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Nowadays, drugs are considered as very 

important and integral part of modern life and 

utilized for treating human and animal illnesses. 

The presence of drugs in the environment is one 

of the important issues in the world which just 

recently some of developed countries like USA, 

England, Germany and Italy commenced to 

study the negative impacts of these pollutants 

on the environment. Recently, a few scientists 

interested in finding the fate of these drugs by 

wide volume, thousands distribution points and 

their impacts on living organisms and the 

environment (1). Meanwhile, antibiotics as 

most important part of drugs have a 

considerable contribution in protection of 

human and animal against microbial infections 

(2). In other word, antibiotics are most 

successful drugs in human therapy (3). These 

drug classes have great utilization in poultry 

and aquiculture farms for increasing growth (4). 

Global application of antibiotics estimated at 

100000 to 200000 tons, annually (5). 

Antibiotics have stable impacts on environment 
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 Background & Aims of the Study: Antibiotics utilize with the aim of improving human, 

animal and plant health; also, for treating infections caused by pathogenic bacteria. When these 

compounds introduce into ecosystems, could affect the microbial community and jeopardize 

human health. Therefore, the aim of present study is to determination of the presence of six 

common utilized antibiotics (Amoxicillin, Ciprofloxacin, Erythromycin, Sulfamethoxazole, 

Imipenem and Cefixime) in wastewater effluent of Sina and Besat hospitals in Hamadan, Iran.  

Methods: This study was descriptive-applied type. Sampling was conducted as compound 

samples from nearest manhole to hospitals containing toilets wastewater. Samples were 

transferred into the laboratory in dark conditions at 4°C and after centrifugation, passed through 

0.45µ filters. Then, samples were extracted up to 24h and kept at -18°C until analysis. Prepared 

samples measured via HPLC (High Pressured Liquid Chromatography) system.  

Results: Data analysis indicated the presence of large and unfavorable amounts of three 

antibiotics including Amoxicillin, Cefixime and Imipenem in hospital wastewaters of Sina 

hospital, so that; mean concentration of identified antibiotics for Sina hospital was 5.86, 10.85 

and 25.53 µg/L, respectively. Also, none of the most common antibiotics were observed in 

wastewater from Besat hospital. 

Conclusion: Results showed that great difference between measured antibiotics from hospitals’ 

wastewater is due to intensive fluctuations in quantity and quality of effluent wastewater from 

hospitals. Generally, identified amounts of three antibiotics (Amoxicillin, Cefixime and 

Imipenem) represent improper status of presence of residuals in Sina hospital’s effluent 

wastewater which mixing this flow in urban wastewater; this flow could result in increasing 

concerns about entering antibiotic compounds into environment. 
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and great importance (6). Often, applied 

antibiotics in human and animal were not 

metabolized and 90 percent remains active after 

exclusion. Therefore, the main part of these 

compounds or their metabolites excreted from 

the body via urine and faeces in unchanged or 

partially changed form, entered into wastewater 

networks (7-8) and eventually into wastewater 

treatment plants. Some of these compounds or 

their metabolites were not totally removed in 

wastewater treatment systems, so, considerable 

concentrations had been found in effluents from 

wastewater treatment plants. Disposal of the 

wastewater of treatment plant into environment 

leads to presence of these compounds in 

different parts of aqueous environment, so that 

antibiotics in ng/L to µg/L ranges recognized in 

rivers (9), lakes (10), groundwater (11) and 

soils (12). Therefore, it can be concluded that, 

in best situation, 30000 tons and in worst one 

180000 tons active antibiotics introduce into 

wastewaters annually and eventually to receptor 

waters (13). 

In Heidari et al study (2014) about the 

qualitative analysis of five antibiotics 

(Ampicillin, Oxytetracycline, Enrofloxacin, 

Tylosin and Ciprofloxacin) in wastewater and 

effluent from a municipal wastewater treatment 

plant which is located in the central region of 

Iran, just ciprofloxacin and ampicillin were 

detected in wastewater and effluent (14). 

