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Removal Characteristics of Tetracycline, Oxytetracycline, Trimethoprime and
Caffeine in Biological Activated Carbon Process

Hee-Jong Son' - Young-Do Hwang - Pyung-Jong Yoo

Water Quality Institute, Busan Water Authority

ABSTRACT : In this study, The effects of three different activated carbon materials (each coal, coconut and wood based activated car-
bons), empty bed contact time (EBCT) and water temperature on the removal of pharmaceutical 4 species (oxytetracycline, tetracycline,
trimethoprime and caffeine) in BAC filters were investigated. Experiments were conducted at three water temperature (5, 15 and 257C)
and four EBCTs (5, 10, 15 and 20 min). The results indicated that coal based BAC retained more attached bacterial biomass on the sur-
face of the activated carbon than the other BAC, increasing EBCT or increasing water temperature increased the pharmaceutical 4 species
removal in BAC columns. In the coal-based BAC columns, removal efficiencies of oxytetracycline and tetracycline were 87~100% and
removal efficiencies of trimethoprime and caffeine were 72~99% for EBCT 5~20 min at 25°C. The kinetic analysis suggested a first-
order reaction model for pharmaceutical 4 species removal at various water temperatures (5~25°C). The pseudo-first-order reaction rate
constants and half-lives were also calculated for pharmaceutical 4 species removal at 5~25C. The reaction rate and half-lives of phar-
maceutical 4 species ranging from 0.0360~0.3954 min" and 1.75 to 19.25 min various water temperatures and EBCTs, could be used
to assist water utilities in designing and operating BAC filters.
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Table 1. Characteristics of pharmaceutical 4 species
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2.1.3. A=A

£ A A" AESYHBAC)ES AeH | (coal) A
Z(F400, Calgon), °FAHAl(coconut) #}Z (15, Samchully) 2
EeH(wood) A A(pica, Picabio)Z Y5734 Y55 AHFA
gst= 1¢ 3008 AT 729 pilot-plant BAC 373l A
23d7 AFEg " Aoln, A3 bed volume 108,000
Arolth. A3ol 507171 Aol BAC A T2 Alwe]

Table 2. 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 5~25

Compound Abbreviation CAS-No. Structure Formular M.W.
“u |
Tetracycline TC 60-54-8 L o - CiH12N40,8 4444
Oxytetracycline OTC 2058-46-0 B C2H5CIN;O9 460.4
Ly
. .
Trimethoprime TMP 738-70-5 ] C1aH1sN4O;5 290.3
Caffeine CAF 58-08-2 CsH1oN4O2 194.2
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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Fig. 1. Schematic diagram of BAC column.
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Table 4. Analytical conditions of LC/MSD
Description
Mode

Fragment voltage, volts

Analytical condition

API, positive
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

0.4

Gradient program

Flow, mL/minute
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2. Pharmaceutical 4 species removals according to various EBCTs and BAC materials at 25C.
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Fig. 3. Pharmaceutical 4 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 pharmaceutical 4
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in the coal-based BAC filter.
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Table 5. Pseudo-first-order reaction rate constants, half-lives
for pharmaceutical 4 species degradation at various
water temperature

(a) Influent water temperature : 5°C

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

4 species (min'l) (min) )
oTC 0.0928 7.47 1.02
TC 0.0854 8.11 1.03
TMP 0.0394 17.59 1.05
CAF 0.0360 19.25 1.06

(b) Influent water temperature : 15C

Pharmaceutical Reaction rate constant, & Half-life, t;» Reaction order, n

4 species (min™) (min) )
0TC 0.1679 413 1.01
TC 0.1526 454 1.01
TMP 0.1009 6.87 1.02
CAF 0.0938 739 1.02

(c) Influent water temperature : 25 C

Pharmaceutical Reaction rate constant, £ Half-life, t;» Reaction order, n

4 species (min™) (min) )

0TC 0.3954 1.75 1.00

TC 0.3941 1.76 1.00

TMP 0.2291 3.02 1.00

CAF 0.2146 3.23 0.99
4 4% dig AR SE4TE 18~2.60 BE F
7¥etom, 0] 15CoX 25T 58 3= 23~

2.68) AT 7 Aoz e, SCQJr 25CE Hmw
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