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ABSTRACT

In the present study biodegradation of oxytetracycline (OTC), doxycycline (DC), chlortetracycline (CTC) and
tetracycline (TC) using algal species collected from municipal and hospital waste water was studied using
microcosm experiments. Changes in antibiotic concentration were determined using reversed phase HPLC. The
results show that algal species, Haematoloccus pluvialis, Chlorella sp,(hospital waste water) Selenastrum
capricornutum and Pseudokirchnerilla subcapitata (municipal waste water) degrade tetracycline antibiotics. The
order of degradation was DC > OTC > CTC > TC. Results are explained in terms of a two compartmental model
consisting of free and adsorbed formwith initial fast degradation rate constants ranging from 1.1 x 10° to 3.7 x 102
mg L™ day®. The corresponding slow degradation rate attributed to degradation of the bound form was not
significantly different from zero, t-test p = 0.05 showing non degradability. TC results could not be explained using
a two compartmental model. The results followed monophasic kinetics with slow degradation rates ranging from 1.3
x 10% t0 9.0 x 10° mg L™ day™. H. pluvialis, S capricornutum and P. subcapitata were better candidates than
chlorella sp.
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INTRODUCTION

Persistence of pharmaceuticals in the aquatic @mwient is becoming a great concern. This is becdugsehave a
potential to induce drug resistance to microbesha environment which can be transferred to hunthrsugh
drinking water and the food chain [1] and this ctiogtes treatment of diseases. Other important emrscinclude
development of allergic conditions and discolonmatid secondary teeth in children [2]. Presencentibaotics in the
environment is not only fatal to humans but cam alsturb important ecological roles such as natriecycling

3].

Pharmaceuticals enter the environment through effldischarge from municipal treatment works asetere not
designed to look for or remove pharmaceuticals Mjother route of contamination includes runoff esekpage
from fields and vegetable gardens applied with ahimanure that has not been treated adequatelptpasting
[5]. Tetracyclines antibiotics merit attention besa they are the mostly applied antibiotics tottdiaeases in
humans and farm animals worldwide [6]. They ar® aldded in micrograms per kilogram level in anifieglds to
act as growth promoters and prophylactics [7]. ©tgicycline OTC, tetracycline TC, chlortetracyclié&C and
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doxycycline DC are among the widely applied antib® and because of this they were selected far ghidy.
Significant to low levels have been found in suefa@ters, municipal, hospital and swine waste W&td0].

In the last decades a lot of studies have beemedaout to address the problem of antibiotic coritation in the
environment. A number of physical and chemical ddgtion technologies such as chemical or Fentodatigin,
adsorption, ozonation, use of membrane filterdyaisd sludge, membrane and fixed bed reactors been tested
[11, 12]. The overall aim has been to degrade thibiatics from their environmental matrix. The magraw backs
of these technologies are that they are to a gpgaht condition based and potential expense RI8jtodegradation
has been reported to be the only major removal nebtietracyclines from the aqueous phase on thengstson that
they are bacteriostatic [14] however recent stubdase shown that microbial degradation plays aroitamt role in
the dissipation of antibiotics from the real enwimzent [15, 16] where photodegradation is expecaidzethampered
by presence of radiation attenuating materials.[PHytoremediation coupled to biodegradation damsr&quire
specific conditions such as pH, temperature andametio therefore can be easily adopted for pheeutical
remediation of contaminated areas.

Algae has been selected in the present study aslragghnisms for decontamination of tetracyclinghaotics from

municipal and hospital waste waters as they hawem veported to be suitable candidates for bioreatiedi of

organic molecules [18]. Algal species have the athge not only of being the major players in figatiand

turnover of carbon but they are also ubiquitoutrithsted. While some tetracycline antibiotics héveen reported to
be toxic to algae recent studies have shown thdinealgal species can degrade them [19]. Revigvecientific

studies show limited knowledge on the applicatibéralgae to degrade pharmaceuticals in municipal lrogpital

waste waters. Previous studies [20-22] involvingréinediation identified several types of enzymexipced by
plants, algae and bacteria that play a significat in biodegradation of organic molecules. Enzgnseich

asphosphatases, hydrolases and laccase have lpeeread23] to be major players in the degradatbmrganic

molecules consisting of benzenoid rings. Therefbeegoal of this study was to investigate biodegtiat of OTC,

TC, CTC and DC using algal species isolated fromicipal and hospital waste waters.

