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Activated carbon has been used in water treatment, because they strongly adsorb organic material including contaminant.
Water purifier usually use activated carbon, and bacterial regrowth on that could induce many problems. Model columns,
packed with coal- and plant-based granular activated carbon (GAC), were operated with rechlorinated tap water to compare
the degree of bacterial regrowth on different GACs. GAC columns decreased the concentration of total organic carbon and
chlorine, while they are not good for the decrease of ions. Breakthrough of bacteria were occurred after eight days of
operation, and reached 1.1 x 10° CFU/mL on coal based GAC and 6.2 x 10° CFU/mL on coconut based one. Bacterial
activities on GAC were between 15.35 ~ 29.06 ug INT-formazan/g-GAC/h. Bacterial concentration and activities were higher
in coal based GAC than coconut based one. Bacterial regrowth on GAC was clarified and regrowth effect of coal-based

GAC was higher than that of coconut-based one.
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S| AFEHMEL (Granular Activated Carbon, GAC)

oFA} (coconut shell)9} <A (bituminous coal)S YE
AL A4S 4SS A2 29 2 mm o]e A&
A A3 3 DDW (deionized distilled water, Millipore)2 X0}
wAg JAE YA olF diy oven (110C)oll M HAxE &
AL desiccatord] BB 3, AF Ao dry oven (11
0T, 3AThallA AZAHGY. 24 @489 B4 2 582
Table 13} 2t}

Table 1. Characteristics of coconut-based GAC (GAC-P) and coal-based
GAC (GAC-B) used for bacterial regrowth

character GAC GAC - P GAC - B
raw material Coconut Shell Bituminous Coal
type Granular Granular
apparent density
0.44 0.49
(glec)
particle size 12 x 30 12 x 40
(mesh) (09 7 1.1 mm) (09 7 1.0 mm)
hardness number
95, X
%) 5.9 95.8
ash
% 50 6.1
lodine number
1036 1059
(mg/g)
specific su:'face area 1105 1129
(m'/g)
total pore volume 055 0.62
(ce/g)
average pore diameter
19.1 219
(&)
MB decolorization
205 210
(mL/g)

Qi AtalMEL ZXls AL (Isotherm kinetics)
A(Table 2) 100 mLE ¥3Hsl= Zg
230 GAC %& U=2A FYsrt wwtr|dA HF e
ol uw7lA] WAl ¥ of¥x| (Whatman, Cat. No.

ml
rlo
o
Rl
lo
to
ol
e

4411902 B8-S AASL AFY £ FF 0 =4
271 =% 849 Ay 39 F=E 7Y 1 F
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Freundlich equation& Z&3le] F @Adere] zt E4d 3
458 1tk

nQ = InK + I/n x InC (Freundlich Equation)

Q: U% B4 Lol F2dE Bole &
(mg/g-GAC)

C: E¢E AF 5=

K, I/n: A4

9 Ao K7} ¥3 1no] 03 1 Ao]Ql &Aeko] AA o
244 A FH5ol ¢ttt BEEATO).

Sa|staty 24

77199495 42 Standard Method(10)S whe} #3333
%A (spectrophotometer; Shimadzu, UV-160)ES o¢]&-3th.
AF FGAE o-toluidine colorimetry Ho g ZA3Pn 2
F7]&t 4 (TOC)= NPOC (non-purgeable organic carbon)Z
TOC analyzer (TOC5000, Shimadzu)E o]&3le ZA &Y
o &%, pH, && A4&D0)= ANE MH FA REA,
pH meter (model DP-515M, DMS), DO meter (model 58,
YSI incorporation)E o] &3t =3¢ ch

oMty 2

A8 E 10% sodium thiosulfateZ ¥4 (dechlorination) s}
Ath MTdEEE PCA agar v A9} R,A agar HjA]d] XA B2
AZS 3, 474 37Co|A 48A7L, 20ToA 7UZ witst
Fo AYE EE5YSATLS AF3ET

21 &EMEN 23 (GAC Column)

Polypropylene Z% (W73 5 cm, Z°] 33 cm)°] DDWE &
3 GAC 350~360 g& A9 T 47 f-5=HA A 1
Asgeh 299 F9¥9 §E2E Ud 8 mm, 9% 11
mme) A& BB (96400-18, Masterflex)2 A3t 14
B BEd F 1247 o] Aed T ARds
F57} 02 mgL °)3}¢] FEEL 100 L &7]°) 50 L ¢
% sodium hypochlorite 91¢ 4.5 ml& 7}&t9ch 7] 50
LY £%2¢ GIUA EEHAL AFAL FEIL 20
mg/LY1A] &RIgh & 5E o4 WAF £ o] B3k thA|

Table 2. Isotherm kinetics of coconut-based GAC (GAC-P) and coal-based GAC (GAC-B). Total organic carbon (TOC) was determined as non-purgeable

organic carbon (NPOC)

Material Initial cor:rclziration © GAC Equilibr(i(l;l:) t;);l/czntration K In 2
T e e ——
TR e e
cp 02 - 1 ‘ . .
Toc 196 5AC L1 0% 0 5 058
. ACP 0~ 400 673.79 02 .
Residual chlorine 2400 gAC—B 2(?0 1400 285.95 0.3?) 3.:1

" : GAC removes residual chlorine as catalyst
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42 AT AEAAD] (re-chiorinated) F44< A% H
X (multichannel peristaltic pump, Cole Parmer Instrument Co.)
2 o)83te AEFF (upflow) 2oz f3Fe] 550 ~ 600
mL/min %% (EBCT = 092 ~1&) 14 45 L¥ 76 F<t
GAC B §5A718N 4949 #5548 BYsta

