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Abstract
Public and regulatory interest regarding the presence of pharmaceutically active compounds in the environment its
increasing adverse impact has increased in the recent years. Detection of a wide variety of pharmaceutical
compounds in water environment has been a serious and growing concern in the last few decades. Understanding the
biological degradation of pharmaceutical compounds is essential for accurately determining their ultimate
environmental fate, conducting accurate risk assessments, and improving removal of such micro pollutants. Present
investigation was designed to accomplish biodegradation of ethylacetoacetate in shake flask culture using whole
cells of previously isolated and identified yeast strain Trichosporon dermatis, from pharmaceutical effluents using
enrichment culture technique. The strain was cultivated for two generations on an orbital shaker at 120 rpm at 28 ±
20C and the biomass was separated by centrifugation at 10,000 rpm for 20 mts. Normal saline washed cells were
used in degradation carried out in Erlenmeyer flasks containing 500 ml of mineral medium containing
ethylacetoacetate at standard conditions; wet cell weight= 20g/l; ethylacetoacetate concentration = 0.5% in mineral
medium (w/v); time of biodegradation= 72 hrs; temperature= 28 ± 20C. Gas chromatography/mass spectrometry
(GC-MS) analysis of microbially degraded product revealed that complete degradation of ethylacetoacetate in
mineral medium was achieved in 72 hours using whole cells of Trichosporon dermatis yeast strain. Degradation of
ethylacetoacetate by this yeast strain has not been reported before the present investigation.
Keywords: ethyl acetoacetate, biodegradation, Gass chromatography/mass spectrometry and effluents,
Introduction:
In the recent decades detection of a wide variety of organic pharmaceutical compounds in surface, ground
and drinking waters, and their fate in water bodies is raising growing concern as regards the adverse consequences of
these pollutants and future reuse of treated water (Gusseme et al., 2011). High quality groundwater resources are
becoming less available with the rising demand of the drinking water day by day ((Aguilar et al., 2011). plenty of
waste water, from chemical syntheses and fermentation processes is generated by growing pharmaceutical industries
worldwide and the microbial pretreatment is required (Recek et al., 2002). Ethyl acetoacetate (EAA) is an organic
compound. Its large scale application as a chemical intermediate in the production of a wide range of pharmaceutical
and chemical products such as amino acids, various analgesics, antibiotics, antimalarial agents, antipyrine and
aminopyrine, and vitamin B1 has increased, and moreover its application in the manufacture of dyes, inks, lacquers,
perfumes, plastics, and yellow paint pigments has also grown enormously (Cary and Francis, 2006).
Pharmaceutical industries releasing waste water containing residual ethylacetoacetate in bulk which gain access to
the water cycle. There has been a continuous threat in the last years for both surface and ground water owing to
significant increase in generation of pharmaceutical pollutants. Wet hydrogen peroxide oxidation was used to deal
with wasted water containing ethyl acetoacetate (Ding et al., 2005). The use of pharmaceuticals continues to grow
worldwide on par with many agrochemicals. The pharmaceuticals and personal care products (PCPs) enter our
environment and act as a trigger on organisms regularly exposed to them (Sharma et al., 2010). Steady release of
pharmaceutical compounds into environment has been shown to have detrimental environmental consequence and
could potentially impact public health safety (Kagle et al., 2009). Detection of pharmaceutical compounds in trace
concentrations both in groundwater (Ikehata et al., 2006) and surface waters (Jasim et al., 2006) are reported
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worldwide. The incidence and the environmental fate of pharmaceutical drugs, illicit or recreational drugs,
veterinarian medicines, over-the-counter medications, nutraceuticals and Personal care products (PCPs) reflect in
