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Enhancement of Sewage Treatment Efficiencies by Recirculation in
Absorbent Biofilter System

AEFA"-A AT
Soon-Kuk Kwun - Gi-Seol Cheon - Song-Bae Kim

Abstract

An Absorbent Biofilter System (ABS) combined with the recirculation process was investigated for the

feasible application in additional removing of organics (BOD, SS) as well as nutrients (TN, TP) from small
community wastewater in Korea. Polyurethane biofilter media with high porosity and large surface area were
“used for the aerobic system. A part of treated wastewater was recirculated into the anoxic septic tank to
promote removal of nutrients. The concentrations of BOD and SS of treated wastewater satisfied the regula-
tions for small on-site wastewater treatment facility (10 mg/L) during the overall experimental period. The
effluent concentrations of BOD and SS were decreased with enhancement of removal efficiencies of 95.7
and 96.7%. ‘The nitrogen and phosphorus removal efficiencies by the recirculation increased to 52.9% and
43.2% in average during the overall experimental period, respectively. With the improvement, these values
were increased as much as additional 42 and 18% compared with those of non-recirculation. The rates of
nitrification and denitrification were enhanced showing 65~77% and 42~92%, respectively. The described
process modification is a low cost and effective method of enhancing nitrogen and phosphorus removal,
especially on existing systems without changing major design components of a treatment facility.
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F2=a wlo] 9 BE AlAHY o4ATRS T

0] wo] ARHI gled, A9
a4 A7 e Aoz ¢eA
Yoon, 1999; Kwun et al., 2000;
2004). ,

A= 2 8% eaAE AARY &9
dA 7P & FA7E "1 Yl SR EAol
A glod, My ag% Hzd w& o7 &
#3 F54 njo]eFE] AJAH) (absorbent biofilter
system, ABS)°l| thal] thdzt A7sto] /714 &
4 (BOD, S99 AHgago] 55 Y5sisiont
FHEA (TN, TP Y g a&2 et Hiy
o Bt Bad vk itk Joo & Kwun,
1999; Kwun et al., 2000; Kwun & Yoon, 1999;
Cheon et al., 2004).

A 749 FEEs dQ=HE geR 9%
24E ABSS} 2 A% 2FAE AlAHCM &
EA0® Ayl Aslire ofd 7Hx Wol 3l
oYU 1 % ABSY AlAH FAHOE Hol §7]-
37) A A2Ee =9ske o) A R
Rog Aol APA 7R (bench-scale)
A7t AAIEY A9 Qe Ht HPYggo] &

2E S50
AT Kwun &
Cheon et al.,

= O
T 4

Biofilter Tank

Nozzle

3] 29 A% 65.3, 84.1%2H B7)H9 AHE
d9th (Kwun & Kim, 2002).

B A4 EH2 ABSE o83 A7E &%
25 A AAEA JUFA(TN, TP) AALES
A BHoz AAd old AFKwun &
Kim, 2002) 14 @& 47457} ABS 98 XA
HoME Jd2 A HeAS AFstua AAEH
Rem olgt g7 #7144 4 (BOD, SS) A&
& N AR geolsh=d Qi

I. Mz & 2y

1. §7d HIOI2EH A2

Aol o]&8 ABST AEdsin FHAF
A3 (7 AR BAT|EAL X FH o
otk ABSS] 7AE AHEYE #7159 (anoxic
septic tank), BEZ (pump chamber), v}o] 22
E|Z (biofilter tank), W% (effluent tank),
B2A4%Z  (equalization tank) & = 9lt} (Fig.
D. @774z 48de 259 33EE 37
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Fig. 1 Schematic diagram of ABS with recirculation
(a: influent sampling point: b: effluent sampling point)
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A R FA AANAA A Qs
gk, ojfel| dAE FAAME o]f3te] HFIx
AT 278 dEdg HEZx (Hol 20 m

