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Introduction 

Polyurethane foams (PUFs) are materials utilized widely in many fields such as furniture, automotive, structural, and shoe 

industry, building construction and packaging, agriculture and medicine [1-3]. However, due to the recycling complications 

of the polyurethane foams discarded after use, constituting environmental pollution problems because of their difficult in 

disintegration when exposed to environmental conditions [3], it has become very necessary to find possible sustainable 

solution to the environmental nuisance caused by disposed foams. Polyurethane foams (PUFs) are also utilized in structural, 

cushion, insulation, electrical, and flotation applications. The materials prepared from plant biomass not only open a new and 

efficient way to use renewable natural resources, but also possess a great potential for bio and photo degradability. The latter 

advantage is more notable in the urgent need for sustainable environmental protection. 

 

Environmental concerns have created a drive to assess novel methods for producing items using renewable and 

biodegradable resources as opposed to the synthetic and petrol-based materials usually used. The major disadvantage of 
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present day polyurethane foams is that they are produced from non-renewable, non-recyclable, and non-biodegradable 

materials, such as polyurethane. The large abundance of natural cellulose from plant biomass, along with its 

biodegradability properties, makes it an attractive alternative to such environmentally toxic materials. Cellulose however 

must first be converted into a liquid form by either direct dissolution or by derivatization and subsequent dissolution of the 

derivative to produce flexible forms [4]. The interest in biodegradation testing is growing rapidly and toxicity testing is 

now gradually incorporated in environmental legislation in many countries. The main objective of the study is to assess 

the biodegradation ability of the forms produced in soil and in the laboratory.  

 

Material and Methods 

Sugar bagasse for the cellulose was sourced locally from Aviele in Etsako west LGA, Edo State, Nigeria. All reagents used 

were products of Sigma Aldrich, Germany sourced from a commercial sales outlet in Ondo State, Nigeria. 

 

Preparation and characterization of the polyurethane foam 

The cellulose microfiber from the sugar bagasse was isolated and characterized using standard methods. The preparation and 

characterization of polyurethane foams is as described in literature [5,6]. To measure bulk density, the foams were cut into 

cubes with 2.00 cm sides, mass being determined with an analytical balance. The mechanical properties were analyzed 

according to the compression method described by ASTM-D695M [7]. Compression stress at 10% strain. The surface 

morphology of the polyurethane foam was examined using scanning electron microscope (SEM). Scanning electron 

microscopic (SEM) studies of foams were carried out on electron microscope. 

 

Biodegradation experiments 

During the experiments, American society for testing materials (ASTM) methods designed for testing biodegradation of 

plastics under simulated environmental conditions [8] and other methods currently used in the published literature were used 

[9]. Since the burial of dumb-bell shaped pieces in soil followed by tensile strength testing is a standard method for assessing 

the susceptibility of plastics to biodegradation [10] the foams were buried in Eborieme market, Auchi Polytechnic, Nigeria, 

waste dump soil to stimulate the relevant environmental conditions in the waste dump. 

 

 Bioavailability studies 

A series of batch cultures were set up to evaluate the biodegradability and to monitored degradation of the polyurethane 

foams. The weighed polyurethane foams were enclosed in a lidless plastic bottle of known weight, and the bottle was buried 

in the waste dump at an angle of 45°C and it is opening downwards, and then buried with the soil. At an interval of 2 weeks 

period, the bottle was taken out and weighed for eight weeks. 

The degradation was monitored by measuring the weight of the foams before and after incubation in the soil containers. The 

foams were taken out and washed with distilled water and ethanol to remove debris on the surface. Then, foams were dried to 

constant weight. 

 

The degradation percentage (DP) of the foams was calculated using the following equation 

 

% DP = [(Wo – W1)/W1] x 100     (i)  
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Where W0 and W1 were the wet weights of the foams in the bottle before and after degradation. 

