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Improvement of water quality and Investigation of bacterial characteristics have been conducted in a pilot
plant using biological activated carbon (BAC) in water treatment process at the downstream of the Nakdong
River. Most of water control parameters were highly improved after passing through BAC. Approximately 54%
of dissolved organic carbon was removed in coal-based BAC process. Bacterial biomass and bacterial production
appeared 9.8 x 10 CFU/g and 7.1mg-C/m' - hr in coal-based BAC, respectively. Predominant bacteria species
grown in BAC were identified as Pseudomonas, Flavobacterium, Alcaligenes, Acinetobacter and Aeromonas
species. Particularly Pseudomonas vesicularis was dominant in both coal-based and coconut-based BACs, while
Pseudomonas cepacia was dominant in wood-based BAC.

Key words : Biological Activated Carbon, DOC, Bacterial Biomass, Bacterial Production, Pseudormonas vesicularis,
Pseudormonas cepacia
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2 GEF FHFANGL 1987d 7Y FZolF & HEEAY (biological activated carbon; BAC) 33
A%}, AFAG A£HQ 297 it FoE U ofgba dtH, FgA e & KI1EY F2 o]9d
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Mg AalMe da A 59 JYERE AAG # A "2 Ato] e ofF FAdn EF dFde
v akxg FAHY 9ol BHE oG ol 1 AE9 WYRol € F U= AF F7 2 FUIEH
A 5 #g4det oaye Sde oFdgdel s EFEH lo M WAL shEEA g AEe @
559 Z+F FHEAE0] Akt F FAHDR S A2 macro pore(500A o))l IR RAF o o]
9] &AM AARA G &34 F71E, v AN ZAE A4slH o] EAEL micro pore(20A ©]
F F3gE, GEYolyd A, H, WUz olFn 99 shelx A Fiso Fid JAH s F &

B3, A% 348 59 AAA wj wztyojolr] Fni NEEE Bsle § 249 §F FEE QYA
AFAME DEASFHY ol olgatm A =g  A¥xE I’ AFAA BACH HE 4L A
A A& A e (granular activated carbon; GAC) TR oA Hiole UEE H FA & Adaanyg 5F
GAC #at4d & AU A&Hoz &AF Ad GAC & BDOC(biodegradable  dissolved organic carbon)®}
Well 2yl vl &9 &3 A (aggregation)o] 213 ME  NBDOC(non biodegradable dissolved organic carbon )
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Fig. 1. Schematic diagram of the pilot plant apparatus
for water treatment using biological activated
carbons.

Table 1. Operating conditions of water treatment
process using biological activated carbons

Parameter Opelia.ting
conditions
EBCT(min) 12
LV(m/h) 10
Bed depth(m) 25
Backwashing time(min) 19
Expansion rate(%) 40

Pre-Ozone dose(mg/ ¢ ) 1
Post-Ozone dose(mg/ {) 2
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Table 2. Specification of granular activated carbons

Prpperties
Item
Coconut Coal Wood
Apparentdensity(g/cm) 047 043 023
Hardness number(%) 99 98 -
Iodine value(mg/g) 1200 1050 950
MB adsorption(mé/g) 245 256 250
Residual materal after mesh
(8 x 32 mesh) % 995 8
Specfic surface area(m'/g) 1230 1100 1611
Total pore volume(cr/g) 054 061 121
Mean pore radius(A) 18 23 28
22 AFeAE FAZA 4 7)1
A5rEAEd 0 FAZANE 684 & 95, 4 2
2 Az A%, d7 £, F o2& Az, BAC o
F(oka A, Bk A, Mgk ZV%«I of 4ol m, ALY

ZHe 199(1999. 1 ~ 1999. 12)22 3t ZAFIlE
FAAR FEY AL F 18, RAAT AT L A

A48 5& 413 Aoz FAEYY.
23 FAZRA 32 L 3y
E B

*3?%“% FAol s -’Féz*} FEo TE BY
Standard meth od”9} 9B AFE AFE Y wge
olo] T Mats o o ‘ﬁt Table 3% v}
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Table 3. Analytical method and instrument

