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Effects of Winter Heating on the Treatment Characteristics
and Performance of Absorbent Biofilter System
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Soon-Kuk Kwun + Gi-Seol Cheon - Song-Bae Kim

Abstract

This study was performed to evaluate the need for heating wastewater to enhance treatment efficiency of
organic matter (BOD, SS) during cold winter in newly developed Absorbent Biofilter System (ABS) which
was established in the Suwon Campus of the Seoul National University. Treatments consisted of non-heating
(2000 year) and heating(2001, 2002 year), and sampled data were analyzed during cold winter period as well
as post winter period to investigate the influence of heating after winter season. Even the average air
temperature showed only 0.4 C difference between two experimental years, the difference ‘in the average
effluent temperature during cold winter period between heating and non-heating experiment was approxi-
mately 11 C. The average effluent concentration of organic matter in non-heating treatment exceeded the
Korean standards for water quality of discharged effluent in riparian area (BOD and SS 10 mg/L); however,
the standards were met in case of heating treatment during both winter and post winter period. Therefore,
the need for heating wastewater during cold winter season in ABS was justified. On the other hand, there
was no improvement of treatment efficiency in T-N and T-P, but we observed the more activated nitrification
as increasing the wastewater temperature. Because the average underground temperature was 5 C higher than
the average air temperature during cold winter period, we recommend that the ABS can be established in
the underground rather than on-ground for saving the heating cost.

Keywords : Biofilter, Heating tank, Winter, Cold climate
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7 Biofilter Systemol A} $47] 7}8-0] M SA4H Aol vlAE IF

£ 5E AdME 29E 3 AAdY &
o] £719% §Aoltt (Kwun & Yoon, 1999;
Kwun et al., 2000b). 84 & B39 AR
LEATYANEL o4y JFelM o k] whAo)
H2gEo] gloy U ANas, 48, AAA,
AR o A7 Sl Ao vEth (Kwun
et al, 2000b). AA} T2 ol FAEE &2
& 98 At Waterloo tighelld AHgste AlA
2 23, ANEATE Bal] 29 & A
2= E44 Biofilter System (Absorbent Biofilter
System, ABS)& 7lsISith (Jowett & McMaster,
1994; Kwun et al, 2000b). ©] |7l ABSY
A ago] el 2 - Bu 9 FA 49 A
gl #Ast WE(QEH, Ministry of Environment,
2003) 8 EAATF(TE R3TFD Y Hree
DEAD 4 9lg WE SFEitE AME geig
Ao}, Ut AR AESH A dojr £3)
T F e viel o] YUAFY AYFgol @
I, A& ALH Meage] AgEHE 59 F
7 BAIEE AAIG vk QtHKwun et al., 2000a;
Kwun et al., 2000b).

TUQe] A7d4E BE, ABSY 7S AEut
o AFQ gravel filters ALHo| Ax3¢
o] 259 g%& o (Roy & Dube, 1994),
U9 s AMEEH T QlE d458A Hke
Z (SBR)Y AYFAEE 259 G u:= A
2 484 QtHKim & Chung, 1992). UxHd
2 Al QlojAd ALHY F$ 7)1%5zA
(D71AZAE oA 3k, (2) PR H7o)
2 ojFofAA] on, (3) AzeA ko] Aty
= Y FARo] HskE FoE dEd Qo
RS o]Hd FAFE AFe JI¥Y HE
el Eohd 28] &4 9 4 da sgich
(Martel, 1998).

