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INTRODUCTION
• As the world’s population continues to grow, so does

the amount of garbage that people produce.

• On-the-go lifestyles require easily disposable products,

but the accumulation of these products has led to

increasing amounts of plastic pollution around the

world.

• The plastic waste has a significant impact on the

environment as most of the plastics are not degradable.
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SERIOUS EFFECTS OF PLASTIC POLLUTION

• Upsets the Food Chain

• Water Pollution

• Land Pollution

• Air Pollution

• It Kills Animals
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Plasticizers

• In order to increase the plasticity or decrease the
viscosity of a material, a certain additives/ dispersants
known as Plasticizers are added.

• These substances alters the physical properties of the
substances.

• These are either liquids with low volatility or solids.

• They decrease the attraction between polymer chains to
make them more flexible.

• Plastics such as PVC have a three-dimensional porous

structure in which plasticizers are dispersed.
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• Sebacates, Adipates, Terephthalates,

Dibenzoates, Gluterates, Phthalates,

Azelates are the most commonly used

plasticizers [1].

• Phthalate esters (PEs) are the dialkyl or

alkyl esters of 1, 2-benzendicarboxylic

acid (phthalic acid).

• They are oily liquids at room

temperature.

• They have low to moderate vapour

pressures and have low volatility.



• Because the phthalate esters are not covalently bound to the

polymer of which it is a component, it is able to migrate to the

surface of the polymer matrix where it lost by a variety of

physical processes [2].

• Found in sediments, natural waters, soils, landfill leachates,

biota including human tissue and aquatic organisms [3].
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Diethyl Phthalate (DEP)

• Diethyl phthalate is a colourless liquid with a slight aromatic

odour and low volatility. It is soluble in water (1000 mg/litre at

25 °C).

• DEP is majorly used as a plasticizer in manufacturing of

various plastic products. It is also used in fragrance

ingredient in cosmetics, personal care products, in insect

repellents, lacquers, paints, rubbers, toothbrushes,

automobile parts, tools, toys, and food packaging [4].

• DEP is the highly used phthalate ester often detected in the

natural environment with high stability.

• DEP is classified as a harmful pollutants by United States

Environmental Protection Agency. It severely irritates eyes

and mildly irritates skin on exposure and long term exposure

may affect reproductive system [5].
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Fig. 1. Chemical structure of 

DEP



Dimethyl Phthalate (DMP)

• Dimethyl phthalate (DMP) is a low molecular weight

phthalate ester. It is a colorless oily liquid with a slightly

sweet odor.

• It is used mainly as solvents and plasticisers. It is used as a

fragrance ingredient in cosmetics, domestic and personal

care products; as a solvent and plasticiser for cellulose

acetate compositions; and in insect repellents, lacquers,

paints, plastics and rubbers [6].

• It is also used in combination with diethyl phthalate (DEP) in

detergents, cosmetics, perfumes and personal care

products. For application in PVC as a plasticizer, DMP is

used as a secondary plasticiser
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Fig. 2. Chemical structure of 

DMP



Toxicity
• Acute exposure to DMP, via inhalation in humans and animals, results in

irritation of the eyes, nose, and throat. It is a subchronic toxicant and an

endocrine disrupting chemical that decreases fertility in males and females

[5].

• DEP severely irritates eyes and mildly irritates the skin on exposure.

• U.S. Environmental Protection Agency listed PE as hazardous environmental

priority pollutant in-group D [4].

• Thus, removal of PE is a necessity in the current scenario of environmental

perspective.

• Biodegradation is one of the advantageous methods of remediation for this

common pollutant
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Biodegradation of PEs
Table 1. Biodegradation study of PEs reported in literature

Microorganism Isolated from Phthalates Concentration

(mg/l)

Performance References

Rhodococcus ruber Activated sludge DMP 100 100 % degradation in 6 days
Lu et al. (2009) 

[7]

Deinococcus

radiodurans
Activated sludge DBP 5

Complete degradation in 7 
days

Liao et al. 
(2010) [8]

Arthrobacter sp. ZH2 Mangrove sediment

DBP  and 

mixture of 

DMP, DEP, 
DBP and DOP

500 and 200
97.8 % and 95 % in 

48 h  

Wang et al. 
(2012) [9]

Variovorax

sp.

Electronic and plastic 

wastes contaminated 
soil 

DMP 300 >99% in 30 h

Prasad and 

Suresh, (2012) 
[10]

(Mixed culture) 

Gordonia sp., 

Achromobacter sp. 

and  Burkholderia 
sp. 

