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ABSTRACT 
Plastics are inexpensive, lightweight, strong, durable, corrosion-resistant materials with high thermal 
and electrical insulation properties. As a consequence the production of plastics has increased 
substantially over the last 60 years. The plastic polymers are not considered as toxic but in plastic 
products there may be non-bound residual monomers, polymerization chemicals, degradation 
products, which may leach into the food material, stored in them or may release if heated and also 
have been found to have toxic properties. For e.g.  Bisphenol A and Di-2-Ethyl Hexyl Phthalate 
(DEHP) are of principal concerns which have endocrine disrupting properties. They are also 
associated with reproductive abnormalities such as lower sperm counts, hormonal changes, enlarged 
prostate glands, abnormalities in the number of chromosomes in eggs and pre-cancerous changes in 
the breast and prostate, obesity and insulin resistance. Thus biodegradation of plastic is also a major 
concern with toxicity because plastic waste accumulation in environment is increasing day by day. 
Carry bags, food containers, packing material etc. Which may be toxic for human health are the most 
commonly used articles in synthetic plastic products. Poly Ethylene (PE) is used mainly in 
manufacturing and shares 64% of synthetic plastic produced.  Low level recycling of PE waste create 
huge amount of solid waste. Degradation of polyethylene can be categorized as abiotic or biotic. 
Abiotic factors include UV irradiation, temperature, chemicals etc. And biotic degradation includes 
microorganisms acting upon polymer using it as carbon and energy source. Both biotic and abiotic 
factors can act along or their separate action can degrade polyethylene.  Degradation ability of 
microorganisms such as bacterial species like Bacillus (Amyloliquefaciens, Mycoides, Pumilus, 
Thuringiensis), Arthobacter(spp, Viscosus),  Micrococcus (Luteus, Lylae), Acinetobacter baumanni 
and fungal species like Aspergillus (Versicolar, Flavus), Mucor circinellodies etc,  have been reported 
in recent years. This review article covers toxic effect of plastics, waste generated due to plastic 
products and microbial degradation of polyethylene as the commonly used plastic in day today life. 
Looking beyond the essential services that plastics provide to humanity and their associated human 
health risks, evidence abound for plastics potential to pollute and disrupt important natural processes 
and quality of life. 
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INTRODUCTION 
Plastic is the most useful synthetic manmade 
substance made up of elements extracted from 
the fossil fuel resources. It has made possible 
most of the industrial and technological 
revolutions of the 19th and 20th centuries. Due to 
properties like lightweight, low cost, extreme 
durability and unbreakable, the use of plastic 
materials has increased in food, clothing, shelter, 
transportation, construction, medical and leisure 
industries. Global annual production of plastics 
has doubled over the past 15 years to 245 million  

tonnes in 2008.1 Plastics are synthetic polymers 
that are made up of long chains of repeating 
molecular units called monomers. Monomers are 
the building blocks of polymers. Most common 
plastics known as polythene or polyethylenes are 
thermoplastic materials that are produced 
primarily by the catalytic polymerization of 
ethylene gas (C2H4) at elevated temperatures (T) 
and pressures (P). The polyethylene molecules 
usually contain branches of various lengths of all 
the hydrocarbon polymers, polyethylene has the 
simplest structure and the highest ratio                
of    hydrogen   to   carbon in its backbone. Other  *Author for correspondence 
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monomers such as vinyl chloride, styrene and 
acrylonitrile are polymerized into final 
polymer products such as Poly Vinyl Chloride 
(PVC) Polystyrene (PS) and Acrylonitrile-
Butadiene-Styrene (ABS). After the addition 
of additives such as plasticizers and fire 

retardants, resins are then shipped to plastics 
manufacturers in the form of powders, liquids 
or pellets where they are transformed into a 
whole host of plastics products. Table 1 give 
the list of types of plastics and their uses and 
applications in everyday. 