MATERIALSAND METHODS

OTC, TC, CTC and DC standard 96-99% purity, methaacetonitrile (HPLC solvents), primary secondand

amine sorbent material (57738-U-SUPELCO supelclg®A) and nylon disposable filter units (0.45 pngrev
purchased from Sigma Aldrich (Germany). Analytigahde chemicals, oxalic acid, orthophosphoric anittic

acid, sodium hydrogen phosphate, citric acid ambdlium ethylenediaminetetraacetate NATA)) were bought
from SKYLABS, Gauteng, South Africa. Municipal ahdspital waste waters 10 L each were collectedugust

2014 from discharge points located in and aroutyddfiBindura, Zimbabwe. Background levels of OTCI,C, DC

were measured and values of 23-89 ng/L were detegtgle no TC was detected. Total suspended anatilel
suspended solids measured using a standard m&tipdigre 12 and 16 g/L on average. The pHs of thatisns

were in the range 6.9-7.1. Individual standard901®g/L were prepared in methanol and were lated 63 prepare
working solutions. Sock solutions were stored fridge, 0-5C before use.

Collection of algae, growth conditions and batcheriknents

Algal species were collected from Bindura town neipal and hospital waste waters. Species were taraally
identified as Haematoloccus pluvialis, Chlorella sp,(hospital waste waterBelenastrum capricornutum and
Pseudokirchnerilla subcapitata (municipal waste water).Unicellular algal speciesrevmaintained each in an axenic
culture as recommended by OECD [25]. Cultures wgrevn in 500 mL flasks sealed with cotton bungs and
containing heat sterilized waste water medium. fldsks were incubated at room temperature and nligrareaken
twice per day. Cultures of grown algae were judigede continually axenic when they fail to indicttte presence
of bacteria and fungi when spread onto nutrient.agjae flasks were then doped with a mixture of g/lmthe
highest concentration detected in surface watarewtly [26] of each antibiotic. Control experimgmonsisting of
sterilized and unsterilized waste water but withahgal cultures were also set up in 500 mL flasksanges in
antibiotic concentrations were then monitored fordays. Samples were collected on days 0, 1,%2,3,10, 15 20,
30. On day 0 the samples were collected 2 houes Hfe doping to make sure that the antibioticsewdistributed
evenly in the flasks.
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Sample preparation and analysis

Samples, 2 mL aliquots were analyzed in triplicateording to a slightly modified procedure reportedthe
Chinese pharmacopeia [27]. A Varian HPLC UV Pro&25 equipped with a Rodyne manual injector, a 20 m
loop and a Prostar 325 UV detector was used toyamahe antibiotics and their metabolites. The aetewas
controlled remotely by the Varian Star or Galaxier@natography Workstation software version 6. APLT
separations were carried out using C18 (Varian diorb MV 1005 packed columns (250 x 4.6 mm id, 5 um
SPELCO). A mixture of methanol, acetonitrile an@10M aqueous oxalic acid in the ratio of 1:1.5:pH, 3.0 was
used as the mobile phase. The flow rate was magdagt 1.0 mLmif in the isocratic mode, at ambient
temperature. A sonicator was used to mix and rena@vbubbles from the mobile phase prior to HPL@Igsis.
The detector was set at 360 nm. Typical chromatograecorded at day zerofor non-fortified and fartf
municipal waste water sample are shown in Fig ef®n times for OTC, TC, TC and DC were 2.1, 3.8, and
7.2 respectively. Percentage recovery was 88.6524 86 and 89.23 + 3. 66 % of waste water spiketl @&i05 and

2 mg/L of antibiotic respectively.
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Fig 1. Typical chromatographsfor standard antibiotics non-supplemented (a) and supplemented waste water samples (b), OTC =
oxytetracycline, CTC = chlortetracycline, DC = doxycycline
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RESULTSAND DISCUSSION

The percentage residual antibiotics over the 30 pexyod are shown in Figure 2 (a), (b), (c), (&), (and
(f).Antibiotics in control experiments consistinf sterilized waste water with no algae Fig 2 (aphamed almost
unchanged. Significant declines were observed afftagr 20 that can be attributed to recolonizationnigrobes
from the surrounding. Noticeable degradation interilized waste water control Fig 2 (b) can beilattied to
biodegradationby microbes in the waster waters. [&8}ibiotic resistance bacteria and fungi haverbeleserved to
degrade tetracyclines in environmental samples. [R9]waste water consisting of algal cultures Figc? H.
pluvialis), (d) (Chlorella sp), (e) S.capricornutum) and (fP. subcapitata significant degradation was observed for
DC, OTC and CTC while TC remained almost unchangei the 20" day. A possible explanation for these results
is that enzymes capable of degrading DC, OTC, afi@ Bad evolved already in the algae species celiiefitbm
the waste waters. DC was the mostly degraded atitiin both hospital and municipal effluents imply greater
adaptation of the algae species to use DC as aesaficarbon and nitrogen. A slight increase in dggradation
after the 28 day is as a result of adaptation of enzymes taradiegit or due to recolonization. Antibiotic
degradability was in the order DC > OTC > CTC > TC.