15 m, ¥o] 1.5 m+& 2% E3YE T %
M2 dd9 F2EA Hd 90 wAEY 2FE
748 F Qled, B °?J£ T&Fs 94
A Bt wloloPERE ¥ & :
Hlo] QI ZE 9% (ol 26 m, 374 2.1 m)
oz g3 Jo& 2.0 m gol7kx ExA g
A oA (biofi ter)Z AH¥A Ux
lEE oF Egi I
Fg4og WO]'EI 51019}2“4 Egi yie
371 W o] 43}od §7W FHE FAES
o] 9. mlolo Wz ALE &4 *J A4 (5.0
x50x5.0 e)E JYFCR a]‘i’l'
s, £ 9 A4 (trickling filter system)
of Abg® gAdedAle] wlste] EHZF o] ok 100w
oA Z7kd Aoty (Jowett & McMaster, 1995).
HRRE vl eHHZZRE FHA fapel s
+98 HAFE SR &, FERYxE
AedEE vl e &8 348 3§
ool YA FriFEIEE fdrrle gEs

fu

2. AEEA

ulo] 9 FE] A|AHIY efAHEES TPV
ga A« AF  (recirculation experiment;
RC)& MEdgn sHAYHE e &47]%
ApollA S 9 +E o]&ste] AAET A
8o AL3 27kx] «@8| (recirculation ratio,
U5 fEPE 1 1D, 2 (1:2) ollen, o
) 42)%8Hs (hydraulic loading rate, HLR)&
438 1 9 9 100, 150 283 <8y 2 4 o
450 cm/dayoldtt. @4, A< AFHRY A&
& 2 5498 vusdhr] Hste] Bl A7le Y
3 FEYReEedA HAAE ve#E 4F  (non-
o] &3l

recirculation experiment; NCOARE

Table 1 Analyzing method for water quality consti-
tuents

Constituent Method or Instrument

Temp. {On-site measurement
PH pH meter(NeoMet model 815PDC)

Az v

Sodium azide modfication of the Winkler
method

BOD BODs method

SS GF/C method

COD Cr method

Org.-N  |Semi-micro-kijeldahl method

NH,"-N |{Semi-micro-kjeldahl method

NO; N [Photometer SQ200 of MERCK Inc.
NOs;-N  |Photometer SQ200 of MERCK Inc.
TN Org-N + NH;"-N + NOy -N + NO; -N
TP Molybdenum blue method

DO

t} (Cheon et al., 2004).

Aeg AP77He FElREE 100 cm/day (17

)= 19999 7~8€3 200193 7~8¥elH, 150

cm/day (263)& 1999d 9~1149 °|gith z2

i, FE)R8H 450 cm/day (203) & 20009 9~
1144 AT 471N, A7 it
£ A 249 gl BE (s 7] A

glgl Zolt},

_

3 2 Az MZzl 9ol 2Mup
FARAS 3 TEANE AFHE U5 A

HIzoA Hlo]QIPEZE Yoo J}OIWW
ANIRT, FEFY A dloledEzel WEx
ApololA AT (Fig. 1). FARAE 3
HolEjd AFRTE Fo)7] st Az AH(Q3
2L) ¥ 3% oo FARME FEEE AT
(BOD A19l). ¥4%%& 2%, pH, DO, BOD,
COD, SS, TN, Org-N, NH;"-N, NO; -N,
NOs =N, TP 127) &52%, BOD, SS, TP&
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FAAEY (Ministry of Environment, 2000)&
ol g3lo] ¥4Il en, 1 9 FAYEL Standard
Methods (APHA, 1995)¢] ¢J3}3ith(Table 1).
Eo FFE BTz dlo]™E R Fho] AHX
g FZAE olgdte] A3k