Table 1 : List of various types of plastic used in everyday life 

Type Use / Applications 
Polyester (PES)                                                Fibers, textiles 

Polyethylene terephthalate (PET)                  Carbonated drinks bottles, peanut butter jars, plastic film, 
microwavable packaging 

Polyethylene (PE)                                           Wide range of inexpensive uses including supermarket bags, 
plastic bottles 

High-density polyethylene(HDPE) Detergent bottles and milk jugs 

Polyvinyl chloride (PVC) Plumbing pipes and guttering, shower curtains, window 
frames, flooring 

Polyvinylidene chloride (PVDC)  
(Saran)                                  

Food packaging 

Low-density polyethylene (LDPE) Outdoor furniture, siding, floor tiles, shower curtains, 
clamshell packaging 

Polypropylene (PP)                                                 Bottle caps, drinking straws, yogurcontainers, appliances, car 
fenders (bumpers) plastic pressure pipesystems 

Polystyrene (PS)                                                    Packaging foam, food containers, plastic tableware, disposable 
cups, plates, cutlery, CD and cassette boxes 

High impact polystyrene(HIPS) Refrigerator liners, food packaging, vending cups 

Polyamides (PA) (nylons)                                    Fibers, toothbrush bristles, fishing line, under- the-hood car 
engine moldings 

Acrylonitrile butadiene styrene 
(ABS) 

Electronic equipment cases (e.g., computer monitors, printers, 
keyboards) drainage pipe 

Polycarbonate (PC)                                      Compact discs, eyeglasses, riot shields security windows, 
traffic lights, lenses 

Polycarbonate/Acrylonitrile 
butadiene styrene (PC/ABS)                                                   

A blend of PC and ABS that creates a stronger  plastic. Used 
in car interior and exterior parts and mobile phone  

Polyurethanes (PU)                                       Cushioning foams, thermal insulation foams, surface coatings, 
printing rollers 

Melamine formaldehyde (MF)                   One of the aminoplasts and used as a multicolorable 
alternative to phenolics 

Plastarch material                                      Biodegradable and heat-resistant thermoplastic composed of 
modified cornstarch 

Phenolics (PF) or (phenol) 

High-modulus, relatively heat-resistant and excellent fire 
resistant polymer used for insulating parts inelectrical fixtures, 
paper laminated product  (e.g., Formica) and thermally 
insulation foams  

Polyetheretherketone(PEEK)               
Strong chemical and heat-resistant thermoplastic biocompati 
bility allows for use in implant applications and aerospace 
moldings 

Polyetherimide (PEI) (Ultem)             A high-temperature, chemically stable polymer that does not 
crystallize 

Polylactic acid (PLA)                        A biodegradable thermoplastic that can be converted into a 
variety of aliphatic polyesters derived from lactic acid 
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Plastic has its role in modern society. Its an 
essential part of our cars, computers, mobile 
phones, childrens toys and practically most 
everything we use on a day-to-day basis. 
Plastic food and beverage containers became 
popular fairly recently (in the 1970s) and have 
become ubiquitous in our lives since then. Our 
food it seems is always touching plastic. 
Plastics play a part in every phase of food 
production and preparation. Food gets process- 
ed on plastic equipment and packaged and 
shipped in plastic-lined boxes and cans. At 
home we store and reheat the leftovers in 
plastic containers. 
During the past five years public awareness has 
slowly grown over concerns about compounds 
in some plastic bottles and food containers. The 
compounds on which most concerns have 
focused are Bisphenol A (known as BPA) 
which is used in tough polycarbonate products 
and epoxy resins that line tin can and a group of 
plastic softeners called phthalates. Research has 
shown that these compounds can leach from 
plastics into the food and drinks that we 
consume more so if they are heated to high 
temperatures, raising additional concerns about 
the kinds of plastics that are used as containers 
in microwave ovens. Plastics are in most cases 
made from petrochemicals through an energy 
intensive process that it self creates lots of 
pollution and toxic discharge. The fact is every 
plastic container used is making the planet less 
habitable. Also most plastic in the world is not 
recycled and usually ends up in landfills, where it 
degrades very slowly.  Every year 25 million 
tonnes of synthetic plastics are being 
accumulated in the sea coasts and terrestrial 
environments.2,3 Due to accumulation of large 
number of waste plastic and there least 
degradation in environment ability of 
microorganisms used plastic as a carbon and 
energy source has been recently established. The 
biodegradation of polyethylene has been reported 
in a number of research studies published over 
the last 30 years however there is general 
agreement that the process under normal 
conditions is extremely slow.4 At dumping sites, 
polythene waste is degraded by both chemical 
and mechanical weathering but it takes long time 
for mineralization and may remain in the 
microscopic form for long time.5  

