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ABSTRACT

Antibiotics are among the emerging micro contaminants in the aquatic environment due to their
potential adverse effects on the ecosystem and possibly on human health. Four important
antibiotic classes, sulfanomides [sulfadiazine (SDI), sulfamethoxazol (SMX)], penicillin
[amoxicillin (AMX), ampicilline (AMP)], tetracycline [oxytetracycline (OTC), tetracycline
(TET)] and macrolids [erythromycin (ERM)] are used for human and veterinary medicine, were
studied. Triplicate samples of hospital effluents water and sediment were collected from 50
sampling sites in different area of the country and Horton plaines as pristine environment for the
study. Solid-Phase Extraction (SPE) was employed to concentrate anibiotics and quantification
of were done by High Performance Liquid Chromatography (HPLC). Recoveries for each
antibiotic was remained between 83% + 0.021 to 95% + 0.034. Among the selected antibiotics
tested; the highest concentrations of AMX and AMP were recorded in hospital effluent water.
AMX and AMP were detected range between 0.001-0.023 ppm and 0.001 — 0.024 ppm
respectively. The other antibiotics concentrations were; TET (water: 0-0.001ppm, sediments:
N.D); SDI (water: 0.001- 0.003ppm, sediments: .001-0.003ppm); SMX (water: 0.001- 0.018ppm,
sediments: 0.001-0.002ppm); ERM (water: 0.001-0.008ppm, sediments: 0.001-0.003ppm)
respectively. Relatively high removal efficiency was detected for TET (50-100%) where
desending order was followed by SDI (63-72%), SMX (52-72%), ERM (48-100%), AMP (40-
54%) and AMX (35-58%) respectively. The results of the study can be incorporated into
environmental risk assessments of the particular contaminants as the published information
regarding antibiotic contamination ststus in water and sediment are limited in Sri Lanka.
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1.0 INTRODUCTION

Antibiotics are used extensively in human and veterinary therapy, aquaculture, for the purpose of
preventing or treating microbial infection. The term “antibiotic” originally referred to any agent
with biological activity against living organisms; however, “antibiotic” now refers to substance
with antibacterial, antifungal or antiparasitical activity” (Hirsch et al. 1999). There are about 250
different chemical entities registered as antibiotics for use in human and veterinary therapy at
present (Moges et al. 2014).

The first antibiotic discovered from fungi and now synthetic antibiotics such as sulfa group and
semi-synthetic antibiotics like cephalosporin group are used (Kummerer 2009). It was estimated
that worldwide annual consumption of antibiotics by human was about 100 000 to 200 000 tons
per capita and the individual share of compound varies from country to country (Kummerer
2009). Antibiotic prescription rates and intake without prescription vary markedly between
countries (Molstad et al. 2002). Data on the country-specific groups of antibiotics are varying in
different countries but mostly as Defined Daily Dose (DDD) according to WHO (WHO 2013).
However, at present, there are no discharge standards for antibiotics were adopted in Sri Lanka.
Proper treatment facilities; even in hospitals were not properly established. Therefore, excessive
use of antibiotics may lead to occurrence of traces of chemical compounds in the aquatic
environment (Schmidt et al. 2000; Ferrari 2003).

Antibiotics can been more or less extensively metabolized by human, animals and finally reach
to the environment (Ritter et al. 2008). After administration to human body, some antibiotics
excreted as it is or as other form of metabolites into the environment in different ways (Ritter et
al. 2008). Important point is the non-metabolized fractions of antibiotic is excreted as a still
active compound (Ritter et al. 2008) and only partially eliminated during the treatment
processes, through the sewage system and may end up in the aquatic and soil compartment of the

environment. Residual amounts can contaminate sediments, surface and ground water as well
(Giorgia et al. 2004).

The antibiotics; sulfanomides, penicillin, tetracycline and macrolids were most often prescribed
antibiotics for common infectious diseases in both human and animals. Sulfadiazine (SDI) and
Sulfamethoxazol (SMX) are sulfanomides which are a group of antibacterial agents commonly
used in urinary tract infections, pneumocystis pneumonia, chronic branches and etc (BNF 2010),
where Amoxicilline (AMX) and Ampicilline (AMP) are penicillins which have been most
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widely used antimicrobial drugs for more than 80 years and still considered as one of the most
important group of antibiotic. Cloxacillin is used to treat different types of infectious diseases
caused by Staphylococcus bacteria ("staph” infections). Oxytetracycline (OTC) and tetracycline
(TC) are characterized by a broad spectrum activity against pathogenic microorganisms (Thomas
et al. 2007). Erythromycin (ERM) is commonly used extensively as a major alternative to
penicillins and cephalosporins in many countries for the treatment of infections, especially those
caused by B-haemolytic Streptococci and Pneumococci (Catherine et al. 2007).

