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Removal Characteristics of Sulfonamide Antibiotic Compounds in Biological
Activated Carbon Process

Hee-Jong Son’ - Jong-Moon Jung - Jae-Soon Roh - Pyung-Jong Yu

Water Quality Institute, Busan Water Authority

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 sulfonamide 5 species in BAC filters
were investigated. Experiments were conducted at three water temperatures (5, 15 and 25C) 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
BAGCs, increasing EBCT or increasing water temperature increased the sulfonamide 5 species removal in BAC columns. In the coal-based
BAC columns, sulfachloropyridazine (SCP), sulfamethazine (SMT) and sulfathiazole (STZ) removal efficiencies were 30~80% and sulfadi-
methoxine (SDM), sulfamethoxazole (SMX) removal efficiencies were 18 ~70% for 5~20 min EBCT at 25°C. The kinetic analysis sug-
gested a first-order reaction model for sulfonamide 5 species removal at various water temperatures (5~25°C). The pseudo-first-order
reaction rate constants and half-lives were also calculated for sulfonamide 5 species removal at 5~25°C. The reaction rate and half-lives
of sulfonamide 5 species ranging from 0.0094~0.0718 min" and 9.7 to 73.7 min various water temperaturs and EBCTs in this study
could be used to assist water utilities in designing and operating BAC filters for sulfonamide antibiotic compounds removal.
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Table 1. Characteristics of sulfonamides 5 species

A E-ZA B g4 o] 4 2] Sulfonamide ] A EZ A AEA 97

2.1.1. F=4

2 A3 289 FAEZL sulfonamide] 5FTOZ2
sulfadimethoxine (SDM), sulfachloropyridazine (SCP), sul-
famethazine (SMT), sulfathiazole (STZ), sulfamethoxazole (SMX)
o|H, Sigma-aldrichAHU.S.A.)olA A28 L% 99% o]4}2]
EFEZS A8 Aol AE-E sulfonamideA] 5%
o th3t EAIX|Z Table 1] YeERHSITH

2.1.2. ) 373
4 APoz FYse FHSFs dhaHE FH
HiAE 300 mY/Y R 1EAFHE pilot-plante] ¥
2F AFd £% 99% ©]’3<l SDM, SCP, SMT, STZ
2 SMX 5%S Fd%td Fd=Ee 479 sulfonamide|
FAEA] F57t 50 pg/L7t HEE gtk FeE A
TE TUTE AR olf= AAl Al BAC
x| $AZAY FUSA WE7] s, AFd
AREE A4 EAS Table 20 YeERAITE e
T2 223 AX|(Buchi, Recirculating chiller B-740,
Swiss)Z o] &3l 5~25C &2 ZAsle] AFsch

2.1.3. =2t

A AFEE AESAAHBAC)ES A (coal) A
Z(F400, Calgon), °FAAl(coconut) #}Z (15, Samchully) 2
EeH(wood) A Z(pica, Picabio)Z Y574 Y55 AHAFA

Table 2. Characteristics of influent waters

pH Turbidity DOC Temp
) (NTU) (mg/L) (0)
Influent water 7.5~7.7 0.04~0.05 1.25~1.31 5~25

Compound Abbreviation CAS-No. Structure Formular M.W.
Sulfadimethoxine SDM 122-11-2 C12H14N404S 310.3
Sulfamethoxazole SMX 723-46-6 - C10H11N305S 2533

Sulfathiazole STZ 72-14-0 CoHyN30,S, 2553
Sulfachloropyridazine SCP 80-32-0 C10HyCIN,0,S 284.7
Sulfamethazine SMT 57-68-1 C13H15N3058 278.3
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Table 3. 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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mass)J»]- A Z(activity) & = f?} S Table 39 YERY
Atk SBAAE BH M Q- BACOA A ZF
FAE7}F 2.3x10" CFU/g9t 2.80 mgC/m’ - hrZ 7} &
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5% Na;EDTAS 4 mL 2718190k Na)EDTA %7} 5 40%
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Fig. 1. Schematic diagram of continuous adsorption column.
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Table 4. Analytical conditions of LC/MSD

Description Analytical condition

Mode API, positive

Fragment voltage, volts 100

Mobile phase A1 0.1% formic acid in water

B : 0.1% formic acid in acetonitrile
0 min, A/B = 96/4

10 min, A/B = 75/25

20 mins, A/B = 70/30

21 min, A/B = 96/4

Flow, mL/minute 04

Gradient program
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Fig. 2. Sulfonamide 5 species removals according to various EBCTs and BAC materials at 25C.
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Fig. 3. Sulfonamide 5 species removals according to various water temperatures and EBCTs in the coal-based BAC filter.
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Fig. 4. Pseudo-first-order reaction plot of sulfonamide 5 species

for various water temperature at 5, 15, 25C in the

coal-based BAC filter.
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2 AT Ae 15~194 A= Free AR UEt
3, 5T 25T S vwdte] B 49~7.08 Ax =718}
AL, e B2 SR HAstE Ao g yehgth

Table 5. Pseudo-first-order reaction rate constants, half-lives
for sulfonamide 5 species degradation at various water
temperature in the coal-based BAC filter

(a) Influent water temperature : 5T

Sulfonamide Reaction rate Half-life, t, Reaction
5 species constant, k (min™) (min) order, n (-)
SDM 0.0094 73.7 1.02
SCP 0.0103 67.3 1.02
SMT 0.0118 58.7 1.02
STZ 0.0100 69.3 1.02
SMX 0.0096 722 1.02
(b) Influent water temperature : 15C
Sulfonamide Reaction rate Half-life, Reaction
5 species constant, k (min™) (min) order, n (-)
SDM 0.0318 21.8 1.02
SCP 0.0391 17.7 1.00
SMT 0.0397 17.5 0.99
STZ 0.0363 19.1 1.00
SMX 0.0307 22.6 1.02
(c) Influent water temperature : 25°C
Sulfonamide Reaction rate Half-life, t1, Reaction
5 species constant, k (min'l) (min) order, n (-)
SDM 0.0553 12.5 1.02
SCP 0.0653 10.6 0.99
SMT 0.0718 9.7 0.99
STZ 0.0700 9.9 1.00
SMX 0.0468 14.8 1.02
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