For the degradation of polyethylene two 
different strategies of potential mechanism 
have been followed.  In the first approach 
degradation studies have been performed using 
pure strains able to degrade polyethylene.6-11 

This approach can help in study of enzymatic 
mechanism work for polyethylene degradation 
but it limits the co-operative process of 
microorganisms. The second approach is 
which uses complex environments and 
microbial communities. 12-15 

DISCUSSION 
Toxic effects of plastics  
Plastic polymers are not particularly reactive 
and their large size limits transport across 
biological membranes.16 They are therefore not 
considered as toxic in  the polymeric material, 
however non-polymeric components such as 
residual monomers,  oligomers, low molecular 
weight fragments, catalyst remnants, polymeri 
-sation solvents and a  wide range of additives 
can be present. Several of these are hazardous 
to human health and the environment for 
instance carcinogenic, mutagenic, toxic for 
reproduction, sensitising and hazardous to the 
aquatic environment with long lasting effects.  
Since the non-polymeric compounds usually 
are of low molecular weight and are either 
weakly bound or not bound at all to the 
polymeric macro-molecules they or their 
degradation products can be emitted from the 
plastic product to air, water or other contact 
media (e.g. food).17 
Additives such as antioxidants, Ultra Violet 
(UV) stabilizers or plasticizers are necessary to 
protect packaging from UV mechanical or 
oxidative deterioration or to increase softness 
or to improve the overall appearance or quality 
of the plastic product. Many of the chemical 
compounds that are common in commodity 
plastics have been compiled in legislative lists 
by the European union and some compounds 
with available toxicity data have been assigned 
Specific Migration Limit (SML) values for 
specified test conditions or worst case 
conditions which must not be exceeded during 
the use of the packaging in order to be 
permitted in the EU market.18 A large amount 
of different additives or other constituents      
of   plastic   packaging   are   however  still not  
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compiled into the lists and/or have unevaluated 
toxicity.   
This is specially likely if the compounds are 
degradation products from additives or 
polymers. European union has also stablished 
regulations concerning the overall migration, 
which is the sum of all contents that migrates 
from the polymer into the food or food 
stimulant without taking the identity of specific 
compounds into consideration. The overall 
migration is typically determined gravimetric- 
cally by evaporating the food simulant and 
weighing the residue, after the migration tests. 
The Overall Migration Limit (OML) that have 
been stablished for all types of plastics 
intended to be used in contact with food is 10 
mg/dm2, during standard storage conditions 
such as 10 days at 40°C or other worst case 
high temperature usage conditions depending 
on the packages intended usage. 
A recent study ranked fifty-five polymers used 
in plastics production with respect to their 
degree of toxicity and seriousness of health 
impact. The highest ranking of these identified 
fifteen substances that were carcinogenic 
and/or mutagenic including polyvinyl chloride, 
styrene–acrylonitrile and  ABS.19 
Among the more worrying materials for 
contaminate leaching is PVC commonly 
referred to as vinyl. The chemicals leached 
during the PVC life cycle include mercury, 
dioxins and phthalates. PVC is used in 
numerous consumer products, including adhesi 
-ves, detergents, lubricating oils, solvents, 
automotive plastics, plastic clothing, personal-
care products (such as soap, shampoo, 
deodorants, fragrances, hair spray, nail polish) 
as well as toys and building materials. Vinyl 
chloride is classified by the International 
Agency for the Research on Cancer (IARC) as 
carcinogenic to humans (Group 1).20 It is also 
shown to be a mammary carcinogen in 
animais.21 
Another monomer styrene is used in the 
production of various plastics, resins and 
vulcanizers such as styrene butadiene rubber, 
ABS and styrene- acrylonitrile resins. Styrene 
is classified by IARC as possibly carcinogenic 
to humans (Group 2B) and is shown to cause 
mammary gland tumours in animal studies. It 
also acts as an endocrine disrupter.22 