Activated sludge DBP 1200 90% in 48 h
He et al. (2013) 

[11]

Xenorhabdus indica
Entomopathogenic 

nematode
DMP 400 98.75 %  in 12 days

Pranaw et al., 
(2014) [12]

Rhodococcus ruber Activated sludge DBP 1200 100 % in 60 h
He et al. (2014) 

[13]

Bacillus

thuringiensis
Cotton field soil DMP 400 100 % in 72 h

Surhio et al. 
(2014) [14]

Bacillus sp. QD14
Soil sample collected 

from the river
DMP 100 100 % in 64 h

Mo et al. (2015) 
[15] 14



Airlift Bioreactor
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• The low molecular weight phthalate esters (Pes such as dimethyl phthalate (DMP) and

diethyl phthalate (DEP), are widely detected in toys (up to 16.2 % mass) and other

variety of products in India.

• However, data on PEs production in India is unavailable and there are no regulations on

their usage [16, 17].

• They get their way into the environment by losses either during manufacturing

processes or by weathering, leaching or evaporating from and of the products they are

used in .

• Thus, these phthalate esters have become a ubiquitous environmental contaminant and

as a result, they are turn out to be one of the major component of municipal wastewater.

• Consequently, the microbial communities existing in the sites contaminated with the

municipal wastewater are able to tolerate their high concentrations phthalate esters and

exhibit excellent remediation efficiency.

• In the present study, an attempt has been made to isolate a microbial strain from such a

site and evaluate its remediation efficiency in both flask as well as reactor scale.
16

Scope of the present study



OBJECTIVES
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METHODOLOGY

Isolation of PE Degrading microorganism

• Phthalate esters degrading bacterial strains were

isolated from soil at municipal wastewater discharge

site at Koel River, Rourkela (Odisha, India).

• The bacterial strain that exhibited highest PE tolerance

was selected as the subject for the present study.

• The strain was identified based upon its

morphological, biochemical, and molecular

characterization.
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Internal loop airlift bioreactor (ILALR) set up

• An internal loop airlift reactor of 0.6 m height was
fabricated of Perplex glass material.

• The outer tube was of 0.1 m diameter. The
concentrically located inner draft tube of diameter
of 0.04 m and height of 0.4 m was fixed at 0.06 m
from the bottom of the reactor with the support of
metallic clamps hinged with rods.

• The overall tank capacity was of 4.7 litre and
working volume was 3.4 litre.

• The ceramic sparger (80 – 100 μm pore size) of
diameter 0.036 m was placed concentric to the
draft tube.

• An air compressor was used to provide air to the
reactor. The rotameter was placed to control the
airflow rate and it was changed from 0.5-3.5 lpm.
The experimental set up was operated at room
temperature.
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Fig. 6. Schematic diagram (A) and Experimental set-up of an 

internal loop airlift bioreactor system. 
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Degradation experiments

• A 24 hrs grown fresh bacterium culture grown in the nutrient broth was harvested and

centrifuged at 10,000 rpm for 5 min.

• Cells were further washed with phosphate buffer and then mixed with the distilled

water to make an inoculum for biodegradation experiments.

• Synthetic wastewater contained medium of composition as follows (g/l): 4 (NH4)2SO4,

4 KH2PO4, 6 Na2HPO4, 0.2 MgSO4.7H2O, 0.01 CaCl2.H2O, 0.01 FeSO4.7H2O, 0.1

yeast extract, and pH maintained at 7.

• PEs were used as a source of carbon in the synthetic wastewater.

• Batch experiments were performed by varying the PE concentration. As shake flask

study showed complete degradation up to 1500 mg/l of PEs.

• In the reactor study concentrations of PEs higher than 1500 mg/l were considered.

The reactor was operated with suspended cells and at an airflow rate of 3.5 lpm.
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• The samples were taken at an interval of 3 h and in triplicate until complete

degradation.

• The samples were analyzed for cell growth and residual PEs

concentration.

• The collected culture samples were centrifuged at 10,000 rpm for 10 min

at 30 °C.

• For cell growth determination, the pellet was suspended in distilled water

and analysed against a reference (distilled water) at 600 nm using a UV–

visible spectrophotometer (Jasco V-530, Japan).

• The supernatant was extracted using n-hexane and tested by Gas

chromatography-Mass spectrometry (GC-MS).