The heavy use of antibiotics in farm animals, plant protection, veterinary and human medicine in
unregulated manner may increase the antibiotic contaminations in the surrounding environment.
During the recent years antibiotics have categorized as high risk pollutants in the environment
because of their toxic effects on bacteria and algae at very low concentrations and also due to
their toxic capacity to create resistant among natural bacteria populations (Wellington et al.
2013). Ataee et al. (2012) detected amoxicillin (AMX) in different types of wastewater in Lahore
and documented high concentration of AMX in hospital effluent (7.31-39.13 ppb), municipal
wastewater (0.54-1.29 ppb) and in River Ravi (0.14-0.37 ppb) respectively . High
concentration of ciprofloxacin (218-236 g/L) sulfamethoxazole (4.6 g/L), oxytetracyclin (3.2
g/L) and trimethoprim (2.2g/L) were reported in hospital wastewater in India (Hughes et al.
2013).

The antibiotic detection in aqueous samples is largely related to persistence and transport in the
aquatic environment. In fact, sulfanomide, flouroquinolones and macrolids antibiotics showed
the highest persistence and were frequently detected in hospital effluent (Huang et al. 2001). The
likelihood of detection depends on both the compound’s initial effluent concentration and its
environmental persistence (Huang et al. 2001).

Thus, intensive use of antibiotics has caused general concern about the risk for development of
bacteria that are resistant to such chemical substances (Kummer. 2009). In most of aquatic
environments the concentrations of antibiotics have recorded as very low concentrations (Hughes
et al. 2013). However, residual antibiotics in the environment have tendency to convert
nonpathogenic bacteria to pathogenic bacteria by increasing the resistance against antibiotics
(Kim et al. 2012).Taubes (2008) and Satoru et al. (2008) documented that the continuous
exposure even to low concentrations of antibiotics can produce resistant strains of bacteria in the
environment .

Antibiotic resistance determinants can also be transmitted to other animals and humans via
consumption of polluted water and it may lead to global public health problem due to
development antimicrobial-resistant bacteria. According to the recent WHO report
approximately 290,000 new Multi Drug-Resistant Tuberculosis (MDR-TB) cases have been
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recorded globally and one third of which may prove fatal (WHO 201; Aminov and Mackie
2007). An advanced level of MDR-TB, extensively drug resistant TB (XDR-TB), has also been
identified in 77 countries worldwide (Aminov and Mackie 2007; Babu and Ramana 2012).

Moreover, resistant bacterial infectionse specially in hospitals have been caused more than
25,000 mortality in a year in Europe (WHO 2013). These public health risks, based on microbial

drug resistance, which have affected the cost and productivity of healthcare (WHO 2013; Rizzo
et al. 2013).

As the authors ar aware, limited information regarding antibiotic contamination status are
available in Sri Lanka. In the present study, it was observed that most of hospital discharging
points do not comply with environmental regulations and discharge wastewater directly to the
natural environment or into domestic sewage network without any treatment.

Thus, the present study recorded contamination status of some selected antibiotics (AMX,AMP,
OTC, TET, SDI, SMX, ERM) present in water and sediments of hospital wastewater discharges
as base line data. Further, it was studied differences between antibiotic concentrations in influent
and effluent at hospital effluent water treatment plants (WWTP) in some selected hospitals.
Thus, the results will provide reference for the risk control of antibiotic resistance bacteria,
antibiotic resistance genes in natural environment and help authorities to take action for improve
proper treatment facilities for effluent water. According to the authors’ knowledge; this is the
first report of the presence of residual contamination status of antibiotics in Sri Lanka.

2.0 MATERIALS AND METHODOLOGY
2.1 Standards and Reagents

Two tetracyclines including Oxytetracycline (OTC) (97%), Tetracyclines (TET) (97%) ,two
sulfanomides including Sulfadiazine (SDI) (96%), Sulfamethoxazon (SMX) (97%), three
penicillins including Amoxicillin (AMX) (96%), Ampicilline (AMP) (97%), Erythromycin
(ERM) (96%) and all the HPLC grade chemicals were purchased from Sigma Aldrich, USA.

2.2 Sample collection and physico-chemical analysis

Hospital effluent water and sediment samples were collected from 50 sampling locations in
different districts in Sri Lanka (Figure 1). Among those locations, influent and effluent water at
Waste Water Treatment Plant (WWTP) were collected from 17 hospitals. Samples from Horton
plains and Bakers’ fall were collected and considered as pristine environment for the study.
Triplicate water and sediment samples were collected from each location following satandard
procedure and GPS points of the sampling locations were recorded (GPS Model: Etrex 30,
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Taiwan). Sediment samples were collected from 0-3cm depth at each location and transferred
into UV sterilized black poly propylene bags. All the samples were transported to the laboratory
in ice box and kept at 4°C until analysis (Satoru et al. 2008).

