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water may pose a health risk to the general public. Microbial resistance may develop and
reduce successes of pharmaceuticals that share the same structure activity relationship with

oxytetracycline.
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UV, microbial resistance.

INTRODUCTION

Recent increase in demand for food as a result of the increase in the world population has
resulted in expansion of unregulated poultry and livestock farming particularly in Africa
(Sanginga et al., 2003; Franke et al., 2010). Large amounts of tetracycline antibacterials are
administered to animals in order to treat infectious diseases. They are also used as growth
promoters and prophylactics. Oxytetracycline is a natural or synthetic antibiotic of great
antiquity used to correct breathing disorders in livestock, treat respiratory infections of
sinuses, wound infections and pneumonia. It causes an increase in biomass when used in the
milligram per kilogram range therefore it is also used as agri-feed additive. Oxytetracycline is
the most commonly used antibacterial in Zimbabwe. It is sold under trade names terranox or
teramycin. Pharmaceuticals administered to both humans and animals are becoming a major
concern as far as environmental issues are concerned. Recent researches including those done
by (Wen et al., 2009; Jia et al., 2009; Yang et al., 2011; Shafrir and Avisar 2012) shows that
antibiotics are showing up in soil, groundwater, as well as drinking water. This poses a threat
to human and animal health. Both humans and animals are not able to fully metabolize drugs
administered as medicine hence a greater portion is excreted unchanged. These compounds
eventually find their way to the aquatic environment. Even though current detected levels are
very low to raise alarm however their continued presence in the environment has been shown
to trigger microbial resistance (Yang et al., 2011). Resistance developed in the environment
in non pathogenic organisms can be transferred to pathogenic organisms in humans through
drinking water and the food chain. There is also a general fear that persistence of antibiotics
in aquatic environments could potentially reach levels that are toxic to humans and other
organisms. Other chronic effects on humans include nephrotoxicity, hepatotoxicity, skin
hyperpigmentation in areas exposed to the sun and hypersensitivity reactions (Navratilova et
al., 2009). Tetracyclines antibacterials have also been implicated in the development of
hypouricemia, hypokalemia, proximal and distal renal tubular acidosis. If they are used by
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children of 0-8 years or by pregnant women there is a risk of developing secondary tooth
discoloration (Navratilova et al., 2009).

Oxytetracycline is an emerging aquatic micro-pollutant and is attracting renewed attention
(Sarmah et al., 2006; Wen et al., 2009). Recent reports show that antibacterial agents have an
impact on aquatic life; underground and surface waters (Wang and Yates, 2008; Jodeh and
Awartani  2011). Halling-Sorensen, (1998) reported that oxytetracycline inhibited
nitrification. Several researches have shown that antibiotic-resistant genes can be built up and
transferred among microorganisms in the environment (Kummerer 2009; Diwan et al 2010;
Sivri et al 2012) by adapting resistance-encoding genes. Researches in the occurrence, fate
and implications of antibacterials in the aquatic environment are just beginning. Thus current
sewage, industrial and water treatment systems are not designed to look for such
pharmaceutical agents and do not necessarily remove them (Batt et al 2006; Gomez et al.,
2007). Currently water treatment technologies produce water that satisfies current regulatory
standards. Oxytetracycline is not among the list of regulatory pollutants in drinking water.
Low to high levels are legally discharged into surface water. Even though researches in
pharmaceutical pollution of the environment have just begun pharmaceutical agents such as
oxytetracycline have been released into the environment for several years. Information on
their fate and effect is still not well researched such that there are no safety limits for
tetracycline antibiotics in surface and drinking water. Currently much of severance studies to
screen for oxytetracycline have been performed in Europe and Asian countries. Very few
severance studies have been performed in Africa despite a sharp rise in the use of
antibacterial agents. Thus the aim of this study was to assess the occurrence of
oxytetracycline antibacterial in treated and untreated water from Bindura town. This study is
important as it may lead to changes in polices. Currently most countries do not make it
mandatory for those involved in processing and selling drinking water to look for

tetracyclines or design treatment processes that can remove them.

MATERIALS AND METHODS

Oxytetracycline hydrochloride (95%) standard and (57738-U-SUPELCO supelclean primary
secondary amine (PSA) were purchased from Sigma Aldrich, Germany, Oxalic acid, Nitric
acid (5%), Methanol, (Acetonitrile HPLC solvents), Ammonia, Sulphuric acid (80%),
Na,EDTA were of analytical grade obtained from Merck Chemical Company.