Item Methods and instrument

pll pH meter(Orion model 260)
Turbidity Turbidimeter(HACH 2100 AN)

UV UV-Vis spectrophotometer(HP 8452 A)
NH4-N Indophenol method
KMnO;4 Acid titration method

THMFP Head space method(Gas chromatography HD 58%0 SERIES 2)
Mn, Fe, Al ICP(Jobin Yvon 50P)
DOC TOC analyzer(Sievers 800)

24. AF BAF &4

z&oddMFe A A Z%(biomass)e BACY 3%
1gg A=A & 2&3 A2 (Bmin, 37 ke, 190 W)t
AFe g2lA7] the RA agar(Difco) HHuiR] o] A&
e 9AReE 34 =g F 25T wI7ldA 27
7+ M3t %% 1g9 colonyd A A7FE FAEA
¥ wa Ax MFL AR AFsy) sisde BAC
o 4% 1gg AN ¥ 2859 X2 (Bmin, 37 ki,
190W)6]-°% AFL g3A7 AE IE 389 sudan
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blacke. 2 ulg] @49 polycarbonate (0.2m)ol o
# ot 0.05% acridine orangeZ 5% @M ¥F
# v} 4 (Olympus, BH-2)2.2 ZA#5& 2&sYth

25 Al Aitd

BACe| #zg A9 A4+¥ (bacterial production)
2 *H-thymidinee] DNA®| Eol7tle Axz ey,
HA AFAZ BAC $5% 1g2 287 At A&
¢ @227 AE 2me] 2000M [methyl-"H] thymidine
& ol (specific activity: 40~50 Ci/mmol) 1m{$} 200nM
cold thymidine &% 1m¢E H7ist ¥ wyb wjg7io)A
in situ 2ALE 44X wigEHTh ATP &9 (25¢/¢)
10029+ IN NaOH 2meE #H7bshe] 100 CTeollA 1A &
ok 7}dsle) DNAE &3 F AA WzHA7l 3000
romol A 1087 f4228At A5 d 1neel ice-cold
10% trichloroacetic acid 5m¢E H7iste W&S FIA
713 158 AE WZAI7] & 0.2mm membrane filter2 o
#etgdet o] AAE vialdl ¥ AZEAIZ F ethyl
acetate 1md$} 10ml9) scintillation cocktail (Aquasol-2,
Packard Co.)& %9l liquid scintillation analyzer(HP,
2500 TR/AB)Z @AM FS  FAQATD  dold
DPM(disintergrate per minute) 3t Z5E Parsons et
al'V. o 9% 28 o]83}9 incorporation¥ thymidine
o) F& AMAT A NFFE A8ASF 20 x 107
cells/mole thymidine& ©]&3dn'®, @azmozel A
HelE 20 x 10 g-Camel AF ANG SaZ3 P
MEAH 00865um/celle F& 173 x 10g-Cleell]
Agg8 ALEstTh

26. AT A
Ao FAL FAE colonyd HFeHTH AL @
Azl M Z thE colonyE ReA Ao A =T 319

A2 B

&+ Bysign. &4 2e2d A7 APL 20 NE Kit
(bioMerieux, France) ¥ 4331313 A48 AAISH3 Bergey's
manual®] EFAAC wal & 22 YA &7 FAGA
]:]»13)_

27. FAAAEE B

AEgAet dx e £id HaES BES
913 FAA 28] 7 (scanning electron microscope; SEM)
A AZAIZ] BAC A& 10mée) 25% glutaraldehyde
£ (in 0.1 M sodium caccodylate buffer; pH 68)2 #
7tated 4 ColM 2A12bE< A A F 0.1 M sodium
caccodylate buffer (pH 6.8) 10m¢Z A A3} L =
Ao AAZEY. 1% 0s0s £ (in 0.1M sodium
caccodylate buffer; pH 6.8) 5mE H718le] & nAHAIZ
% thA] 0.1 M sodium caccodylate buffer (pH 6.8) 10m
2 ALdA HAsEd. zeli zZF 10me 30, 50, 70,
80, 90, 95, 100% ethanol2 Z}Zte] oA 10874
2470 £° @I stdTrd SEM #9498 9FEd
BAC gzbel) B3¢ A& BAIAG
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3. Az 9 2z