Acrylonitrile monomer is used in the producti- 
on of acrylic and modacrylic resins and rubbe- 
rs. Acrylics and ABS polymers are used in 
production of pipes, auto parts and windows. 
Acrylonitrile  is classified by IARC as possibly 
carcinogenic to humans and is shown to be a 
mammary carcinogen in animals.   
Another and one of the hazardous monomer is 
BPA which is a common synthetic chemical 
found in plastics, food cans linings, beverage 
can linings, baby bottles and other consumer 
products which interferes with human 
hormones. Animal studies show a number of 
negative effects in off spring of BPA-exposed 
mice such as abnormal development of 
mammary end buds. BPA has been linked with 
premature birth, intrauterine growth retardati-
on, preeclampsia and still birth.23 It has also 
been noted that long exposure to BPA shows a 
significant effect on the sex hormones (proges- 
terone) in females.24 
Formaldehyde is also used for plastic resin 
production such as urea-formaldehyde resins, 
phenolic resins, epoxy and melamine resins. 
IARC has classified formaldehyde as a human 
carcinogen (Group 1). It was linked to an 
increase in breast cancer risk in a 1995 study 
of industrial workers similar results were 
found in other international studies. 
Many additives are used in the production of 
plastics and are of concern due to their 
potential link to cancer and endocrine 
disruption. Phthalates are plasticizers used to 
make plastics soft and pliable. Di 2-ethylhexyl 
phthalate (DEHP), di-n-butyl phthalate (DBP) 
and butyl benzyl phthalate (BBP) have been 
demonstrated to produce reproductive and 
developmental toxicity.25 A recent study of 
male PVC workers in Taiwan found an adverse 
effect on the semen quality among the men 
with the highest concentrations of DEHP.26 A 
study of a phthalate-exposed population in 
Northern Mexico found an elevated breast 
cancer risk among women.27Various metals are 
also used as stabilizers and colorants in 
polymers. Some of these include inorganic 
compounds cadmium, organic tin compounds 
barium, calcium, zinc carboxylates and 
antimony compounds.  The lead compounds 
used in heat stabilizers are classified as toxic 
for  reproduction (category 1A) very toxic with  



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol. 9 No. 3A, January-March 2015 

910 
 

long lasting effects (both acute and chronic) 
and may cause damage to organs.28 Cadmium 
is classified by IARC as a human carcinogen. 

It also functions as an estrogen mimic 
(xenoestrogen).29 
Polybrominated flame retardants used in 
plastic production to retard ignition and 
prevent fire from spreading. Polybrominated 
biphenyls (PBB) and Polybrominated diphenyl 
ethers (PBDE) have been shown to be strongly 
estrogenic and in some instances have been 
classified by IARC as possibly carcinogenic to 
humans (Group 2B). 
In a study by Delilah Lithner on Daphnia magna, 
monomers like ethylene oxide, vinyl chloride, 
propylene oxide, bisphenol A and Benzyl Butyl 
Phthalate (BBP) have shown carcinogenicity, 
mutagenicity, specific target organ toxicity on 
repeated exposure, reproductive toxicity etc. 
While some of the monomers like propylene 
oxide, phenol, maleic anhydride have shown skin 
sensitization, reproductive toxicity, skin corros-
ion and sometimes acute toxicity.  
Effect  of  plastics  on  environment 
Plastics degrade very slowly in nature. 
Because of their inter molecular bonds some 
plastics may persist in the environment for 
thousands of years. Because of the low density 
they also tend to float in water. Hence plastic 
discarded in watershed areas, which invariably 
all areas of human settlement are get collected 
in the rain water sewers. Sometimes due to 
prolonged intervals of retrieval they choke 
these rainwater outlets. However more often 
these hardy plastic discards find their way into 
the rivers and from there to the seas.   The 
plastics that enter our water-bodies like lakes 
and river continue to get leached on their 
journey downstream to the oceans. Sometimes 
they may be inadvertently eaten up by fishes 
and sea animals. These organisms often die 
from the harmful physical and chemical impact 
of these chemicals. For those that survive this 
results in the accumulation of toxins in their 
bodies. If they are a part of our food chain then   
biomagnifications  causes  the  accumulation 
and display of harmful effect on the human 
body. Hence what we inadvertently dump into 
the environment comes back to harm us in a 
much more concentrated form. Most types of 
plastic are not biodegradable. Some plastics 