o] A9 EHL ABSY ALH Aag T
2 98 Hlol28H {95 REE AN £ F
L AR AEAE BAs A g%

flo lo [o
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He e AP T2, ABSH het
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2 Aol AHRE A8RAE Fig. 13 ol &
L B R e e R o B ST K ) 2 B o
2 FAE ABSE o]&31gth ABSE 44 oiA)
§ A% g AReld xEE B3 25E
NP0 R Aol AARIE ANTE THet
HA AZAS] FAE YA uAEE 3 A
g, FlEe AEEA oAt (Kwun
et al., 2000a; Kwun et al, 2000b). BEEZH
5A e WA FH7] LEAS | oJgt v|AE
AHE B EASE Qs A age] AstHe
], o]& #WAs] fste] AN E {X3)
EF 12X E AAs fYeY 2
Aok ABSY 94 2EATY 7EdYE 7
FA o] AAH heating barell 3} 57t A5
t}. Heating bar®) 2% control box® ZA3}
o, o2& B3 g AW Ao s A5
Hog zAH] U 2R AL F UEE
=ojgltt. i

2
=2

el
E}

2. Aleia

AESH oA vAEFL g3 A
Yago] AR, AR 712o] 23F o
FolE 850 gAst] Aado]l &2 v
FA7lde g5o] E85o] Mago] Roplh
ojd we}, Uty 2E7F *E 129%F 3
7R 9 717+ AR dY 7k Ao
a9tk A8 4 ABSF 1AgernE she H)7h
< AFE A AN § ol vt 23
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Fig. 1 Schematic diagram of experimental ABS Plant
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d, 20024 o= HeAAE o)g3te] 94 &2 AN

F28 AEANA N (RAD) sy 59

2002300 259 Wl w2 Arg Fg9 A 3 2E&4

FLE WE sela) 98 ZAE Folkstel A

N&itt. Table 16049} o] A&7k B4 97)E, vpoledH ®A A, F, 3 &F,

Table 1 Treatments of the experiment

Treatment Term of Duration of L Place of L
(year) expetiment sampling Abbreviation sampling Abbreviation
) Influent NWI
Winter 2000, 1.05~4.10 NW
Non-heating Effluent NWE
(2000) _ Influent NPI
Post winter 2000. 4.24~7.28 NP
Effluent NPE
~ Influent HWI
Winter 2001, 1.056~4.16 oW niluen
Heating 2002, 1.02~3.31 Effluent HWE
(2001, 2002") ‘ 92001, 420~7.30 Influent HPI
Post winter C ’ HP
2002, 4.01~7.30 Effluent HPE

' In 2002 heating experiment, temperature effect on nitrification was main concern,
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%4 Biofilter Systemel| X 57| 7}&e] He SAH ATl #AE &

Ao 1 m ol AF2E, 1 9 Y5 &
259 2EZ data loggerE °]g3l 4L 3
At vlo|oE B3 2E= A £ LY rg:dt

25E AHSIITE 53] AFEEE 20014 1
20458 ST (Fig. 1.

DdR-2oA AAsSiT AFHE A8+ BOD
At a5 ol AN S Enbgon, &
£2 2% pH, DO, BOD, COD, SS, T-P,
org=N, NH;"=N, NOz-N, NOs;-N, T-N,
Alkalinity 5 137] @¥&o]t}. BOD, SS, T-P=
FAAEH (Ministry  of Environment, 2000)<
ol gsto] FAsiglon, 1 9 FATFY FAL
Standard Methods (APHA, 1995)¢] <latgich
(Table 2).

oX, i i &Y
5

ot

Table 2 Analyzing method for water quality indices

Index Method or Instrument
Temp.  |On-site measurement
pH pH Meter(NeoMet model 815PDC)
DO Sodium Azide modfication of the

winkler method
BOD BODs method

SS GF/C method
COD Chromium method
Org-N  |Semi-micro-kjeldahl method

NH:"-N  |Semi-micro-kjeldah! method

NO; -N  |Photometer SQ200 of MERCK Inc.
NO3-N  |Photometer SQ200 of MERCK Inc.
T-N Org-N + NH;'-N + NO:z -N + NO3 -N
T-P Molybdenum blue method
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o $18 AYAEL 15T ool 2EYEE o wrk Vet $7] BE RETF £k 3
wom, A 10~17 TAA L‘:oﬂ B TE AYFU ORTD 1 T Bey, 7k 3t
3tha st} (Im & Yu, 2000; Randall & Buth, B¢ B 15 CE #YFG6 OXF 10 T =
1984), AMEH EE 30 TE 39 FY49 oke} H)7RE 7|7HEQH] 8414 REE La%fs}‘ei
LTE 17~23 TEF 20 ) ARI2 FA3I 7k 717HER %%# 257t v7RE 713E<te

