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Abstract
The biodegradation of fabrics of various types of fibres: cotton (CO), viscose (CV), Modal
(CMD), Tencel (CLY), polylactic acid (PLA), polyethylene teraphtalate (PET) and polyacrylonitrile (PAN)) under the attack of microorganisms were studied using the soil burial method
for two different burial intervals (1 month and 4 months). As opposed to previous studies,
all analyses were simultaneously conducted for both of the buried fabrics and soil samples
so as to examine the biodegradation and environmental effect as a whole in the same study.
Visual observations, weight losses, fourier transform infrared spectroscopy (FTIR) and
scanning electron microscopy (SEM) were used to examine the biodegradation behaviour.
The total organic carbon (TOC), the total number of bacteria and the total number of fungi
in the soil samples were studied to understand the soil content during the degradation of
the fibres. The study revealed that the cellulosic fabric samples changed both physically and
chemically even after 1 month. Among the cellulosic fibres, weight losses of modal, cotton,
and viscose fabrics were close to 90%, showing high degradation, whereas Tencel fibre had
the lowest with 60% for a 4 month burial interval. Within the synthetic fabrics, only PLA
fabric lost weight.
Key words: biodegradation, textile, fibre, SEM, FTIR, soil, bacteria, fungi.

Introduction
Textile wastes can be classified as either
pre-consumer or post-consumer waste.
Pre-consumer waste, coming from the
textile, fibre and cotton industries, is
re-manufactured for the automotive,
aeronautic, home building, furniture,
mattress, coarse yarn, home furnishings,
paper, apparel and other industries [1].
Post-consumer waste is defined as any
type of garment or household article
made from manufactured textiles that
the owner no longer needs and decides to
discard. These articles are discarded either because they are worn out, damaged,
outgrown, or have gone out of fashion
[1]. The U.S. EPA estimates that textile
waste occupies nearly 5% of all landfill
space [2]. A discarded textile item may
be a reason for environmental pollution.
Therefore the concept of biodegradation
has started to be used widely because of
the increasing efforts to prevent environmental pollution.
Biodegradation can be visualised as the
method used by nature to recycle waste
and to break down organic materials
into compounds which can be used as
nutrients by other organisms [3]. During
biodegradation, numerous microorganisms such as fungi, bacteria, worms, and
many other species attack the materials.
Through this biodegradation process
it is possible to see positive and negative effects together, such as cleaning
up wastes, providing nutrients for new
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life, producing the energy necessary for
various biological processes, and also
probably harmful waste in nature and the
environment.
Biodegradability is significant for materials particularly utilised in any part of
daily life [4]. Accordingly it becomes
essential to assess their biodegradability and possible damage to the environment. The biodegradability behaviour
of polymers depends on some physical
and chemical properties. The hydrophilic
character, crystalline and amorphous
structures, the linearity or branching of
polymers, molecular compositions and
chemical bonds are determinative elements for the biodegradability of polymeric materials [3, 6, 7]. Due to their primary ease of processing, as well as their
high weathering resistance and strength,
the production and consumption mass of
synthetic fibres is increasing steadily [5].
However, these fibres exhibit high resistance to microbial degradation.
In the related literature, there are some
researches on the biodegradation of textile materials, such as cotton, jute, linen,
wool, viscose, polyester and the recent
polylactic acid fibres [3, 6, 8-12, 22].
Biodegradation was especially evaluated
via visual observation, determination of
mass loss, and characterising the chemical structure and surface morphology. In
some of these biodegradation studies, the
microbiological content in soil was evaluated for cotton, acetat, rayon and linen