 

Laboratory microbial analysis of the polyurethane foams for biodegradation 

The methods currently used in testing microbiological degradation and deterioration of a wide range of polyurethane foam 

materials have been recently reviewed by Gu and Gu [11,12]. Among them the most commonly practiced methods to assess 

the biodegradability of polyurethane foams in different environmental conditions are tensile strength, weight loss, and 

bacterial growth. Physical examination of foams for deterioration is considered as an important method for assessing the 

biodeterioration of the foams [13] because physical changes in the structure of polyurethane foams are more likely to occur 

before complete degradation of foam takes place. The degree of deterioration of sampled foam was assessed each week by 

measuring changes in selected physical properties including tensile strength and weight loss after appropriate sample 

cleaning procedures. The weight loss percentage (WL) of the foams were calculated using the following equation 

 

% WL = [(Wo – W1)/W1] × 100       (ii)  

  

Where W0 and W1 will be the wet weights of the polyurethane foam in the bottle before and after degradation. 

 

Tensile strength measurements 

Tensile strength is a measure of the force, generally given in pounds per square inch (psi), required to break the polymer 

foam. The tensile strength at breakpoint of the foam was measured by ASTM procedure D638 [14] using an Instron 

Universal Testing Instrument. 

 

 Growth assay 

The total number of microorganisms in the sample which could have the ability to degrade and deteriorate the foams were 

determined by direct microbial population density/count and expressed as number of colony forming units (CFU) per ml. 2 

ml of sample taken from the collected sample was stained with 0.2 ml of 0.1% Acridine orange. The stained microbial 

mixture could stand at room temperature for 1 or 2 min for the reaction with the stain. Then, a treated filter paper was placed 

in a vacuum filter funnel and the sample was filtered to get a distribution of colonies on the filter paper. Then, the damp filter 

was placed on a glass microscope slide (2 cm × 5 cm) for analysis. The number of microorganisms per millimeter area is 

estimated from a count of at least 5-6 randomly chosen microscope fields. 

 

Characteristics of waste dump soil  

Top soil samples (0 cm to 15 cm, depth) were collected from the site using auger. Core samplers were used to obtain samples 

for bulk density determinations. Except for core samples, other soil samples were air-dried and sieved using 2 mm sieve 

preparatory to laboratory analysis. 

 

Sampling and preparation of the soil 

A small pit was dug to a depth of 15 cm in a sandy loam soil at the waste dump site and samples were taken from the wall of 

this by cutting slices out with a spade. The samples were air dried for three days, mixed, lightly crushed with a piece of wood 

to remove large lumps, plastics and then pass through the 2 mm sieve, and roots were removed. The portion that passed 
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through the sieve was used as the study. Samples of the soil and characterized in terms of their physico-chemical and 

biological properties using standard methods.  

 

Results and Discussion 

Preparation and characterization of the cellulose based polyurethane foams 

The isolation, characterization of the cellulose microfiber from sugar bagasse and the preparation and characterization of the 

polyurethane foams have been reported [15]. 

 

Biodegradation Analysis 

Physico-chemical properties of the waste dump soil  

TABLE 1 shows the some of the physical characteristics and TABLE 2 the chemical characteristics of the waste dump soil. 

 

TABLE 1. Result of physical characterization of the soil sample. 

Analytical characteristics Results 

Particle size distribution (%) Clay 16.38 

Silt 14.40 

Sand 69.22 

pH 8.10 ± 0.01 

Bulk Density (g/cm
3
) 1.33 ± 0.02 

 

Preliminary visual inspection showed that the soil was dark grey in colour indicating a low amount of humus. Colour is one 

of the characteristics of soil, which tells much about the origin of the soil and its composition [16]. Textural analysis showed 

the preponderance of sand fraction (69.22%), followed by clay (16.38%), then silt (14.40%), thus classifying the soil as sandy 

loam soil. The slightly alkaline pH 8.10 recorded for the soil is within the range of agricultural soils. Soil pH plays a major 

function in the sorption of heavy metals as it directly controls the solubility and hydrolysis of metal hydroxides, carbonates 

and phosphates. It also influences ion-pair formation, solubility of organic matter, as well as surface charge of Fe, Mn and 

Al-oxides, organic matter and clay edges [17]. The soil pH is an indication of the soil’s acidity or alkalinity. The soil pH (8.1) 

can also be interpreted in terms of the very low level of total acidity (0.2). Which means low presence of hydrogen ions in the 

soil. 