A two compartmental model was used to analyze dugatiation kinetics of the antibiotics:

d

d_E[) =k, [Cl]

d

d_rt) =k, [Cz]

Where((jj—p is the rate of formation of products whilg ik the rate constant for the initial fast degramtaind k is
t

the rate constant of the subsequent slow degradeadite while @ and G are the concentration of the free and
particulate bound antibiotic respectively:-@C[30] was computed by regression analysis as aifumaf time where
(G, is the initial concentration at day zero, whilg i€ concentration at any time t). The slopes of lthear
regression lines give the rates of degradatiorhefttvo forms. The computed rates of degradatiominbtl are
summarized in Table 1. Degradation of OTC,CTC aidhowed biphasic pattern with a fast degradataa in
the first 10 days and the rate stabilized thereafbegradation of TC followed monophasic patterrihwino
subsequent slow degradation rate. Fast degradatiercorrespond to degradation of the free antibform while
the slow degradation correspond to degradation atiqulate matter bound form. In the subsequentvslo
degradation component the rate was found not tsigréficantly different from zero (t-test, p>0.0®B)plying that
microbes could not degrade the bound form. Tetlam& antibiotics have been reported to sorb oriiqulate
matter [31].

Table 3. Biodegradation ratesof OTC, TC, CTC and DC(ng/g/day)

Experiment | Phase| Initialrate | R?> | Finalrate| R?
OTC | 1.2x1¢% | 0.98 NS 0.98
TC | 9.0x10° | 0.99

(Hplwialis) | v | 57410 | 097| NS | 0.99
DC | 2.6x10 | 0.99 NS 0.99

OTC | 1.1x10° | 099 | 1.0x10° | 0.99

(Chiorella sp) TC 1.3x10* | 0.99 - 0.99
$)h | ctc | 1.7x10° | 098 | 1.4x10° | 0.99

DC | 1.5x10° | 0.99| 1.6x10* | 0.99
OTC | 29x1C | 0.99 NS 0.98
S.capricornutum TC | 13x100 ) 099 ) )

CTC | 3.1x10° | 0.99 NS 0.98

DC 3.6x10° | 0.99 NS 0.99
OTC | 2.7x10* | 0.99 NS 0.98

TC 2.2x10* | 0.99 - -
CTC | 3.3x10* | 0.99 NS 0.97

DC 3.7x 10 | 0.99 NS 0.99

NS= not significant from zero, p > 0.05
- = The degradation could not be explained using biphasic kinetics

P. subcapitata
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Fig 2.Percentageresidual antibiotics over the 30 day period
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The rate of this compartment is no longer dependeniconcentration of the antibiotic but on the natof
adsorption. Sorbed compound are relatively lesessiible to microorganisms. In the real environmanth as
employed in the microcosm experiments adsorpticuigegion equilibria is a dynamic process. As theefform
degrades the bound form can desorb from the ptateunatter and achieve a new equilibrium. If tkleasption
process is reversible then the antibiotic can axadhyt be completely mineralized however if it iseversible the
antibiotic can persist in the environment. In tlegent study results show that certain proportibthe antibiotic
remained adsorbed onto particulate matter. Thipgrtmn could persist thus cannot be accounteéhftiie half-life
concept.

CONCLUSION

Algae harvested from municipal and hospital efflsemanaged to degrade significantly OTC, CTC and DC
Degradation of the antibiotics followed the followgi order DC > OTC > CTC > TC. Almost no degradatioas
observed in sterile experiment while slight degtiaawas observed in non-sterile experiment coimgjsof no
algae. Biphasic degradation was observed for OTKG; @1d DC while TC exhibited monophasic degradatidre
fast degradation compartment was attributed toatkgion of the free form while the slow degradatiorresponds
to degradation of the particulate adsorbed form.
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