Water sampling
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All water sampling containers were cleaned by soaking in 5% HNO; for 48 hours. The
containers were washed with detergent and rinsed using distilled water followed by acetone
and dried. These containers were then rinsed three times with the sample water at the site
prior to collection. Sampling sites were Astra Campus, Town, Aerodrome, Main Campus,
Chipadze, Cottco grounds, New Site and Chiwaridzo Fig 2. Samples were placed in brown
bottles and transported in a cooler box straight to the laboratory where they were stored in a
refrigerator at around 4°C waiting analysis.
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Fig 1. Sampled areas in Bindura town

Sample preparation

Samples were filtered to remove suspensions. Five millilitres of Mcllvaine buffer (pH 4) and
5ml of 0.01 EDTA were added to chelate any metals present prior to extraction. Pre-
concentration and clean up was done using dispersive solid phase extraction (DSPE) Filtered
water samples were vigorously shaken with 10ml of acetonitrile in a separating funnel.
Magnesium sulphate and sodium chloride 0.5g each was then added to displace the extraction
equilibrium towards the organic phase. The contents were centrifugation at 3000 rpm for 10
minutes and the organic supernatants were transferred to a conical flask followed by addition
of 40mg of primary secondary amine sorbent material (57738-U-SUPELCO supelclean PSA)
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to remove interferences such as humic acid and proteins. The mixture was ultrasonicated for
15 minutes and centrifuged at 3000 rpm for 10 minutes. The organic supernatants were
collected evaporated to almost dryness under vacuum and then redissolved in 500 pl of
methanol. The contents were filtered through a 0.45 um glass Millipore filters to remove any
particulate matter and then placed into amber vials and stored in a fridge until HPLC-UV
analysis. At weighing stage analytical balance was calibrated before readings were taken, this
was achieved through the use of a 200 g standard weight and a reading of 200.00003 g was
obtained which fell within the accepted range of 200 + 0.00005 g. Verification was also done
using a 0.1g weight which gave a reading of 0.10002 g which also fell within the range of 0.1
+ 0.00005 g. The pH meter was also calibrated using pH 4 and 7 buffer solutions prior to
taking readings.

Standard solution preparations

Stock solutions for oxytetracycline were prepared by weighing exactly 0.1 g of the substance
into a 100 ml volumetric flask and methanol was added to the mark making a concentration
of 1x10 g/ml. Working standard solutions were then made from these stock solutions by
appropriate dilutions using methanol. The absorbance at maximum wavelength for each
compound was determined using a UV-Vis instrument, GENESYS 10S UV-Vis v4.003
21.9Q129001.

HPLC analysis

Analysis for oxytetracycline was performed on a Varian HPLC UV prostar 325 equipped
with a Rodyne manual injector with a 20 mL loop and a UV detector, prostar 325. The
detector was controlled remotely by the Varian Star/ Galaxie Chromatography Workstation
software. All the analytes were separated using HPLC Varian Microsorb MV 1005 packed
C18 columns 250" 4.6 mm id, 5 mm particle size, 100 A SPELCO. The separation mode used
was isocratic. Different mobile phase mixtures were tried basing on information from
previous studies. The best mobile phase mixture was prepared by mixing methanol,
acetonitrile and 0.01 M aqueous oxalic acid at pH 3.0 (adjusted using concentrated NHs) in
the ratio of 1:1.5:5. A sonicator was used to mix and remove air bubbles. Wavelength of 360
nm was used to analyze samples. Sample injection volume was 10 uL. Flow rate of mobile
phase was kept at 1.0 ml/min. Ambient room temperature was used on the column. A typical
chromatogram obtained is shown in Fig 1 below.
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Fig 1. A typical oxytetracycline chromatogram retention time 2.1 minutes

RESULTS

The use of Ultrasonic Assisted Dispersive Solid Phase Extraction (UA-DSPE) helped in
improving the detectability of oxytetracycline which could have been difficult at low
concentrations and complex matrix (R. Vallejo-Rodriguez et al 2011). DSPE extraction
involved shaking the sample with acetonitrile and addition of salts to facilitate phase change.
The use of primary secondary amine trapped interferences such as humic acid and proteins
which may complex with oxytetracycline and complicate their extraction. The overall mean
recovery was 98.6 + 3.66%. Ultrasonication provided the extra energy required to break the
bond between the analyte and the interferent. Most of the samples were analysed five times
except samples obtained from new site which was analysed only four times. Sample bottle
fell and broke during analysis. Results for validation analysis Table 2 revealed a very strong
correlation between the concentration and absorbance with R? values of 0.998. The
calibration curve for the method generated by plotting analyte peak area versus concentration
was linear at the range 0.01-1 ug/ml. The LOD and LOQ which were calculated as three
times and 10 times signal to noise ratio were found to be 11.55 and 35.05 ng/ml respectively.
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Precision as a parameter for quality was estimated by calculating standard deviation for 3
replicate samples. Computed standard deviations obtained in the present study are all within
the accepted range Table 1-2. Specificity was assayed with endogenous interferences by
extracting and analyzing blank river water and sediment from ten different sources that were
away from sources of pollution. Chromatograms recorded were free of interfering peaks both
in the extract and blank. Peak purity assessed by the Varian Star/ Galaxie Chromatography

Workstation software revealed that all peaks purity levels were equal to or greater than 99%.