o 2= & 2%
1. Az=gtoi| e BOD=F SS2f 2|

7} BOD

Aedol o F54 Hlel2gE A28 BOD
AEE ¥4 AHE Table 29 viehisich
HLRe] 100 cm/day¥ W, 44 BOD %91
FTET 1461 mg/Loll FEF FATEEE 2.3

mg/Lold, HEa&L 98.3%% v|&HY ALH
o 3% BE HYag P adst 2.
T3, HLRO] 150 cm/dayold &9 §&40
FEE 474 104.3 mg/L 5.9 mg/LE 94.3%
AYEEE BAHACH, Heg Ao H|gto <
1% A= Alfgo] . =3, HLR=
450 cm/day¥ BODel didt H2lage F447F
90.9%2 (FU4 ¥£=1083 mg/L; 425 ¥
E=8.7 mg/l) Bl&# A9} vjwste] Al a o]
3A (F 38% FE) T HAh o] AL
AEA 7R AP AAS 952~98.8%9 Hl%
3 432 YYD (Kwun & Kim, 2002). 3
#3, Aed A 259 BOD F95E 2.3~87
mg/LE o] FEZ 2F - £k ¥ A A
o @3 HE (o)3F 289, Ministry of Environ—

Table 2 Removal efficiencies of BOD and SS under RC and NC conditions (unit: mg/L)

HLR' Experiment . BOD SS
(cm/day) |  Condition Median' Ave. Max. Min. | Median Ave. Max. Min.
Influent o 1461 1402 1873 998 423 416 453 3438
100 RC Effluent 2.3 27 65 12 11 11 15 05
Removal (%) 98.3 981 - - 974 974 - -
NC’ Removal (%) 949 932 983 804 822 678 1000 114
Influent 1043 1106 1523 713 493 512 85 360
RC Effluent 59 57 125 08 15 20 60 00
0 Removal (%) 94.3 95.0 - - 976 9.1 - -
NC Removal (%) 932 92.9 989 845 885 83 971 639
Influent 1083 1077 1647 891 245 215 420 170
RC Effluent 8.7 10.9 281 16 15 13 40 00
40 Removal (%) 99 901 - - 958 945 - -
NC Removal (%) 531 495 670 294 725 703 810 538
Influent 1141 1187 1873 713 420 413 85 170
RC Effluent 49 6.7 281 09 13 16 60 00

Overall

Removal (%) 957 942 - - 9.7 958 - -
NC Removal (%) 924 86.1 - - 85 822 - -

' HLR: Hydraulic loading rate, 2 RC: Recirculation,

% NC: Non-recirculation

! Median numbers are usually adopted rather than average (or mean) because water quality data have a tendency of

skewed distribution.
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ment, 2003)o04 eFAMelAlde] FHfd By FAES A £ QI
& FA7IE (10 mg/L)E BZALE € & AUk F&59 SS FE= FU5U B EF 2 mg/l
olstZ ¥ FHTYH WU{FSs FANEY 10

L} SS mg/LE &3t
Table 2¢] Uepd uis}l o] Ao webd

Hlo] QBE] AJAHEY SS HYEES E A 2. Rz=giol} me Aot olo Xz

Adct. &, FEFeHEo] 100 cm/dayd 9, §U%F

9 SS FY4EEE 423 mg/llolgoH, §&% 7F TN

Z945EE 11 mgl O2A, HEEE 97.4% A¢del we TN AHgE&e HLRO 100

ol ¢ ALRT o 159 AT HelF & cm/dayd W, FU9 FEF FH4 TR
ZArd Aot} w3 HLR ©] 150 cm/dayelAlE 747} 107.0, 72.3 mg/LEA HYAES 29.8%%
97.6% AdA s BFoH, wed Ao n)d) HlE#AIS 17.9%0 ¥lste] 12935 49 4
°F 9% HL9 AMYAEF Fto] el 181, o2 ®AHAY. 181, HLRo| 150 cm/day 73
HLR®] 450 cm/dayd wl SSel g Head = &, A2 EEY FAF7) 68.4%2 vl&E Alo] n)
A7t 95.8%2 Hl$ A9 wlmste] xea o) sto] 58%%HE AMelafc] FAHZ HLRO)
ok 23% AT Y Ak wtd ALPE T3k 450 cm/day A E FAFAHYEEC) 61.4%F H)
o SS9 HYA &L vl nlslo 11.2% A& =& Alg vusted 31% AT FAHE T RE

