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Development of Process for Village Scale Wastewater
Treatment Using Biofilter and Sulfur-limestone
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Kim, Tae Kyu

Abstract

This process which has a connection of biofilter and sulfur-limestone has been developed to treat organic
substances including BOD, COD and SS etc. and to treat sulfur-limestone is for denitrification.. The whole
process consists of chemical reaction tank, sedimentation tank, trickling filter, denitrification tank. The
trickling filter is equipped with a reactor filled with absorptive filter, and the sulfur denitrification tank is
filled with sulfur-limestone mixed media. After setting up practical facilities whose capacity is 60 tons a day,
we have observed the removal efficiencies of pollutants through 60 experiments during Summer and Winter
seasons. The average concentration of polluted water was BOD for 3.6 mg/L, CODwm, for 11.3 mg/L, SS
for 2.8 mg/L, T-N for 8.6 mg/L, and T-P for 0.8 mg/L, and the rate of treatment efficiencies 96.5%, 84.7%,
96.5%, 79.2%, and 80.8%, respectively was found through the experiments. The average treatment efficiency
for BOD and CODw, was 85.0% and 55.7%, respectively and the average removal efficiency for NH4+-N
was 84.9% in the trickling filter.

The removal efficiency in the denitrification tank is as follows; The removal rate of NO3-N was as high
as 93.2% within the compass of pH 6.3 to 7.3 through 16.8~37.0 mg/L flown into NO;-N and 0.1~8.3 mg/L
outflown. It had observed that this process has implemented highly efficient and advanced treatment without
external carbon sources and internal recycle during its process.

In conclusion, this process is suitable for a sewerage in a small village due to the merits of low power
consumption and easy maintenance.
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Table 1% Zt}h 7153 ”‘]iug‘ + BOD 105.8
mg/L, CODw, 75.0 mg/L, SS 84.4 mg/L, BUE

Table 1. Characteristics of domestic wastewater used in this study

Ttems Characteristics and concentration
Maximum Minimum Average

Temperature () 21.8 70 12.0
pH 8.0 70 7.7
DO (mg/L) 2.6 0.0 0.9
Alkalinity (mg/L) 283.0 165.0 233.6
SS (mg/L) 124.3 375 84.4
BODs (mg/L) 150.1 705 105.8
cop™ (mg/L) 1212 53.6 750
COD¢, {(mg/L) 152.6 136.2 146.2
T-N (mg/L) 59.8 28.0 415
NH; N (mg/L) 463 218 324
NO; -N (mg/L) 2.9 ND 0.67
NO; -N (mg/L) 0.9 ND 0.2
T-P (mg/L) 5.4 2.3 40
Bacteria {piece/mL) 48,000 90 14,484

C/N (CODmn/T-N) 313 1.10 1.86
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Fig. 1 Process developed in this study.
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Table 2 Microorganism sticking quaintity of biofilter

Section Top Center Bottom
Picking part |Filter surface|0.8 m Part|{1.5 m Part

Sticking amount| 0.7996~ 04932~ | 01394~

(g/Number) 0.8452 0.5482 0.2127
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Table 3 Influent and effluent concentration and removal efficiency for pollutants

Concentration and removal efficiency
Items Influent (mg/L) Effluent (mg/L) Removal efficiency (%)
Range Average Range Average Range Average

5SS 375~1243 844 13~56 28 874~987 96.5
BODs 705~150.1 1058 12~77 3.6 91.8~99.0 96.5
CODun 536~121.2 75.0 6.2~20.3 11.3 72.7~944 84.7
COD¢: 136.2~152.6 146.2 10.0~270 20.1 820~93.2 86.2
T-N 28.0~598 415 26~152 3.6 63.0~92.2 79.2
NH,"-N 234~441 324 1.0~96 49 70.9~96.1 85.0
NOs; -N 16.8~37.0 250 01~83 18 69.8~99.8 93.2
T-P 2.3~54 4.0 02~12 0.8 72.5~9.0 308
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Fig. 4 NH-N removal efficiency as a function of influent BOD loading rate.
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Fig. 8 Comparison of removal efficiencies of BOD,
COD, SS, T-N and T-P between winter and summer
season, respectively.

A A @45 AAelA EAEE dol 9%

WEEo] AR E¥o| YA FEHAY &
FEo] AstE] Wizl

a2 FAEMe Y W3t glo] e
AP ass BEd ol vlo|ede wher7t ¢
AR obd Wl FreA Vg AET
A FA0E Q8 BAEHE 99 9t VR
HEHA Fa ol BEFO FH7) 71z Sl
Y PR oEY 257t B4 FAHM)
m2olt}, dukR oz AAE) Wee 4~45 T WY
ol dojupm AAks} wAEQ] Nitrosomonas®] 73
A A HALE M 10~30 TR LA gl

g £

B oAToA 7utst nlo] 9 HE) 9} §]-_/H§VH o
s AFAUTA LAY F7182% Ak

E

QAA SHel B AFE FAF A, vhe
2L ARS A9,

1 A% AT #9059 CNujo] w}
Ao gAEge] 4TS W WE BT

C/NBIE 4~72 fA&jok shh, & 4o f94
CODw™ T-N<& 7zt 75 mg/l, 41.5 mg/LE
Bt CONHI7F 1.819) EddAEHgleH, o8 F
sojgma 24 d 49 B e
Hehg 5o 9 gado] Flsofof siAgk £