are designed to be biodegradable and can be 
broken down in a controlled environment such 
as landfill. Even if plastic does eventually 
biodegrade it will temporarily break into 
smaller fragments, which then produce so-
called microplastics. Microplastics are a 
significant issue in plastic waste partly because 
they are more difficult to monitor and partly 
because they may have greater impacts at a 
chemical and physical level on ecosystems and 
human health owing to their size and large 
volume to-surface area ratio.  
Biodegradation of plastics  
Degradation of plastics especially polyethylene 
can be classified as abiotic or biotic. Abiotic 
factors include UV irradiation (Photoreactive 
degradation)  temperature   (thermal degrada- 
tion) chemicals etc. In thermal degradation the 
long polymers are broken into smaller 
monomeric units (radicals) which further react 
with oxygen to produce peroxide radicals. 
Photoreactive degradation includes, high-
energy radiations like UV are used to react 
with the photoreactive groups to break these 
long chain polymers. Biotic degradation 
includes microorganisms acting upon polymer 
use as carbon and energy source. Both biotic 
and abiotic can act along or as separate action 
can degrade polyethylene. Biodegradation of 
polyethylene by microorganisms has been 
reported in past years including both bacterial 
and fungal species. Acinetobacter baumannii 
Arthrobacter spp, Viscosus, Pseudomonas spp  
Arthrobacter viscosus, Bacillus amyloliquefaci 
-ens, Thuringiensis, Mycoides, Cereus, 
pumilus, Staphylococcus cohnii, Xylosus, 
Pseudomonas fluorescens, Rahnella aquatills, 
Micrococcus luteus, Lylae,  Paenibacillus  
macerans,  Flavobacterium spp, Delftia 
acidovorans, Ralstonia spp Rhodococcus 
erythropolis, Pseudomonas aeruginosa 30 and 
Bacillus brevies. 31   
Fungal strains reported in recent years are 
Aspergillus versicolar 32, Aspergillus flavus 33, 
Chaetomium spp 34, Mucor circinellodies speci 
-es etc. have been reported in recent years. 
Various types of analytical techniques for the 
determination of polyethylene degradation 
have been used. For topographical changes the 
SEM are being used to see the level of scission 
and attachment of the microbes on the surface 
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of the polythene before and after the microbial 
attack.35 Recently the main changes observed 
and reported on polyethylene after microbial 
attack for using SEM technique for surface 
changes and property measured is topography.  
The micro-destruction of the small samples is 
widely analyzed by an important tool such as 
Fourier Transform Infrared spectroscopy (FTIR) 
and due to the recent up-gradation of this 
instrument the map of the identified compounds 
on the surface of the sample can be documented 
via collection of large number of FTIR spectra.36-39 
Changes reported using FTIR technique changes 
observed on the surface functional groups e.g. 
Keto-carbonyl index (I1715/I1565)40-42 , ester-
carbonyl index (I1740/I1465)  and vinyl - bound 
index (I1640/I1465)  double bound index (I908/ 
I1465)  and C-O stretching (I1100).43  

CONCLUSION 
The plastics problem is growing in scale and 
complexity due to a collision of factors including 
neglect of the toxic effect the explosive growth 
of plastics industry the absence of any plastic 
ingredient and source labelling requirements  
nearly  complete  recycling failure for PVC and 
polycarbonate plastics environmental contamina 
-tion of air, water, soils, oceans, fish and wild life 
nearly universal human exposure to BPA and 
DEHP from food and beverages in high income 
nations the dependence of the plastics industry 
on petroleum and government failure to require 
health and environmental testing prior to 
chemical production, sale and disposal. 
Collectively these pose a serious challenge to the 
environment and human health. Plastic waste 
prevention is preferable to clean-up which is very 
difficult to implement. Prevention can work at 
the level of production of plastic in terms of 
redesigning products to use less plastic design for 
reuse and recycling and reduced packaging 
material. For these to be successful interventions, 
there may need to be a value placed on 
disposable products to encourage their reuse and 
encourage manufacturers to design them for 
reuse and recycling. There is also a need for 
better education and awareness around plastic 
waste. Plastic footprints and labelling on 
products are possible but need the appropriate 
education to make them meaningful. Alongside 
this there  could  be   labelling  of  products   that  