31 AFFAHE 53ds

457 a7 el 958 AHEsld BACTA
2 AAE B¢ 4 AF dAE FAWEIE oF 54
3o 1d Foke HAE FAE A Table 49 2
o 957t HeE HezdM AR, JA2E AH &
2& A 34 dAd o249, o]n] X KMnOs 48]
g FE54 Fol FF T2 4 45 v 976%,
729%, T1.7%¢ AALES 2Qoy pH, NH~N 5&
A Wt gl Aoz Jelgt viAg GAAd o4
g4 AR WE BAC &5 F L&A @A
M7 Al AAER ¥uH NHe-N 58 L83 28 g%
Lol Ay AAELEL ¢ F UArh =3 BAC FEF2
Z&AINTE FF 15~30 x 10° CFU/mE Servais
5% zAME 41 x 10'~15 x 10" CFU/mt 20} @&
Ad 58 29 A 34 JH3A &4d=0A
Aoz B, F£HAEMAI NH-NE A =
E FEA HetA g4aS AHEE BACE AR 3
o] 08 FAYS A1L43F BAC Bt} 43 d oz v
el AghAl BACYE Y8 E F718328 AEEA |
Zat AR 9t AAI}E Aoz YEWY. 19
 olge FERA d5E E4x9 Adigd A9
dao] wel xolzt @4 o, 3eF A5y HS
ANEEHaEd 9% B943 F sAY Micooystis
aeruginosa, A9 Stephanodiscus hantzschii 59 2% W)
2 Z4o7 pH NH:-N, BOD 59 %71 Al ute}
e vehte Aoz rug u g B dpe z
AR ZF FollE HlHE 5o o7 2{F TR A
oz 3y ol vl 59 AL ANHo=

3 Aoz eyt
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32. BACY #7118 AA A%

FFo EAsle & 71842 & DOCE 2 F4
o E&ajst vl g BRG] 25le] Bol AA
Huz® £ njgBo] o] 21 N4a: e BAC
ol g3 ol HE AASHEXNE ZAMEHRT. AL
¢ BAC F¥¢ FL2E849 HFiF DOCE 157me/ ¢
ol#lon BACS DOCel Wizt AAEL i 20% HF
2 u&aA Jelgey degAd BACE A #EF7)
o 230%Z U2 BAC #&4 RO 4 5 Z
Vel tHTable 5). dl#89 4& {7188 G234
Edolgl AAEs YA {188 5108 FREHA
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9l 7] FRge o3 DOC BF AALEL 2AF
A7 A 52%, ofAA 36%, E9A 24%2 el
o) uH1997)We] AFZI}e] REFHE Ao
t}. 28l 3 Fig 2-2& £ 4877 $99 BAC &
A zbel] 2 AAE DOC H#HRNE vepd

Co/ Co-a Q€™ +co A& o]&ste 7tzte
HF354E 28Ry 37 FA49 od HYLHE
A% F QlEd o] RES AN T 8 1 gue
AESA 2go o3 R f7180] AASE @
i ¥ F ok wekd ezt 9 A4
Eostw Fabe) o §7189 AAE vvstn R
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Table 4. Water quality from each step of water treatment
process using biological activated carbons

o
EL

step I
1 2 3 4 5 R
pardmeter A B ¢
H 16 17 7l 12 15 72 ! 13
s (£03) (203 (202 (£02 (£02  (£03  (H03) (202
Turbidity 16.32 1446 2B 03 03 020 020 0.19
(NTU) (21683 (215460 (£320) (014 (2025} (:000 (2008) (£006)
UV 06 033 00202 0024 00107 00681 00022 00103
(@' (20016 (£00115) (+00000) (+OM2) (+00M6) (+00031) (+O0MD) (200043)
NH-N 006 006 007 004 0.03 002 002 N
(we/ 1) (HOLD (01D (+0200  (*0J6) (K10 (H009) (1009 ’
KMnC4 94 74 38 29 25 4 16 17
(ng/ t) (F28 (22D (£12) ELD 0 (F09 (205 (H0T (208)
THMFP 65 46 »1 A6 181 114 136 132
(/) (29 (4174 (196) (85 (ET4) (3B (6D (£59)
Mn 001 001 .