The soil bulk density (1.33 g/cm
3
) is an indication of the textural nature of the soil. Bulk Density of soil is defined as the 

mass (weight) of a unit volume of dry soil. It is useful in estimating the differences in compaction of a given soil. 

The soil had an average cations exchange capacity (CEC) of 286.02 mg/kg. The CEC parameter particularly measures the 

ability of soils to allow for easy exchange of cations between its surface and the solution. The soil organic carbon recorded as 

0.544 g/kg, is an indication of the soil organic matter or the amount of humus present in the soil. 

 

TABLE 2. Result of chemical characterization of the soil sample before planting. 

Analytical characteristics Results 

Soil organic carbon, g/kg 0.544 ± 0.05 
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Total Nitrogen, (%) 0.750 ± 0.008 

Cation exchange capacity, mg/kg 286.02 ± 0.92 

Phosphorus, mg/kg 186.32 ± 0.01 

Sodium content, mg/kg 7.18 ± 0.07 

Potassium content, mg/kg 2.70 ± 0.05 

Magnesium content, mg/kg 67.63 ± 0.25 

Calcium content, mg/kg 208.51 ± 0.55 

Lead (mg/Kg) 0.05 

Cadmium (mg/Kg) ND 

Arsenic(mg/Kg) ND 

Copper (mg/Kg) 0.002 

Total acidity 0.2 

ND=Not Detected 

 

However, the rate of decomposition of organic matter in soil usually depends on the amount of nitrogen present [17]. The 

total nitrogen recorded in the soil is given as 0.750%, indicating the low level of humus in the soil assessed by the carbon, 

nitrogen ratio and the high rate of organic matter decomposition in the soil. The mean aerobic bacterial count for the soil 

sample is 1.94 × 10
4
 cfu/g for the soil sourced from the dump site. The mean heterotrophic fungal counts is 3.8 × 10

3
 cfu/g. 

Six bacterial and four fungal isolates were characterized and identified from the dumpsite soils. The bacterial isolates were; 

Bacillus sp., Pseudomonas sp., Aeromonas sp., Enterobacter sp., Klebsiella sp. and Staphylococcus sp. While the fungal 

isolates were; Aspergillus sp., Mucor sp., Saccharomyces sp. and Fusarium sp. respectively. Both Bacillus sp. and 

Pseudomonas sp. were the most dominant amongst the bacterial isolates whilst Staphylococcus sp. was the least occurring 

bacterial isolate. Aspergillus sp. had the highest frequency of isolation while the least isolated fungal culture was 

Saccharomyces sp. This phenomenon might be the result of the increased availability of biodegradable organic and inorganic 

substrates from the wastes continuously being dumped at the site. The isolation of Bacillus sp., Pseudomonas sp., Klebsiella 

sp., Staphylococcus sp., Aspergillus sp., Mucor sp., Fusarium sp. and Saccharomyces sp. from the soil samples, was similar 

to the report of Obire et al. [18]. Aspergillus, Fusarium, Mucor, Penicillium, Rhizopus and a variety of yeasts have also been 

reported to be associated with waste biodegradation [19]. 

 

Laboratory Biodegradation Analysis 

TABLE 3 shows the bacterial count and fungal counts in the foams culture in the laboratory; FIG. 1 shows the weight losses 

in foams as function of treatment time in the shake-flasks. The obtained weight loss of foams ranging from 0.76% to 72.99% 

can be considered as statistically significant based on the weight loss of control samples during the experiments. Tensile 

strength of the treated foams at break can be considered as indicative of microbial deterioration under anaerobic conditions 

[20]. 

