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Removal Characteristics of Chlorination Disinfection By-Products by Activated Carbons
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ABSTRACT : Adsorption and biodegradation performance of chlorinated by-products such as trihalomethanes(THMs) and haloacetic acids
(HAAS5) on granular activated carbon were evaluated in this study. The coconut-based activated carbon was found more effective than
others in adsorption of THMs due to larger pore volume of less than 20A. The wood-based activated carbon was less effective than
coconut- and coal-based activated carbon in adsorption nevertheless having larger pore volume and specific surface area than others. The
maximum adsorption capacity(X/M) of coconut-based carbon for THMs was 1.1-1.5 times larger than coal based carbon and 14.1-31.4
times larger than wood based activated carbons. Activated carbon usage rate(CUR) of coconut-, coal- and wood-based activated carbons
for chloroform were 9.4, 11.2 and 38 g/day respectively. In the evaluation of adsorption isotherm of THM species for coconut-, coal- and
wood-based activated carbons, k value of chloroform was the lowest in the THM species, It menas that chloroform is difficult to remove
by activated carbon adsorption. and BDCM, CDBM, bromoform are in the succeeding order of adsorption. In the evaluation of biodegra-
dation rate, mean biodegradation rate was chloroform 7%, BDCM 5%, CDBM 4% and bromoform 3%, respectively. THMs are difficult
materials to be biodegraded. In the evaluation of characteristics of adsorption and biodegradation for HAAS species, HAAS species appear
to be removed effectively by activated carbon. Most of the HAAS are adsorbed at the beginning of operation periods and HAAS except
TCAA were almost biodegraded from bed volume of 2,000 and more than 90 percent of biodegradation of TCAA was started from bed
volume around 4,000 and after that biodegradation rate was increased with increasing bed volume.
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Table 1. Characteristics of influent water

pH Turbidity ~ Alkalinity DOC UVasy Temp.
O (NTY)  (mgl) (mgl) (m) (C)
Value 7.0~73 0.04~0.08 31~47 09~1.1 0.008~0.012 16~29

Parameters

289 TPANY P2 2ERAE AA 54 763

Table 2. The physical characteristics of GACs and anthracite
used in this study

Coal
Species (Calgon (Sgr(;cc(;?ﬁlty) EZ;)C(:; Anthracite
F-400)
Case virgin 13 yr  virgin  virgin  virgin
Apparent density (g/cm3) 040 042 047 0.23 14
lodine value (mg/g) 1016 755 1163 937 12
MB adsorption  (mL/g) 256 - 245 250 -

Specific surface area (mz/g) 1100 697 1230 1350 2
Total pore volume (cc/g) 0.548 0427 0495  1.031  0.003

Mean pore radius  (A) 23 - 18 28 -
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Fig. 1. Distributions of desorption volume with pore size.
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Fig. 2. Schematic diagram of continuous adsorption column.
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Fig. 3. Chloroform breakthrough curves.
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Fig. 4. BDCM breakthrough curves.
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Table 3. Adsorption capacity data of chloroform in continuous
column adsorption test

[tem Unit coconut coal wood
(new) (new)  (new)
Max. adsorption(X/M) (hgle) 1080.8  763.0 50.3
BV preakthrough ) 10929 10210 1726
Bed life(Y) (day) 76 71 12
CUR (g/day) 9392  11.170  37.994
k [(reg/o)Lug)'™ 316 256 23
I/n ) 0.3032 02612 02577

Table 4. Adsorption capacity data of BDCM in continuous
column adsorption test

ftem Unit coconut  coal wood
(new) (new)  (new)

Max. adsorption(X/M) (ng/g) 24759 20585 1749
B Vireakthrough ) 14804 13222 1726

Bed life(Y) (day) 103 92 12
CUR (g/day) 6.933 8.626  37.994

k [(Re/o)Ling)'™ 349 272 147
1/n (-) 0.6095  0.5755  0.0485

oretEgutelX] 2738 7%, 20059 7Y
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Table 5. Adsorption capacity data of CDBM in continuous
column adsorption test

Item Unit coconut coal wood
{new) {new)  (new)
Max. adsorption(X/M) (ngle) 8,731.9° 59634° 2784
BV breakitrough ) 34587 27,854 2,157
Bed life(Y) (day) 241" 194’ 15
CUR (g/day) 2968  4.094  30.402
k [(ug/g)Lug)™ 905 671 192
1/n ) 0.5347 05142 0.0818

* Predicted data

Table 6. Adsorption capacity data of Bromoform in continuous
column adsorption test

Ttem Unit coconut coal wood
(new) (new) (new)
Max. adsorption(X/M) (ngle) 15,835.9° 14316.0° 730.6
BVbreakthrough ) 487217 48305° 3739
Bed life(Y) (day) 339" 336" 26
CUR (g/day) 2107 23617 17.539
k [(ng/e)Ling)'™ 2,205 1,291 280
1/n ¢ 04329 05284 02658

* Predicted data
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Fig. 8. THM species concentration profiles in anthracite bio-
filter study.
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Fig. 9. HAAS species concentration profiles in various GACs
and biofilter study.
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