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ABSTRACT

The powdered activated carbon (PAC) adsorption to remove trace contaminant antibiotics from water was studied.
The results showed that the PAC adsorption feature of selected antibiotics complied with Freundlich adsorption
isotherm model. PAC has high performance in removing antibiotics in water. When the concentration of antibiotics
in the water is about 489ng/L and the dosage of PAC is24mg/L, the removal rates of sulfamethoxazole, sulfadimidine,
erythromycin, oxytetracycline and tetracycline through PAC adsor ptionwere79.84%, 80.05%, 94.62%, 83.32% and
96.88% respectively.
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INTRODUCTION

In recent years, antibiotics have been detectealqumtic environments in many countries and regleb$[ and
long-term consumption of water that contains trangbiotics and other drugs poses a threat to huneafth[6].
Attention has been drawn to this problem worldwidibe production and use of antibiotics in chinanisevere
abuse[7-9], and antibiotics pollution in water @omment is more serious in china than in developaahtries.
Studies show that antibiotic had been detectetienPearl River in Guangzhou, Shenzhen River, tHeweRiver
and other rivers in china, and that most of théb#attcs content level is higher than developedrtaas [10-12]. In
recent years, antibiotics and other drugs have Hetatted in drinking water in the United Statesn&tla, Germany,
France, Finland and other developed countries[]3Tlis exposes efficiency issue of the drinkingevareatment
process for pharmaceuticals removal as well as humalth risks caused by trace drugs in drinkintewa

Rooklidge [17]studied the treatment effect of theltirstages and filter for four antibiotics(pg/Lvid) in drinking
water. The results show that Tellabsneomycin aimdethoprim treatments are better with removal rateching
99.9%. Conversely, the removal rates of lincomyaimd sulfa are only 4%and25%. Adams[18]used the ion
exchange method to research the treatment effettiitethoprim and sulfa antibiotic in river (ugdoncentrations),
and the results show that they would rapidly geulgh the strong acid cation exchangers in colummtdighe
removal rate is only 21%~58%.Currently,there atgeptways to remove antibiotics, such as bioremieafit9],
biological treatment, advanced oxidation technolagy adsorption. Powdered Activated carbon (PAG)aaigh
specific surface area and rich gap structure, anddely used in water treatment as a good adsorptiaterial. The
characteristics and performance of PAC for remowintibiotics in water were studied, which can pdevieference
for removal of the typical antibiotics in sourcetema
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EXPERIMENTAL SECTION

2.1Experimental materials

Adsorbed material is powdered activated carbon kvhias a diameter of less than 0.074mm (200 sieseyeatl
from coal. Pure water was made with pure ultrapuater system. Methanol solution is HPLC grade. atigbiotics
were conserved in refrigerator at 20 Standard stock solution of antibiotics was 1magfid further diluted with
pure water to a concentration required of the enpesnt.

2.2 Characteristicsanalysis of PAC
Surface area, pore volume and pore sizes of poddsrgvated carbon were determined by specificasgrfarea
and pore size analyzer (V-sorb 2800p, Gold APRunstnt Corporation China).

2.3 Analysis of antibiotics concentration

500mL water samples were filtered through @mccellulose acetate membrane and then added GEGNA, and
adjusted the pH to 3.0. Solid phase extractionroki (6mL, 500mg, Waters Oasis HLB) were used tcaekthe
antibiotics from water sample. The columns werévatdéd by washing with 5SmL methanol and 5mL purdéerat a
flow rate of ImL/min. 500mL water samples flowedotiigh the column at a flow rate of 5SmL/min. Thewohs
were dried by vacuum draw. The antibiotics werdegluvith 6mL methanol solution into 10mL centrifutydoes,
the flow rate through the columns is 1mL/min. Aftee methanol solution in the centrifuge tubes wenged with
N, to near dryness at room temperature, the volumse made up to 2QQ with water-methanol (70:30) solution
and solution were transferred into 1.5mL amberwgcvals. The antibiotics were analyzed with HPLC-MIS
(HPLC-tandem mass spectrometry: High PerformangeidiChromatography, Agilent 1200.TripleQuadrupcdss
Spectrometer model, Agilent 6410.USAAgilent Teclugyl Co., Ltd. PC -420Dsolid phase extraction dévice

2.4 Operation procedure of adsor ption test

Powdered activated carbon sample was immersedrenvpater for24 hours, and then placed in to an doadry at
105C until a constant weight is reached. Powdered aigte/ carbon sample and water samples were put into
Erlenmeyer flasks. The water samples in each flasie of the same volume and the antibiotic conediotr is
about 489ng/L. The flasks were placed on a shak#ra constant temperature box. All water samplee\iltered
through 0.45umcellulose acetate membrane befonefliidual antibiotic concentration was measured.