Various authors know wastewaters as favorable 

habitat for many bacteria for being resistance 

against various antibiotics. Hospital 

wastewaters have greater importance (15).  

Aims of the study: Since there was no study 

about investigating and identifying antibiotics 

in wastewaters in Hamadan city, the present 

study was conducted with the aim of 

determination of the presence of six common 

utilized antibiotics (Amoxicillin, Ciprofloxacin, 

Erythromycin, Sulfamethoxazole, Imipenem 

and Cefixime) in wastewater effluent of Sina 

and Besat hospitals in Hamadan, Iran. 

 

 
The study was descriptive-applied which 

conducted in Sina and Besat hospitals for three 

months (from April to June, 2016). For this 

purpose, monthly two Composite Samples were 

taken from hospitals’ raw wastewater, so, 12 

Composite samples collected and concentration 

of six antibiotics were measured in each 

sample. Also, in order to assure the reliability 

of results, some ambiguous analysis repeated 

three times, so, considering the replications, 

216 analysis were conducted.  

Chemicals and reagents 

In the present study, common and most utilized 

antibiotics were identified by referring to 

hospitals, important drug stores and food and 

drug deputy of Hamadan University of medical 

sciences. According to these surveys, most 

utilized antibiotics in Hamadan were 

Amoxicillin from Penicillin, Cefixime from 

third generation Cephalosporin, Ciprofloxacin 

from Flouroquinolone, Erythromycin from 

macrolides, Sulfamethoxazole from 

sulfonamides. Standards of Amoxicillin, 

Ciprofloxacin, Erythromycin, 

Sulfamethoxazole, Imipenem and Cefixime 

antibiotics purchased from Sigma Aldrich Co., 

Germany. HPLC grade methanol and Ultra-

pure water purchased from Merck Company 

(Germany). SPE cartridges (by 200 mg 

absorbent amount and 6 ml volume) prepared 

from Thailand Corporation. Cellulose acetate 

filter with pore size of 0.45 µm and cellulose 

acetate syringe filter with pore size of 0.2 µm 

were utilized. In addition, analytical grade 

sulfuric acid and Di-sodium ethylene-di-amine 

tetra acetate (Na2EDTA) purchased from Merck 

Company, Germany. The Main solution for 

each antibiotic separately prepared in a mixture 

of methanol and water (volume ratio of 1:1) at 

1 mg/L concentration and kept in freezer at -

10°C. Mixed standard solutions from 10 to 200 

µg/L concentration range prepared, using stock 

solutions in a mixture of methanol and HPLC 

grade water (volume ratio of 3:1). All standard 

Materials & Methods 
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solutions (including stock and work solutions) 

stored at capped 50µL volumetric balloon at -

10°C. 

Samples: 

Sampling location was the nearest manhole to 

Sina (infectious) and Besat (non-infectious) 

hospitals containing sanitary wastewater 

effluent. Composite sampling was conducted to 

decrease qualitative fluctuations in effluent 

wastewater from hospitals. Daily, two sets of 1 

litter samples, first at 11 Am and the second at 

3 Pm, harvested for one hour at 10 min time 

intervals and transferred to laboratory in glass 

flasks at -4°C and mixed in laboratory. In the 

laboratory, regarding to large amounts of 

suspended materials in samples, especially in 

samples collected from raw wastewaters, each 

sample initially centrifuged at 4000 rpm for 40 

min. Then, samples filtered through 0.45µm 

cellulose acetate filter. pH adjusted at 3 by the 

addition of 3mol sulfuric acid. In order to 

remove interferences of metal ions in the 

extraction process and analysis, 0.2g Na2EDTA 

added to filtered acidic samples. Ultimately, 

samples extracted up to 24h and kept at -18°C 

until analysis. 