23 U aEEe] 4T 24

24 7bE 769 ¥ ZE WFe JedEe 8 an 4
o7 YRF AF}A HuE A= Aol NEE v
FEES o83t AEHe IAA K3 7H9F

a3 Ads AARGES E2dE QILFEA 50 mlof
S0} Y& ANAPo) FAE 10 g€ 21 mild sonication 1
Estanding 1% A& 35 $E3 2L THA) vortexing 13-
standing 1% A2 33 HEF F RA agar medium$ ©] &
st SR A9 FEYPAFL ASsaT N 24
& 287 A5 BARDA B4 ETS aciivi)e 573
Sk APToE AR 05 gg, URTLE N BT
AYHE AE 05 g2 A& Th AEel 04% INT solution
(2-(p-iodophenyl)-3-(p-nitrophenyl)-5-phenyl tetrazolium chloride)
1 mL& 7k & 2417 53 o]F® oA wjgd o
INT7} INT-formazan (iodonitrotetrazolium formazan)©. 2 391
# AL ethanol (Hayman limited) 5 mLZ FZ3lo] B335
A (Shimadzu, UV-160)ellA] 480 nm& of-§-3t] EAJ3tAct

2 5

OJAISIME} Bl
Table 20 A¥o] ALLE ofxlA|s} AgA B4
g Uit 848 dRUoty did g FF A
T FEA ¥EE Ino] 18 2T ARCIN &
F AT, F BAY EF GRUoly Aid] vl A
é* AAZ 2 He AE 1/n°] 071 A}e)Z HXERs B
A & 5 AR S FAC TP TOCY FF P&
& AAske 30| ofF -40114~ AZETOA & 5 QA
I AASE A} ARG 958 RS 4 5 AR
o gRYoky Aash A Axo) AATE HYA 24
gl ofaA %Mﬂ_w} 5 ez Uit

vel 2
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GAC Ziglo| Reolfel RESF

AGLAY FdTE FTAZE | FEFS FE5Y B4
ARE ANLAE Y Had "2 Yepd W) Table 37
iy =g

pHE 109 5t e 2y §257) fdsEY =
2 FE HAA o]FE vsEET dEUe Ak ¥
== 10Yd olAARAE Z2E FY5S KE57 Hl’“fﬂ e
FABFA, 109 ©)FRHE Y FYFERT FE40 &
2 2 FASAY 2N AL FEE 747 E dAE
2438 FY47F FEFRET 52 #E fABT, olFRE
£ Hed e A8 T A EALE 109744 1 mg/l
A7t AAHRJL o|FREHE AAF =
o £& 3 FeE 4Y 70 5 2 FEF Y
B} GAZ 05 mygl AT e
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U7 20 mgle A% AARGT F B 43
2% 2% 947t 2E94 g

Table 3. Water quality of influent (rechlorinated tap water) and effluent
of GAC-P and GAC-B columns during experimental period. It represents
the range of water quality and parenthesis mean the average value. Total
organic carbon (TOC) was determined as non-purgeable organic carbon
(NPOC). N.D. means not detected

Water type of the water purifier

Water Quality
Effluent Effluent
Influent
(GAC-P) (GAC-B)
. 6.61~7.51 6.77~8.18 6.78~8.43
p (7.19) (7.30) (7.31)
N ND.~7.71 N.D.~12.45 0.08~22.97
NH¢-N (#g/L) (1.78) (4.20) (5.38)
. 0.97~2.15 0.73~1.86 0.63~1.90
NO;-N (mg/L) (1.49) (1.30) (1.29)
Residual chloride (mg/L) 2.0 below 0.2 below 0.2
7.86~9.61 7.49~9.20 7.53~9.08
DO (me/L) (8.68) ®8.12) (8.10)
0.88~2.71 0.01~2.27 N.D~1.72
TOC (mg/L) (1.49) (0.70) (0.61)
t
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Figure 1. Comparison of heterotrophic-plate-count (HPC) in influent and
effluent of 2 kinds of GAC columns with passing rechlorinated tap water
[A: PCA medivm (CFU/mL), B: R,A medium (CFU/mL), GAC-P:
coconut based GAC, GAC-B; coal based GAC].
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a
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GACP #2538t Aassrs & ASE Jehytil Az
o @}l &% (fluctuation)s} FTHFig. 1A). §71EFE7}F *e
Hj A9l R A medium®] A$-% # 94 PCA medium 7359}
Zro] A% 717} B¢k 5 CFUmL ©]3le] HPCE A8
W fE3Fe 2 B4 AFYREE 8Y7A Ate] &
Yok vissA e g FASAARE 10YARE AT
o] @Eo] AN AAHQ FdE At uhet 85
(fluctuation)3} 4] HPC7} F7kstfltt. Holgh e A
gAee] fFEFoA 209E HFESY F& HPCE A5
g7t 7 Fo Al FkEle e BYueE Helo
(Fig. 1B).
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Figure 2. Heterotrophic-plate-count (HPC) and electron-transport-system
(ETS) activity of bacteria on GAC [GAC-P: coconut based GAC,
GAC-B; coal based GAC].

23 Ui lAENEl] DB A

AErAE] FUFE o3 A9l gy 72 &
&oJkAl A4 (attached bacteria enumeration) 23+ Zr]
o

H)5=23k 429 23 AdFS z2tu Qe Aoz Wy E o (Fig.
2). GAC-B7} 69 x 10°729 x 10° CFU/g-GAC, GAC-P7} 1.5
x 1077 1.8 x 10° CFU/g-GACS] % AT+S FA3HAct
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T Aol Hl&EtY
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