KREEIRYS T B 5L - 37 - Original Paper - pp. 1192~1197. 2006.

ANBLEEZ 0|28 0|24 % Hi0|=24 9ASE9 HIA
932" - /N T - BE KIS - BW K - BigE—
TAIYNY EEFA - +FYRAJEAGL FETHT

(20061 69 199 AHF, 2006\ 1149 274 AE)
Removal of lonic and Non-ionic Pharmaceuticals Using Granular Activated Carbon
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ABSTRACT : Adsorbability of ionic and nonionic pharmaceuticals was studied using granular activated carbon(GAC). In a batch adsorp-
tion test of muticomponent solution, 500 mg/L of GAC dose removed all target compounds between 94 and 98% at initial concentration
of 10 pg/l.. Adsorption of ionic pharmaceuticals increased as pH was lowered toward to pKa, however adsorption capacity of nonionic
pharmaceuticals showed insignificant variation with the changing pH. The enhanced adsorption capacity of ionic pharmaceuticals at lower
pH was attributed to the corresponding increase in the molecular form of ionic pharmaceuticals with carboxylic group at low pH. In addi-
tion, decrease of pH increased hydrogen ion concentration in the bulk solution and the protons bound to the available sites on the carbon
enhanced the removal of the ionic pharmaceuticals from solution. After 40 days of continuous operation, GAC column showed the removal
of target compounds were removed by 93~99% at 15 min of EBCT mainly due to adsorption mechanism of GAC. At shorter EBCT than
15 min, breakthrough of CA, IBP and GFZ occurred earlier than the other ionic and nonionic pharmaceuticals. Effect of EBCT on adsorp-
tion of nonionic pharmaceuticals was greater than ionic ones. This study showed that persitent pharmaceuticals found in drinking water treat-
ment could be effectively controlled by adsorption in GAC process.
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Table 2. Pretreatment procedures for pharmaceutical analysis
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Table 1. The chemical and physical properties of the target
pharmaceuticals® and target mass numbers in GC/MS
detection

Mol. Water solubility SIM mass numbers

Chemical name . Kow PKa .
Weight PRov P (mg/L) at 25°C Target Reference

Tonic pharmaceuticals

Clofibric acid 2147 257 na 583 394 130
Tbuprofen 2063 397 491 21 161 118
Gemfibrozil 7 2503 477 na na. 309 83
Fenoprofen 2423 39 173 na. 197 422
Naproxen 2303 318 4.15 159 185 410
Ketoprofen 2543 312 445 51° 209 105
Diclofenac 2962 451 415 237 214 216
Indomethacin 357.8 427 450 0.937 139 141
Nonionic pharmaceuticals

Propyphenazone 2303 1.94 668.2 215 230

Carbamazepine 2363 245 17.7 193 236

“Data was obtained from EPI Suite V 3.11(US EPA, 2003)
®Data was obtained at 22 T, n.a. ; not available

Table 3. Operation conditions of GC/MS for pharmaceutical

analysis
Parameters Conditions and specifications
Column HP-5 MS capillary column,
30 m x 0.25 mm id. x df 025 pm
Carrier gas Helium at 92.5 kPa

2 uL of sample volume was injected at 290°C
Temp. of interface 300°C
100°C(1 min) — 150°C(30°C/min) — 205°C
(3°C/min) — 300°C (10°C/min) for 32 min
Temp. of ion source 230°C
MS Mode

Splitless mode

Program of temp.

Selective ion monitoring(SIM) mode

Procedure

Detailed method

Sample preparation

Control of pH less than 2 with HCI

Solid phase extraction

and 10 mL of Milli-Q(pH < 2)

Elution

Evaporation

Derivatization
Derivatize at 110°C for 1 hr

Evaporation

Add | mL of toluene

- Filter 100~500 mL of sample using GF/B filter

Add surrogate standard(2,3-dichlorophenoxyacetic acid) and internal standard(chrysene-d;2)
Condition Ci3(Sep-Pak® plus, Waters Co., USA) cartridge filer by 10 mL of dichloromethane, 10 mL of methanol

Percolate pretreated sample with 10 mL/min of flow rate
- Elute adsorbed targets from C18 with 5 mL of dichlomethane
- Evaporate dichloromethane by nitrogen gas at 60°C

Add 2% of pentafluorobenzyl bromide and triethylamine

Evapotare the derivatized samples by nitrogen gas at 60T
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Fig. 3. Adsorption capacity of pharmaceuticals at different pH.
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Fig. 6. Average concentration of residual pharmaceuticals in
the GAC effluent at different EBCT.
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