Solid phase extraction (SPE): 

Solid phase extraction process conducted, using 

SPE cartridges by 200 mg absorbent and 

volume of 6ml. Air was pumped from the 

vacuum flask through vacuum pump and 

cartridges attached to the inner space of flask, 

using a 1ml pipette. Cartridges operated via 

passing over of 4ml methanol and then 6ml 

deionized water. 100 ml wastewater sample by 

pH of 2.8 to 3 passed through cartridge by 5-8 

ml/min flow rate under vacuum of 7-9 inches 

mercury, using an extractive manifold. In this 

condition, having regard to absorbent and 

antibiotic properties, interested compounds 

separated from wastewater matrix and remained 

in SPE absorbent. Then, 10 ml Ultra-pure water 

passed away from cartridges for leaching and 

cartridges dried by air for 5 min. Finally, 

residual analytes transferred to glass tubes, 

using 10 ml methanol. Extracts concentrated up 

to drying under nitrogen flow and recovered to 

250 ml volume in a mixture of ultra-pure water 

and methanol solvent for leaching (9:1 ratio). 

Lastly, extracts are filtered through the 

cellulose acetate syringe filter by 0.2 µm pore 

size and 4mm in diameter, transferred to brown 

vials and kept at -15°C until analysis. In order 

to measuring antibiotics in samples, HPLC 

utilized. Figure 1 indicated schematic 

presentation of solid phase extraction for 

studied antibiotics. 

 
Figure 1: schematic presentation of solid phase 

extraction for studied antibiotics 

 

Table 1) Chromatographic conditions 

Wavelength 

(nm) 

Column 

temperature(ºC) 

Flow velocity 

(ml/min) 

Injection volume 

(µl) 

Antibiotics 

290 20 0.9 25 Cefixime 

250 20 0.9 25 Amoxicillin 

260 20 0.8 25 Imipenem 

235 25 1 25 Sulfamethoxazole 

279 20 1 25 Ciprofloxacin 

210 25 1 25 Erythromycin 

Measurement via HPLC: 

Due to low accuracy of simultaneous analysis 

methods, in the present study, special and 

separate methods utilized for measuring 

antibiotics. Utilized chromatography system 

Agilent 1200 (made in USA) equipped by 
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Autosampler. Extracted liquid simultaneously 

passed through C18 column (ODS-3 

250×4.6mm, 5µm) by mobile phase of acetate 

(pH 4) and acetonitrile (89:11 ratio) along with 

0.1 percent formic acid at 30°C and flow rate of 

0.8 ml/min. Chromatographic conditions 

required for each antibiotic presented in Table 

1. It should be noted that sample prior to 

injection to the column, filter via 0.2µm syringe 

filters.  

 
Assessing the validity of chromatography 

method: 

In order to calculating linearity index, different 

concentrations of each antibiotic must be 

prepared. After analysis and obtaining the 

results, calibration curve plotted and regression 

coefficient index (R
2
) was calculated for 

achieving the linearity. It should be noted that, 

in the present study for Imipenem, amoxicillin 

and Cefixime, totally 7 measurement points at 

1-80, 1-70 and 1.5-50 µg/l concentrations, 

respectively, utilized for plotting calibration 

curve and determination of linearity index.  

Calibration curves with acceptable linearity 

index obtained about 0.9997 for Amoxicillin, 

0.9992 for Cefixime and 0.9996 for Imipenem 

which represent the accuracy of calibration 

curves and determined concentrations.  

Antibiotic concentrations in hospital 

wastewaters: 

According to Table 2, results of data analysis 

indicate the presence of large and unfavorable 

amounts of three antibiotics including 

Amoxicillin, Cefixime and Imipenem in Sina 

hospital’s wastewater, so that, the mean 

concentration of Imipenem in wastewaters of 

Sina hospital had the highest concentration 

(25.53µm/l). Also, according to Table 3, none 

of the most common antibiotics were observed 

in wastewater from Besat hospital. Comparison 

of identified antibiotics concentrations in Sina 

hospital presented in Fig. 2. 

As shown in Fig. 1, the highest concentration 

was associated to Imipenem antibiotic in March 

(28.26µg/l). Also, samples from out of the 

peaks of Amoxicillin, Cefixime and Imipenem 

in wastewater samples have been compared 

with standard peak and shown in Fig. 3-5. 