Table 3 Removal efficiencies of TN and TP under RC and NC conditions (unit: mg/L)

HLIR Experimental ) TN TP
(cm/day) condition Median Ave, Median Ave.

Influent 107.0 1089 142 131

100 RC Effluent 723 731 105 104
Removal(%) 29.8 325 199 193

NC Removal(%) 17.9 16.1 249 233

Influent 799 81.0 17.6 178

150 RC Effluent 315 435 102 10.1
Removal(%) 684 65.3 433 427

NC Removal(%) 104 85 451 443

Influent 80.9 81.3 75 78

50 RC Effluent 30.8 37 41 39
Removal(%) 61.4 593 472 508

NC Removal(%) 30.6 202 7.0 9.7

Influent 835 894 15.2 134

RC Effluent 384 475 92 83

Overall

Removal(%) 52.9 482 432 39.2

NC Removai(%) 114 176 256 26.5
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A2 HLRJM Axe FH4 Agago] 52.9%
Z vled 249 vlgte A FEUT

3t 7|29 Sand Filterd A% A¢g A|AH
2 295t B 79%, ALl 43%2 F2
A2 AHYFEEE ¥A°H (Christopherson et
L, 2001), A& =Yst & AfoM e o
.1?_% Agago] 60~66%% RoZ RIHJT
(Bruen & Piluk, 1994; Venhuizen, 1998). 1g
1, =29%°]9 Nordre Follo Plant]A &8 Al
7] Biofilm Reactor® A4 HH&&E 50~70%
2 359U} (Rusten et al, 1995). =3 &
A dloloE AAEY Ad AcE APedMe
ArAA &gl £88 2d A$ 653%EA
(Kwun & Kim, 2002), o8& A7z 2348} v
231gith 2 Ao Aole] X" 43 ABS
olx Agsiely] gl 71E g A7 A
g iz g visled tha wolRoy ARAdEY A4
Aeas ¥ &% Kwun & Kim, 2002)E &
g 4 st

3 oAz Uy %}%J_%'r% F7A87

ol

93t} A AA (NO; -N) 9 FEHIE 4
& A3 HLRo] 100 cm/day°lA F’"’QE > Z49

27} 80%, HLR 150 cm/day¥ Wl 93%, HLR
450 cm/day°iA 42%2 JeRth £3], 58t
& 450 cm/dayiM e €AFo] HojAE #A

—&— Influent

--Q- Effluent —O— Removal efficiency

Removal efficiency (%)

So

100

NH,*~N concentration (mg/L}
g

o

Hydraulic loading rate (cm/day)