literatures (Thomas 2002; Kim et al. 2007; Liu et al. 2010). Diverse and extensive studies have revealed the
presence of ibuprofen, acetaminophen, aspirin, diclofenac, metoprolol, propranolol, nadolol andcarbamazepine in
different water systems (Jones et al., 2002; Huber et al., 2003; Löeffler et al., 2005; Hebere et al., 1998; Ternes
1998; Hirsch et al., 1996). Very little is known about the ecotoxic effects of pharmaceutical pollutants which could
pose enormous threat due to their regular discharge into the environment (Daughton and Ternes, 1999). Highly
toxic pollutants such as disinfectants and pesticides and their residues are dangerous for human health and the
environment, and are not easily degradable (Moctezuma et al, 2003). The environmental sciences have an enormous
progress in recent years (Oliveria et al., 2011) and there is a need to develop new technologies, new processes, and
new materials for the prevention and control of such pollution (Bertazzoli et al., 1998). Interest in the microbial
transformation and or degradation of pollutants has intensified in recent years as humanity strives to find sustainable
ways to clean up contaminated environments (Diaz, 2008; Koukkou, 2011). The major applications of enzymatic
catalysis are associated with biodegradation and biotransformation (Parales et al., 2002). The recent advances in
bioremediation techniques for the treatment of toxic waste are of high significance (Fulekar, 2005). The process of
bioremediation is an evolving method for the removal and degradation of many environmental pollutants (Das and
Chandaran, 2010). In the present study degradation of ethyl acetoacetate using microbial strain previously isolated
from pharmaceutical effluent was investigated in order to contribute to knowledge of biodegradation and
transformation.
Materials and methods:
2.1 Maintenance of previously characterized pure yeast strain: Previously isolated yeast strain from
pharmaceutical effluents by enrichment culture technique using mineral medium prepared in double distilled water
(g L-1, KNO3-0.5, NaCl-2.0, K2HPO4-2.0, KH2PO4-2.0, MgSO4.7H2O-0.5, CaCO3-0.02, and FeSO4.7H2O-0.01)
supplemented with an extra pure ethylacetoacetate and paracetamol (SDFCL Chemical Manufacturer) as sole carbon
and energy source was phenotypically and genotypically characterized as Tichosporon dermatis was used in the
present study of microbial degradation. The pure strain was maintained by the periodic sub-culturing on agar slopes
prepared by using malt yeast extract agar supplemented with few drops of 10% lactic acid in 28 ml screw-capped
McCartney bottles. Slants were stored at 40C.
2.2 Preservation of the pure yeast strain: 812 µl of the broth culture grown at 28 ± 20C for 48 hours was
dispensed into a 2 ml cryo-vial. 188 µl of 80% sterile glycerol was added and subjected to the vortex. Vial was
placed in -200C freezer (Sherman et al., 1986).
2.3 Optimization of concentration of ethylacetoacetate for efficient microbial degradation: 45 ml of the mineral
medium containing different concentrations ranging from 0.1%, 0.5%, 1.0% and 1.5% of extra pure
ethylacetoacetate were inoculated with 05 ml of 48 hours old broth culture of the yeast strain and incubated at 28 ±
20C for seven days under shaking conditions at 120 rpm. Growth was observed spectrophotometrically using a
spectrophotometer (UV1 Thermo Electron Corporation, model no. 702602) at 600 nm at every two days interval.
The same experiment was also carried out in distilled water in place of mineral medium at the same various
concentrations of ethyl acetoacetate to compare the growth in both the conditions.
2.4 Biodegradation of ethylacetoacetate using whole yeast cells: Degradation of ethylacetoacetate was
accomplished using whole yeast cells according to Popa et al. (2008). The active biomass for degradation was
obtained by cultivating cultures in 500 ml erlenmayer flasks containing 100 ml Malt extract broth. The strain was
cultivated for two generations on an orbital shaker at 120 rpm at 28 ± 20C. The biomass was separated by
centrifugation at 10,000 rpm for 20 mts. Cells were washed with normal saline. The degradation was carried out in
