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ABSTRACT 

Large quantities of antibiotics are been used to humans and hospitals are the primary sites of administering antibiotics. Due to 
continuous release of these antibiotics from hospital effluents into the environment, the aim of this study was to determine the 
presence of antibiotic residues in hospital effluents from south Indian by High performance liquid chromatography (HPLC) method. 
The main aim is to determine the presence of antibiotics in the hospital effluent qualitatively by HPLC. A total of ten samples were 
collected from hospitals of government teaching, government super speciality, private teaching, private super speciality and local 
clinics for identifying the presence of antibiotic residues and the samples were named as RPA1 to RPA10 respectively. The 
qualitative analysis of hospital effluent samples for presence of antibiotic residues was carried by high performance liquid 
chromatography (HPLC) grade methanol and water technique (Hydrophilic chamber technique) for all the ten samples. The results 
showed that Ciprofloxacin, Enrofloxacin, Oxytetracycline, Trimethoprim and Ampicillin were present in all most all the samples 
except sample RPA 9. The results indicated that 90% of the samples contained residues of at least one of the investigated 
antimicrobials. It was concluded that various group of antibiotics were present in the samples collected from hospital effluents. The 
presence of antibiotics in environment may lead to potential emergence of resistant bacteria that should be watched carefully. 

Keywords: Hospital effluents, Antibiotics, HPLC, Qualitative analysis, Antibiotic resistance. 

 
INTRODUCTION 

he pharmaceutical and personal care products 
(PPCPs) are a wide range of organic compounds 
used for personal health or cosmetic reason 

including therapeutic drugs. 

These substances have diverse physicochemical 
properties such as partition coefficient octanol-water 
(Kow), distribution coefficient-biosolids-water (Kp) and 
solubility that describe the environmental dynamic and in 
most cases, non-specific biological activity leads to 
bioaccumulation and enhancement of the emergence of 
drug resistant microbial species1,2. 

Emerging contaminants have become a serious cause of 
environmental pollution in the world. Among these, 
active ingredients of various groups of PPCPs with some 
metabolites and parent compounds being found in 
different water bodies on Earth. 

Ecotoxicity testing in vitro and in vivo have demonstrated 
the toxic effect of these molecules on the food chain1. 

Improper disposal of medicines in hospitals and houses 
may end up in our water supplies that lead to detection 
of the traces of pharmaceuticals in the drinking water 
supplies of various countries3. 

There is a growing evidence that throwing 
pharmaceuticals (prescription drugs and non-
prescription/over-the-counter drugs) and other personal 
care products in the garbage or flushing them down the 
toilet or the sink are contributing to this issue, and 
consequently may have a harmful effect on the 

environment directly and indirectly on human health. In 
the past few decades, there has been a dramatic increase 
in the number of new human and veterinary drugs. 

The presence of pharmaceuticals in the environment 
gaining importance and is a national and international 
issue that needs to be focused. Although the 
concentration levels of pharmaceuticals in the 
environment may be very low, they may be enough to 
have adverse effects on the environment and on humans. 
The long term exposure to the trace amounts and mixture 
of pharmaceuticals may have effect on vulnerable 
population including pregnant women, new-borns and 
children4,5. 

Besides the critical role of antibiotics in human health, 
these antibiotics are potent environmental contaminants 
so that there has been increasing concern with the 
presence of different types of antibiotics in the 
environment6. Improper disposal of antibiotics into the 
environment leads to the emergence of antibiotic 
resistance bacterial strains. Usually unused therapeutic 
drugs are sometimes disposed of freely into the sewage 
system. If the drugs are not degraded or eliminated 
during sewage treatment, they will reach surface water, 
ground water and potentially drinking water. There are 
different pathways for releasing of antibiotics to the 
environment, unmetabolized antibiotic substances are 
often passed into the aquatic environment in waste 
water, misuse of antibiotics for animals, over use in plant 
fertilization and also improper disposal by hospitals and 
from households7. Our waste water treatment plants are 
not designed to completely remove antibiotics, and 
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consequently pharmaceuticals released into natural 
waters. Moreover, antibiotics can pass through all natural 
filtrations and reach ultimately to drinking water due to 
their high water solubility and often poor degradability8. 

One of the hazards of presence of antibiotics in effluent 
from sewage treatment plants may cause increased 
resistance among natural bacterial populations9. Many 
antibiotic-resistant isolates of microorganisms can be 
found in the environment and although hit remains 
controversial, the significant increase in the number of 
bacterial strains resistant to multiple antibiotics has often 
been attributed. However, there is concern that long-
term, low dose concentrations of antibiotics, such as 
those present in wastewater and surface water could also 
result in the development of antibiotic-resistant 
organisms. 