Table 2) concentrations of studied antibiotics in hospital wastewater of Sina hospital in Hamadan 

Month Antibiotics 

Erythromycin Sulfamethoxazole Ciprofloxacin Imipenem Cefixime Amoxicillin 

April ND ND ND 27.4 12.4 5.8 

ND ND ND 29.12 11.73 6.5 

May ND ND ND 26.63 10.87 7.91 

ND ND ND 25.16 8.6 5.85 

June ND ND ND 19.89 10.55 3.98 

ND ND ND 24.96 10.96 5.17 

SD± Mean - - - 25.53±2.88 10.85±1.18 5.86±1.2 

 

Table 3) concentrations of studied antibiotics in hospital wastewater of Besat hospital in Hamadan 

Month   Antibiotics    

Erythromycin Sulfamethoxazole Ciprofloxacin Imipenem Cefixime Amoxicillin 

April ND ND ND ND ND ND 

ND ND ND ND ND ND 

May ND ND ND ND ND ND 

ND ND ND ND ND ND 

June ND ND ND ND ND ND 

ND ND ND ND ND ND 

SD  ± Mean - - - - - - 

 

Results 

D
ow

nl
oa

de
d 

fr
om

 jh
yg

ie
ne

.m
uq

.a
c.

ir 
at

 2
3:

30
 IR

D
T

 o
n 

F
rid

ay
 A

ug
us

t 1
7t

h 
20

18

http://jhygiene.muq.ac.ir/article-1-221-en.html


 

----------------------------------------------------------------- ------------------------------------------------------------ 

Archives of Hygiene Sciences                 Volume 6, Number 2, Spring 2017 
© 2017 Publisher: Research Center for Environmental Pollutants, Qom University of Medical Sciences. All rights reserved. 

•Common Antibiotics in Wastewater of Sina and ... Shokoohi R, et al. / Arch Hyg Sci 2017;6(2): 152-159 

156 

 
 

Figure 2) Comparison of identified antibiotics in Sina 

hospital 
Figure 3) Output peak sample for Amoxicillin 

antibiotic 

  
Figure 4) output peak sample for Imipenem antibiotic Figure 5) output peak sample for Cefixime antibiotic 

 

 

 
Concentration of antibiotics in hospital 

wastewater: 

In the present study, among studied antibiotics 

for Sina and Besat hospitals, only three 

antibiotics including amoxicillin, imipenem and 

Cefixime identified in effluent wastewater of 

Sina hospital and there was no recognized 

antibiotic in Besat hospital wastewater effluent. 

Having regard to this point that Besat hospital 

is an infectious hospital, antibiotic application 

in this hospital is higher than other one. 

Imipenem had the highest concentration. 

Results showed that β-lactams which include 

penicillin, cephalosporin, mono-bactams and 

carbapenems, have the highest application rate 

for human communities. The share of these 

antibiotics is almost 50 to 70 percent of total 

antibiotic applications (16,17). Imipenem is an 

antibiotic from carbapenem group which has 

the widest range and was considered as a last 

defense line against antibiotic resistant 

organisms. 

The mean concentration of recognized 

antibiotics including amoxicillin, Cefixime and 

imipenem in Sina hospital wastewater were 

5.86, 10.85 and 25.53 µg/L which great 

difference among measured amounts from 

hospital wastewater could be due to intensive 

qualitative and quantitative fluctuations  in 

wastewater effluent. So that, the highest 

amounts for these antibiotics from Sina hospital 

were 7.91, 12.4 and 29.12 µg/L, respectively 
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and the lowest amounts were 3.98, 8.6 and 

19.89 µg/L, respectively. Lindberg et al. (2004) 

studied antibiotics in hospital wastewater at 

different time in day and night indicated this 

fact that wastewater effluent at different times 

had considerable differences (18). 