20 erlenmayer flasks containing 500ml of mineral medium containing ethylacetoacetate at optimal concentrations.
Standard conditions for the biodegradation process were as follows:
Wet cell weight= 20g/l;
Ethylacetoacetate concentration = 0.5% in mineral medium (w/v).
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Time of biodegradation= 72 hrs.
Temperature= 28 ± 20C
2.5 Gas chromatography Mass spectrometry (GC/MS) analysis of degraded products.
Gas chromatography–mass spectrometry (GC-MS) is a method that combines the features of gas-liquid
chromatography and mass spectrometry to identify different substances within a test sample. GC/MS analysis of
standard and microbially degraded ethylacetoacetate was carried out using Clarus 500 gas chromatograph coupled
with Clarus 500 mass spectrometer. Elite 5 MS and methanol were used as capillary column and solvent
respectively.
Results and discussion
In the early phase of the present study optimization of concentration of ethyl acetoacetate as sole carbon
and energy source before going for an efficient microbial degradation process was carried out in two reaction
media, a) mineral medium (same composition that was used at the time of the isolation of the strain Trichosporon
dermatis using enrichment culture technique) and, b) distilled water. Survival and growth of the yeast strain was
found to be proportionate throughout the incubation period on mineral medium containing ethylacetoacetate at
0.5% & 0.1% while that of the strain on distilled water containing with ethyl acetoacetate as carbon and energy
source, was found higher in the initial phase of incubation, but a lagging in the last phase at almost every
concentration was spectrophotometrically recorded which clearly indicated that mineral medium supported better
growth and survival of the yeast strain than pure distilled water (Fig.1 & 2). Linear increase in the absorbance
(optical density) was noticed better at concentration of 0.5% of ethylacetoacetate in mineral medium. However, at
other concentrations initial increase in absorbance was recorded but a drop was noticed in the later phase of the
incubation (Fig. 1), thus biodegration was carried out at the most suitable concentration (0.5%) ethylacetoacetate
in mineral medium. Chromatogram and spectrograph obtained from gas chromatography/mass spectrophotometry
analysis of the product of microbial degradation and that of standard ethyl acetoacetate were compared. Two
peaks in the chromatogram of standard ethylacetoacetate (Fig.3) and their corresponding peaks in full-scan mass
spectra at m/z 43 and m/z were observed. The base peak at m/z 43 and molecular ion peak at m/z 130 (Fig. 4)
revealed the presence of ethylacetoacetate in the standard sample while both the peaks in the chromatogram of the
microbially degraded sample were completely absent (Fig. 5) and, hence the corresponding mass spectra was not
obtained. The disappearance of the peak in the microbially degraded sample revealed the complete degradation of
ethyl acetoacetate in the mineral medium in 72 hours of incubation with the yeast Trichosporon dermatis.
Conclusion:
Consequently to our investigations, it could be noticed that the novel yeast strain previously isolated from
pharmaceutical effluent and identified as Trichosporon dermatis has catabolic properties to degrade
ethylacetoacetate in mineral medium at 0.5% (w/v) concentration using shake flask culture technique in 72 hours.
The outcome of the present investigation would make a real contribution in the knowledge of biodegradation of
organic compounds and thus may help coping up the challenges to minimize pharmaceutical pollution.
Acknowledgement:
HNBGU Srinagar and DIBNS Dehradun (UK) India are gratefully acknowledged for providing laboratory
facilities. We express our gratefulness to Arbro and Sri Balaji test laboratory, India which helped in the chemical
analyses (GC-MS) of the samples under present study.
References:
Carey, F A. (2006). Organic Chemistry (Sixth Edition ed.). New York, NY: McGraw-Hill. ISBN 0-07-111562-5.
Das, N. & Chandaran, P. (2010). “Microbial degradation of petroleum hydrocarbon contaminants: An overview”.