Fig. 2 Observed concentrations of NH'-N at the
influent and effluent of Biofilter Tank and
removal efficiencies under recirculation con-
dition
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gale] PQast A7l FESHA GVl WEeE
waddh (Lee et al, 2003). T3, 2a 34 ollA
C/Nu|7} 828 28 4TS vAE RO
A gk A 9, AW E o &% 3k
e Agelrd C/Nul7t 3 ol o & BAE
£ Holx 3 oj3tell M= BAEo| 3] sl
Rog B1H9th (Jung & Park, 2002). & <
Foll ALg" 259 79 C/NH|7} 3 o]slel Ao
2 BAEY gebd, BHES Fol7) A%
07 2ANZLE F7MIIAY AFEREH @4l
TF3tefor & Aotk
Aego] W ulo] QT E oM AdEE
g goluy] Y] FFd FEFY gEYoMd
A4 (NH,'-N)F29 #ss #4899 (Fig
2). HLR®] 100 cm/dayd @ Aist&2 FAT
7} 73%, HLR 150 cm/day®i*l+= 76%, HLR 450
cm/dayeldE  69%01%th old % Ae ved
o) 294 A 56%9 v wste] < 13~20%
Z7HgAEd, ole 9ed] AefOoR Qg &
5 FE7L GolAA AisEol FEE AR
Azt s aeHe A Aasa2 70~90%
M9 (Lee and Ryu, 1997)°]%, Sand Filter®
72 83~98% AEZ ¥ Holglo] (Christopherson
et al., 2001), A<E Ao o AAGEE
ALY A&7 v]%E, Sand Fiter®
= &2 Aoz yehgrh 183, AU A
dojzl 99.7~100%2 AAtshE (Kwun & Kim,
2002) 9 vlajME ofF 2 S UERATH

ﬂl

m\o

L TP

Azl o TP Mja&e Table 3o Y
Ehy 73} o] HLR 450 cm/daydld ZF$157F
47.2%% <@ AJag Hrh A FE
whde] HLR 100, 150 cm/dayolAe E2 A
Fgo] FAHA ottt 18y HLRY 7 o]
AAHog 2 w TPY AMAZELS 43.2%=2A v
89 AAEE 25.6%° wlste] o 18% F7hst
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o Zﬂﬂ*—@ﬂ A7t oju AT AAH
Pe A7|F0E Hokd TNHE ¢4 e

E} TNY AHgr)de F3 Fas-23 2hgo)

Ao| g vhd TP 7V A 25 HAlE
J YA 715S o83t thFy A& A
£27 (AE) & AAstoloF it ojwl AY
A e olgist Aol nuFy] WEoE FAHY
. 282 HLR 450 cm/dayeA ¢ TP Mg &g
T g4 a7t P gl A0R 49
uretA AgAol opd dRelN F7|-37 ”FH
Z o] &3 259 Aegel A% TP AA &
Fol7] daiAe F71FszAA A HY "w%
g2 nle]edE 22 AFYE WAL o|F
AAE uere Asjol & Aolth (Converti et
al., 1993; Jeon et al, 2001, Rensink et al.,
1996).

0°‘ —E—at‘-?ﬂ l‘lf o{N

) mlo

N 29 o #E

Aol F54 o] FH Al2" Aed A
4748 EdE dFoN AN A< A9
A7 Qoksi r,}gy,} 71-1;].

1. BODY 7% 95.7%% Bled 2] vjsie
;qa]g_go] Jﬂ)ﬂ-z%oi 61:/\]—Q‘— r‘s\:_g_ Eﬂii‘:ﬁ,

SS9 MY EEE 96.7%2A4 BODS v]xd A
o]ttt
2. AEdo) 3 BOD, SS #2F £957 7

7} 2.3~8.7, 1.1~1.5 mg/LZ 2EHAM 25X
gaAde Furd wise FA7E 10 mg/lLE
25 skl

3. €8 249 AAsgo] 65.1~77.1%2A H]
£8 247 gt 11~23% Z7kslgod, g
AEE 42~92%% e} ABS 87]-37] @
NAEY AaAg 713E 80 + YA

4, &3 A" AL AaES vedd v
sto] 42% AE, o AUAEE 18% AL T
go] A¥d 729 F7]-27] Aedd I3 &

71E 2 YR AATY o] okgl A¥ ABS
JME FAHAT

5. 0139 A3z & wH, 94 ATE d% 2
FHYNLANN F71EF FIE AALEES &

A717] Asto], ABSY| dA f‘l"“‘ ToA 71

9 A HE Qo] o188 F e ¥7-37]

AL@ALHY 292 WiT FAAM =8
T AS ACE wdE,

of A7 wFEEAzIe ()9 A7y A
o gt FHHUE
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