performance among the five materials.

Key words: Ammonia, Biofilter, Inorganic packing materials, Earthworm cast

Aol BExAeA, 3 - e, vEAZTA,
FEITA, AENEEA, AR o AEEEEA Sl
TAEE oF ] FAFolv 1] R ol T4 374
kg HajAdo] Zhat AR, FY Al u|ZAAL, wl2vAE,
TE, odojell, 2523, 75, #9442 A F9 A
23l oF7] AlZIEH1]. Rl AF e F2 oA
Ay, A4, P T2 5ol o8] A= 9l 2-
4], T M GEY kS obHAbe| v AAke ® AlslE
T Qe AT o83t AEH S o838 o
Hujel AA 7]ge] R siEE R 9lEb5-12).

Biofilration®l] $lelA] €FHEES 5= T8 A=
FA ¢} D e Eolc). 53], HAS] TR ot vieled
Y gHES xjol7} 2 R HarE 3 9lui6). A
e ZA 1A A9 Y AR e S le #
714 BAZ A, =, 5], F 5ol T2 AME ol
tH16-17]. ol&dt 1A HAle B5Ade] FHold wkd, &
717k 2 Aol EslEAv bR Ake] whaahe EAA
UTH12] V1A FAEE A A= 2" A
polystyrene, perlite, TF3-Ad AMlgF o] /gEe] AMSE L
AUrH18-21]. 7714 HAlE 7143 FAle) vlsl] 7}Fe] vt

*Corresponding author
Tel. 82-2-820-0617, Fax. 82-2-820-5378
E-mail: hwryu@saint.soongsil.ac.kr

71 ShAlgh, B7140] 45 o] 2] wEel 2]
2 Age] PPe B4 AT glol BT SolM 14
DAE o 42 biofiliers] Atke] k] A= e

2 AT, 4 B5) Foiks} Ao BHES
2 AMgale] Aede] BAE Aok DS TS AT
slol 2gEle] kel AASAS Fsilct w2, HAle)
Elol 35, nlAE T 5} reAls Hlesic.

dEdE ¥ 9y

Etdlel S213 SHZA

ulelegeie) 1A sl HAZ EHE v34d F-2l(porous
glass), TF5-A Al2F (porous celite), A-2eo]E, T Al
FREA M E (F)S ARSSie. s gHe] nAE
A3 EAL AR SRedREel tErob Za
At HE e =2]7] Wil FHTE Alcali-
gens eutrophus(NCIMB  11599) FF2 AM3le] =A<
IA25E pyrex tube(300 mmH x 26 mmID)E. A)=gF 2=
Aol A $afslHATt. Pyrex tubeol] BAIE ZH2} 16.5em
FAAN F 27 FFE 0482 4. eutrophus Nk
200 mLE pumpE AME3le] £3RA)7IREA wiokdel FE=
W EE FAsled FAle) v|AE A3 T8 vlmsly.

A 2] ofmufo} FASE TA3 AeAM A3 T
3t 2719} pyrex tubeol|A FAFSIEl 100 ppme] 4w

O
[<]



74 Rvw et al.

o} 7kAE FAs 0250 - min! (FZHEE s6h e ® F
Tt YTt ETolxel dEYel F=E A HA
o] gkEjo} FARES ARSI kEYo} 7k ofF
e F=EFEHEA T A28 10,000ppme)
dEH e} 7t AR E AMSER .

gtmLo} BaMZel St

AR ol BaiMFe] FeldeR Mg F K e
A Bof 3RS Aol FHE(casting)E AREERH
Azl RS} 24 (g/L)yE (NHy),* SO, 6.61, NaCl 2.92,
KH,PO, 1.36, MgSO, - 7TH,0 2.460]c}. o] RHE 50g
@&ZTHS A3 FelA 500 mLe] "= A7) ¥ 250 rpm
oA 3087 A AeAE He. 1=l3 251 435
2] ¥E7)(Korea Fermentor Co.)oll pH 7.02] & ZA=|
2 17L& ¥ F, AHe] BHE e 300 mLE A
239t 71 051 - min'e] 37149 A ey
o} EaMFL 3huekslsdth30°C, 300rpm). wiekee]
pH= 28% $Eujel o= pH 7.0~72% AF A3}
Act. 53wkl viol e gEle] HFA oz AMEsIK

HO|2EE EX| H FSHAT

A3} HAZ 555 @HE, 934 frEl, oA Alg
=, A&l E, A2skyg 72t S} vlel e WE|2] ¢IR
ol AA BAE dvsle. vhe] BE: pyrex column
(300 mmH x 46 mmID)Y& ARl em, A3} HAe &
A 9 FAXAE Table 10 Aelsladet. AAdd g2
ol AT A S FF o2 AMEle] Zhzke) Dol YA
] F5AE FFAA dRYel BaHTE A3 AH
ot 4] A7) FAE vle] @FEl:E dREVof 7RAR 2
Fd ol 3 AR F dEMo} AREA A7l A3}
Aot FEYel shxol] it vpe] e HEY] HHE oF 60
ppmve] R} 7EAE i 3718 A Hlo| 28H
o 0.25L - min'o& TF3sl aPsigict.

