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Efficiency of Activated Carbon Treatment Processing on Raw Water Purification

for Nakdong River
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ABSTRACT : This study was carried out to evaluate the pollutant removal efficiencies of the advanced
drinking water treatment using activated carbon process. For raw water, Nakdong river was used. From the
activated carbon adsorption experiment, the following results were obtained. The efficiency of water treatment
enhanced with increase in empty bed contact time. Variation of pH was not detected to the bed depth, but
DO content gradually decreased with the bed depth. Removal efficiency of KMnQO; consumption, UV254
absorption, DOC and THMFP also were increased by increasing in the bed depth. Transition of adsorption
zone from upper parts of the bed to the lower parts were detected as treatment periods increased. Large
portion of DOCs were degraded and removed by the microbes growing on the surface of activated carbons.
Cell numbers of microbes were estimated over 1.1x10" cel/cm’ at the depth of 20 ecm from the surface 126
days after starting operation. The results shown that the activated carbon filter was successfully acted as a

biofilm filter.

key words: water purification, activated carbon, removal effciency, dissolved organic carbons, microbes
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Table 1. Physical propetties of activated carbon used

Item Unit Physical properties
Particle size (mesh) 8x32
Apparent density (g/cc) 0.40~0.50
Hardness (%) >95
Specific surface area (m/g) >1,100
lodine number (mg/g) >1,150
Micro pore size (A% 5~20
Macro pore size (A°) 40~100
Total pore volume (cc/g) 0.60~0.70
Parent material Coconut
e
= =
Postozonation e __*“
water E BAC BAC
%% Il 3_8 ERCT: 12 ERCT: 20
- —
\

Fig. 1. Schematic diagram of activated carbon treatment
processing,
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Table 2. Experimental and operational conditions of the
continuous activated carbon column

Column characteristics Operating condition

Heicht Diamet Bed  Bed Flow Linear
€lg lameter depth volum rate (min) velocit
(mm) ) o) (1) (/b (m/hr

141 8 16.5
4,000 330 2200 188 0.94 12 11.0

0.56 20 6.5
Cuoeation(0,1,2 mgfl)

SRS

Rawwater bacteria seed Rawwater bcterja seed
(10cells/m) (10'celly/ml)

o

Raw water bacteria seed
(10%celisnd)

|

Contral add Rawwater bacteria  Sewage water bactenia

Nosed 100l of Hel, s (I0cellsr) — seed(10oclls/nd)

Incubation at 25°C, 21day

DOC, DO

Fig. 2. Procedure for determining biodegradation potential of
raw water.
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Fig, 3. Removal efficiency of DOC according to operation
time and empty bed contact time(EBCT). >, 8 min; [ 12
min; A, 20 min.
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Fig. 4. Removal efficiency of UV254 absorbance according to
operation time and empty bed contact time(EBCT). &, 8 min;
] 12 min; A, 20 min.
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Table 3. Variation of water quality according to bed depth
Bed depth(cm)

Items
0 30 90 170 220
Max 73 7.2 6.8 6.8 6.7
pH Min. 65 64 64 6.4 63
Ave. 69 67 66 6.6 65
Max 138 132 128 128 129
DO .
Min. 117 113 109 108 106
(mg/L) "
Ave. 132 126 120 119 118
Max 46 28 25 23 22
KMnO: — h\gn 24 15 13 12 11
consumption
(mg/L) A 56 21 19 17 16
Ve 20wy w2 (28)  (579)
Max 0088 0046 0036 0032 0030
UV 254 i 0me 0016 0013 0012 0011
absorbe]mce
(em’) 0030 0029 0024 0023
Ave. 0061 5h8  Gag)  (606) (629)
Max 5795 2567 2480 2106 1.947
DOC Min. 1676 0954 0731 0615 0568
(me/L) 1662 1471 2194 1112
Ave. 3456 : . ; ;
@1) (574) (635 (678)
Max 0053 0027 0025 0023 002
THMFP  Min. 0020 0014 0013 0012 0011
(me/L) 0018 0016 0015 0014
Ave. 0.031 . . . .
@419) (484 (5L6) (548)

*( ) : Removal efficiency(%)
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0.4 1
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Fig. 5. Concentration profile of DOC at bed depth and
operating time, 0, 42 days; [} 76 days; A, 112 days; x, 154
days
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Fig. 6. Effect of ozone dosage on DOC removal. >, 0
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Fig. 7. Effect of bacteria seeds on DOC removal during
incubation. periods. <>, Control; [], No seed; A, Raw water
bacteria seed; x, Sewage bacteria seed.
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Fig. 8. Variation of DO during incubation periods {ozone
dosage : 2 mg/l). &, Control; [, No seed; A, Raw water
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Table 4. Variation of DOC components at different EBCT and reaction time in BAC contactor

Reaction time EBCT DOCs(mg/L)
(day) (min) TDOC BDOC ADOC A&BDOC NRDOC
Post-
ozonated water 2905 0522 0967 0448 0.968
D 1375 0383 0.048 0.021 0903
42 (527) (26.6) (95.0) (95.3) 6.7)
2 1.291 0336 0.033 0016 0.906
(55.5) (35.6) (96.5) (96.4) (6.4)
Post- 3631 1191 1038 0290 1112
ozonated water
- 2 1910 0.706 0132 0.029 1.043
474 (40.7) (87.3) (90.0) 6.2)
% 1.730 0.580 0.067 0.032 1.051
(524) (51.3) (93.5) (83.9) (5.5)
Post-
ozonated water 3421 0944 0.827 0.359 1291
% D 1.904 0482 0193 0014 1215
(44.3) (48.9) (76.7) (96.1) (5.9)
% 1.806 0447 0.138 0.010 1211
(47.2) (52.6) (833) (97.2) (62)
() : Removal efficiency (%)
oF 356 = 526%, = 242 ok %65 2 833%2] APE gdeke] WS o wwHo]l AM B A
&< eI H, A&BDOCE 217} oF 964 2 97.0% 2A] B Y] Ados Y, gaehye nag 5%
EBCT7} S71gel whel 2+ DOC 429 el g8s 271814 717k dubHoE of 4~65F AE HuEo] glon A
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Table 5. Result of heterotrophic plate counting in granular activated carbon (GAC) and biodegradable activated carbon (BAC)

(unit : cell/ )

. Bed depth(cm)
Reac(“d‘;r;)m GAC BAC
0 20 50 90 130 0 20 50 %0 130

Q 11x10'  05x10" - - - - 07x10'  02x10' - -
77 17100 83x10"°  54x10"  04x10" - 11x100  53x10* 240" 36x10'  09x10'
98 310" 23x100  58<10°  22x<10'  08x10" 2610 423100 37x10'  62x10°  12x10°
126 42400 3600 830’  47x10'  12x10" 34100 1110 26400 91x10°  37x10°
154 27100 1840° 61100 3210 14x10" 51100 1510 290 87x10°  62x10°

ou, SA/IA 1269 F9] BACIN 4w EEoE R
Zo] 20 cm F-2o] mAIEo] 1.1x10 cell/cm’ o)A EA)S}=
How paso] e 2L TEA7IIL YT

10.

R (199) A5

EoEs
AR (19%) r=4dawe, d=5egs)r], 23(12), 3
19.

- ol AL (19%) 5 AL FAL TiFl Rkt #
23

@ A7, IIFEPSA, (12, 2037.
TEA44)e] PILOT TEST B

A

RN (97) FREANS BT 24N A7 2
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