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Objectives : In this study, the removal efficiency of micropollutants in the biological activated carbon (BAC) process
was investigated, and a method for improving the removal efficiency of micropollutants in the BAC process of water
treatment plants was proposed.

Methods : Dibromo-methylparaben (Br,-MP) was selected as the target micropollutant. Batch and lab-scale column
experiments were conducted to evaluate the removal efficiencies of Br,-MP in the conventional BAC process and the
BAC with enhanced biofilm properties by the addition of phosphorus (P) and hydrogen peroxide (H,O,).
Biodegradation kinetics were evaluated using results from batch and lab scale column experiments.

Results and Discussion : As a result of comparing the removal efficiency of Br,-MP in a batch experiment with
the same biomass concentrations (2.0£0.2x10” cells), the biodegradation rate constant (ku,) of the enhanced BAC
process was found to be 1.2 times higher than that of the conventional BAC process due to its higher biological
activity (enhanced BAC: 3.4+0.3 mg-C/g-hr, conventional BAC: 2.9+0.4 mg-C/g-hr). Comparison of removal
efficiencies of Br,-MP in batch experiments with the same wet weight of BAC (1 g) showed that the biodegradation
rate constant (kyi,) of the enhanced BAC process was 1.9 times higher than that of conventional BAC process due
to higher biomass (enhanced BAC: 3.5+0.4 pg-ATP/g-GAC, conventional BAC: 2.3+0.2 pg-ATP/g-GAC). Through
the batch experiments, the enhanced BAC process was efficient in removing Br,-MP via increasing both biomass
concentrations and activity of attached microorganisms. Lab-scale column experiments conducted under different water
temperatures (5 and 25°C) and empty bed contact time (EBCT: 5-40 min) conditions showed higher removal efficiency
of Br,-MP in the enhanced BAC process than the conventional BAC process throughout the entire period of operation.
In particular, the removal efficiency of Br,-MP between the enhanced and conventional BAC processes showed
significant differences at low temperature (5C) and short EBCT (5 min). At 5C and 25°C, the kv, of the conventional
BAC process was 0.0229 min™ and 0.0612 min™, respectively, and the ky, of the enhanced BAC process was 0.0470
min" and 0.1421 min”, respectively, These results showed that the enhanced BAC process had two times higher
biodegradability of Br,-MP than the conventional BAC process. These results showed a similar trend to the results
from the batch experiment. In an experiments simulating the impact of frequent EBCT changes during summer, the
enhanced BAC process maintained a relatively stable removal efficiency of Br,-MP compared to the conventional
BAC process.

Conclusion : The enhanced BAC process showed superior biodegradation of micropollutant compared to the
conventional BAC process. Considering economic costs (e.g., costs of adding phosphate and hydrogen peroxide) and
water quality, it appears to be an efficient alternative to operate the enhanced BAC process intermittently, limited
to cases where EBCT is shortened, such as summer, or when water temperature is low, such as in winter.

Keywords : Micropollutants, Enhanced Biological Activated Carbon Process, Biodegradation, Empty Bed Contact
Time, Water Temperature.
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Table 1. Attached bacterial biomass and activity of enhanced
and conventional BACs.
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Table 2. Characteristics of post-ozonated water from Feb.
2021 to Dec. 2021.
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Fig. 1. Batch experimental design for evaluation of Br,-MP biodegradability of attached bacteria of conventional and

enhanced BACs.
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Fig. 2. Schematic diagram of BAC filter column system.
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Table 3. Detailed conditions of the conventional and enhanced
BAC column experiments.
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(a) Suspended bacteria (biotic)

(b) Attached bacteria (biotic)

(c) Attached bacteria (abiotic)
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Fig. 3. Br,-MP concentration in batches containing various inocula. (a) suspended bacteria inoculation (biotic), (b) attached
bacteria inoculation (biotic), (c) attached bacteria inoculation (abiotic).
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Fig. 4. Pseudo-first order reaction plots for the biodegradation
of Br.-MP in batch experiments using both suspended
and attached bacteria from the conventional and
enhanced BAC.

