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Effects of Activated Carbon Types and Service Life on Adsorption of
Tetracycline Antibiotic Compounds in GAC Process

Hee-Jong Son' - Jong-Moon Jung - Young-Do Hwang - Jae-Soon Roh - Pyung-Jong Yu

Water Quality Institute, Busan Water Authority

ABSTRACT : Adsorption performance of tetracycline antibiotic compounds such as tetracycling(TC), oxytetracycline(OTC), chlortetracycline
(CTC) and minocycline(MNC) on granular activated carbon(GAC) was evaluated in this study. The coal-based activated carbon was found
to be more effective than other carbons in adsorption of tetracycline antibiotic compounds. The wood-based activated carbon was less
effective than coconut- and coal-based carbon in adsorption nevertheless having larger pore volume and specific surface area than
others carbons. The maximum adsorption capacities(X/M) of coal-based activated carbon for the four tetracycline species was 1.27~1.36
and 1.69~1.84 times larger than coconut- and wood-based activated carbon, respectively. Carbon usage rates(CUR) of coal-, coconut- and
wood-based activated carbons for tetracycline(TC) were 2.96 g/day, 3.40 g/day and 4.53 g/day, respectively. Similar results were obtained
in the adsorption of the rest three tetracycline species. It is concluded that coal-based activated carbon could removed the tetracycline
antibiotic compounds better than other material-based activated carbons.
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F AEAgden d5ADE 2 S ADPe 2%
AelgollMe 242t 4% 5F0] AESH AL Bashi

£, =AEHE Buh S3bg 23t xiﬂ-roﬂ}ﬂ Hud &
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st A4 g% FEx e 5499 A f4F

B /‘15401] e el A (coal-based)2] EJEHF400, Cal-
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Table 2. Characteristics of influent water
pH  Turbidity Alkalinity DOC
) (NTU)

UV254 Temp.
(mgL) (mgL) (em)  (C)

Parameters

29 tetracyclineZ] FYEZ 4% g+ EAX|E Table 1 Value 7.0~7.30.04~0.08 31~47 0.9~1.10.008~0.0124~29
Table 1. Characteristics of tetracyclines 4 species
Compound Abbreviation CAS-No. Structure Formular M.W.
= 1
Tetracycline TC 60-54-8 | C1iHi2N40,8 444 4
|} L .
Ba 3 g
Oxytetracycline OTC 2058-46-0 | 1 X 1 CyH25CIN,O9 460.4
O EA
Minocycline MNC 10118-90-8 C3H25CIN;04 457.5
Chlortetracycline CTC 64-72-2 C2H24CLN2Og 478.8
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Table 3. The physical characteristics of virgin and used acti-
vated carbons

Wood
(samchully) (pica)

Coal Coconut
(calgon F-400)

Case virgin 1.3 yr 3.1yr
Bed volume used () 0

Species

virgin  virgin

37,500 89,600 0 0

Apparent density  (g/L) 400 410 420 360 230
Specific surface area (m*/g) 1,100 697 655 1,260 1,610
Total pore volume (cmz/g) 0.639 0.427 0.412  0.527 1.12
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BA7F 1.12 em¥/ge g 718 2 ATEAS /A, okxt
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A AL 133 % 3.1d AR HxdE 2 oAeE
9] 9= 139 AMEEE 697 m'g, 0427 emV/go & U}
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2.2.2. LA 1A FF 2 LC/MSD £4

AlEFE 1 LE AFste] dAd B2 AAS S8t
o] 02 pm HBEF S HEjMillipore, U.S.ANE o33 F
5% Na;EDTAS 4 mL ¥7}3tAth" Na,EDTA 71 &
40% kS AHgSte] Alg4e] pHE 3 olstE £4H3 F
A3 &7 X] (Autotrace SPE Workstation, Tekmar, U.S.A.)
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% 1’4—.14)
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32t SRS 10 mLE AHSAT Al aAd FE2
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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

20 min, A/B = 70/30

21 min, A/B = 96/4

Flow rate, mL/min 0.4

Gradient program

LC/MSD+ Agilent 1100 SL(Agilent 1100 SL, Agilent,
U.S.A)ZA] diode array detector(DAD)7} &&two] QQom,
DAD®] UV 332 260 nmE A3tk daEd &
2 st HE SES pore size 3 um, W7 2 Hol
7F 2.1 mmx50 mm¢<] Atlantis dC18 column(Waters, U.S.A.)
S AREEIATE 1 99 LO/MSD E4ZS Table 401
ehRgich

TetracyclineZd] =2 49 calibration ¥ A& 24z}

o] o] 7}R|:= 1+ protonated molecular ion [M+H]

s F= IHT‘E EIC(extracted ion chromatogram) ==
2 A%t oer, Z+2k9] protonated molecular ion2 TC,

OTC, CTC, MNC <02 445, 461, 479, 458°]t}).')