Dehghanzadeh et al. (2014) showed that in 

hospital wastewaters of Tabriz, mean and 

maximum concentration of imipenem in 

hospital effluent were 8.7 and 22.4 µg/L, 

respectively, which are in consistent with the 

present study (19). 

Results of Ghafouri et al. (2014) who measured 

amoxicillin concentration in three selected 

hospitals in Bojnourd town on April, May and 

June months showed that, the highest antibiotic 

amount observed in Imam Ali (AS) on June by 

234.4 µg/L and the lowest amount obtained in 

Bentolhoda hospital on April by 24.01 µg/L. In 

June, antibiotic concentration for all of three 

hospitals reported as zero and BentolHoda 

hospital had zero amount on May. Data 

dispersion in the present study could be 

attributed to the dispersion of drug consumption 

type and Amoxicillin application time in 

hospitals. Also, data dispersion could be due to 

randomized application of drugs in hospitals for 

laboratory and treatment uses (20). In the 

present study, the highest amount of recognized 

antibiotic for Cefixime and imipenem 

antibiotics observed on March (12.06 and 28.26 

µg/L, respectively) and for amoxicillin on April 

(6.88 µg/L). Rossmann et al. (2014) studied 

various antibiotics in urban raw wastewater and 

found that highest and lowest amount for 

Amoxicillin was 1240 and 0 ng/L, for 

Sulphometaxasol was 2204 and 12 ng/L and for 

Ciprofloxacin was 1570 and 78 ng/L, 

respectively (21). In the present study, there 

were no Sulphometaxasol and Ciprofloxacin 

antibiotics in both studied hospitals. In a study, 

Pena et al. (2010) investigated the presence of 

antibiotics in hospital wastewater and showed 

that tetracycline amount in hospital wastewater 

was in 6 to 531.7 µg/L range and the highest 

antibiotic concentration observed in the Spring 

season (22). Also, the results of ThiQuynh Lien 

et al. showed that the mean concentration of 

Ciprofloxacin antibiotic in hospital raw 

wastewater obtained as 42.8 µg/L (23). 

In the present study, there was no Ciprofloxacin 

antibiotic in both studied hospitals. At the 

current situation, recognized amounts of all 

three antibiotics represents inappropriate status 

of present of residuals in wastewater effluent of 

Sina hospital; so, mixing these flows with 

urban wastewater flow could cause increasing 

concerns about introducing antibiotics in 

environment. On the other hand, the impact of 

these residuals on wastewater treatment 

processes could not be ignored. As a study in 

Hong Kong (2008) indicated, introduced 

antibiotics into wastewater treatment facilities 

caused disturbing in biological processes, 

especially interferences in algal growth in 

fixation ponds, in which the highest sensitivity 

had been for Amoxicillin (24).  

Ultimately, it can be said that residuals of 

utilized antibiotics in aqueous environments not 

only considered as an environmental danger, 

but also imposes more treating-investigating 

costs for discovering new antibiotics in order to 

treating resistant infections. According to the 

statistics of antibiotic application in Iran, the 

presence of higher concentrations of antibiotics 

in hospital and urban wastewaters as well as 

lower amounts in surface, groundwater and 

drinkable water could not be surprising. 

  
It can be concluded that the residual 

concentration of three antibiotics Cefixime, 

Amoxicillin and Imipenem in wastewater of 

infectious diseases hospital (Sina) were 

inappropriate, since these antibiotics were 

identified in all samples which were taken from 

Sina hospital during three months of study. 

Discharging of effluents from this hospital to 

Municipal wastewater stream can increase 

concerns about antibiotics in the environment. 

Conclusion 
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Here, there are strategies for dealing with 

introduction of drugs, especially antibiotics into 

environment, including: applying management 

strategies for reducing antibiotic uses, giving 

information and making aware physicians and 

specialists about correct and rational use of 

antibiotics and no excessive prescription of 

antibiotics and in un-essential cases, culturally 

work about decreasing self-pharmaceuticals by 

peoples and also applying administration 

strategies for removing antibiotics and 

prevention of introducing them into 

environment like complete treatment of hospital 

wastewater. 