fibres with the total organic carbon values after 28 days’ soil burial [6]. In this
research, the biodegradation of fabrics
composed of various different raw materials (i.e. cellulose based and synthetic)
was examined using the soil burial test.
Besides this, the impact of the soil burial test on the microbiological content of
soil was also taken into consideration.
Several studies on this topic have been
already conducted in the last decade or
so [7]. However, there has not been a simultaneous study taking into consideration both textile biodegradation and the
environmental effect of textile decomposition on soil microflora by determining
the amount of the total organic carbon,
and the total number of bacteria and fungi together in the same study. The test
fabrics were visually observed after two
different soil burial intervals, and the
weight losses were calculated. The biodegradation tendency of the fabrics was
examined by fourier transform infrared
spectroscopy and scanning electron microscopy. As opposed to previous related
studies on fibres [3, 6, 8-12, 22], the total organic carbon (TOC), and the total
number of bacteria and fungi in the soil
samples after burying were quantified in
order to analyse the environmental effect
of the textile biodegradation.

Experimental
Materials
Seven knitted fabrics of different fibre
content and similar structural parameters
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were utilised in this study. No finishing
nor dyeing treatment were applied to
top of the soil surface during the burying process.
the fabrics before testing and analysis to
better understand the effect of fibre type
on biodegradation. Table 1 lists the basic
structural parameters of the test fabrics.
The mass per unit area values of the fabric samples were determined in accordance with ASTM D3776 [13] before and
after each soil burial interval. The fabric
thickness was measured using a James
Heal RxB Cloth Thickness Tester under
a 5 g/cm2 pressure according to ASTM
Figure 1. Soil burial test equipment
D1777 [14]. Fabric setting values were Figure 1. Soil burial test equipment.
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for soil analyses. The fabric samples removed from the soil were lightly rinsed
Soil burial testing
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tests
(5 cm x 5 cm) for each the
fabric
typewere
and
weighed under standard atmosphere conditions (20±2 °C temperature, 65±4%
relative humitiy). Then the test samples
were placed into plexiglass boxes of
1000 ml volume, designed in accordance
with ISO 11721-1:2001, and presented in
Figure 1 [16]. As seen in Figure 1, small
flags were used to arrange the different
fabric types, replicates and burial intervals. Figure 2 shows test equipment after
burying the fabric samples. Three replicates for each fabric type and burial period were buried in different boxes, and the
surface of the fabric was placed parallel
to the top of the soil surface during the
burying process.
The soil burial test lasted for 4 months,
from June 2017 to October 2017.
The temperature and relative humidity
in the soil were regularly controlled and
kept constant during the experiment by
spraying with water. The average temFIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 1(133)
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lists the sample codes of the test fabrics.
2.2.3.Morphology study

The control and buried samples were viewed with a JEOL-JJM 6060 model scann

Table 1. Basic structural parameters of the fabrics.

microscope (SEM). SEM images were obtained with an accelerating voltage
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VISCOSE FABRIC

Viscose fabric, control sample

Viscose fabric, 1 month

Viscose fabric, 4 months

MODAL FABRIC

Modal fabric, control sample

Modal fabric, 1 month

Modal fabric, 4 months

Figure 3. Photographs and SEM micrographs (x500) of cotton and regenerated cellulose fabrics for different burial intervals.

Morphology study
The control and buried samples were
viewed with a JEOL-JJM 6060 model
scanning electron microscope (SEM).
SEM images were obtained with an accelerating voltage of 5kV and magnification of 500X. The test samples were
prepared by coating gold.
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FTIR analysis
FTIR spectra of the fabric samples were
recorded using a Fourier Transform
Infrared Spectrometer (Perkin Elmer
Spectrum BX). Spectra of the samples
were obtained from 25 scans. Each spectrum was recorded in the range of 6004.000 cm-1 with a resolution of 2 cm-1.

Determination of total organic carbon
in soil
The total organic carbon (TOC) of the soil
samples weas measured using TOC-V
SSM-5000A in accordance with SM
5310B. In this test method, firstly the soil is
dried at 40 °C. The dried soil is then sieved
with a 200 mesh sieve and weighed up to
FIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 1(133)

COTTON FABRIC

Cotton fabric, control sample

Cotton fabric, 1 month

Cotton fabric, 4 months

TENCEL FABRIC

Tencel fabric, control sample

Tencel fabric, 1 month

Tencel fabric, 4 months

Figure 3. Photographs and SEM micrographs (X500) of cotton and regenerated cellulose fabrics for different burial intervals (cont.)