TABLE 3. Total bacterial and heterotrophic fungal counts in the foams culture. 

Samples 

Foam with cellulose content (ml) 

Mean aerobic bacterial 

count (cfu/g) 

Mean fungal 

count (cfu/g) 
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0 8.9 × 10
3
 2.9 × 10

3
 

5 5.2 × 10
3
 7.8 × 10

2
 

10 1.3 × 10
4
 2.4 × 10

4
 

15 1.9 × 10
4
 4.9 × 10

4
 

20 9.7 × 10
3
 1.4 × 10

4
 

25 4.8 × 10
3
 8.1 × 10

3
 

 

 

FIG. 1. Effect of cellulose content of foams on the weight loss of the biodegradation test on the foams. 

 

Degradation was assessed quantitatively by measuring changes in tensile strength at failure of dumb-bell-shaped foams 

prepared according to ASTM D 638 method. From tensile strength analysis of the foams, it can be concluded that there is 

deterioration on the surface of the foams during these bioassays. The tensile strength results are important because it has been 

reported that mechanical failure of the foams occurred before the weight loss [20,21]. During initial degradation of the foam 

material with 0.76% weight loss, the tensile strength loss was 66%, (FIG. 2) hence foam material lost affects its mechanical 

properties significantly [22]. These observations suggest that weight loss measurement alone is not a reliable end point to 

assess the foam biodeterioration. The results from this study show that there is significant biodeterioration of the foams based 

on both weight loss and tensile strength measurements. 

 

FIG. 2. Effect of foam cellulose content on the tensile strength of the foams. 
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Soil burial biodegradation test 

Three sets of three replicate of the foams were buried for 8 weeks in containers in the waste dump site soil to get statistically 

significant average data on degradation of the foams under anaerobic conditions in soil (FIG. 3). 

 

 

FIG. 3. Effect of cellulose content of foams on its % weight loss. 

 

FIG. 3 shows the cumulative weight loss in test foams during soil burial experiments. Dry weight analysis of 8 weeks treated 

samples showed an average of 58% weight change. The results indicate statistically significant weight loss in the foams, 

within the 5% probability level. It can also be seen that there is distinct trend in the weight loss of the forms with time and 

hence it can be concluded that the foams are not affected by potential biological activity in the soil. Tensile strength 

measurements were performed on biweekly removed test of the foams and the results for the three replicate averages are 

shown in FIG. 4. The changes in the tensile strength of the foams are statistically significant at 5% probability level. 

 

FIG. 4. Effect of cellulose content of foam on its tensile strength. 

 

Kim and Kim [23] assessed the degradation of several types of polyurethane foams under accelerated composting conditions 

for 45 days to determine the biodegradability of the foams in the environment by natural degradation process. Bentham et al. 

[24] also performed soil burial experiments to evaluate the susceptibility of different polyurethane materials to microbial 

attack for a period of 28 days incubation. The biodegradability studies during this research were carried out under similar 

accelerated conditions. The foams were exposed to inoculum taking from anaerobic digester sludge which contains large and 

diverse group of biologically active anaerobic bacteria.  
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Humidity and nutrient rich environment are other important parameters affecting the rate and extent of decomposition of 

organic materials including polyurethane foams. Baldwin et al. [25] reported that moisture content was a major factor 

affecting sanitary materials in the landfills after 6 years of burial because the wetter the samples, the quicker is the 

decomposition of materials. It has been also reported in another study that the impact of low relative humidity to microbial 

growth is much more than that of decreasing temperature from 30°C to 22°C [26,27]. 

 

Conclusion 

Based on the results of the weight loss measurements, and tensile strength measurements, buried in the soil and the control 

samples, it can be concluded that there is significant biodeterioration of the foams due to potential microbial activity in the 

field soil under anaerobic conditions during these short-term experiments. 
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