2.5Freundlich adsor ption isotherm model
The adsorption capacity of activated carbon isesgnted by adsorption capacity,

V(C,-C X
q=V(C -0 _ X

1
M v (1)

Where g -activated carbon adsorption capacityupérweight of the adsorbent material adsorbedbattc weight,
ng/mg; V -water sample volume, Lp,GC -concentration of antibiotics in water samplésaw water and adsorption
equilibrium ng/L; X -adsorbed weight, ng; M -actied carbon dosage, mg;

In this experiment, Freundlich equation was fittedantibiotic adsorption isotherms. Freundlich diumais below:
1

g=KsCn 2)

where q -activated carbon adsorption, ng/mg; Cilbgium concentration of the adsorbed substanck.;nig, n-
constants related to temperature and pH of thdiso|uithe nature of the adsorbent and the adsariztbrs.

RESULTSAND DISCUSSION

3.1 Characteristicsof PAC
The detection results of surface area, pore-volame,pore size of activated carbon powder are shioviable 1.

TablelBasic properties of activated carbon

Name BET Specific surface areém?/g) Pore-volume (crilg)  Aperture (nm)
PAC 1054.7372 0.5919 2.2447

It can be seen from table 1 that the PAC has rixk ptructure and high specific surface area.
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3.2 Effects of PAC dosage to adsor ption

Sulfamethoxazole was used in the test. The dosBA® for six 1000mL erlenmeyer flasks was 10, 20, 60, 80
and 100mg respectively. The water sample volunmeaich erlenmeyer flask was 1000mL, with a sulfamethole
concentration of about 489ng/L. The temperaturavater sample was20. All flasks were shaken for 1h on the
shaker. Every water sample should be filtered thino0.4um cellulose acetate membrane, residual antibiotic
concentration was measured and the results arensimoifig.1.
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Fig.1 Sulfamethoxazole concentrationsfor different PAC dosage

The Fig.1 shows that the removal rate of sulfamedhole increases along with powdered activatedoradmsage.
When the dosage of PAC is 10mg/L, the removal odteulfamethoxazoleis76.71%. While the dose of R&@Got
less than20mg/L, the removal rate of sulfamethobea® more than 95%. The blank experiment was petou
correct the loss of trace antibiotics during expental procedure. The result shows that PAC haerbadsorption
performance for sulfamethoxazole.

3.3 Effects of PAC adsorbed time

Sulfamethoxazole was selected in the experimenir Eolenmeyer flask (1000mL) were used. Three Enleyer
flasks were added 10mgPAC, while the fourth was moeach of Erlenmeyer flask with the same volwhavater
sample (1000mL).The temperature of water sample@@. The three flasks with PAC were shaken on a shaker
for 0.5h, 1h and 2h respectively. The water samghemild be filtered through 0.dfcellulose acetate membrane
before the residual antibiotic concentration wagcted. The sulfamethoxazole concentration of blaater sample

is 476.23ng/L. Other results are shown in Fig.2.
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Fig.2 Sulfamethoxazole concentrationsin different adsor ption time
The Fig.2 shows that the removal rate of sulfamedhole increases with increase in the adsorptioe.tWhen the

oscillation time is 1h, the removal ratereachesB%h5The increase extent is not significant whemdeahaken up
to 2h, with a removal rate of 80.78%. The duratdPAC adsorption equilibrium for sulfamethoxazidelh.
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3.4 Effect of kinds of antibiotics

Five kinds of antibiotics were selected in the expent. The dose of PAC in six1000mL Erlenmeyeskmare O0mg,
2mg, 6mg, 12mg, 18mg and 24mgrespectively for ttheogption test of each antibiotic. The volume ofteva
samples is the same in all experimental Erlenmégsks(1000mL).The temperature of water wae2the flasks

were shaken for 1h on the shaker. Every water sasipuld be filtered through 0.45umcellulose aeatambrane
before the concentration of residual antibiotics watected. The results were shown in Fig.3.
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Fig.3 PAC adsor ption equilibrium of antibiotic concentration

From Fig.3, it can be seen that the equilibriumceorration of antibiotics in water samples decreagéh increase
in PAC dosage. PAC has excellent capability inkaotics removal. The removal rates of all testetibéotics

increased with raise in PAC dosage within a centaimge. When PAC dosage is 24mg/L, the maximum vaeimate
of sulfamethoxazole, sulfadimidine, erythromyciryi@tracycline and tetracyclinereached79.84%, 8%.,0%4.62%,
83.32%and 96.88% respectively.

3.5 PAC Adsorption capacity for antibiotics
Based on the tests above (3.4), the adsorptioncitapEf PAC for antibiotics were calculated usirte tactivated
carbon adsorption formula (1).The results were shiowFig.4.
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Fig.4 PAC adsor ption capacity of the typical antibiotics

From Fig.4, it can be seen that the adsorption titygmer unit mass of PAC decreases along withdeeline of

antibiotic concentration in adsorption equilibriwwondition. Furthermore, it can be seen that theaciéyp of PAC

adsorption for different kind of antibiotics is nalike with same PAC dosage. The adsorption capa€¢iPAC for

tetracycline and oxytetracycline is higher thareothntibiotics, which may be due to the presencelafge number
of hydroxyl groups in both antibiotics molecularusture as well as much acidic oxygen-containiraugs in PAC
surface.