3. A3 %
3.1. G e A B AL AGHE tetracycline ] &
AWM ol E A

Qe AE Ao A9 tetracyclineZ] FAYEZ
4% 3k S48 Fig 20 YERAITE Fig. 2(a)°l Y
B} tetracyclineg(TC)S] =4S AHREHA EekA &4
gro] bed volume(BV) 254279 dt3}o] =@algl o, ofx}
A L AeA 248 B g3 e] BY 33913 2
3894622 e} AebA] &Adeko] tetracyclined] tia] H]
A F2 EZ}'L—& M= Ao® Yeson, thgo g
ol A, EeHA BAer Lo 7 FAEUTE Fig. 2(b)~(d)
o yehd oxytetracychne(OTC) chlortetracycline(CTC) 2!
minocycline(MNC) 9] H#=AEN A% Fig. 2(a)el]l UERH
TCO Ta=/do A9l o] AMeA &Age] 7 =A 1t
ol £ oH, FOoE oA, R £o2 XA}
= ek

TetracyclineZd] SHA3EZ 430l sk B2 gdehol A
o] BHAEHE AYRY TCY FHHA|Ho] 7P =& AL
2 Yehton, 808 OTC, CTC, MNCZ et}
g7t =4 8] "ok AL Ev] gA F2E o
gAetd A9 FFe o] IAthE RS 7R F o7 FQlE
T A= Asolw, A7) Edd g EAE AAER
ylzte| =3l= BVE Table 59l YeERNSITH

AeA Ao EAee] 7P =2 FF5S Ueh=
AL MeA Adel EAdrte] 7IA= E-2 pore volume
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Fig. 2. Tetracycline antibiotic compounds breakthrough curves
for various virgin GACs.
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Fig. 3. Tetracycline antibiotic compounds breakthrough curves
for coal-based virgin and used GACs.

B Afd 2 AbgAg) uhE Tetracyclined] FAEZE S2EA 929

AeA AFe] JAEAAE AFEAER  tetracycline ]
YAED 4% g JFH{ELE ZAE A& Fig. 300
YER T Fig. 3(a)oll YERH tetracycling(TC)] Ih3=+
As AHEW Mg Ao 3.1d AREEe] BV 15360
o mio] =R oH, 1.3 ALEEI Ak HAee
z}z} BV 198183} BV 389469] u3to] mwtate] Al
SHEE W2 AolE HYa, oY A yrA 359
tetracyclineZ] FAEZNNE AR Yeta ok &
gh 13393 3.9 AREEE©] BV 10000 ©)37HA] tetra-
cyclineoll 3l %‘—Z}%% A= AL /\}%E}EO] 300
m’/Y FEe G573 YFE AYshs 1=FF AYE
JFIEE ZHEA ’\]”9“51017‘]‘_ Rl 01313} FAEA
o thall ®lmA A %Q(ﬂ et 272 doE,

Tetracycline]l =4 4% e F2AsS H7ket7]
st ZHzhel Sduk ZH A 2eks9 FAAHBV)7HA
9 FAFES FEFES 7HR L, 2] (1) YEF Freundlich
T2EAE ol83te XMF C.E Tt 1 ATE Fig

40 YA, )& FALASIT k9 1/ng T3

J

XM =k - C”™" (1)

X = the amount of solute adsorbed(pg)
M = the weight of adsorbent(g)
C. = the solute equilibrium concentration(pg/L)

k, 1/n = constants characteristic of the system

3.2 VHTAT S5 BAE ALEE

TetracyclineZ] SHAYEZ 4% diste] Ao 2188 &
Aer Aehso] F2F-8-2Hadsorption capacity)S H7}s17] ¢
&t] Snoeyinke] A7l AR&-3F BAJEE A& (carbon
usage rate: CUR)¥ SAe FH(bed life: Y)oll B3 4] (2),
(3)= AH&-stTh

(Cy— CDF
C(/R(g/dly): ( qe)o )

C. = equilibrium concentration(pg/L)
C, = influent concentration(pg/L)
C

F = volumetric flowrate of contaminated liquid treated(L/day)

= desired effluent concentration(pg/L)

(ge)o = amount adsorbed per unit mass of carbon at Co

Table 5. BVprakmougn Of tetracycline antibiotic compounds in continuous column adsorption test

TC

OTC

Item Unit

coal-vir. coconut-vir. wood-vir. coal-1.3 yr

coal-3.1 yr coal-vir. coconut-vir. wood coal-1.3 yr coal-3.1yr

BVbreakthrougn -) 38946 33913 25427 19818

15360 35494 30461 21976 17805 12771

CTC

MNC

Item Unit

coal-vir. coconut-vir. wood-vir. coal-1.3 yr

coal-3.1 yr coal-vir. coconut-vir. wood coal-1.3 yr coal-3.1yr

BVbreakthrough (-) 31899 26865 18812 15360

11333 27872 21400 15791 13347 9320
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[y}



