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Effects of EBCT and Water Temperature on HAA Removal using BAC Process

Hee-Jong Son" - Soo-Jeon Yoo - Pyung-Jong Yoo - Chul-Woo Jung*

Water Quality Institute, Busan Water Authority
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ABSTRACT : In this study, The effects of three different biological activated carbon (BAC) materials (each coal, coconut and wood
based activated carbons), empty bed contact time (EBCT) and water temperature on the removal of haloacetic acid (HAA) 5 species in
BAC filters were investigated. Experiments were conducted at three water temperatures (5, 10 and 20C) and four EBCTs (5, 10, 15 and
20 min). The results indicated that coal based BAC retained more attached bacterial biomass on the surface of the activated carbon than
the other BAC, increasing EBCT or increasing water temperature increased the HAA 5 species removal in BAC columns. To achieve
an HAA removal efficiency 50% or higher in a BAC filter, the authors suggest 10 min EBCT or longer for 5C waters and 5 min
EBCT for waters at 10C or higher. The kinetic analysis suggested a first-order reaction model for HAA 5 species removal at various
water temperatures (5, 10 and 20°C). The pseudo-first-order reaction rate constants and half-lives were also calculated for HAA removal
at 5, 10 and 20°C. The pseudo-first-order reaction rate constants and half-lives were also calculated for HAA 5 species removal at 5~
20°C. The half-lives of HAA 5 species ranging from 0.75 to 18.58 min could be used to assist water utilities in designing and opera-
ting BAC filters for HAA removal.

Key Words : Chlorination By-Products, Haloacetic acids, Biological Activated Carbon, Biodegradation, Water Temperature, Empty Bed Con-
tact Time, First-Order Reaction
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Table 1. Characteristics of influent waters

pH Turbidity DOC Temp
() (NTU) (mg/L) (C)
Influent water  7.5~7.7  0.04~0.05 1.25~1.31 5~20
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Table 2. Biomass and activity of attached bacteria in the coal-, coconut- and wood-based BAC

Coal-based Coconut-based Wood-based
BAC material Biomass Activity Biomass Activity Biomass Activity
(CFU/g) (mgC/m’ - hr) (CFU/g) (mgC/m’ - hr) (CFU/g) (mgC/m’ - hr)
Biological data 2.3x10’ 2.80 2.0x10’ 231 2.0x10 2.29
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Fig. 1. Schematic diagram of BAC column system.
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HAA 539 AA7 2 42 US EPA Method 552.290
Z7'"8ke] GC/UECD(HP 6890 series, Agilent, U.S.A.)Z
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Fig. 2. HAA 5 species removals according to various EBCTs
and BAC materials at 20C.
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(a) Coal-based
Fig. 3. SEM photograph of attached bacteria on various BACs.
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(b) Coconut-based
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Fig. 4. HAA 3 species removals according to various water
temperatures and EBCTs in the coal-based BAC filter.
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U 54879 BAC 3L ©]&3 TCAA AAAC= 20
B o]do] 71 EBCTE K3t= Aoz AN AT
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o] AAES Yo} 20] 5TY @ EBCT 15%%
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20] 20CE A5 AF F20] 5CH W} Hjuws) BH
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A 1.89 mgC/m’ - hr& 33% AE7} 7HAastdok =3 of
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Fig. 5. Pseudo-first-order reaction plot of HAA 5 species for

various water temperature at 5, 10, 20°C in the coal-
based BAC filter.

3.3. HAA 5&°] A& el == 7}

& 59 A7l o5k Fig. 59 2ol Sk mEao]A
In(C/Co) vs. time®] 2420z Yeld 749 pseudo-first order
rate2 ¥ & 7lesichn Hustdoh weEbA Fig 4904 =
Z¥ MeA AFe BAC HHES o] 83t Z+7te] EBCT
oM U5 FLmsle WE HAA 5% AE
olg-ale] Ztzhe] M) YEH3
constant, K)Z 2] (NE T34t

olag

£ (reaction rate

C/Co = exp(-k * t) )
o714 HAGLS C(HHSAIZE 3 w59t Co( 71
2 W(C=Cp)¥] FeIBRE 109, k= el = c}‘}l:,
t= RRSAIZHEBCT)Olt 2] (1)< o83t 0461 2
ol =&H éﬁr~ 3| ARA St AEES SE24
T3k m3 HAA 559 50% AAAEL 977 (half-