Table 4. Biodegradation rate constants (o) of Br>-MP in batch
experiments using both suspended and attached
bacteria from the conventional and enhanced BAC.

Suspended bacteria  conventional 0.0752 0.93
(2.0+0.2x107 cells/2
mL) enhanced 0.0866 0.95
Attached bacteria  conventional 0.1050 0.95
(BAC 1 g(wet)) enhanced 0.2016 0.90
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7hEIgick. webs A4 BAC 37olA 9] 423} BRCT #isto]
wE sk BAC 34 5&E welsh] S35 AR Fu
BAC A& o|g3ko] Uyt BAC F4wte] vlma@ S S35t
et
3.2 MEA 72 BAC T M3

A o] du W 73} BAC ZHS 4717H260% o]
) SABFEA (5T, 25T) T BBCT 3K5-408)e] 1t

Br-MP9] A A5 ¥3HE MU E =5l chFig. 5). Fig. 5004 =
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Table 5. Comparison of Br,-MP removal efficiency for frequent
and infrequent EBCT changes in conventional and
enhanced BAC processes at water temperature 25°C.

5 69.4+2 4 73.9t1.9 92.510.4 93.1£1.1
10 82.1+1.1 84.91t2.0 98.8+0.3 98.7+0.6
20 96.6+0.4 95.9+1.1 99.8+0.4 99.9+0.2

¢ Frequent : changing EBCTs every 2~ 3 days
® Infrequent : changing EBCTs on a 21-day cycle

3] Uehgen, o]i= A8l BACe] H]sto] 743} BAC7} A3}
2 waljoll 2173941 P& v|A|i= EBCT A8l 4~ #|5}HA]|
o 5L A HeS Uehditk=s A& Yu|gitt

42 25T ollA] EBCTE] 3} glo] 7] 4219 =4
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=4 27 (phase 13} 112] (5))0l419] Br-MP9] A A5 W=
B7Fe A Table50] Vel Qi) 5= AR&o] 7t
sh= shd7|ol= ok F AIIHER =58 ARgFo] 549
H3lst, o] ejg Mdk= o] ofy FHEY] Pwt
ofve} dmgol A2 k2 FFS v|Xict. Table5o)4= o]z
gF ZAH o g2 s 7|(5=2 25TC)°ll BAC 3ol A9 g4k
Zk2 EBCTO] Wzk7} vt 9l 713t BAC 374 9] AlA &L
A= FEFE vl FrFsih

Table 504 & 4= 9l%o] Yyt BAC x7of|A]+= EBCT 5
E-205 A 9] HF A AL EBCT W3} §lo] 7] &4
ZZA(infrequent)®] 7S 73.9%95.9%R 0, 2~3Y F7|Z
EBCT ®¥3}7} 2h-2 &4 27(frequent) 2] 749 69.4%~96.6%
2 YRt EBCT 583t 10429] A of|Al+= 22 EBCT H3t=
Br-MPO| A|AE&o] 27} 4.5%%} 2.8% AL Ao
EBCT 20+-2] A of|A= AAE| Zfol& Holx] gttt 7
3} BAC 70|l EBCTE 5E 02 2735 ol Ank 3¢
& EBCTO] W3}& Bt A|AEC] 0.6% H= dad Ao=
LFERR T

w2 F719] 242 EBCT H3k= v|gFe dE5d 9] HEE3
AAE Hsto] & S vAA = AR EBCT7L B
SHAXNLFE A ALY FaFo] 1o, ol=gh A2 4
3} BAC Rt} Uyl BAC Zof|A] o P&s] Ueyitt A4
2 17| Aol A o] Ak HSHBAC F7g ol 4 2] EBCT
APz A 1-33] =2 27 gjol 2 Ate] 23U F71¢]
EBCT ®iztxzio| H|gto] oL WHater}t ot whaba] skl
7]oll &Rt BAC 5782 73kste] sk EBCTE| FHlo=
B8kl vk dEH it AA RS HAE A 4
Ae Ao Fotert Jung 59 ATFAI A= A%t