contain known harmful additives. Banning of 
some harmful chemicals contained in plastic 
such as Bisphenol A and some phthalates has 
already occurred but for others restriction may 
have to be voluntary. A harmonised industry-
wide effort is needed to communicate 
information about chemicals used in plastic 
alongside public education about the chemicals. 
Waste management is highly important in 
addressing the issues of plastic waste and it 
requires better monitoring to ensure complete 
implementation. Most plastics are durable and 
degrade very slowly the very chemical bonds 
that make them so durable tend to make them 
resistant  to  most  natural  processes of  degrada 
-tion. However microbial species and communi- 
ties capable of degrading plastics are discovered 
from time to time and some show promise as 
being useful for bioremediating certain classes of 
plastic waste. 

REFERENCES 
1. Plastics Europe, Compelling facts about 

plastics. An analysis of European plastics 
production, demand and recovery for 2008 
.Brussles : Plastics Europe, 29-32, (2009).  

2. Ghosh S. K., Pal S. and Ray S., Study of 
microbes  having  potentiality  for biodegra- 
dation of plastics, Environ. Sci. Pol. Res., 
20(1), 4339-4355, (2013). 

3. Kaseem M., Hamad K. and Deri F., 
Thermoplastic starch blends : A review of 
recent works, Pol. Sci. Ser., Chem. Mat. 
Sci., 54 (1), 165-176, (2012). 

4. Eubeler J., Bernhard M. and Knepper T., 
Environmental biodegradation of synthetic 
polymers II. biodegradation of different 
polymer groups, Trend. Anal. Chem., 29(1), 
84-100, (2010). 

5. Corcoran P. L., Biesinger M. C. and Grifi 
M., Plastics and beaches : A degrading 
relationship, Mar. Pol. Bull., 58(1), 80-84, 
(2009).  

6. Balasubramanian V., Natarajan K., Hema- 
mbika B., Ramesh N., Sumathi C., Kottai- 
muthu R. and Kannan Rajesh V., High-
Density Polyethylene (HDPE) degrading  
potential  bacteria  from  marine eco-system 
of Gulf of Mannar, India. Lett. Appl. 
Microbiol., 51(2), 205-211, (2010). 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol. 9 No. 3A, January-March 2015 

912 
 

7. Fontanella S., Bonhomme S., Koutny M., 
Husarova L., Brusson J. M., Courdavault J. 
P., Pitteri S., Samuel G., Pichon G., Lemaire 
J. and Delort A. M., Comparison of the 
biodegradability of various polyethylene films 
containing pro-oxidant additives, Poll. Degr. 
Stab., 95(1), 1011-1021, (2010). 

8. Rajandas H., Parimannan S., Sathasivam K., 
Ravichandran M. and Su Yin L., A novel 
FTIR-ATR spectroscopy based technique for 
the estimation of low density polyethylene 
biodegradation, Poll. Test., 31 (2), 1094-1099,  
(2012). 

9. Santo M., Weitsman R. and Sivan A., The 
role of the copper-binding enzyme laccase  in 
the biodegradation of polyethylene by the 
actinomycete Rhodococcus Ruber. Int. 
Biodet. Biodeg., 208(1), 1-7,( 2012). 

10. Yoon M. G., Jeon J. H. and Kim M. N., 
Biodegradation of polyethylene by a soil 
bacterium and AlkB cloned recombinant cell. 
J. Biorem. Biod., 3(2), 145,( 2012).  

11. Tribedi P. and Sil A. K., Low-density 
polyethylene degradation by Pseudomonas 
spp. AKS2   biofilm. Environ. Sci. Pol. Res. 
Int., 20(1), 4146-4153, (2013). 

12. Artham T., Sudhakar  M., Venkatesan R., 
Madhavan Nair C., Murty K. and Doble M., 
Biofouling and stability of synthetic polymers 
in sea water, Int. Biodet. Biod., 63(1), 884-
890,  (2009). 

