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Abstract

The main objective of  the study was to determine the biochemical 

and physical conditions of  two different types of  polymeric 

materials (HDPE with oxo-additive and PLA) when subjected to 

materials are commercialized within the country claiming to be 

which such degradation may occur are completely unknown from 

The experiment simulated the general conditions to which the 

not enough evidence could be observed that doubtlessly showed 
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1. INTRODUCTION

Plastic materials are of  great use and versatility thanks 

-

become waste those same properties make them a com-

To solve this problem two fundamentally different solu-

of  polymers developed from substances susceptible to 

to the claim (according to the manufacturers of  the 

additive) that complete degradation/biodegradation of  

the polymer will occur when complying with the stan-

standards certain controlled conditions such as presence 

and physical stress should be guaranteed in order to 

-

tions never occur within a regular waste management 

-

cal differences between the conditions of  the standard 

to believe that the degradation will occur even within 

-

proves its occurrence with materials and products sold 

The main intention of  this study is to investigate the 

chemical and physical behavior of  the referred materi-

als when subjected to anaerobic conditions simulating 

The polymeric materials used in this work were 

with a suitable synthetic oxo-catalist and a “biodegrad-

-

-

2. MATERIALS AND METHODS

Two types of  plastic materials were chosen for this 

study: Polylactic Acid also known as PLA and High-

2.1 Polylactic Acid, PLA

PLA is a thermoplastic polyester with a molecular struc-

this particular study were taken from bags made for the 

2.2 High Density Polyethylene (HDPE) with oxo-additive, 
Oxo-HDPE

)
n

Figure 1. Molecular structure of Polylactic Acid – PLA.
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-

polymeric structure of  a metallic salt that acts as an 

oxo-catalyst for the degradation of  the polymer itself

and biogas production were determined according to 

2.5 Experiment

conditions by submerging them into anaerobic sludge 

inoculated with biomass taken from a primary sludge 

This methodology is similar to those reported in the 

procedure was followed to make a replicate set and 

contained sterile mineral media and plastic samples but 

replicate and both controls) almost all parameters were 

2.3 Plastic Samples

-

ration is used to determine the modulus of  elasticity 

for this kind of  material under mechanical stress-strain 

inspections of  the polymeric structure under optical 

2.4 Anaerobic Sludges

The anaerobic sludge (biomass) used within the experi-

Figure 2. Molecular structure of HDPE.

Table 1
Composition of the Mineral Media

Component Initial Concentration Component Initial Concentration
 (mg/l)  (mg/l)
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The experiment was carried out for a period of  six 

inverted cylinder method consisting in two graduated 

with the plastic tubing going inside the small submerged 

-

lution saturated with sodium chloride in order to avoid 

-

To guarantee absence of  light and complete an-

aerobic conditions all sets were introduced in glass 

chambers covered with aluminum foil and depleted of  

The experiment was set to simulate the conditions 

Sixty days after the beginning of  the experiment a 

sludge addition was made given the fact that the data 

recorded up to that moment suggested inhibition of  

All parameters were measured following standard 

th -

tal procedure was performed following indications of  

3. RESULTS AND DISCUSSION

To determine the extent of  degradation/biodegrada-

visual inspection under the microscope were monitored 

-

tential biodegradation) was monitored for total and 

-

3.1 Biodegradation analysis 

-

degradation (if  any) it is important to know the initial 

conditions in which the experiment began to compare 

occurrence of  the phenomenon and the extent to which 

Initial conditions PLA

Initial conditions oxo-HDPE

Table 2

Component Initial Concentration Component Initial Concentration
 (mg/l)  (mg/l)

48



REVISTA ESCUELA COLOMBIANA DE INGENIERÍA N.° 88 / 2012 / 45-54

49
DETERMINATION OF BIOCHEMICAL AND PHYSICAL CONDITIONS OF PLASTICS DENOMINATED AS “BIODEGRADABLE” SUBJECTED...N  

Initial conditions Biomass

3.2 Mass Variation

been observed with respect to the time in the samples 

said that there is a physical effect by the submersion in 

the media (observations of  the negative control) and 

samples subjected to biological activity showed a varia-

cal mass variation that could be due more to side effects 

of  the recovery and cleaning procedures than actual 

Figure 3. Mass variation for PLA.

3.3 Correlation Between the Measured COD and Materials 
Degradation 

A correlation between the development of  the dissolved 

-

mass loss that might have been correlated with this 

suggesting that another effect should have to be con-

negative control show a very small and practically identi-
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with the late stages of  endogenous decay rather than 

-

reduction occurred at all times during the length of  the 

nitrate and sulfate at levels close to those of  the initial 

-

tion was to address the possibility of  system inhibition 

Figure 5. 

3.4 Solids Behavior (TS y VSS)

-

plastic material as carbon source but themselves (see 

biomass was aimed at increasing the overall observed 

3.5 Development of  the Electron Acceptors

facultative and anaerobic cellular respiration respec-

Figure 6.

Figure 7. 
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The observed consumption of  electron acceptors 

coupled with gas production demonstrated that the 

systems were alive and active but the carbon source 

converting those complex polymeric substances into 

-

-

in which the gas production rate increased measurably 

but could not be associated to anything different but 
Figure 8.

3.6 Biogas Production

The conditions under which the biomass was to per-

of  carbon (besides the biomass itself) was the plastic 

Figure 9.

3.7 Mechanical properties

other fractions of  carbon chains originating three-di-

Figure 10. 
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by a stiffening of  the polymeric structure (reduction of  

-

of  the cases shows results in favor of  the previously 

The high dispersion of  the data can be explained 

by the difference in the position of  the plastic sample 

in the plastic sheet due to manufacturing processes and 

to errors in cutting the sample in an exact and accurate 

3.8 Optical Micrographs

-

tural integrity of  the material is intact even though the 

material was subjected to the experimental conditions 

The optical microphotographs allow to see that the 

-

-

the material indicating biodegradation or biological 

Figure 11.

Figure 12.

Figure 13. 

Figure 14.

52



REVISTA ESCUELA COLOMBIANA DE INGENIERÍA N.° 88 / 2012 / 45-54

53
DETERMINATION OF BIOCHEMICAL AND PHYSICAL CONDITIONS OF PLASTICS DENOMINATED AS “BIODEGRADABLE” SUBJECTED...N  

4. CONCLUSSIONS

The analysis of  the data gathered during the experi-

-

and no apparent change in the mechanical properties 

supporting the occurrence of  biological degradation for 

Depletion of  the mineral salts nitrate and sulfate 

(electron acceptors) implies respiratory processes by the 

upon the data gathered it is suspected that endogenous 

materials under study when subjected to conditions 

will not show a biological degradation in short periods 

for these materials’ chemical and biological processes 

to be studied for longer periods to be considered and 

Figure 15. 

Figure 16. 

Figure 17. 

Figure 18. 

Figure 19. 

Figure 20. 
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