Studies on presence of antibiotic residues in hospital 
effluent and in other environmental slots have been 
conducted across the world10-12. But in India very few 
studies estimated antibiotic residues in hospital effluents 
and other environment samples13,14. Furthermore, 
concurrent studies on antibiotic prescription quantity in a 
hospital, antibiotic residue levels in its wastewater and 
resistant bacteria in the effluent of the same hospital are 
few15,16. 

According to the literature, the extraction of antibiotics 
from different samples are performed using solid phase 
extraction technique17-20 followed by their identification 
and quantification using different techniques including 
capillary electrophoresis17,21, thin layer 
chromatography17,20,22 and High performance liquid 
chromatography18,21,23,24. 

With recent advances in analytical techniques detailed 
investigation of presence of pharmaceutical compounds 
in various samples has become possible, high 
performance liquid chromatography is one among the 
advanced techniques for determining the pharmaceutical 
compounds qualitatively and quantitatively25. Evaluation 
of the presence of antibiotics in the above samples will 
lead to a better understanding of the potential for their 
release into the environment and their influence towards 
development of antimicrobial resistance. In the present 
study, we identified and determined the presence of 
antibiotics from various hospital effluents using liquid 
chromatography technique. 

MATERIALS AND METHODS 

A total of 10 hospital effluent samples were collected 
from different hospitals of varied locations. Hospital 
samples were collected from untreated waste water 
outlets, drainage water, waste outlets from different 
departments and operation theatres of selected hospitals 
before water enters the sewer system. The samples were 
collected into 200ml amber glass bottles with screw cap 
that were rinsed priorly with methanol and water. 
Samples were purified through filtration with 0.45µ 
membrane filters this was necessary to remove solid 

particles present in them as these particles can alter the 
pre concentration process on solid phase extraction (SPE) 
cartridges prior to high performance liquid 
chromatography analysis. The clean and clear filtrates 
were collected into clean container and subjected to solid 
phase extraction. 

Prior to HPLC determination, the samples were subjected 
to analyze turbidity value, turbidity nature and pH of the 
samples. Turbidity is referring to determining the 
cloudiness of a solution and it is a qualitative 
characteristic which is imparted by solid particles 
obstructing the transmittance of light through a water 
sample. Turbidity often indicates the presence of 
dispersed and suspended solids like clay, organic matter, 
silt, algae and other microorganisms. According to the 
standard classification of the turbidity nature, the 
samples were classified into three types including less 
turbid, moderate turbid and highly turbid26. The pH was 
determined by using pH meter. 

The samples were transferred to the lab and stored in the 
dark at 4°C and extracted within 48 hours. The cartridges 
were first rinsed with methanol followed by sterile water. 
The required compounds were eluted from the cartridges 
and the samples were analyzed by high performance 
liquid chromatography (HPLC) equipped with UV-visible 
and photodiode array detector. The analytical column RP-
18e 250mm×4.6mm, 5µm manufactured by Merck was 
used at room temperature for analysis. Approximately 
5ml methanol-water (50:50), pH 3.0 used as conditioning 
solvent, 5ml water (pH 3.0) as washing solvent and 5 ml 
triethylamine 5% in methanol was used as elution 
solvent16. A total of five antibiotics were selected for 
chemical analysis based on antibiotic prescription pattern 
of the ten hospitals and also based on known and 
suspected environmental impact of various antibiotics. 

The limit of detection (LOD) of an antibiotic by the 
analytical procedure is the lowest amount of analyte in a 
sample which can be detected but not necessarily 
quantitated as an exact value. Several approaches for 
determining the detection limit are possible. This study 
highlighted based on visual evaluation and signal to noise 
approach. The detection limit by visual evaluation is 
determined by the analysis of samples with known 
concentrations of analyte and by establishing the 
minimum level at which the analyte can be reliably 
detected. The detection limit by signal to noise approach 
is mainly by determining the signal-to-noise ratio 
performance by comparing measured signals from 
samples with known low concentrations of analyte with 
those of blank samples and by establishing the minimum 
concentration at which the analyte can be reliably 
detected. A signal-to-noise ratio between 3 or 2:1 is 
generally considered acceptable for estimating the 
detection limit. Based on the Standard Deviation of the 
response and the slope, the detection limit (DL) may be 
expressed as 3X standard deviation of low concern/ slope 
of the calibration line. 
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RESULTS AND DISCUSSION 

All the 10 samples were processed for qualitative 
evaluation of antibiotic residues in the hospital effluents 
by high performance liquid chromatography technique. 
Five antibiotics (Ampicillin, Ciprofloxacin, Enrofloxacin, 
Trimethoprim and Oxytetracycline) were chosen as 
marker to evaluate its presence in the samples from 
different hospitals effluents. The ten samples included in 
this study were coded as RPA1 to RPA10 respectively. 
Among the ten samples RPA1, RPA5, RPA6, RPA9 were 
highly turbid, samples RPA4, RPA8, RPA10 were 
moderately turbid and samples RPA2, RPA3, RPA7 were 
less turbid in nature. The nature and pH of the samples 
were depicted in Table 1, which represents that four 
samples were acidic in nature and six samples were 
neutral to alkaline in nature. 