13. Mumtaz T., Khan M. R. and Hassan M. A., 
Study of environmental biodegradation of 
LDPE films in soil using optical and scanning 
electron microscopy, Micr., 41(2), 430-438, 
(2010). 

14. Lobelle D. and Cunliffe M., Early microbial 
biofilm formation on marine plastic debris, 
Mar. Poll. Bull., 62(1), 197-200, (2011). 

15. Nowak B., Paja K. J., Drozd-Bratkowicz M. 
and Rymarz G., Microorganisms  participa 
ting in the biodegradation of modified 
polyethylene films in different soils under 
laboratory conditions,  Int. Biodet. Biodeg., 
65(1), 757-767, (2011). 

16. Anastas P. T., Bickart P. H. and Kirchhoff M. 
M. Designing Safer Polymers. John Wiley 
and Sons, Inc., Wiley Interscience, New 
York, 2, (2000).  

17. OECD, (Organization for Economic Coopera 

-tion and Development) Emission scenario 
document on plastic additives. Series on 
emission scenario documents, No. 3. Paris  
Environmental directorate, OECD Environme 
-ntal  Health  and Safety  Publications,  532-
538, (2004). 

18. Council Directive 85/572/EEC, Laying down 
lists of simulants to be used for testing 
migration of constituents of plastic materials 
and articles intended to come into contact 
with foodstuffs,  321-324, (1985). 

19. Lithner Delilah, Ake Larsson and Göran 
Dave, Environmental and health hazard 
ranking and assessment of plastic polymers 
based on chemical composition, Sci.  
Environ.,  409 (18),  3309-3324, (2011). 

20. IARC (International Agency for the Research 
on Cancer). Agents classified by the IARC 
monographs, volumes 1–102. Lyon, France : 
World Health Organization. http://monograp 
hs.iarc.fr/ENG/Classification/Classifications
AlphaOrder.pdf, 23-11-13,  321-326,  (2011). 

21. Rudel Ruthann A., Attfield R. K., Schifano J. 
N. and Brody J. G., Chemicals causing mam- 
mary gland tumors in animals signal new 
directions for epidemiology, chemicals testing 
and risk assessment for breast cancer 
prevention,  Can.,  109(1), 2635-2666, 
(2007).  

22. Gray J., Evans N., Taylor B., Rizzo, J. J. and 
Walker M., State of the evidence : The 
connection between Breast Cancer and the 
Environment, Int. J. Occu. Environ.  Heal.,  
15 (1), 43-78, (2009). 

23. Benachour N. and A. Aris, Toxic effects of 
low doses of bisphenol-a on human placental 
cells. Toxicol. Appl. Pharmacol., 241(3), 322-
8, (2009). 

24. Hao J., Wang J., Zhao W., Ding L., Gao E. 
and Yuan W., Effect of bisphenol a exposure 
on sex hormone level in occupational women. 
Department of Epidemiology, School of 
Public Health, Shanxi Medical University, 
Taiyuan, China, Wei. Sheng. Yan. Jiu., 312-
320, (2011). 

25.  Lyche J. L., Gutleb A. C., Bergman A., 
Eriksen G. S., Murk A. J., Ropstad E., 
Saunders M. and Skaare J. U., Reproductive 
and developmental toxicity of phthalates, J. 
Toxicol. Environ. Heal. B Crit Rev., 12(4), 
225-249, (2009).  



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol. 9 No. 3A, January-March 2015 

913 
 

26. Huang, Li-Ping, Lee Ching-Chang, Hsu Ping-
Chi and Shih Tung Sheng., The association 
between Semen quality in workers and the 
concentration of Di2- ethylhexyl phthalate in 
polyvinyl chloride pellet plant air. Fert. Ster., 
96 (1), 90-94, (2011). 

27. López-Carrillo L., Hernández-Ramírez R. U., 
Calafat A. M., Torres-Sánchez L., Galván- 
Portillo M., Needham L. L., Ruiz-Ramos R. 
and Cebrián M. E., Exposure to phthalates 
and breast cancer risk in Northern Mexico, 
Environ. Heal. Persp., 118(4), 539-544, 
(2010). 