 
Acknowledgments: 

This study was extracted from the research 

project with ID: 9511126869 the Hamadan 

University of Medical Sciences. So we 

acknowledge research and technology deputy 

of the University for financial aids providing 

the financial support. 

Conflict of Interest: 

The authors declared no conflict of interest. 

 
1. Sayadi MH, Trivedy RK, Pathak RK. Pollution of 

pharmaceutical in environment. J Industrial Pollution 

Control 2010; 26(1):89-94. 

2. Diaz-Cruz MS, Garcia-Galan MJ, Barcelo D. 

Highly sensitive simultaneous determination of 

sulfonamide antibiotics and one metabolite in 

environmental waters by liquid chromatography–

quadrupole linear ion trap–mass spectrometry. J 

Chromatogr A 2008;1193(1-2):50–9. 

3. Martinez JL. Environmental pollution by 

antibiotics and by antibiotic resistance determinants. 

Environ Pollut 2009;157(11):2893-902. 

4. Valverde RS, Garcia MD, Galera MM, 

Goicoechea HC. Determination of tetracyclines in 

surface water by partial least squares using multivariate 

calibration transfer to correct the effect of solid phase 

preconcentration in photochemically induced 

fluorescence signals. Anal Chim Acta 2006;562(1):85-

93. 

5. Elmolla ES, Chadhuri M. Comparison of 

different advanced oxidation processes for treatment 

antibiotic aqueos solution. Desalination 2010;256(1-

3):43-47. 

6. Sheikh Mohammadi A, Yazdanbakhsh AR, 

Sardar M. Chemical Oxygen Demand Removal from 

Synthetic Wastewater Containing Non-beta Lactam 

Antibiotics Using Advanced Oxidation Processes: A 

Comparative Study. Arch Hyg Sci 2013;2(1):23-30. 

7. McArdell GS, Molnar E, Suter MJ, Giger W. 

Occurrence and Fate of Macrolide Antibiotics in 

Wastewater Treatment Plants and in the Glatt Valley 

Watershed, Switzerland. Environ Sci Technol 

2003;37(24):5479–486. 

8. Seifrtova M, Novakova L, Lino C, Pena A, 

Solich P. An overview of analytical methodologies for 

the determination of antibiotics in environmental waters. 

Anal Chim Acta 2009;649(2):158–79. 

9. Kolpin DW, Furlong ET, Meyer MT, Thurman 

EM, Zaugg SD, Barber LB, et al. Pharmaceuticals, 

hormones and other organic wastewater contaminants in 

US Streams 1999–2000: A national reconnaissance. 

Environ Sci Technol 2002;36(6):1202–11. 

10. Tixier C, Singer HP, Oellers S, Muller SR. 

Occurrence and fate of carbamazepine, clofibric acid, 

diclofenac, ibuprofen, ketoprofen, and naproxen in 

surface waters. Environ Sci Technol 2003;37(6):1061–

1068. 

11. Sacher F, Lange TF, Brauch HJ, Blankenhorn I. 

Pharmaceuticals in groundwaters. Analytical methods 

and results of a monitoring program in Baden-

Wuttemberg, Germany. J Chromatogr A 2001;938(1-

2):199–210. 

12. Diaz-Cruz MS, Lopez de Alda MJ, Barcelo D. 

Environmental behavior and analysis of veterinary and 

human drugs in soils, sediments and sludge. TrAC 

Trends Anal Chem 2003;22(6):340–51. 

13. Kummerer K. Antibiotics in the aquatic 

environment- a review- Part I. Chemosphere 

2009;75(4):417-34. 

14. Heidari M, Bina B, Ebrahimi A, Kazemipour M, 

Ansari M, Amin MM. A qualitative survey of five 

antibiotics in influent and effluent of a wastewater 

treatment plant in central plateau of Iran. J Health Syst 

Res 2014;10(1):126-141. (Full Text in Persian) 

15. Kummerer K, Henninger A. Promoting resistance 

by the emission of antibiotics from hospitals and 

households into effluent. Clin Microbiol Infect 

2003;9(12):1203–14. 