(/€ (100D (X0 N N N N N v
Fe 0% A 006 002 001 001 N 001
(ne/ #) (£026) (20300 (£020) (0060 (004 (1002 (£002)
At 032 03 021 06 005 001 001 002
(mg/ 1) (H03) (1030 (F0I% (1006 (00 (X002 (200D (+002)

Bacteria e y 5 -
(CFU/mD) PO 2500 2000 8300 50 B0 0000 200

+ Values are expressed as average from weekly measurements during one year. Step 1 s a water
sample from raw water tank. Step 2 from pre-Oy contactor. Step 3 from sedimentation basin. Step 4
from fitered water tank. Slep 5 from post-Os contactor. Step 64 frum coal-based BAC effluent
Step 6B from coconut-based BAC effluent. Step 6C from wood-based BAC effluent.
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Table 5. Removal efficiency of dissolved organic carbon
in different BAC types

Efficiency of

DOC(mg/¢) DOC removal
(%)
Post-Os water 1.57(+0.53) -
Coal-based BAC 1.22(£0.47) 23.0(x12.6)
Coconut-based BAC 1.28(+0.42) 187(£9.7)
Wood-based BAC  1.30(£053) 18.9(£21.0)

* Values are expressed as average from weekly
measurements during one year.
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Fig. 2 DOC breakthrough curve for BAC
A, coal-based BAC, B, coconut-based BAC;
C, wood-based BAC.

33. BAC9 AlF AAF 2 Y

BACYl ¥2¥ A#d 4AFe Aoz BAC o
3 ®ZelA 06~98 x 10’ CFU/g, AZelA 05~36
x 10" CFU/g ¥$91& BEAed (Table 6), ol &
(1995/¢] At 10°~10" CFU/g B0He %2t &€ A
oz vegnt gAY FHEEE 3L Ve 8§
o AetA BAC/F 98 x 10° CFU/ge. 7t3 A# A4
Mako] Bgton thgoz Bk, ofA Loz EL
ol 39 acridine orangeE o] &% AT AF AF
o g8l & M7 AAZL E2AA 53~16 x 10°
cells/g® HHYE v aziu AF AAEHS Z3d
A 07~7.1mg-C/mh, AZe|A 03~57mg-C/mh& vhe}
U, Servais B (1991)0] ZAME 20~60mg-C/m'h ET}
we ARg wgd. g4" FHEEE HdA
BAC7} A1 7.1mg-C/mhel 848 Bch Ao 4A
23 A gE Ay ARE 20 AEE T2
BAC d#E 2o o o] £XFHA ASS & F AN
3 AREEE B% stAd A vehy £ 229
A7 GHE 9A e Aoz yehich BAC o3
2o AT AADH A ARAAS ZAH A
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Table 6. Bacterial biomass and bacterial production
in different BAC types

Bacteria Direct Bacterial
biomass count pmducnon
(CFU/g)  (cells/s)  (me-C/m’h)
- % Y % N
Coal-based Upper part 3.7 x 10" 98 x 10 35
BAC Lower part 30 x 10° 10 x 10* 15
U art 36 x 10° 89 x 10° 32
Coconut-based PRer
BAC Lower part 2.3 x 10° 87 x 10/ 09
T W ]
Wood-based Upper part 25 X 100 91 x 10 32
BAC  Lower part 12 x 10° 05 x 10° 10