Water temperature, pH and DO of samples were measured at the site itself using a thermometer
(Model: Philip Haris, England), pH meter (Model: pH3110, WT Co., Weilheim, Germany), and
DO meter (Model: Cond3110, WT Co., Weilheim,. 53 Germany) respectively (APHA,2013).
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Figure 1: Sampling locations at the study
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Sampling location No | Sampling location No
CSTH 1 BH Valaichchenai 27
General-Colombo 2 BH-Kalmunai 28
Nawaloka 3 BH-Kurunagala 29
¥ pura hospital 4 | BH-Puttalam 30
Kasal Hospital 5 BH-Kahawatta 31
Negombo-GH 6 BH-Ambilipitiya 32
Teaching H.Kandy 7 BH-Anuradhapura 33
TH-Peradeniya 8 BH-Badulla 34
GH-Nuwaraeliya 9 Moratuwa DH 35
Karapitya 10 Kaluthra-DH 36
GH-Matara 1 Mathugama-DH 37
Hambanthota-GH 12 Akurana-DH 38
TH-)affna 13 DH(Madadumbara) 39
GH-Jaffna 14 DH-Dickwella 40
TH Batticaloa 15 DH Karainagar 41
GH-Ampara 16 DH Konadavil 42
GH-Trincomallee 17 DH Kokuvil 43
GH-Kegalle 18 DH Manipay 44
Homagam BH 19 DH Vaddukkoddai 45
Panadura-BH 20 DH Chunnakam 46
Ambewala Hospital 2 DH Uduvil 47
BH-Alpitiya 2 DH-Damana 43
Ambalanthota-BH 23 DH-Rathnapura 49
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Tangalle-BH 24 RH-Lindula 50
BH Tellippalai 25 Jae la-RH 51
BH Kattankudy 2% Horton plaines 52

2.3 Recovery test

The recovery tests were carried out for each antibiotic; 1 L of sterilized distilled water sample
was spiked with the antibiotic at final concentration of 3000ppm. Sterilized 100g of sediment
sample was dissolved in 1 L of sterilized deionized water and spiked with respective antibiotic at
final concentration of 3000ppm and sonicated at 35 KHz, centrifuged for 10 min at 5300 rpm in
order to collect supernatant. The samples were subjected to Solid Phase Extraction (SPE) by
using C18 cartridge (Baquero et al., 2008). pH for the recovery test was optimized as pH 3 for
the maximum recovery (> 85) of the selected antibiotics.

2.4 Antibiotic analysis

1L wastewater sample was adjusted to pH 3 and the sample was filtered through 0.22um
nuclearpore filter. Sediment sample was dissolved in 1L of sterilized distilled water, sonicated at
35KHz and centrifuged for 10 min at 5300 rpm and the resultant supernatant was collected.
Water and supernatant of sediment samples were spiked with antibiotic at final concentration of
100ppm and subjected to SPE (Baquero et al. 2008).

The C18 cartridges were preconditioned with Sml 100% methanol and then 5ml double-
deionized water. Pre-prepared samples were then passed through the C18 cartridges at a flow
rate of approximately 1-2ml/min and then rinsed with 5ml of deionized water. The analytes were
eluted with Sml of 100% methanol and then 2ml of 100% isopropanol. The extracts were purged
by nitrogen stream and redissolved with 1ml of mobile phase (Liyanage and Manage 2014;
Pérez-Burgos 2012).

The target antibiotics were quantified by using Agilent 1200 series High Performance Liquid
chromatography (HPLC) equipped with diode array and fluorescence detector. Antibiotics in
water and sediment samples were analyzed according to the Fernandez et al. (2010) with a
modification. 0.1% glacial acetic acid (polar protic solvent) was used as mobile phase in the
present study. The injected volume was 20ul and chromatography was performed at 30°C. The
mobile phase of the mixture of 0.1% Glacial acetic acid in water (Component A): 0.1% Glacial
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acetic acid in acetonitrile (Component B), 99:1 (v/v) was pumped beginning at a flow rate of 0.7
ml/min for OTC, TC, AMP, SDI, SMX, AMX and ERM. Then followed linear elution gradient
from 99% to 70% A in 25 min for antibiotics (Liyanage G.Y and Manage P.M 2014; Pérez-
Burgos 2012). Table 2 shows conditions and retention times employed for each antibiotic
analysis.

Table 1: Monitoring wave lengths and retention times for
each antibiotic tested in the present study

Analyte A absorption (nm) | Retention time (min) | SD (min) (n=3)
OTC 280 17.34 0.002
TET 280 16.56 0.001
AMP 230 13.08 0.001
AMX 230 11.23 0.006
SDI 300 12.56 0.003
SMX 280 18.12 0.002
ERM 250 14.56 0.005

2.5 Calibration plots

Individual calibration standards of each antibiotic (OTC,TCs, AMP, SDI, SMX, AMX, ERM) at
0- 5000 ppm were prepared. The linearity of the method was evaluated by plotting peak area as
function of the concentration of each analyte.

2.6 Determination of antibiotic removal percentage

The antibiotic concentration of influent and effluent water of hospital treatment plants were
quantified by using the method described in 2.4. The antibiotic degradation percentages were
calculated using the equation given below, where “Cp” and “C” are the concentration of
antibiotics at the influent and at the effluent respectively.