16. Nikkhah J, Mehr-Movahed A. Antibiotic 

resistance of Shigella species in Iran. Iranian J Public 

Health 1987;16(1-4):111-116.   

17. Ebrahimzadeh MA, Ansari F, Ramezani A, 

Shokrzadeh M, Shabankhani B, Saeedi S et al . 

Utilization Pattern of Antibiotics in Different Wards of 

Sari Imam Khomeini Teaching Hospital. J Mazandaran 

Univ Med Sci 2007;17(61):166-169  

Footnotes 

References 

D
ow

nl
oa

de
d 

fr
om

 jh
yg

ie
ne

.m
uq

.a
c.

ir 
at

 2
3:

30
 IR

D
T

 o
n 

F
rid

ay
 A

ug
us

t 1
7t

h 
20

18

http://jhygiene.muq.ac.ir/article-1-221-en.html


 

------------------------------------------------------------------------------------------------------------------------------- 

Archives of Hygiene Sciences                                                     Volume 6, Number 2, Spring 2017 
© 2017 Publisher: Research Center for Environmental Pollutants, Qom University of Medical Sciences. All rights reserved. 

•Common Antibiotics in Wastewater of Sina and ... Shokoohi R, et al. / Arch Hyg Sci 2017;6(2): 152-159 

159 

18. Lindberg R, JarnheimerPik PA, Olsen B, 

Johansson M, Tysklind M. Determination of antibiotic 

substances in hospital sewage water using solid phase 

extraction and liquid chromatography/mass spectrometry 

and group analogue internal standards. Chemosphere 

2004;57(10):1479-88. 

19. Dehghanzadeh Reihani M, Safavy N, 

GhaemmaghamiHazaveh J, Pourakbar M, Nazari Sh. 

Determination of extraction and analysis method for 

Imipenem in hospital sewage samples using High 

Performance Liquid Chromatography-UV detector and 

with solid phase extraction column. Arak Med Univ J 

2014;17(87):9-18. (Full Text in Persian) 

20. GhafouriSafa S, Mirzaali A, Ghorbanpour R, 

Kamali H, Gholizadeh A. Performance evaluation of 

wastewater treatment facilities in selected hospitals of 

North Khorasan in 2012-2013. J North Khorasan Univ 

Med Sci 2014;6(2):371-379. (Full Text in Persian) 

21. Rossmann J, Schubert S, Gurke R, Oertel R, 

Kirch W. Simultaneous determination of most prescribed 

antibiotics inmultiple urban wastewater by SPE-LC–

MS/MS. J Chromatogr B Analyt Technol Biomed Life 

Sci 2014;969:162–170. 

22. Pena A, Paulo M, Silva LJ, Seifrtová M, Lino 

CM, Solich P. Tetracycline antibiotics in hospital and 

municipal wastewaters: A Pilot Study In Portugal. Anal 

Bioanal Chem 2010;396(8):2929–2936. 

23. Lien LT, Hoa NQ, Chuc NT, Thoa NT, Phuc HD, 

Diwan V, et al. Antibiotics in Wastewater of a Rural and 

an Urban Hospital before and after Wastewater 

Treatment, and the Relationship with Antibiotic Use—A 

One Year Study from Vietnam. Int J Environ Res Public 

Health 2016;13(6):588-592. 

24. Leung HW, Minh TB, Murphy MB, Lam JC, So 

MK, Martin M, et al. Distribution, fate and risk 

assessment of antibiotics in sewage treatment plants in 

Hong Kong, South China. Environ Int 2012;42(0):1-9. 

 D
ow

nl
oa

de
d 

fr
om

 jh
yg

ie
ne

.m
uq

.a
c.

ir 
at

 2
3:

30
 IR

D
T

 o
n 

F
rid

ay
 A

ug
us

t 1
7t

h 
20

18

http://jhygiene.muq.ac.ir/article-1-221-en.html