Table 1 Results of validation parameters.

Validation parameter oTC

Linear regression equation y = 30625x + 60528
R2 0.998

Linear dynamic range 0.01 - 1ug/ml

Limit of detection (ng/ml) 11.55 ng/ml

Limit of quantification (ng/ml) 35.05 ng/ml

Level of spiked samples (pug/ml) 0.01 1.00
Recoveries (%) 98.61 98.56
Relative standard deviation (%) 3.78 3.59

Results obtained in the survey showed that oxytetracycline was present in most untreated
water sources Table 3. The antibiotic was detected frequently in storm drains and upper
reaches of the stream. On moving down downstream no antibiotic was detected. The highest
value was 0.1495 + 0.001085ug/ml and was detected from Aerodrome water samples. The
lowest was 0.0611 = 0.000865ug/ml which was recorded for Main Campus samples. No
oxytetracycline was detected in drinking water from six sites except samples from Chipadze
and Chiwaridzo Table 4. Chipadze recorded 0.0711 £ 0.000071ug/ml whilst Chiwaridzo had
0.0660 + 0.000798ug/ml and these values are even higher than some obtained for untreated

water.

Table 2. Oxytetracycline concentration in surface water

Sample name | Sampling site Mean concentration +

characteristics SD (ug/ml) n=3
Astra 1 Inside a storm drain 0.1484 £ 0.001891
Astra 2 Up stream 0.1386 + 0.001002
Astra 3 Down stream ND
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Town 1 In a storm drain 0.1476 + 0.002386
Town 2 Up stream 0.1532 + 0.000133
Town 3 Down stream ND
Aerodrome 1 | Up stream 0.1495 + 0.001085
Aerodrome 2 | Down stream ND
Chipadze 1 Up stream 0.0708 = 0.000305
Chipadze 2 Down stream ND
Chiwaridzo 1 | Up stream 0.0611 + 0.000618
Chiwaridzo 2 | Down stream ND

Table 3. Oxytetracycline concentrations in treated drinking water

Sample name Mean concentration + SD (ug/ml) n =3
Astra ND

Town ND

Aerodrome ND

Main Campus ND

Chipadze 0.0711 £ 0.000071

Cottco ND

New Site ND

Chiwaridzo 0.0660 + 0.000798

DISCUSSION

This study was aimed at assessing levels of oxytetracycline in treated and untreated drinking
water. The survey revealed that oxytetracycline was present in untreated water sources from
Bindura. The antibiotic was detected frequently in storm drains and upper reaches of the
stream and was not detected in the lower reaches. This may be due to dilution or
complexation to sediment particles since oxytetracycline has been reported to complex
readily to sediment particles. Presence of oxytetracycline in untreated water sources is
worrisome since it may trigger microbial resistance or affect the self containing nature of
aquatic ecosystem especially nutrient recycling (Zhou et al., 2011). Most of the treated water
samples had no oxytetracycline detected. This may mean that the conventional methods used

to treat water in Bindura are able to significantly retain and remove most of these
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antibacterials. This can also be explained by adsorption of tetracyclines onto sediment.
Adsorption studies carried out by (Agar, et al., 2005) showed that oxytetracycline has a low
mobility in soil indicating high adsorption. More oxytetracyclines could have been left
adsorbed onto soil and sediments which accounts for low values attained. (Simon, 2005)
found out that oxytetracycline readily adsorbs onto sediment and loosely held molecules can
also be desorbed back to the liquid phase by water currents. Therefore the sediment can act as
a reservoir. Also organic matter present acts as a sorbent phase in soils for antibiotics.
Chelation with metals between organic matter ligand groups and antibiotic ligand groups
occurs as reported by (MacKay., et al 2005). Presence of oxytetracycline in Chipadze and
Chiwaridzo drinking water samples is an anomaly and may be due to possible contamination
of finished water with sewage as these sites are faced with serious water and sewer pipe
bursts.

CONCLUSION

The present study results revealed that oxytetracycline is present in all surface water sources
and some drinking water sources in Bindura indicating high levels of pharmaceutical
pollution. There is a potential health risk on the environment and humans. There is risk of
bacterial resistance and distruction of aquatic microflora. Presence of oxytetracycline in
surface water calls for microbial resistance screening studies and development of pollution

management regimes to prevent emission into the aquatic system.
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