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Abstract : This study was conducted to evaluate the removal efficiencies of organic matter and pharmaceuticals and to identify
the removal mechanism of pharmaceuticals using sand obtained from Hwangryong River in Jangsung. Batch and column studies
were used to simulate managed aquifer recharge (MAR) systems. All experiments were performed using field effluent containing
pharmaceuticals from Damyang Wastewater Treatment Plant as an influent. Based on the removal results of organic matter and
pharmaceuticals from the batch and column experiments, soil organic matter (SOM) and microbial activity were found to effectively
remove target contaminants. The removal of organic matter was found to increase under biotic conditions. Neutral and cation
pharmaceuticals (iopromide, estrone, and trimethoprim) exhibited removal efficiencies higher than 70% from natural sand and baked
sand media in batch and column studies. Carbamazepine persisted in the sand batch and column studies. Anion pharmaceuticals
(ketoprofen, ibuprofen, and diclofenac) can be removed under conditions featuring high SOM and adenosine triphosphate (ATP)
concentrations in the sand surface. Based on the experimental Batch and column results, biodegradation and sorption were found
to be important mechanisms for the removal of pharmaceuticals within the simulated MAR systems.

Key Words : Managed Aquifer Recharge, Riverbank Filtration, Pharmaceuticals, Organic Matter, Batch Experiment, Column
Experiment
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Fig. 1. Schematic diagram of batch experiment.
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philic fiber 7}E 2] X](30 mg packing, Oasis, Waters, Milford,
MA, USA)E A3l ow, AAje] & ooFslshE-2 Waters
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API)Q} X-Terra MS Cjs Z&H(Waters, 50 x 2.1 mm LD., 5
um, 125 A, end-capped Cis hybrid particles)S 35 HPLC
Waters 2695 Separations ModuleE Zr& LC-tandem MS
(Alliance 2695, Waters, Milford, MA, USA)E o] &3d}o] &
Hatgck olotshaiE e aFolH A% dEEHE 1S
Agstd on, AL 95t 15 &9 (standard solution)S
Zu8l7] 9Jal 1174 oletatgtEst 97bx 9] 4 £2
(surrogate standard)2 &H|3}H ) 2FslsHE %, iopromide
+ United States Pharmacopeia®]| A L0353} S ™, acetrami-
nophen, carbamazepine, estrone, atenolol, trimethoprim, clo-
fibric acid, sulfamethoxazole, ketoprofen, ibuprofen, & diclo-
fenac2 Sigma-Aldrichol| A st 9719 A &2
% dihydrocarbamazepine} cloprop> Sigma-Aldricho]| A -
Qe e, YA iopromide-ds, acetaminophen-ds, estrone-ds,
atenolol-d;, trimethoprim-dy, sulfamethoxazole-ds 2 ibupro-
fen-d;-2 Toronto Research Chemicalsol|A] “E¢1sto] A}-&-3}
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Table 2. Summary of all pharmaceuticals studied with their properties

lopromide X-ray contrast media 7911 10.62 -2.05 -1.54 1.48 535
Acetaminophen Analgesic 1612 9.38 0.46 091 0.82 297 Neutral
Carbamazepine Anti-epileptic 236.3 13.94 245 277 0.80 288

Estrone Steroid 2704 10.25 3.13 454 1.59 574

Atenolol Beta blockers 266.3 9.43 0.16 -2.14 0.64 230 o
Trimethoprim Antibiotic 290.3 7.04 0.91 0.69 1.06 3.83 Cationie
Clofibric acid Lipid regulator 2147 1.39 2.88 -1.08 0.87 3.16
Sulfamethoxazole Antibiotic 2533 550 0.89 0.1 1.1 402

Ketoprofen Pain reliever 2543 423 312 0.01 0.69 249 Anionic
Ibuprofen Pain reliever 206.3 441 397 112 1.20 434

Diclofenac Arthritis 296.2 418 451 1.06 174 6.30

¥ Values calculated with ACD/Labs pKa dB v, 12 program,

® pH-dependent octanol - water coefficient; values calculated with ACD/Labs LogD v, 12 program at zero ionic strength.

° ADME/Tox WEB software (http://www.acdlabs.com)

4% Method detection limit (MDL) and limit of quantitation (LOQ) were determined using LC-MS/MS with 5 ng/L and 10 ng/L of unlabeled standard

(T value: 2,764 for n-1=10),
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Table 3. Summary of pharmaceuticals in batch experiment (n=3)

SB BSB
Influent (ng/L)

Effluent (ng/L)  Effluent (ng/L)
lopromide 8183 (£1272) 2368(+165 56.30(£17.22)
Acetaminophen 3238 (+1524) 1416(+5.78) 1478(+3.33)
Carbamazepine 408,76 (+21.82) 38249 (£11.76) 39557 (£17.77)
Estrone 6.96 (+1.25) 1.80(+0.60) 2.02 (+0.08)
Atenolol 1152(+802)  6.86(+£5.16) 6.15 (+8.47)
Trimethoprim 2168(£1.46) 499 (£6.04) 4.01(£2.70)
Clofibric acid N.D. N.D. ND.
Sulfamethoxazole 1098 (+9.48) 9.76 (£1.69) 13,0 (£6.62)
Ketoprofen 7330 (£28,03) 4855(+13.73) 6245 (+1504)
lbuprofen 7.61(£2.60) 467 (£3.11) 6.09 (£1.98)
Diclofenac® 106,13 (+2533) 3414 (£1429) 7720 (+£10.45)

N.D., not detected. The errors indicate the standard deviation cal-
culated from triplicate samples,
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Table 4. Summaries of water characteristics of influent and eff-
luent in column experiment (N=3)

Influent SC (effluent)  BSC (effluent)
pH 705(+01)  764(x01)  752(x01)
DOC (mgC/L) 293 (+153) 154(+054) 227 (+062)
UVoss (em™) 0.118 (+0.009) 0,081 (+0.001) 0,092 (+0.005)
SUVA(Lmg' m") 403(+x047) 526(+058) 4.05(+0.63)

*The errors indicate the standard deviation calculated from triplicate
samples,
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Table 5. Summary of pharmaceuticals in column experiment (n=5)

SC BSC
Influent (ng/L)

Effluent (ng/L)  Effluent (ng/L)
lopromide 8466 (+1362) 13.03(+536) 14.14(£7.40)
Acetaminophen 4558 (+839) 2441(+412) 2607 (+8.66)
Carbamazepine 349,06 (+5.37) 34859 (+211) 34916 (+158)
Estrone 430(£222) 0.73(£0.18) 059 (£0.73)
Atenolol 1231 (£5.87) 517 (x0.75) 594 (+£4.48)
Trimethoprim? 3138(x1580) 7.41(x4.19) 597 (£2.30)
Clofibric acid N.D. N.D. N.D.
Sulfamethoxazole 2025(+949) 1268 (£3.16) 19.07 (£2.79)
Ketoprofen 9330(+19.68) 7.25(x217)a 6811(x2541)
Ibuprofen 2753 (x1523) 1279(+816) 21.82(£6.89)
Diclofenac 164,25 (£24.37) 44.65(+13.74) 138.76 (+£26.80)

N.D., not detected. The errors indicate the standard deviation cal-
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Fig. 10. Removal of pharmaceuticals in column experiment (n=5).
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