30 mg of the total carbon from the sample
under the sieve. The total carbon fraction
of the device is first burned at 900 °C by the
catalytic oxidation method and weighed
up to 20 mg of inorganic carbon from the
sample. Phosphoric acid is added to the inorganic carbon part of the device and next
burned at 200 °C. The total organic carbon
FIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 1(133)

content is determined by subtracting the
inorganic carbon content from the total
carbon content. In the analysis conducted
with TOC-V SSM-5000A, CO2 formed in
the total carbon and inorganic carbon part
is compared with the generated calibration
curve and NDIR (Non Dispersive Infrared
Dedection) method.

Determination of the number of total
fungi and total bacteria in the soil
The number of total bacteria and fungi of
the soil samples were determined according to ISO 6222 and SM 9610 A-C-D,
respectively. These test methods are summarised below.
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PAN FABRIC

PAN fabric, control sample

PAN fabric, 1 month

PAN fabric, 4 months

PET FABRIC

PET fabric, control sample

PET fabric, 1 month

PET fabric, 4 months

Figure 4. Photographs and SEM micrographs (X500) of synthetic fabrics for different soil burial intervals.
Table 2. Sample codes of the test fabrics.
Fabric
code
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Control sample
(not buried, 0 month)

Buried sample
for 1 month

Buried sample
for 4 months
CMD4

CMD

Modal

CMD0

CMD1

CV

Viscose

CV0

CV1

CV4

CO

Cotton

CO0

CO1

CO4

CLY

Tencel

CLY0

CLY1

CLY4

PLA

Poly (lactic acid)

PLA0

PLA1

PLA4

PET

Polyethylene teraphtalate

PET0

PET1

PET4

PAN

Poly acrylonitrile

PAN0

PAN1

PAN4

n Total Bacteria Count (ISO 6222, by
Membrane Filtration Method)
10 g soil samples are mixed with 90 ml
of 85% sterile NaCl solution (w/v) into
250 ml aliquots and stirred at 200 rpm
for 30 min at 21 °C. 1 ml of the eluant
is taken, which then undergoesserial dilution in a 9 ml tube containing 0.9% saline
(NaCl). After appropriate dilutions, the
sample is passed through a membrane
filter of 0.45 μm pore diameter, cultured
FIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 1(133)

PLA FABRIC

PLA fabric, control sample

PLA fabric, 1 month

PLA fabric, 4 months

Figure 4. Photographs and SEM micrographs (X500) of synthetic fabrics for different soil burial intervals (cont.)

in a Tryptic Soy Broth medium, and then
incubated at 22 °C for 48 hours. Colonies formed as a result of incubation are
counted.
n Total Fungi Count (SM 9610, by
Membrane Filtration Method)
Serial dilution is handled according to
the same procedure as for the total bacteria count. After that stage, by undertaking
appropriate dilution, the sample is passed
through a membrane filter of 0.45 μm
pore diameter, and aureomycin-rose bengal glucose peptone is added to the agar
medium, and the sample is incubated at
30 °C for 5 days. Colonies formed as
a result of incubation are counted.

Results and discussion
The results and discussion part contains
two main sections: fabric and soil results.
Visual observations, weight losses, SEM
micrographs and FTIR analyses are given in the first section and the results of
soil analyses are placed in the second.
Fabric results
Visual observation of the fabrics
The biodegradation of materials such as
fibres, films or textiles can be assessed
firstly by their physical appearance.
Changes in the physical appearance can
be observed by the naked eyes. The apFIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 1(133)