The antibiotic residues were detected by HPLC method in 
all the ten samples included where one sample was 
identified to have the antibiotics in trace not supported 
with Method Detection Quantification limits (MDQL) 
value and the detailed description of the results is 
tabulated in Table 2. Ciprofloxacin, Enrofloxacin, 
Oxytetracycline, Trimethoprim and Ampicillin were 
predominantly identified in 4, 2, 1, 6 and 2 samples 
respectively. In this analysis molecular weight of the 
antibiotics were determined by g/mol, the ESI value is 
detected in all samples, time segment were determined 
in the range of 1.49 to 13.33 minutes, collision energy as 
ev, fragmentation amplitude and R2 also well determined. 

The detected antibiotics belong to Fluroquinolones, 
sulphonamides, beta lactam antibiotics and tetracyclines. 
As a single and mixed predominant antibiotic, 
trimethoprim was found among two samples and four 

samples respectively. The chemical structure and its 
pictorial descriptions were depicted in Figure 1. 

[A-Oxytetracycline; B-Ampicillin; C-Ciprofloxacin; D-
Enrofloxacin; E-Trimethoprim] 

 
Figure 1: Chemical structure of the antibiotic detected by 
HPLC 

Table 1: Nature and pH value of the Samples 

Sample OD value as TU Nature pH 

RPA 1 2.7 Highly turbid 6.2 

RPA2 0.7 Less turbid 7.4 

RPA3 1.4 Moderate turbid 7.3 

RPA4 1.3 Moderate turbid 7.2 

RPA5 2.9 Highly turbid 6.9 

RPA6 3.0 Highly turbid 7.0 

RPA7 1.3 Moderate turbid 8.1 

RPA8 1.5 Moderate turbid 7.3 

RPA9 2.7 Highly turbid 5.9 

RPA10 1.1 Moderate turbid 6.5 

[The Optical density (OD) value of highly turbid is above 1.5 and above 
turbidity unit (TU); moderate is between 1 to 1.5 TU and less turbid is 
below 1 TU] 

Table 2: Qualitative detection (LOD) of antibiotic residues by HPLC method 

Sample LOD Control used Compound identified Formula Mol. Wt (g/ 
mol) 

Antibiotic class 

RPA 01 Detected 

AMP, CIP, ENR, 
OTC and TMP 

CIP, ENR, other trace C19H22FN3O3, 
C17H18FN3O3 

331.3 
359.4 

FQ 
FQ 

RPA 02 Detected TMP, other trace C14H18N4O3 290.3 DFR 

RPA 03 Detected TMP, other trace C14H18N4O3 290.3 DFR 

RPA 04 Detected AMP, CIP, other trace 
C16H19N3O4S, 
C19H22FN3O3 

349.4 
331.3 

β lactum 
FQ 

RPA 05 Detected AMP, TMP, other trace 
C16H19N3O4S, 
C14H18N4O3 

349.4 
290.3 

β lactum 
DFR 

RPA 06 Detected TMP and other trace C14H18N4O3 290.3 DFR 

RPA 07 Detected CIP, TMP, other trace C19H22FN3O3, 
C14H18N4O3 

331.3 
290.3 

FQ 
DFR 

RPA 08 Detected OTC, TMP, other trace C22H24N2O9, 
C14H18N4O3 

460.5 
290.3 

TC 
DFR 

RPA 09 Detected Trace - - - 

RPA 10 Detected CIP, ENR, other trace C19H22FN3O3, 
C17H18FN3O3 

331.3 
359.4 

FQ 
FQ 

[LOD – Limit of detection; FQ – Fluroquinoloes; DFR – Dihydrofolate reductase inhibitors; TC – Tetracyclines; AMP-Ampicillin; CIP-Ciprofloxacin; ENR-
Enrofloxacin; OTC-Oxytetracycline; TMP-Trimethoprim]
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In this study, the occurrence of five antibiotics were 
investigated qualitatively in hospital effluents from south 
India, very few studies across the India has investigated 
the residues of antibiotics in hospital effluents, waste 
water treatment plants, drinking water supplies. From 
this study, it is clear that antibiotic residues were present 
in the hospital effluents. 

The presence of antibiotics in environments especially of 
aquatic environment is a matter of concern because of 
possible development of resistant strains of bacteria. 

Study reports showed about prevalence of ampicillin and 
ciprofloxacin resistant bacteria in river waters, water 
treatment plants and drinking waters9,27,28. 