29

Journal of Natural Sciences Research
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online)
Vol.3, No.1, 2013

www.iiste.org

Biotechnology research international volume. Article ID 941810:13.
Daughton, C G. & Ternes, T A. (1999), “Pharmaceuticals and personal care products in the environment: Agents of
subtle change” Environ. Health Perspect. 107 (Supplement 6), 907-938.
Diaz, E., (2008). “Microbial Biodegradation: Genomics and Molecular Biology”. Caister academic Press.
ISBN 978-1-904455-17-2.
Fulekar, M H. (2005). “Environmental Biotechnology” Oxford & IBH, New Delhi.
Heberer, T., Schmidt-Bäumler, K. & Stan, H J. (1998). “Occurrence and distribution of organic contaminants in the
aquatic system in Berlin. Part I: Drug residues and other polar contaminants in Berlin surface and ground water”.
Acta hydrochimica et hydrobiological. 26(5):272-278.
Hirsch, R., Ternes, TA., Haberer, K. & Kratz, KL. (1996). “Determination of betablockers and sympathomimetics in
the aquatic environment”. Vom Wasser. 87:263.
Huber, M. M., Canonica, S., Park, G. Y. & Gunten, U. V. (2003). Oxidation of pharmaceuticals during ozonation and
advanced oxidation processes. Environ. Sci. Technol., 37 (5), 1016-1024.
Ikehata, K., Naghashkar, N J. & El-Din, M G., (2006). “Degradation of aqueous pharmaceuticals by ozonation and
advanced oxidation processes: A review”, Ozone Sci. Eng., 2(6),353-4 14 (62 pages ).
Jasim, S Y., Irabelli, A., Yang, P., Ahmed, S. & Schweitzer, L. (2006). “Presence of pharmaceuticals and pesticides
in Detroit River water and the effect of ozone on removal”, Ozone Sci. Eng., 28 (6), 415-423 (9 pages).
Jones, O H., Voulvoulis, N. & Lester, J N. (2002). “Aquatic environmental assessment of the top 25 English
prescription pharmaceuticals”. Water Res., 36 (20), 5013-5022.
Kagle, J., Porter, AW., Murdoch, RW., Rivera-Cancel, G. & Hay AG. (2009). Biodegradation of pharmaceutical and
personal care products”, Adv Appl Microbiol. 67:65-108
Ke, D., Sheng, W., Qing-guo, YE. & Rong-ning, L. (2005). “Wet Peroxide Oxidation of Ethyl Acetoacetate
Wastewater”, Jounal of Quingdao university of Science and Technology.
Kim, Y., Choi, K., Jung, J., Park, S., Kim, P. & Park, J. (2007). “Aquatic toxicity of acetaminophen, carbamazepine,
cimetidine, diltiazem and six major sulfonamides, and their potential ecological risks in Korea”. Environment
International. 370-375.
Koukkou, A I. (2011). “Microbial Bioremediation of Non-metals: Current Research”, Caister academic Press. 9781-904455-83-7.
Liu, Y., Tong, Y. & Liu, J. (2010). “Photodegradation of Acetaminophen in Secondary Effluent of Sewage
Treatment Plant under Simulated Sunlight Irradiation”. Bioinformatics and Biomedical engineering (iCBBE). ISBN:
978-1-4244-4712-1. P (1-4).
Löeffler, D., Römbke, J., Meller, M. & Ternes, T. (2005). “Environmental fate of pharmaceuticals in water/sediment
systems”. Environ. Sci.Technol., 39 (14), 5209-5218.
Moctezuma, E., Zamarripa, H. & Leyva, E. (2003). “Degradación fotocatalítica de soluciones de alta concentración
de Paraquat”. Rev. Int. Contam. Ambien., 19(3): 117-125.
Parales, R E., Bruce N C., Schmid, A., & Wackett, L P. (2002), “Biodegradation, biotransformation, and
biocatalysis (B3)”, Appl. Environ. Microbiol. 68 4699–4709.

30

Journal of Natural Sciences Research
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online)
Vol.3, No.1, 2013

www.iiste.org

Recek, M., Ade, N. & Raspor, P. (2002), “Identification and Characterization of Yeast Isolates from Pharmaceutical
Waste Water”, Food Technol. Biotechnol. 40 (1) 79–84.
Ternes, T A. (1998). “Occurrence of drugs in German sewage treatment plants and rivers”. Water Research.
32(11):3245-3260.
Thomas, H. (2002). “Occurrence, fate, and removal of pharmaceutical residues in the aquatic environment: a review
of recent research data”. Toxicol. Lett. 131(1–2): 5–17.

Figure.1 Growth and Survival of the yeast strain on Different Concentrations of Ethyl
Acetoacetates in Mineral Medium.
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Figure.2 Growth and Survival of the yeast strain on Different Concentrations of Ethyl
Acetoacetate in Distilled Water

Figure 3. Exhibiting the GC/MS chromatogram of the standard ethyl acetoacetate sample.
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Figure 4. Mass spectrograph of the standard ethyl acetoacetate sample.
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Figure 5. Showing the GC/MS chromatogram of the degraded ethyl acetoacetate sample.
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