Antibiotic removal percentage (%) = Co— C X 100

Co
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3.0 RESULTS
3.1 Physico-chemical parameters

Temperature of the effluent water was ranged between 18.330.002°C - 32.7+0.002°C. The lowest
temperature was record in the Hortain plaines (18.330.16°C) and the highest was in Jaffna
(32.7+0.002°C) respectively. DO values were ranged between 3.4-5.5mg/] and pH remained in
5.6-8.2 except effluent water collected from the hospital in Kahawatta (9.03£0.11) and
Kurunagala (8.82+0.09). The results showed that the physio-chemical parameters of the
sampling sites were within the ranges given for aquatic life (WHO 2013).

3.2 Calibration curves

The concentration of OTC, TCs, AMP, SDI, SMX, AMX and ERM were analyzed using the
equations given in table 2. Equations were derived from the calibration plots (Table 2) for each
antibiotic and the peak area of the sample, (eg: - peak area of OTC = Aorc), and the slope and
intercept of each calibration curve was used to calculate the concentration of antibiotic in
unknown samples (eg:- concentration of OTC =Corc).

Table 2: Derived equations for antibiotics quantification

Name of Antibiotic Derived Equation
Oxytetracycline (OTC) Corc = (Aotc — 9.917)/ 0.158
Tetracycline (TC) Crc =(A1c—7.345)/0.149
Ampicillin (AMP) Camp= ( Aamp — 15.9)/0.394
Amoxicillin (AMX) Camx = (Aamx— 16.3)/ 0.257
Sulfadiazine (SDI) Cspr = (Asp— 1.234)/ 0.32
Sulfamethaxazol (SMX) Csmx = (Asmx — 12.4)/ 0.145

Table 3: Recovery percentages for antibiotics; OTC, TC, SDI, SMX, AMX, AMP and ERM

Sample tvpe Recovery (%)
plelyp OTC TCs SDI SMX AMX AMP ERM
Water 90+ 0.002 87+ 0.001 92+ 0.011 83+ 0.001 88+ 0.008 85+ 0.012 92+ 0.025
Sediments 88+ 0.005 84+ 0.004 85+ 0.032 86+ 0.004 91+ 0.027 83+ 0.002 87+ 0.001

S ——
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A rapid, simple and specific method for the quantification of the OTC, TCs, AMP, SDI, SMX,
AMX, and ERM in environment samples was modified according to Fernandz et al. (2010). As
given in the table 3, more than 83% recoveries were obtained for antibiotics (OTC,TCs, AMP,
SDI, SMX, AMX, and ERM) in both water and sediments.

The lowest recovery for water was detected for the SMX (83+ 0.001) and other were remained

greater than 85 + 0.012. The recovery of antibiotic was ranged between 83- 92% for water and
83-91% for sediments respectively
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Table 4. Antibiotic contamination levels in hospital effluent water and sediment (n=3)

Sampling Sites Antibiotic concentration (ug/ml)
OTC TET AMP AMX SMX SDI ERM
water Sed | water Sed water Sed water | Sed water Sed water Sed water Sed
Teaching Hospitals (TH)
Colombo Southern 0.002+0.0
N.D 0.009+0.00 N.D N.D
Teaching Hospital (CSTH) | NP N.D N.D 0.004£0.097 | 0.00120.023 | , N.D ND N.D 12 N.D
0.0010.0
Colombo N.D ND | ND ND 0.001:0.005 | ND ?-003*0-02 3;1001*0-0 N.D N.D N.D N.D 0.001+0.0
: : 09 17
0.0010.03
Nawaloka ND ND | ND N.D 0.001£0.032 | ND 2-001*0-02 ND ) N.D N.D N.D N.D N.D
Jpura hospital N.D ND | ND ND | 0006:0.011 | ggo3s0.007 | 3902001 | 0005200 | np ND | ND ND N.D N.D
Kasal Hospital ND ND | ND N.D 0.001:0.088 | ND ‘23-001*0-04 N.D N.D N.D 0.001£0.102 | N p N.D N.D
0.0120.00 | 0.007+0.0 0.00420.0
.Kandy N.D N.D N.D N.D 0.005+0.078 0.00420.011 l. & 3'2 4 N.D N.D 0.001+:0.011 N.D 14 N.D
0.0010.0
Peradeniya N.D ND |, N.D 0.003:0.043 | 0,010,005 2'009*0'03 'l"‘°°2*°'° N.D N.D N.D N.D N.D N.D
Jaffna ND ND | ND ND 002320004 | Np 0.022:0.00 | 0.005£0.0 | 0.03420.00 [ 0.001x | . ND 0.005+0.0 | 0.001+0.0
: : : ' : 9 12 7 0.021 ’ ’ 02 03
Batticaloa N.D ND |ND N.D 0.013£0.014 | 0.001+0.015 ‘7)‘015*0‘00 ‘l"l°°3*°'° ND N.D ND N.D 2'20”8*”'0 N.D
Karapitya ND N.D N.D N.D 0.00110.022 ND 2‘001*0-04 ND ND N.D N.D N.D N.D ND
General Hospitals (GH)
0.00120.1
Negombo ND ND | ND N.D 0.001:0.023 | Np N.D g'°°2*°'°l N.D N.D N.D ND 2 N.D
Nuwaraeliya N.D N.D N.D N.D N.D N.D 2‘2002*0'0 N.D N.D N.D 0.001+0.034 | N.D N.D N.D