3.6 Adsor ption isotherm model
Calculated results of the test comply with the Rddich model. The Freundlich model parameters dated are
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shown in Table2.

Table 2AntibioticsFreundlich adsor ption isotherm parameters

Freundlich adsorption isotherm parameters

Antibiotics K n =
Sulfamethoxazole 1.17 0.23 >0.9
Sulfadimidine 1.18 0.15 >0.9
Erythromycin 1.25 0.14 >0.9
Oxytetracycline 1.12 0.57 >0.9
Tetracycline 1.19 0.63 >0.9

In the table 2, it is more reasonable to use theumkdlich model to represent adsorption isothermafatibiotic
adsorption. All the correlation coefficients?jRare greater than 0.9. The experimental resutimet that Freundlich
adsorption isotherm parameters for different typleantibiotics are different. The parameter K falf& antibiotics
(including sulfamethoxazole and sulfadimidine) atetracycline antibiotics (including oxytetracyclinend
tetracycline) is approximate. The reason may big ffimilar molecular structure. The greater K vaindicates that
the PAC adsorption rate for antibiotics is larg2f][ PAC adsorption rate for erythromycin is higheshile
adsorption rate for sulfonamide and tetracyclineasmuch different. The smaller the value of patenn[20], the
faster the PAC adsorption saturates, and the ehsentibiotics is to be adsorbed. The rate obgud®n saturation
of PAC for sulfa and erythromycin antibiotics istiar than tetracycline.

CONCLUSION

By studying the PAC adsorption for selected antibisubstances in water, the following conclusioas be drawn.
(1) PAC has high performance in removing some slpantibiotics. When the concentration of antilwistin the
water is about 489ng/L, the PAC dosage is 24mdpe adsorption removal rate of sulfamethoxazoldadirhidine,

erythromycin, oxytetracycline and tetracycline W&84%, 80.05%, 94.62%, 83.32% and 96.88% respheti{2)

The Adsorption features of PAC for antibiotics cdynpvith the Freundlich adsorption isotherm modeheT
adsorption characteristics of PAC for differentagmf antibiotics are different. The adsorptionazay of PAC for

tetracycline and oxytetracycline is higher thareothntibiotics.

Acknowledgement

This work was supported by National Natural ScieRoeindation of China (51278285), Shandong Provincia
Natural Science Foundation of China (ZR2010EMO1®J &lational Science and Technology Major Project of
china (2012ZX07404-003).

REFERENCES

[1] G Hamscher; B Priess and H Nauchiv fur Lebensmittelhygiene, 2006, 57, 97-101.
[2] DW Kolpin; ET Furlong; MT MeyerEnviron. Sci. Technol., 2002, 36, 1202-1211.
[3] AL Batt; DD Snow and DS AgaChemosphere, 2006, 64, 1963—-1971.

[4] AYC Lin;TH Yu and CF Lin.Chemosphere, 2008,74,131-141.

[5] S Managaki; A Murata and H Takadzviron. ci. Technol., 2007,41, 8004-8010.
[6] A Bendesky and C Menéndédutat. Res., 2002, 511(2), 133-144.

[7]1 @X Zhou; Y Luo and ME Wanglournal of Chemical Ecology, 2007, 2(3), 243-251

[8] BJ Richardson; PKS Lain and M Martidarine Pollution Bulletin, 2005, 50(9), 913-920
[91 WH Xu; G Zhang and SC Zo#&nvironmental Science, 2007, 28(8), 1779-1783

[10]YC Liu; WH Xu and LL Yu.Journal of Instrumental Analysis, 2006, 25(2), 1-5

[11] JP Ye; SC Zou and GZha#kgological Environment, 2007, 16 (2), 384-388

[12] QX Yang; XM Li and ZJ JiaTech. Equip. Environ. Pollut. Control, 2006, 7(12), 57-60.
[13] TA Temes; MMeisenheimer and D Medowd@&hviron. ci. Technol., 2002, 36(17), 3855-3863
[14] P Westerhoff; Y Yoon and S SnydEnviron. Sci. Technol., 2005, 39(17), 6649-6663

[15] GA Loraine and ME Pettigrov&nviron. Sci. Technol., 2006, 40 (3), 687-695

[16] S Mompelat; B L Bot and O Thomd&viron. Int., 2009, 35(5), 803-814

[17] SJ Rooklidge and JR Mingkmerican Water Works Association J., 2005, 97(12), 92-100.
[18] C Adams; Y Wang and K LoftirEnviron. Eng., 2002, 128(3), 253-260.

[19] MP Das; M Bashwant; K Kumar and J DasChem. Pharm. Res., 2012, 4(2), 1061-1065.
[20] W Wu and XH ZhaoWater Supply and Drainage, 2012, 38(5), 133-136.

582