930 EIF - ATE - FYE - wAT - FEE
1l]": L L L e
PO Cosdewagn, Sweaai gz E
@ Cocarutvingin, BT 3G "= ]
W Vsl i, ISNTE P -]
i o vk
i | g
z [ ek ]
- & q;t?{d
1% | -~ --'ﬁ -.-'-..-":"' E
g gy E
T ]
& Coal-13yr, DM=184TC 40
- O Gl 1y, Bmie g250
o ot 18 12f 1%
. leafgl
(a) Tetracycline(TC)
1 3 L B L ) R
b & Cosbwingin, ERi=R84 42 M 7
[ @ Gaenrilaingin, B W :
| - Vamui s rgha, Bl 30 11 ]
1 E
= | E
=
10 3 9
[ - £ oot 3y, e G T ]
| __.--""- & Comd-14 ye, MRl B03C P
o 1 1 1
i 1o 18 19 1¥
<, l=gigl

(c) Chlortetracycling(CTC)

NS ————
£ Cosbaigin, AR=E3E.0C M 9

O fmnmend] irgin, Qi 0
W Wl ATgha, Kasaki g T o

W

KM [ug'p)

1w

o £ sl B, Bl s PO
 Soaal-d Ay, R S0

1o
i 1o 180 18 18
C_ [=0igl
(b) Oxytetracycline(OTC)
1#": T Ty —TT T Ty
F O Coslwingn, SRsdiiaz M 7
[ = Copaningin, KieETR B T i
bl 3 E
=
=
wE E
X -""' £ Ginlen 3w, Hme 1305 1 ]
| O sl 1 e, Bl s B0 ]
1#' 1 1
il 10 il 1
C_ [=aial
(d) Minocycline(MNC)

Fig. 4. Adsorption isotherm of tetracycline antibiotic compounds for various virgin GACs.
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F = volumetric flowrate of contaminated liquid treated
(L/day)

BVbreakthrougn © bed volumes to breakthrough [-]

CURY A4ke 2] (2), (4) 5% AM&o] 7Fs3HM, (qeoo
B BVirakiougn a2 9529 FEARNA mkzp 2771
o] AH}E AFEE k9t 1/nS &3, CURF bed
lifer= TFA1H 9] bed volumeS o]&3le] & (4)ollA =&
stk o]#A =% k, 1/n, CUR ¥ bed life?} 22 &
ZAEAQE Fotdt 4 e AXES Table 60 JERAATH

et ¢F tetracyclinel FAYEZ 4Fo] i3k A &
ZEHXM)S e @8] 7P w2 AoE YElge
o, o2 oxAIS} B o7 yEyt) ofxA g}
Zeb 4] Ho) FFFM)ol ik HeA e
o] A FFEHX/M)L tetracycline®] 72-$- AehA] EAE
o] ofxlA|9} HetA EAdgkel] Hls) 1.278] 2 1.690) H:=
& AoZ Yl on, oxytetracycline?] 7%= 1.284]
2 1.694, chlortetracycline®] 73-%- 1.338)] 2 1.844}, mino-
cycline®] 7%= 1368] L 1.798) A% £ Ho=E YE}
ok 53 e 24 e 139 ARgE 2 30d A}
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Table 6. Adsorption capacity data of tetracycline antibiotic compounds in continuous column adsorption test

Item Unit LS oTe

coal-vir. coconut-vir. wood-vir. coal-1.3 yr coal-3.1 yr coal-vir. coconut-vir. wood-vir. coal-1.3 yr coal-3.1 yr
XM (nglg) 1849 1458 1094 843 547 1567 1220 929 721 493
Bed life  (day) 272 236 177 138 107 247 212 153 124 89
CUR (g/day) 2.96 3.40 4.53 5.81 7.50 3.25 3.78 524 6.47 9.02
k [(ng/g)(L/ng)"™ 965.8 567.8 513.7 354.7 162.3 825.0 506.0 452.4 304.3 1453
I/n ) 0.2865 0.3697 0.2862 0.3521 0.4682 0.2511 0.3267 0.2611 0.3338 0.4799

) CTC MNC

Item Unit

coal-vir. coconut-vir. wood-vir. coal-1.3 yr coal-3.1 yr coal-vir. coconut-vir. wood-vir. coal-1.3 yr coal-3.1 yr
X/M (nglg) 1403 1056 763 610 385 1135 835 633 435 282
Bed life  (day) 222 187 131 107 79 194 149 110 93 65
CUR (g/day) 3.61 4.29 6.12 7.50 10.17 4.13 5.38 7.30 8.63 12.36
k [(ng/g)(L/ng)""] 651.1 3315 260.2 194.1 100.3 468.4 279.1 206.8 132.0 61.3
I/n ) 0.3165 0.4527 0.4176 0.4672 0.4972 0.3354 0.4310 0.4433 0.4421 0.5453
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