S ————————————
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0.00120.0
Matara N.D N.D 03 N.D 0.002+0.006 N.D g;‘oo“io.ﬂ N.D N.D N.D N.D N.D N.D N.D
0.0010,02 0.004£0.0
Hambanthota N.D N.D N.D N.D 0.014+0.001 0.0010.003 0.023+0.0 0.004:0.03 N.D 0.001+0.043 0.001x0. 0.0010.0
: : ' 001x0.003 | 5, 2 9 : 054 34 38
Jaffna ND ND | ND ND 0.017:0009 | g.o14s001 | 024400 | 0.00120.03 | 0.004x0.01 | 000340023 | 000120, | 0.006:0.0 | 0.00220.0
21 4 5 016 18 1
Ampura N.D ND | ND N.D 0.002+0.011 | ¢.0010.008 ‘I':’“'*o'o N.D ‘2"““'*0"" N.D N.D N.D g;‘onzio.o N.D
Trincomallee N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
0.0210.0
Kegalle N.D N.D N.D N.D N.D N.D 0s N.D N.D N.D N.D N.D N.D N.D
Base Hospitals
Homagam N.D ND | ND N.D 0.002£0.043 | N.D N.D N.D N.D N.D N.D N.D g;fmuo.o N.D
Panadura N.D ND | ND N.D N.D N.D ‘:‘003*"'00 N.D 2"'"'*0'0“ N.D N.D N.D N.D N.D
Ambewulu N.D ND | ND N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Alpitiyn N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Ambalanthota ND ND | ND ND 000220017 | 0:00320.00 | 0.005:0.00 [ 0.00120.01 [ 0.0012001 | ) 000120024 | 0-00120. [ 0.002:0.0 | 0.002:0.0
5 2 8 8 008 1" 08
Tangalle N.D ND [ ND N.D 0.0180.005 | 092010 ) QO190.08 1) 90012001 ‘7"““"‘0'”9 N.D N.D N.D N.D N.D
Tellippalui N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Kattankudy N.D ND | ND N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Valaichchenai N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D 0.001£0.001 | N.D N.D N.D
Kalmunai N.D ND | ND N.D N.D ‘9"““'*"'00 N.D N.D ND N.D N.D N.D N.D N.D
Kurunagala N.D ND | ND N.D N.D N.D 2'00“*0'0“ N.D N.D N.D N.D N.D N.D N.D
Puttalam N.D N.D (l»;‘oouo.o N.D 0.004:0.018 ‘2"00'*”'01 2'007*0'00 N.D N.D N.D N.D N.D N.D N.D
Kahawatta N.D ND | ND ND | 0.003£0.007 | ND 00042000 | N N.D ND | ND N.D ND 900100
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Ambilipitiya N.D ND | ND ND N.D N.D N.D 3°'°°'*°'°2 N.D g'ggf* N.D ND N.D ND
Anuradhapura N.D ND | ND N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D ND
Badulla ND ND | ND ND 0.00320087 | 9001002 | 0.001£0.02 | \ |° 0.001x |\ ND 0.002:0.0 | 0.001+0.0
3 7 0.043 28 17
Divisional Hospitals .
Moratuwa N.D ND | ND N.D N.D N.D N.D N.D N.D N.D ND N.D ND N.D
Kaluthra ND ND | ND ND 0.005£0.003 (l).oouo.oo ?.008&:0.00 (l).oouo.oo (1).0015:0.00 g.gg;* ND ND ND ND
Mathugama N.D ND | ND N.D N.D N.D N.D N.D N.D N.D ND N.D N.D N.D
Akurana N.D ND | ND N.D N.D N.D N.D ND ND N.D ND N.D N.D N.D
Madadumbara N.D ND | ND N.D N.D ND N.D N.D N.D N.D ND N.D ND N.D
Dickwella N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D ND N.D N.D N.D
Karainagar N.D ND | ND N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Konadavil N.D ND N.D N.D N.D N.D N.D ND N.D N.D N.D N.D N.D N.D
Kokuvil N.D ND | ND N.D ND N.D 2'00'*0'0“ 2'003*0'01 N.D N.D N.D ND N.D ND
Manipay ND ND | ND ND 0.001:0.006 | N.D N.D ND 2‘°°'*°'°° N.D ND N.D g:‘omto.o ND
Vaddukkoddai N.D ND | ND N.D 0.011::0.004 ‘2"°°2*°'°° 2'013*0"’0 g.oouo.oo ND N.D N.D gg)sosto. N.D N.D
Chunnakam N.D N.D N.D N.D N.D N.D N.D ND N.D N.D N.D N.D N.D ND
Uduvil N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Damana N.D ND | ND ND N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Rathnapura N.D ND |ND ND | 0.002:0.006 g.oouo.oo 9:002:0.90 | Np ND ND |ND ND (l);)ouo.o N.D
Regional Hospitals
Lindula ND ND | 0001200 T 0.003£0.021 0.002£0.04 | 0.0010.05 | 0.00120.02 [ ND ND ND 0.005:0.0 | 0.0030.0
08 2 7 8 04 02
Ja ela N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Pristine environment
Hortain plaines-1 l N.D I ‘ ND l 1 N.D N.D N.D ] I N.D ] l N.D l N.D
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Bakers fall-1 ] N.D | | N.D [ l N.D N.D N.D [ | N.D [ [ N.D rN.D I