]_

(e}
Felyste] LA %9, 502 A= Hak Foll 52 i elole]
WA BRI AR B2 A5 A0 Hasha



DIYRASH MHs s 2ot ME2HE 379 43t
23|15 - H2Y - I - 27| 2iEY)|
) Phase | . Phase Il
Adaptation ") @) 3) ) (5) Adaptation 1) 2 (3) (4) (5)
OE 40 - 't ) LI L e — | T T T T T T T T T T T T T T T T T T T T
= ater temp.
vé L y O i
Q- 20 ]
S iin U]
L 1] 0 L 1 L 1 n 1 1 i 1 L 1 1 1 1 1 1 1 i 1 i 1 i 1 i 1 L
T 1 Ly 1 4 1 1 n 1 1 o 1 T N T 1 T LI T LI 1 T 1 N
120!%’ Lo o 06 | | | |
3 70° 0 PP P 6 Rak800 o B Srosska oied e E |
g B | | | | | | 0 n
s S T . e LA B
s 60 - conventional BAC ! : : : ! ! @) 7
Ry O 1 1 | 1 )
& I ! I ]

80

100

Q
RS)
£
o

Operation time (day)

Fig. 5.
enhanced BAC filter,
B conventional W enhanced
10 1 1 1 1 1 1 1 1
(a) 25°C 1 (b) 5°C ]
0.8 - -
o 06
o
o
= o4
hN
m
0.2
0.0
0 10 20 30 40 0 10 20 30 40
EBCT (min.)
Fig.6. Changes in the Br,-MP residual ratio as a function of

water temperature and EBCT in the conventional and
enhanced BAC filter,

T

Igo g Z4zte] 2R 3
< Fig.6°] Lteli St EBCT
Fig.52] phase 1 (5)%} phase 11 (5)9]]
ARATE o]&stalon, Uz 2E0A

phase 137} 112] (1)~(5)°ll 4] 63]~82]¢] A7

po)

Fig. 6(a) 1| A o] Uyl BACS] 79, 4~ 25T o)A
L EBCT 5540504 Br,-MP A #2-0] 72.1%~ 99.8%31.©.
2220] 502 A5}EH Br-MP A 780 21.1%-~87.7%2 ZH4
sttt ¥, A3 BACSO| -, =2 25Co|A+= EBCT 5

O
H4050]4 BrrMP A|A&0] 929%~ 100%3oL 4&0]

Evaluation of the impact of changes in EBCT and water temperature on the performance of the conventional and

ST A 57.3%99.2%= 7+4shict.

78} BACE 422 5TO| A% EBCT 205-0] 20| A Br-MP
AAL0] 91% AE& Lehd o, EBCT 4059 27oA=
99% o1 A|lAES HAch E3L ~20] 25CY w+= EBCT
55.0] ZZA A Br-MP A|7£-0] 93% A EF .o, EBCT 205
o A AL 99.9%9] AA&L Yehlo] FAUT Az
ofl A 2JuF BACOIA 2] BrrMP A7 &3H= tha 2jo]2 LpERy]

(a) 25°C (b) 5°C

100 3 AL | 3 3 LB B B
3 conventional JF % 3
B k=0.0612 [ *\* * ]
i r=0.99 1T N S
T 10'E iF % %
- F 1E S
g f 1t N
B 1L N

(é 102 N
o__" F 1E  conventional i\_g
= s IF k=0.0229 ]
K - ar =0.98 ]
m 3L JL i
10° E h d 1E enhanced 3
p ennance 1F k00470 ]
[ k=0.1421 IF 7=0.97 ]
- r=0.96 \ 1 ]

10.4 | I T [N W I | Lo o 1 1 1

0 10 20 30 40 O 10 20 30 40
EBCT (min.)
Fig. 7. Pseudo-first order reaction plots for the biodegradation

of Br-MP in column experiments using the conventional
and enhanced BAC filter.

Table 6. Biodegradation rate constants (4so) of Br,-MP in column
experiments using the conventional and enhanced BAC

filter.
5 conventional 0.0612 0.99
25C
enhanced 0.1421 0.96
5C conventional 0.0229 0.98
enhanced 0.0470 0.97
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