A Y F AETHE o83 AdNE #EF B 11 T 52 20F YEkth 123

AEo] PAHEY Aol B, st AFLEE 20029 ASHEVIE (1~39) 9471
AlgelE ojgfdt #/do] YERA, 71 AR F & 5o} &k 5 T ol ABSE AFel wjddth

g 2 FRE 2001 29 99 AHE A
Atk 20019 EE 49 169 o|F 7123x9 A
Ag GAFJA XA o] dojwteyt (Fig.
3) Azke] Aol mEt 7ol Aty fiF
9 5T Asdte A%E Yepn Stk Fig
4ojA) Bkl 7o) 20009 971257t 20019
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o 7R Y] AARXEE
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Lol T ujo] 9 W ©
17~20 T2 §4 & U A2

2 BEgioh

2. 712A| SEY| M2 |E4uEt

7} BOD

ZA7 w7k AEEONW)# 7 AR HW) Y
A BE #U5 BEE BF ®O02A o 1475

mg/LZ Bl&Egith a8y, &5 3¢ NWe
HF 17.1 mg/L, HWE 3.8 mg/LE AR &
2ol 13.3 mg/Lol 2slgitt (Table 3). 7t
A, 28RN iTﬂf’fW“/] SR
BE55A71% 10 mgls BESHE ol vzt
29 BOD Fd ol xyg AoFE L}-E}-L]-}\']
A7le ABS 49 7hee] AQd Zow #
@t} 3# Table 3o vehd Mgasd BE
¥ 9k ESERE AMtst B 3
95 g 47 8 Aotk HEladd HW7h
NWETH 5 71 34 g 25 HgE80] 9% 4
T e Ao YEkth o] AFE NW ¢
15 ¢ olgtldE: Bauye] gl 259 9%
o] o} A& #h Fo| AZOL HW

NoS‘isi.‘lOWr

KN
ES

o AL 15 ¢ oS FAS] u|AES] ol
42597 wWES Ao #dHEY (Im & Yu,
2000).

L} SS

FFAOE NWY 2% f4+ 53.6 mg/Lo]
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Table 3 Comparison of water quality between heating and non-heating experiment during winter period

Constituent of | Treatment Influent (mg/L) Effluent (mg/L) Efficiency (%)
water quality | condition | Average| Max. Min, | Average| Max. Min. | Average | Median
BOD NwW 1475 1896 1182 171 269 119 88.3 88.4
HW 1475 2022 106.5 38 136 13 975 979
ss NW 536 1200 305 146 33.0 6.0 68.9 750
HW 409 580 29.0 2.3 40 10 94.3 94,7
TN NW 93.6 1142 60.6 80.7 102.8 527 138 16.0
HW 101.6 109.1 95.2 93.0 106.2 775 85 7.2
Tp NwW 177 218 113 122 146 100 300 315
HW 8.8 126 6.4 43 6.0 25 514 534

AU, FEFE 14.6 mg/LE BAHEHG o0, HWE 2t A

F957F 409 mg/L, 2571 2.3 mg/LE JE
wth BODS] Z-oxg} Zo] #48 f25 55
g 29 7Y WRFsA7IE 10 mg/Le
Bl st NWe 2331901, HWE w58l 43
£ YeEpigich T8, AAET HW7F Nwrt
25% gEol SSo digt 7keAeld Aelag F
A &3t FASA Jeldth SSAAE 283
o #slo = dA BODS Eaffoll <3t A|A BE
= dolM, BE8E At dEd wel AAH
QI SSAIAES] Fold Foz dehd,