Values expressed as mean + SD

N.D; Not detected / below the detectable level

50%

34%

(a) (b)

Figure 2: Total antibiotics percentages in hospital effluents and sediments; (a) Effluent water ,
(b) Sedimentsg AMXE AMPE oTCC TETESMX B SpI I ERM
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Concentrations of antibiotics in hospital effluent water and sediment are given in table 4. Six out
of 7 antibiotics were detected in samples of effluent water and sediments (Table 4). Specially,
AMX and AMP were detected more than 30 samples where ERM in 23 sampies, SMX in 18
samples, SDI in 7 samples and TET in 5 samples respectively. Overall, 40 out of 52 samples
were contaminated at least with one antibiotic (Table 4).

Among the antibiotic groups, penicillin (AMX, AMP) was recorded at high concentration in
hospital effluent where as AMX and AMP were detetcted 0.001 to 0.024 ppm and from 0.001 to
0.023 ppm range (Table 4) respectively. In contrast, low concentrations of antibiotics belonging
to the group tetracycline, OTC (N.D) and TC (~ 0.001ppm) were detected (Table 4).

Among the selected antibiotics, approximately 50% from the AMX and 34% from the AMP
contributes to the environmental pollution through the hospital effluents were estimated while
other antibiotics (SDI- 2.07%, SMX- 10.62 %, ERM — 2.07%, TET- 0.92%) contributes at low
percentages (Figure 2). Similarly, AMX (53.24%) and AMP (35.28%) in sediments were
recorded as high contributers on environmental pollution whereas TET (1.35%), OTC (N.D),
SMX (8.95%) , SDI (0.94%) and ERM (0.24%) contribution is comparatively low percentages
(Figure 2). Such high contaminations of AMX and AMP in hospitals wastewater may due to
improper discard of antibiotics, as the penicillin group is frequently used to treat many infectious
diseases (Pérez-Burgos et al. 2007; Taubes 2008).

The maximum concentrations of the AMX (water: 0.024ppm, sediments: 0.005 ppm), AMP
(water: 0.023ppm, sediments: 0.014 ppm) and SDI (water: 0.003ppm, sediments: 0.003 ppm)
were detected in samples collected from Jaffna district hospitals (Figure 1). The considerable
concentration of ERM in water (0.008 ppm) and sediments (0.003ppm) were detected in effluent
water at Batticalo and Ambilipitiya hospitals as well (Table 4).

Thus, results of the present study showed that environmental contamination by TET (water: ~
0.001ppm, sediments: N.D); SDI (water: 0.001- 0.003ppm, sediments: .001-0.003 ppm); SMX
(water: 0.001- 0.018ppm, sediments: 0.001-0.002ppm); ERM (water: 0.001-0.008ppm,
sediments: 0.001-0.003ppm) may lead to antibiotic resistance in the environment (Table 4).
Interestingly, non of antibiotic was detected in samples collected from Hortoin plaines (Table 4),
where situated in the highest latitude of present sampling locations.

The WHO has recommended less than 0.001 ppm of antibiotic residues in the aquatic
environment and less than 0.1 ppm in soil respectively (Connor and Aga 2007; NRDC 2014).
The results of the study showed that the detected antibiotics levels in effluent water were
exceeded the recommended values given by the WHO (water; <0.001ppm, sediments; <0.1ppm)

except OTC. Furthermore, the high concentrations raises question concerning effective levels

S OSSN —
www.ijaer.in Copyright © IJAER 2016, All right reserved Page 923



http://www.ijaer.in

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume:02, Issue:04

and risk assessments. It is well known that it may possible to develop antibiotic-resistant bacteria
in the environment (Connor and Aga 2007; Li et al. 2012).

However, the concentration of antibiotics detected in sediments was below the maximum
permissible level given by the WHO (< 0.1ppm) (Table 4).
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Figure 3: Comparison of antibiotic concentrations in influent and effluent wastewater in
treatment plants in hospitals and antibiotic removal percentages.(a) TET (b) AMP (¢ )
AMX (d) SMX (e) SDI (f) ERM [1-Negombo (GH), 2-Kandy (TH), 3- Peradeniya (TH), 4-
Nuwara eliya (GH), 5- Karapitiya (TH), 6- Matara (GH), 7- Hambanthota (GH), 8- Jaffna
(TH), 9- Jaffna (GH), 10- Kegalle (GH), 11- Batticalo (TH), 12- Ampara (GH), 13-
Kaluthara (DH), 14- Manipay (DH), 15- Vaddukodai (DH), 16- Tangalle (BH), 17-
Puttalam (BH) |
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(Closed bar:- Influent in WWTP, hatched bar:- effluent from WWTP)