life, tin)S 2 (2); 31901, Table 49 BAC HH] &
A 214 B$ET A () E YERRSITH

tin = 0.693/k 2)

ek A A9 BAC 23 Fd49] 44201 5T Y vl <] HAA
5%l digt AER % et Wzk71E YERH Table
4@)s HW MCAAS ZA$ AEE3 £=45+= 01175
min’, ¥7)E 59802 e DCAAS TCAAS] 0.0865

n', 0.0373 mm‘ 2 801%, 18.58% KT} AEES &
T7b Wl v o2 F 22 vls 144, 328
S 7102 Yelyth T3 MBAASL DBAAS] ¢ ¥H§

Table 3. Biomass and activity of attached bacteria in the coal-, coconut- and wood-based BAC

Coal-based Coconut-based Wood-based
Water temp. Biomass Activity Biomass Activity Biomass Activity
(CFU/g) (mgC/m® - hr) (CFU/g) (mgC/m’ - hr) (CFU/g) (mgC/m® - hr)
5C 1.9x10’ 1.89 1.6x10’ 1.51 1.6x10’ 1.44
20°C 2.3%107 2.80 2.0x10’ 231 2.0x107 2.29
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Table 4. Pseudo-first-order reaction rate constants, half-lives
for HAA 5 species degradation at various water tem-
perature

(a) Influent water temperature : 5°C

Reaction rate constant, k¢ Half-life, t;, Reaction order, n

AL (min') (min) 0
MCAA 0.1175 5.90 1.02
DCAA 0.0865 8.01 1.03
TCAA 0.0373 18.58 1.08
MBAA 0.1032 6.72 1.03
DBAA 0.0751 9.23 1.04
(b) Influent water temperature : 10 C
HAA Reaction rat.e_clonstant, k Half-li.fe, ti»  Reaction order, n
(min”) (min) 8
MCAA 0.3179 2.18 1.00
DCAA 0.1313 5.28 0.98
TCAA 0.0729 9.51 1.03
MBAA 0.2654 2.61 1.00
DBAA 0.1117 6.20 0.98
(¢) Influent water temperature : 20 C
HAA Reaction rat.e_clonstant, k Half-li.fe, ti»  Reaction order, n
(min”) (min) 8
MCAA 0.9211 0.75 1.00
DCAA 0.6444 1.08 1.00
TCAA 0.1842 3.76 1.00
MBAA 0.7826 0.89 1.00
DBAA 0.5077 1.36 1.00
&5 el ¥7)7F 0.1032 min, 0.0751 min' 2 6.72
B 92320 =2 Yl 2o dzAE i ClE FA4
¥ MCAAS®} DCAA Rt AEEd 5ol 22 s &
Adek. o3 BFe FUFY Fo] STIslAE FAke
&S el

FAFe F28 10T 20CE Z7HNZ] 499 HAA
5%l gk el St ¥v37]E Table 4(b), (c)
o JeEATE MCAAS] ZA¢ FU5Y F&& 5CHA
10T} 20CE F7FE A5 w77k 27809} 7.98) &
E= ASE UeoH, DCAASH TCAAY A4%E
o] 0] 5T 10T 2002 Z713el| wet vyl
717F 1.580, 7.490 2 2.080, 4.9v =2 ZHAE AT MBAASH
DBAA®] Z-5-ol%= MCAA % DCAASH AR B3-S
ER ATk

o % 2

4. 4 =

=
AESAHEHBAC) Al EH EBCT ¥ F2¥slo] w2 HAA
55 RS SAS AR 23 vt e AERS

04_0_ /‘~ o]oi];]_
£ 7o BACOIA HAAAl EBCT9} =20] mj$- &
GEFS vA= o2 YERth EBCTY 2 S7MZ

=
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3% HAA®] A|AE0] ”*o}%lotﬂ 420 20T Ht} =
S 79 HAA® AASL EBCTY QS =A wA] 4
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T EBCTS 3717k HAAS AAZ & 9%& vXe A
o3 vy

9 Aol w2 BACHA 9] HAA A7AE Ag A
oMo BEE o] 7P B¢, thFo 2 oA, &
e o2 ZAIEUCH
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[o g
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N
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