21



Extraction with n-Hexane and evaporation to 

dryness

Samples from degradation 

experiments

Centrifugation at 10000 rpm for 10 

minutes at 30°C

Mixing with methanol and filtration through a syringe 

filter (pore size 0.22 µm)

Analysis by GC-MS
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Growth kinetic study

• Growth kinetics was performed by fitting the experimental data with Monod (Eq.1), Haldane

(Eq.2) and Aiba-Edwards model (Eq.3) over the concentration range (0-1500 mg/l).

𝜇 =
µ𝑚𝑎𝑥𝑆

𝐾𝑠+𝑆
(1)

𝜇 =
µ𝑚𝑎𝑥𝑆

𝐾𝑠 + 𝑆 +
𝑆2

𝐾𝑖

(2)

𝜇 =
µ𝑚𝑎𝑥𝑆

𝐾𝑠 + 𝑆
𝑒𝑥𝑝

−𝑆

𝐾𝑖
(3)

• where, µmax is maximum specific growth rate (h-1), Ks is half-saturation coefficient (mg/l), Ki is

the substrate inhibition constant (mg/l).

• These models were elucidated by applying a non-linear regression method using computer

software (MATLAB V 8.5.1).
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RESULTS
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ISOLATION AND IDENTIFICATION BACTERIAL STRAIN

Based on the morphological, biochemical and

molecular characterizations, the bacterial isolate was

identified to belong to Bacillus genera.

Characteristics Strain KS1

Size 1-2 mm

Shape Irregular

Colour Slight yellowish

Margin Undulate 

Opacity Opaque

Elevation Convex

Textures Viscous

Grams nature Gram positive

Motility Motile

Oxygen requirement Aerobic

Catalase test +

Oxidase test +

Nitrate reduction -

Indole test -

Glucose fermentation -

Fructose fermentation +

Lactose fermentation +

Urease test -

Citrate test +

Gelatin liquefaction +

Starch hydrolysis -

Methyl red test +

Vogues Proskauer test -

Table 2. Morphological and Biochemical characteristics of isolate
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Fig. 7. Colonies morphology (A) and (B) SEM image of 

Strain KS1



Fig. 8. Phylogenetic tree for strain KS1
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Fig. 9. Degradation of DMP (a) DEP (b) by Bacillus sp. KS1 at various initial concentrations

BATCH BIODEGRADATION EXPERIMENT
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Fig. 10. COD and PEs removal (%) by Bacillus sp. KS1 at various PEs concentrations (1-1500 

mg/l, 2-1750 mg/l, 3-2000 mg/l, 4-2250 mg/l, 5-2500 mg/l)



Fig. 11. GC-MS spectra for detection of DMP and its degradation intermediates

 Degradation intermediates analysis (DMP)
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 Degradation intermediates analysis (DEP)

30

Fig. 12. GC-MS spectra for detection of DEP and its degradation intermediates



A

Fig. 13. proposed metabolic pathway for degradation of DMP (A) DEP (B)

 Degradation intermediates analysis

B

31



Model µmax (h -1) Ks (mg/l) Ki (mg/l) Correlation 

coefficient 

(R2)

Monod Model 0.1499 45.36 - 0.7546

Aiba–Edward model 0.0661 73.45 979.29 0.4388

Haldane Model 0.1435 68.27 981.30 0.9499

Table 3: Biokinetic constants

Fig. 14. Experimental vs predicted specific growth rate
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 Growth kinetics modeling (DMP)



Model µmax (h -1) Ks (mg/l) Ki (mg/l) Correlation 

coefficient 

(R2)

Monod Model 0.1225 41.01 - 0.7640

Aiba–Edward model 0.0461 65.45 929.29 0.3440

Haldane Model 0.1214 62.12 881.30 0.9101

Table 3: Biokinetic constants

Fig. 15. Experimental vs predicted specific growth rate
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 Growth kinetics modeling (DEP)



CONCLUSION
• The present research work explored detailed biodegradation of dimethyl

phthalate (DMP) and diethyl phthalate (DEP) from synthetic wastewater by

in Bacillus sp. KS1 an internal loop airlift bioreactor.

• Bacillus sp. KS1 completely degraded PEs upto 1500 mg/l and presented

high DEP tolerance capability upto 2500 mg/l of PEs.

• GC-MS analysis exhibited identification of MMP, MEP and PA as a

degradation intermediates.

• As compared with the other kinetic models, Haldane model found to fit well

with the experimental growth data and it underlined the inhibitory effect of

PEs at high concentrations.

• The obtained degradation behaviour of Bacillus sp. KS1 and biokinetic

constants can be used to scale-up of airlift bioreactor for treatment of

phthalate esters containing effluent.
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