ck T-N

T-N& NW9 A7t #9471 4d3es
93.6 mg/L}L, &5/} 80.7 mg/LE HIi&
< 14%% JERGSH, HWE #4471 101.6
mg/L, §&57F 93.0 mg/LE Aago] 9%E
Yebdth o]2& SBR FAAAE 2xztie u}
2t T-N AAZo] A=, 10 T oA &
Zo7 ZojEUY d9ioy, B A7yl ABS
A Uehd A3 T-No| $27]9) 10 T ©]3}
E YA O Hagol IA €3 ¢ Re
2 yehgdtt (Kim & Chung, 1992).
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A3 A82 3714 uBE dste] drYo}
AL} obAAYALE ol AAA
A2 AsHHE BA3E 28k, 10~17 CoAAE F
2 ezl E wzstAl wkgshd, 17~30 ¢l
Ae ¥yl Ada 831 @ v g (Kim and
Chung, 1992; Randall & Buth, 1984).
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Fo7b Qulskeds 238 52 FEE Hol: 9]
o AEZL7E tigke] T 7]EAtolH g3
7t EREA gx 3 e {=EA]
Eoldt, 181, #&9E NH -N 5571 4
F9 FEEY ¢ B2 =58 Yehlz s A
07 Hol uole¥y B3I Ui ARHJSS
gt 8 & glon, NO, N9 557} ul$ @A
fAEE Z0% Mol NHsold NO;o] ol
NO;~ 2 HE 2 3ol NH'elM N0,
o2 Wil AIZHET NOy ol NO; & #dhke
Aol Brhe A& ¢ & itk £, 45 B
tt F&4el NO; -N9 557t ul¢ 52 552

el Qe Ao Hol rlo]oFE B3 o
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Z 18.1 mg/L, HP¥ 10.0 mg/LE 7} nl7}2
Az Aol AYFAFL zlole dgs AA Y
Bt 28 did ARE 4FNE T
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Table 4 Comparison of water quality between heating and non-heating experiment during post winter

Constituent of | Treatment Influent (mg/L) Effluent (mg/L) Efficiency (%)
water quality | condition | Average | Max. | Min. | Average | Max. | Min | Average | Median
BOD NP 1499 2448 64.2 18.1 435 17 88.3 89.1
HP 1502 3387 338 100 251 14 933 938
S5 NP 520 98.0 30.0 229 69.0 35 56.8 583
HP 249 540 130 29 11.0 05 87.7 88.1
T-N NP 62.8 80.7 376 59.9 76.2 312 2.8 6.4
HP 994 117.0 701 95.3 130.1 758 36 44
T-p NP 169 216 11.3 133 16.2 70 213 20.7
HP 9.7 146 6.0 6.7 129 34 323 298

of glalm 49 Zo] NPE SS HEFdo] -10%
AE e, o3 T2/ £ u4EY A
A7b g EeUgr] dioln, §gorE gl
o] 7/bs39tt. SSE BODY whbAE ER7)
7R nBEY ASRAE JEsA fAsEE
U B ES APEEgl QAT wety ) o]F
71 AR EEelE dgE 7IAE Aoz wxkdn

ch TN

7he NS A $949 BFHL 99.4 mg/L
2 5387 AY 7179 T-N 357} Hlssigo
o, E5E 95.3 mg/LOE U5l go] B4
7l N8 7|k T-N $57} vl&d A%e U
ERSl H] 7 AE 717 £ T-N §9%
BAL 628 mg/ll E F27) v7he A 7|73}
HNEd § /e T-NY sxEgow,
59.9 mg/LE vebgTh

EA87) ol NE/|INE B 71zt A%
9 mRRAE NEE - Xagel Hxsic
(Table 4). 18%, 547 717t 5 FYUFE 712
AZL AN A} 2 gol e gEaA el
Bd @ao] $27] o)A E FUF Ao
Yokond, o] AL FH7) A ojn] AFE
A3} o] vlo] RAE BF YBE 3714 Aeo]
B2 NH,"= No| ZAagdA NO; -N7F 715
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