28. European Parliament and Council. Annex VI, 
table 3.1 In : Regulation (EC) No 1272/2008 
of the European Parliament and of the 
Council of 16 December 2008 on classificati- 
on, labeling and packaging of substances and 
mixtures, amending and repealing directives 
67/548/EEC and 1999/45/EC and amending 
regulation (EC) No 1907/2006, 80-82, (2008).  

29. Johnson M. D., Kenney N., Stoica A., 
Hilakivi-Clarke L., Singh B., Chepko G., 
Clarke R., Sholler P. F., Lirio A. A., Foss C., 
Reiter R.,  Trock B., Paik S. and Martin M. 
B., Cadmium mimics the in vivo effects of 
estrogen in the uterus and mammary gland,  
Nat. Med., 9(8), 108-184, (2003). 

30. Koutny M., Amato P., Muchova M., Ruzicka 
J. and Delort A. M., Soil bacterial strains able 
to grow on the surface of oxidized 
polyethylene film containing prooxidant 
additives. Int. Biodet. Biodeg., 63(1), 354-
357, (2009).  

31. Watanabe T., Ohtake Y., Asabe H., 
Murakami N. and Furukawa M.,  Biodegrada 
-bility and degrading microbes of low-density 
polyethylene,  J. Appl. Poly. Sci.,  111(1), 
551-559, (2009).  

32. Pramila  R. and  Ramesh K. V., Biodegradati- 
on of LDPE by fungi isolated from municipal 
landfill area, J. Microbiol. Biotechnol. Res.,  
1(2), 131-136, (2011b). 

33. Pramila R. and Ramesh K., Biodegradation of 
LDPE by fungi isolated from marine water a 
SEM analysis, Afr. J. Microbiol. Res., 5(2), 
5013-5018, (2011a). 

34. Sowmya H. V., Ramalingappa M. and 
Krishnappa M., Degradation of polyethylene 

by Chaetomium sp. and Aspergillus flavus, 
Int. J. Rec. Sci. Res., 3(1), 513-517, (2012).  

35. Sivan A., New perspectives in plastic biode- 
gradation, Curr. Opin. Biotechnol., 22(1), 
422-426, (2011). 

36. Prati S., Joseph E., Sciutto G. and Mazzeo R., 
New advances in the application of FTIR 
microscopy and spectroscopy for the charac- 
terization of artistic materials, Acc. Chem. 
Res., 43(1), 792-801, (2010).  

37. Sharma Suman and Mane Patil Smita, 
Quantitative evaluation of environmental 
Impact through investigation of plastic 
products, J. Environ. Res. Develop., 7(3), 
1305-1310, (2013). 

38. Selukar N. B., Petrol from waste plastic, J. 
Environ. Res. Develop., 8(3A), 741-746, 
(2014). 

39. Mehta Varda, Dharaiya Nishith and Marjadi 
Darshan, Production and evaluation of 
microbial plastic for its degradation 
capabilities, J. Environ. Res. Develop., 8(4), 
934-940, (2014). 

40. Gurnule Wasudeo B., Makde Charulata S. 
and Ahmed Mudrika, Synthesis, 
characterization, morphology, thermal, 
electrical and chelation ion-exchange 
properties of a copolymer resin, J. Environ. 
Res. Develop., 7(3), 1183-1192, (2013). 

41. Gurjeet, Priyanka, N. C. Kothiyal1 and 
Vaneet Kumar, Bioremediation of some 
Polycyclic Aromatic Hydrocarbons (PAH) 
from soil using Sphingobium indicum, 
Sphingobium japonicum and 
Stenotrophomonas maltophilia bacterial 
strains under aerobic conditions, J. Environ. 
Res. Develop., 8(3), 395-405, (2014). 

42. Raghu P.V., Mukherjee S. P. and Chakrabarti 
Sankar, Upgradation of geotechnical 
parameters by waste plastic admixture in soil 
J. Environ. Res. Develop., 8(3A), 759-765, 
(2014). 

43. Satlewal A., Soni R., Zaidi M., Shouche Y. 
and Goel R., Comparative biodegradation of 
HDPE and LDPE using an indigenously deve 
-loped  microbial   consortium,   J.  Microbiol. 
 Biotechnol., 18(2), 477-482, (2008). 

 