FAANE SPIWEES o838 AiANE
C/Nu) 230 #AG0] 771233 24, NOs —N
9 zﬂ?ta;%ﬂ 747y Bd 95%9} 93.2%, 80%=
Ueht #& AAEES B3 o & A7
Process7} vﬂ% wag s 9 2AReIN
U];\gﬂo Hx ,\-]zo} ] ]_\L: g nl _Lz%oi 5‘5‘24
7] &gt wudstA A8ehs FHARHRG
duRes gy s slom, 71E AEtE A
2349 FEATY E7]%0 u)s
ZF 59 e 4 21s A F U
w0l

2. A 3A ehalz o) Lol e % (15.0~
775 mg/L) ¢k &5 ¢ R=(15.0~68.0 mg/L) 7}
A AFE RojA] G AL MM s oz
27t F8e] $3E WEely BOD ¥ SS
57} 242} 5.4~11.2 mg/l, 1.5~7.0 mg/LE T°r
9=} 1.2~7.7 mg/L, 1.3~56 mg/LE /%
AL F-AsiAo] FxE dEzlA flltermg i
g Holw FHYUEAL dF APHW) qE
ol utol @ejel B-M3M e
AZE F71H0E AARS W BT Bl =
Stthe Aol oo g sk Wi sl

s
¥ 2RE QAT & Yt 1ase 15Ae 24
ol
1=

e}

:C|>1=
)4
o
>
>.,

542 nfol e HEjx9} F-M3M g

(S = " pal gi %OJZ‘:O
el o] #AG0] WHEF FAVNESE FHEAA
° =2

#E7h Brbsd Aol AR $EAY v
sRrAE A el Bt ARpR o Ago] THed
Aoz PAFSIT

References

1. Batchelor, B. and A. W. Lawrence, 1978, A

Journal of the Korean Society of Agricultural Engineers, 49 (2), 2007. 3 85



vlo] 2 el o} F-434& o] &¢ viSdty A ¥ AL

10.

11.

86

kinetic model for autotrophic denitrification
using elemental sulfur, Wat. Res., 12, pp.
1075~1084.

. Beijerinck, M. W., 1990, Chermosynthesis at

denitrification with sulfur as source of
energy, Proceedings Amsterdam Academy of
Science, 22, February 28, pp. 898~908.

. Bitton, G., 1994, Wastewater Microbiology,

John Wiley & Sons, INC., New York, pp.
189~198.

. Boon, B. and H. Laudelout, 2001, Kinetics of

nitrate oxidation by nitrobacter, winogradsyi,
Biochem j., pp. 85 440.

. Chae, Y-D. 2002, Two plans for the supply

of alkalinity when denitrified with Sulfur, a
master,s degree thesis, Inha university, in
korea, pp. 40~44.

. Chung, B-G. 2000, The Effect of tem-—

perature, pH, alkalinity's independent nutri—
tion discharging efficiency wusing sulfur, a
master,s degree thesis, Inha university, in
korea, pp. 60~66.

. Driscoll, C. T. and J. J. Bisogni, 1978, The

use of sulfur and sulfide in packed bed
reactors for autotrophic denitrification, J.
WPCF, pp. 569~577.

. Im, H-U. 2005, Appositive stability for

nutrition salts treatment process develop—
ment with floating filter, a master,s degree
thesis, chungbuk univercity, in korea, pp.
4~6

. Kim, U-K. 1999, Simultaneous execution

possibility of alkalinity's required amount and
subordinated nutrition discharging deni—
trification using sulfur, a master,s degree
thesis, Inha university, in korea, pp. 20~26.
Ko, K-B. 2003, "Wastewater treatment en—
ginering", Dong technology, seoul, in korea,
pp. 260~264

Koenig, A. and L. H. Liu, 1997, Autotrophic
denitrification of landfill leachate by Thio—
bacillus denitrificans, Proceedings of The 8th
International Conference of Anaerobic Di-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

gestion, Sedai, Japan, 25-29 May, 1, pp.
299~306.

Kwun, S.—K. & G.-S. Cheon, S.-B. Kim.
2005, Enhancement of Sewage Treatment
Efficiencies by Recirculation in Absorbent
Biofilter System, Korean Journal of Environ-
mental Agriculture, 47(3), pp. 69-70.
Lopez—Archilla, A. 1, 2004, Microfilamen—
tous microbial communities in the metal—rich
and acidic River Tinto, Spain, FEMS Micro—
biology Letters, 21, pp. 68~72.

Lue, J-K. 2003, Discharge regulation con—
dition for nitrogen phosphorus of waste,
discharging water, korean Journal of environ-
ment hi-technology, seoul, 1, pp. 21~27
Ministry of Environment, 2001, Sewage works
propulsion management plan, Seoul, Korea.
Ministry of Environment, 2004, Domestic
sewage treatment plant's actual operation
conditions and improvement plan, Seoul, in
Korea.

Ministry of Environment, 2004, Sewage works
propulsion management plan, Seoul, Korea.
Payne W. J. 1981, Denitrification, John
Wiley & sons, N.Y.

Rowan, A. K., 2003, Composition and diver—
sity of ammonia—oxidising bacterial commu—
nities in wastewater treatment reactors of
different desin treating identical wastewater,
FEMS Microbiology Letters, 43, pp. 195~
206.

Sin, H-S. J-Y. Kwak, 2002, Removal tech—
nology in nitrogen & phosphorus, Environ—
ment management research office, seoul, in
korea, pp. 21~26.

You, H-D. 2005, Development of hibrid
process for nutrient removal using contact
stabilization technique, a doctor,s degree
thesis, chungbuk university, in korea, pp.
26~37

WPCF. 1983, Nutrients control,
Washington, DC., MOP FD-7.

WPCF,

e

FEEE =3 A498 A28, 2007