g o} RajAlde] 2AE o8 FFe] 2t A
g ule] e el Yo} 7iA AAEALE FARKH. A
e Rl kA 2F7Y ol £HAIZ vie| L FEE
ARgER T ofE ol Zhae] Yo s whAAkR] o
Al sEREAFA AN A FE 10,000ppme] RV o}

7t ARl g ARSIt vho| @ Eef| FR1E R
of 7k ARvlERE MEd dFEel tAE 7pAES)
7}(gas mixing chamber, SPAET)lA F7]¢} FH 351
T=E ARG} k2 fileEe) IES
£ Z47F 100~1,000ppm3} 50~1,200h 2. W 3pA|7)wA] | v}
oleE 5o 4RVl AASE FABIH. dEHol
FUEEE 100ppmPE 1,200ppm7HA] SAIH o2 F71A]
ATt ZE AgolA vle]edElY] 9] B #F 71x
Z9] ¢RYe} 7k FES N7 1R A &
7GRl 71Ae] Fxrb JAE o MR 240
WIS, A SRR dAsH fA18) $15k
19 1314 °F 50 mLe] FF5E FAk ol

24Uy

vlol o Wejel Faglo] el ETollre) gmio} 7}
e FEE FYE ARk A T 2L
25 00IN 3R 100mL7} Seiols ¥l 1082
FFAAT 5 39 kR e} (NH,)el&-2- IC Pack-™
Cation M/D(3.9 mm® x 150 mmL, Waters) 22L& o] &3}
o] o]& 3 2u}lE 7] (Waters 431, US.A)E BAslict
w3}, fEfo} Haflarell o8t shrviole] R rdE<l A
A (NOy ) oA (NOy) o129 A2 IC Pack-™
Anion (4.6 mm@ X 50 mm L, Watersp-S- o] -83}e] o]& =
EulE7 o] (Waters 510, U.S.A)E. A5l

Hlo] ¥ =aAl W3l 1209 oA 243t vle) o
Elo] Qubale) ule)eWE] Z2A=Ad F7)6=k 05, 1.0, 1.5,
2.0cm « sYEZHEE 100~400071)2] oA manometer H,0
S AREsle] FERAlS EAslsin). vlol ool 2J3t ol
AALEE vlo] 9 WE 2. A9 7kae] 542 Michaelis-
Menten™]-& M-43lod olzfle] A 02X sjAslget.

i 9 0%

thdlol DIME DXs 54 3 &

4 F50 714 =AY dEdet FA5 vlE 14
3} A58 Table 20 A= hFjo} FAFLE oF
23 AekQl porous glass®t porous celite®] 7§~ FAIE
AER HgoH, zeolite®] A-folE dEol FHF A

Table 1. Physical properties and packing conditions of filter media in biofilters.

Biofilter Mean particle size  Specific surface area Pore size Packing weight Packing volume Bulk density
media (mm) (m*g™) A) (8) L) (grem™)
Earthworm cast - - - 97 0.27 354
Porous glass 8.33 1.02 73.47 72 0.27 262
Porous celite 9.04 18.65 91.98 118 0.27 432
Zeolite 3.35 69.11 65.49 237 0.27 867
Zeocarbon 0.72 435.10 15.06 263 0.27 962




Table 2. Physical adsorption of ammonia and cell on different
biofilter media

. . Adsorption of cell
Biofilter ~ Adsorption of NHj;
media (g NHy/kg media) Mg DCW/g mg
media DCW/L
Porous glass 0.1 0.83 220
Porous celite 0.5 1.04 206
Zeolite 1.5 0.33 268
Zeocarbon 235 0.34 270
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Fig. 1. Schematic diagram of a biofilter system.
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Fig. 2. Effect of gas flow rate on pressure drop in biofilters.
Symbols: @, earthworm cast; O, porous glass; , ¥, porous celite;
(1, zeolite; M , zeocarbon.
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Fig. 3. Time profiles of NH; concentrations in inlet and out-
let gases of biofilters.

(a) earthworm cast, (b) porous glass, and (c) porous celite. Sym-
bols: @, inlet; O, outlet.
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Fig. 4. Time profiles of NH3 concentrations in inlet and out-

let gases of biofilters.
(a) zeolite and (b) zeocarbon. Symbols: @, inlet; O, outlet.
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Fig. 5. Effect of NH; inlet concentration on NH; removal effi-
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Symbols: @, earthworm cast; O, porous glass; ¥ , porous celite;
[J, zeolite; M , zeocarbon.
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Table 3. Biodegradation products of ammonia in drainage of
biofilters.

Biodegradation product of ammonia

Biofilter media Nitrite Nitrate
(g'm® of biofilter-d)  (g-m?® of biofilter-d)
Earthworm cast 99 171
Porous glass 251 12
Porous celite 641 409
Zeolite 124 19
Zeocarbon 1,153 996
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Table 4. Maximum removal rate(vy,) and saturation constsnt
(K) of NHj; for various biofilters

Biofilter Vi K. (
media eNmIR | g Nmoh s (ppm)
Earthworm cast 353 29 322
Porous glass 141 15 787
Porous celite 280 19 936
Zeolite 218 9 1177
Zeocarbon 526 13 180
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Fig. 6. Relationships between inlet NH; load and NH; elimina-
tion capacity.
Symbols: @, earthworm cast; O, porous glass; ¥ , porous celite;
[, zeolite; M , zeocarbon.
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