The removal percentages of selected antibiotics in the wastewater treatment plants in 17
hospitals are given in figure 3. It was calculated that contaminations of TET, SDI, SMX and
ERM were decreased to more than 60% in the hospital effluents before released to the
environment (Figure 3). Overall, decrease percentages were determined for the whole treatment
proces were ranged between 50-100% ,40-54%, 35-58%, 52-72%, 63-72% for TET, AMP,
AMX, SMX, SDI and ERM respectively. The removal efficiency of different classes of
antibiotic was different and followed the order tetracyclines > sulfanomides > macrolids >
penicillines.

It was detetcted that antibiotics such as AMX, AMP, ERM, SMX in hospital effluent remain
considerabal high concentration even after treatment process where TET and OTC remain less
concentration after the treatment. Non of antibiotic was completely removed after the treatment
was recorded.

DISCUSSION

During the last many years, production of pharmaceuticals increased rapidly and approximately
3000 compounds are in use as medicine and annual production reached up to hundreds of tons
(Suga et al. 2013). Among the large number of pharmaceutical compounds antibiotics are
important because of their wide use in humans, animals, multiple purposes such as growth
promoter and etc. This may lead to enhance the ability to produce resistant bacteria in the
environment (Pradhan and Mishra 2010).

In the present study parent compounds of the 7 antibiotics were studied and results revealed that
relatively high concentrations of antibiotics are present in the environment and their primary
contributers are hospitals. Huang et al. (2001), documented that the drug classes of penicillin and
sulfanomides were well represented in hospital effluents by the presence of AMX, AMP, SMX
in many effluent samples and this was true for the present study as well (Table 4) . The results of
the present study comparable to the findings of Brown el al. (2006), who reported concentrations
of SDI (0.0004 -0.0021 ppm), AMX (0.0008 -0.0052ppm) , OTC (not detected), SMX (not
detected) in hospital effluents in New Mexico . The maximum concentrations of penicillin (0.001
— 0.029ppm) and SMX (0.001-0.028ppm) reported in the study was correlated with results
published by Ahmed et al. (2012), who recorded high concentrations of ofloxacin (0.005 -
0.015ppm), ciprofloxacin (0.004 — 0.009 ppm), sulfamethoxazol (0.011 — 0.023 ppm) and
penicillin (0.007- 0.035ppm) in hospital effluents in Pakistan.
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Kolpin et al. (2002) monitored the antibiotics’ residues of TCs (0.003-0.023ppm) and
sulfanomides (0.004-0.011ppm) in 139 hospitals in the United States and warned these
dangerous concentration levels as ecological aspect. They explained that the wastewater of
hospital effluent may be a major source of antibiotics’ release into water systems in United
States. In another study’ chlorotetracyclines, AMP, ERM and SUF were detected at levels

ranging from 2 to 540 pg/L in effluent water from Swine hospitals, while TET and OTC were
not detected (Rodriguez- Mozaz et al. 2015).

Similarly to previous studies conducted in different part of the world, effluent of hospitals were a
significant source of antibiotics (OTC, TET, AMP, AMX, SUF, SMX, ERM) detected at the
present study and the concentrations were ranging from 0.001- 0.034ppm. AMX and AMP were
the most frequently detected antibiotics among 7 antibiotics tested in hospital effluent samples. It
was found that 40 samples out of 50 was positive for AMX and AMP in Sri Lanka (Table 4).

The results of the present study showed low antibiotic contamination levels in sediment (Table
4). Similarly, Kim et al. (2012) also recorded low concentrations of TCs (0.001ppb-0.003ppb)
[including chlortetracycline (CTC) and oxytetracycline (OTC)] and SAs (0.002-0.005 ppb)
[including SMX and sulfathiazole (STZ)] in sediments collected from the Cachela Poudre River
in northern Colorado, the United States. Li et al. (2012) studied the contamination status of
antibiotics in penicillin group (AMX, AMP) and recorded concentrations were lower in soil than
water . This may due to sorption behavior ofsoil, soil pH, soil organic matter, soil particle
size  distribution, metal oxide content, photolysis ability, ionic strength and microbial
remediation activity ( Martinez 2008; McManus et al. 2002). Thus, the reported low

concentrations of antibiotics in sediment samples may due to the factors mentioned ( Martinez
2008; McManus et al. 2002).

Pristine reference sample was collected from Horton plains which situated 2100 m above sea
level and decleared as World Heritage Sites (WHS) by UNESCO (UNESCO 2010). The
investigators of the present study assumed that the Horton plain is free of antibiotic
contamination due to minimum anthropological impact and strick rules and regulation practices
for human entry and carrying food, drinks and medicins with visitors to the Horton plain.
Interestingly, non of antibiotics were detected in Horton plaines and the assumption is justifiable
as pristine environment for the study.