Several studies have documented the presence of 
antibiotic-resistant bacteria in the aquatic environment in 
general and hospital effluent in particular. It is not yet 
clearly established that the mere presence of antibiotic 
residues in the aquatic environment by itself influences 
the development of resistance, it has been suggested that 
other factors like the density of resistant bacteria, 
duration of exposure to the antibiotic and presence of a 
favourable environment need to be considered as well for 
developing the conditions9,12. 

The earlier studies showed presence of antibiotics in 
hospital effluent in developed countries. The highlighting 
fact that antibiotics also enter the aquatic environment 
through hospital effluent in India was well studied. 

Unlike the developed countries, the situation can become 
more problematic in low- and middle-income countries, 
where resource constraints might result in untreated 
wastewater11,29,30. 

In most of the developing countries like India not much 
wastewater undergoes any type of treatment and along 
with other pollutants, antibiotics must also be finding 
their way into recipient waters like rivers, lakes, 
reservoirs, etc. 

Continuous exposure of antibiotics in sub-therapeutic 
concentrations over long periods of time provides ideal 
conditions for the transfer of resistance genes. Use of 
non-culture techniques is important to understand the 
dynamics of transfer of antibiotic resistance genes12. 

Although antibiotics have been produced and applied in 
large quantities for some decades, until recently the 
existence of these substances in the environment was 
rendered little attention. 

Several studies have detected a number of antibiotics of 
different concentrations in different environmental 
compartments like hospital effluent, municipal waste 
water, effluent from sewage treatment plants, surface 
water and in some cases ground water16,30,31. 

Different important antibiotic groups were identified such 
as macrolides, tetracyclines, sulphonamides, quinolones 
and others as far as analytical methods are available32. 

Obviously, most of the antibiotics are not fully eliminated 
during the sewage purification process. 

The results of various investigations using test systems 
indicate that a number of antibiotics and disinfectants are 
not biodegradable in the aquatic environment29,33. As 
most of the waste water treatment systems across the 
world has not equipped to remove pharmaceutical 
compounds, which is a point of concern. Presence of 
antibiotics in hospital effluents, in environment and its 
impact towards the development of microbial resistance 
needs to be highlighted and necessary steps should be 
taken to solve the issue. At this point further low cost and 
environment friendly techniques could be designed and 
developed for the removal of antibiotics from wastewater 
using methods developed to simultaneously remove 
resistant bacteria34. 

This may offer a solution to the problem of antibiotic 
resistance development in the aquatic environment. 
Results of our study showed the scenario of antibiotics in 
hospital effluents, this will be helpful in creating a basis 
for further scientific enquiry in large populated country 
like India and other countries regarding the presence of 
emerging contaminants like antibiotics in environment 
and its impact on public health35. 

The LOD have some limitations and several conceptual 
approaches to the subject, each providing a somewhat 
different definition of the limit, and consequently, the 
methodology used to calculate that derived from these 
definitions, differ between them. LOD is confused with 
other concepts like sensitivity. Estimates of LOD are 
subject to quite large random variation. Statistical 
determinations of LOD assume normality, which is at 
least questionable at low concentrations. The LOD, which 
characterizes the whole chemical measurement process 
(CMP), is mistaken with concepts that characterize only 
one aspect of the CMP, the detection. So, further Limit of 
quantification (LOQ) is necessary to calculate, evaluate 
and confirm the presence of antibiotics in the samples. 
This study also determined the same consequences thus 
the investigators subjected all the samples for the 
quantification assay to determine the MDQL of the 
antibiotics present. 

In order to properly determine the limit of detection and 
limit of quantification of a method, it is necessary to 
know the theory behind them, to recognize the scope and 
limitations of any approach and be able to choose the 
method that better suits our CMP. The intention of this 
study is to review the fundamentals of detection limits 
determination for the purpose of achieving a better 
understanding of this key element in trace analysis, in 
particular and analytical chemistry including 
pharmaceutical chemistry in general; and to achieve a 
more scientific and less arbitrary use of this data with a 
view to their harmonization and avoid the confusion 
about them, which still prevails in the environmental 
chemistry and toxicology community. 
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CONCLUSION 

The results of our study illustrated the occurrence of 
antibiotic residues in hospital effluents. Five antibiotics 
ciprofloxacin, ampicillin, enrofloxacin, oxytetracycline and 
trimethoprim were identified in ten hospital effluents 
from South India. 

Hospital waste water is one of the main contributors of 
the antibiotic entry to the sewage system and other 
water systems. The waste water of the hospitals is the 
main carrier of pathogenic microbes, pharmaceutical 
compounds like antibiotics and resistance bacteria. 
Therefore hospitals must be equipped with proper waste 
water treatment plants and waste water of hospitals 
must be treated before goes out into municipal drainage. 
Finally our study does highlight the need for more 
extensive investigation on the occurrence of antimicrobial 
compounds and bacterial resistance. 
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