Values are expressed as average from monthly
measurements during one year.
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3. Correlation between bacterial biomass and bacterial
production.
A, coal-based BAC; B, coconut-based BAC; C,
wood-based BAC.
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BAC 2542 ¥29 A7EL T4 49 28 @
el A Pseudomonas%o) B 505%=Z 714 gL B

2

TE HYD I 9FO2  Flgvobacterium® 20.9%,
Alcaligenes% 48%, Acinetobacters: 2.5%, Aeromonas*
22% o7 AESAoH, 10%2 M7 FHHA 2

tHTable 7). ¢l Stewart S (1990)0] ZAIE & f‘@
3} F AEGAE FAY AFoRE FE Pseudomonas,
Alcaligenes,  Bacillus,  Acinetobacter,  Aeromonas,
Chromobacterium% F°] & Aoz deizxd Axs)
g AFEE BYv Pseudomonas% ) 7% ofatA
o} MeA BACE Pseudomonas vesicularis, g7

BACE Pseudomonas cepacia?t $RF o2 el
olg A BAC £FHEZ R4 ae $HZo|E o]
gAete] =z a7 #4dW 234, &8 S9 ol _4

i Aito] #Aekol —“r’—’l}%} T e 84 2310 a7

HEQ] R gerdth TP AMHOREE F2 F7)
o} 3tAlol Pseudomonas cepacia, 57191 Pseudomonas

vesicularis7t %ol ¥X 3% tHTable 8). 223 BAC
PAEHe Fiate L] BYIE FAA Aoz @
#% AvE Fig. 4904 B ulg} o] Aol gAdet
U EHA go| Rasiol qllen oA AEHrt
Fo] gA4ge] Mol B} @o] AL FAF = g
ek,

Table 7. Distribution of bacteria in different BAC
types

Coal-base Coconut-based Wood-based
BAC BAC BAC

+ +

Acinetobacter haemolyticus

+

- +

Acinetobacter aloaligenes
Aeromonas hydrophila
Alcaligenes faecalis
Alcaligenes odorans
Flavobacterium breve
Flavobacterium indolgenes
Flavobacterium menigosepcum
Pasteurella haemolytica
Pseudomonas vesicularis
Pseudomonas auredfaciens +

+ +

Pseudomonas fluorescens

Pseudomonas cepacia + + ++

Presence of the bacteria is detected in 1999. Symbol "++” is cxpressed
as a dominant species. Symbol "+ is expressed as a detectable
specics. Symbol “-" is expressed as a non-detectable species.
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Table 8. Seasonal distribution of bacteria in coal-based

BAC

Mar. 5 Jun. 4 Oct. 4 Dec. 10

Acinetobacter haemolyticus +

+ - -

Acinetobacter aloaligenes + + - -
Aeromonas hydrophila + - + +
Alcaligenes faecalis + + + -
Alcaligenes odorans + - - -
Flavobacteriumbreve + + + +
Flavobacterium indolgenes - + + +
Flavobacterium menigosepicum + - + -
Pasteurella haemolytica + + + -
Pseudomonas vesicularis + + + ++
Pseudomonas aureofaciens + + - -
Pseudomonas fluorescens + + + -
Pseudomonas cepacia ++ ++ + +

*

Presence of the bacteria is detected in 1999.

Symbol "++" is expressed as a dominant species.
Symbol “+" is expressed as a detectable species.
Symbol "-" is expressed as a non-detectable
species.
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F2-0142 %87

AW3E v ud 23 DOCE 3T 97 AEEA
= AeA BACOIA, 28] NH'«-N AANA = Zet7
BACAIA %5% zeg Jetrt T3 A BACH
Ao AF A A4ge 27 98 x 10° CFU/g 2
71img-C/mh2 A9 5& Ad FAEE Byt 4%
B3 fpoZE MAWAOR Pseudomonass, Flavobacterium
& Alwligenes?:, Acnetobacter®;, Aeromonas® 2.2 %
%52t} Pseudomonass FolAMy okAAlet A€
BACYA Pseudomonas vesicularis, Se 4 BACAAM &
Pseudomonas cepacia’?t $3% 02 FX3got.
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