Previous studies have recorded that SMX ( Martinez 2008; McManus et al. 2002), Oxacillin
(OXA), chloramphenicol, quinolones trimethoprim are heat-stable (Singer et al., 2003) while
OTC and ERM are heat-labile ( Hsieh et al. 2011). On the other hand, several B —lactams such as
AMP and AMX appear partially heat-liable (Slinn. 2009). Invitro studies revealed that higher
percentage reduction of AMX and AMP were apparent at higher temperature. Upto 99% at
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121°C, 54.4% at 100°C for most antibiotics including AMX, AMP and ERM were recorded
(Slinn. 2009). In previous realvent studies have shown that the high temperature (> 35°C) and
alkalinity pH (> 8.2) affected on reduction of antibiotics in natural environment (Awad et al.
2015; Hsieh et al. 2011). In the present study physiochemical parameters such as water
temperature (23-32°C), pH (5.8 - 8.2) and DO (3.6 — 5.5 ppm) were not changed in a wide range
and the recorded ranges were may not affected to the reduction of antibiotics in the environment
(Table 4).

It is important to realize that it is not essential for an antibiotic to be persistence in the
environment in order to be detected. Instead, an antibiotic could be present at concentrations of
concern when continual infusion into the environment (Cabello 2006). Consequently, the
potential long-term effect of relatively low concnetrations of antibiotics in environment needs to
be paid much more attention as this may enhance antibiotic resistant within the microbial
community (Silbergeld et al. 2008).

In the present study the removal percentages of tetracyclines in hospital water treatment plants
(~65% to 100%) were greater than the other antibiotics and comparable to the levels reported in
other studies elsewhere (Li et al. 2010; Zhang and Li 2011). Zhou. et al. (2013) reported similar
elimination percentage (75-95%) for tetracyclines and suggested the removal may due to limited
applications of human therapy, biodegradation and adsorption (Yasser et al. 2014; Zhou et al.
2013). Further Smith et al. (2002) documented that tetracyclines are light sensitive and sorb
significantly to soils or sewage sludge (kim et al. 2012). The present study, it was detected that
sulfanomides removal percentages was between 65% to 75% (Figure 2). This may due to
sulfanomides are not easy to degrade and hydrophilic enough to transfer into the aquatic
environment (Sharma et al. 2016). Sharma et al. (2016) reported low reduction of sulfanomides
(40-55%) compared to the tetracyclines (75-90%) as well. The present study sulfanomides
removal efficiency was ranged between 60% to 75% (figure 2) and removal percentages of
penicillines were low (~ 40 -55%) compared with the other antibiotics. In Italy, the mean
degrees of AMP and AMX elimination were estimated to be 75% and 80 % (De la torre et al.
2012). The difference of removal efficiency was related to the differences in the chemical
properties and structure of antibiotic (Napolitano et al. 2013). Therefore. in general, WWTPs
could not completely remove antibiotics and this may resulting discharge of antibiotics into the
environment even after treatment (Koyalova et al. 2013). Advance wastewater treatment
techniques such as reverse osmosis, activated carbon and ozonation have been shown to
significantly reduce or eliminate antibiotics including sulfanomides from effluent water (Zhang
and Li. 2011); however, such wastewater treatment facilities are not accessible all part of the
world due to high cost.

e —————————
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The widespread and often inappropriate administration of antibiotics in livestock and hospitals
have shown to result in the development of antibiotic resistant bacteria and is generally accepted
to be a primary pathway for their proliferation in the environment (Angulo et al. 2004). There is
further concern that antibiotic-resistant bacteria might develop from long-term environmental
exposure to low concentrations of antibiotic (ng/L -pg/L), such as those present in wastewater
and surface water (Awad et al. 2015). As a result of the continuous exposure to antibiotic
residues in the environment, multidrug resistant pathogens can make drugs ineffective and pose a
serious risk to the global pharmaceutical and healthcare industry (Hijosa-valsero et al. 2011).

Thus, detailed and targeted studies are required to investigate the sources, pathways and fate of
antibiotics and their microbial resistance in the entire environment. Therefore the baseline data
collected in the present study will provide first-hand information to establish more advance
wastewater treatment facility inorder to reduce antibiotic contamination which will safe guard
human and other animals health.

CONCLUSION

The present study established a preliminary inventory of antibiotic occurrence in effluent from
hospitals in Sri Lanka. Among the selected antibiotics; the highest concentrations of AMX
(0.001-0.023ppm) and AMP (0.001 — 0.024ppm) were recorded in hospital effluent. The other
antibiotics contamination were followed; TET (water: 0-0.001ppm, sediments: N.D); SDI (water:
0.001- 0.003ppm, sediments: .001-0.003ppm); SMX (water: 0.001- 0.018ppm, sediments: 0.001-
0.002ppm); ERM (water: 0.001-0.008ppm, sediments: 0.001-0.003ppm) respectively. As
expected, hospitals were a significant source of antibiotics and the values were exceeded than the
guideline given by WHO. Therefore further studies are required to study the ways to enhance the
removal efficiency of antibiotics in the aquatic environment.
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