pearance of fabrics before and after soil
degradation are exhibited in Figures 3
and 4 by photographs and SEM micrographs. The changes determined from the
visual appearance and handling the fabric samples are listed in Table 3. Slight
degradation even after one month was
observed for the fabrics made of cotton
and regenerated cellulose fibres. This result is in agreement with the findings of
Arshad et al. determined for four weeks’
degradation [12]. Colour change and disintegration were determined, where the
buried fabrics were evaluated as thinner
and more brittle than the control fabrics. A prominent change was recorded
for Tencel fabrics after a 1-month burial
interval (Figure 5). After 4 months, the
fabrics made of cotton and regenerated
cellulose fibres were found highly degraded, where the structure and integrity

of the fabrics were damaged. In the case
of synthetic fabric samples (Figure 6),
slight colour changes were recorded,
probably due to slight changes in the
chemical and morphological structure
of the fabric samples. This result is also
in accordance with weight losses of the
samples, as given in Figure 7.
SEM images show the changes of the
test fabrics. After the 4 month soil burial test, the fabrics noticeably degraded,
and the integrity and structure of the
fabrics nearly collapsed. Fibre breakages of the cotton and Tencel fabrics
are prominent, and it is noteworthy that
the Modal fibres seem to be inseparable
from the soil after the 4 month burial period. It is interesting to note that colonisation of the microorganisms existed in
the viscose fibre after the 4 month burial

Table 3. Visual observations determined for the fabrics after different soil periods.
Fabric
code
CMD

Observations of fabrics after soil burial period
(in comparison with control samples)
After 1 month interval

After 4 month interval

thin

small fabric pieces in soil

CV

thin and brittle

small fabric pieces in soil

CO

brittle and colour change

small fabric pieces in soil

CLY

brittle, colour change, small hole

colour change, brittle

PLA

no change

slight colour change by taking moisture

PET

no change

slight colour change with soil particles

PAN

no change

slight lightening of colour
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Modal

Viscose

Cotton

Tencel

PLA

PET

PAN

1 month

7.5

5.3

12.9

13.3

1.2

0.7

0.6

Weight loss, %

16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

Weight loss, %

100
90
80
70
60
50
40
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20
10
0
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Modal

Viscose

Cotton

Tencel

PLA

PET

PAN

98.6

98.1

89.4

59.3

3.0

1.4

2.4

Figure 5. Weight loss of fabrics for 1 month and 4 month burial intervals.

Weight loss results
The change in weight is a direct way
to measure the biodegradability [17].
The weight loss of the fabrics after 1 and
4 months is given in Figure 5, and the
statistical results are tabulated in Table 4.
The weight losses for cellulosic fibres
are higher in comparison with synthetic
fibres, as expected. The higher moisture
and water uptake, in other words higher
hydrophilicity, causes more deterioration by means of biodegradability [17].

test. The significant changes in cellulosic fabrics may be due to their highly
hydrophilic character. The amorphous
character, low polymerisation degree
and high moisture absorbability may act
in a determinative role towards a microorganism attack for viscose fibres. In
the case of PET and PAN fabrics, SEM
micrographs indicate minor changes in
the samples. This may be due to the high
resistance of these polymers based on
their chemical composition.

Table 4. Variance analysis results for weight loss after soil burial tests. Note: * statistically
significant at 95% confidence level.
Dependent variable: weight loss

Source

F

Sig.*

Fiber type

2049.900

0.000

Burial interval

10887.579

0.000

Fiber type* burial interval

1462.350

0.000

Table 5. SNK results showing the effect of the burial interval on weight loss values after
soil burial. Note: *Any average values not sharing a common group means that they are
statistically significant at a 95% confidence level.
Burial interval: 1 month
Fiber
type

N

Burial interval: 4 months

Subset*
1

2

3

Fiber
type

N

Subset*
1

PAN

3

0.6667

PET

3

1.3500

PET

3

0.6967

PAN

3

2.3600

PLA

3

1.2

PLA

3

3.0100

Viscose

3

5.2700

Tencel

3

Modal

3

7.5367

Cotton

3

Cotton

3

12.8767

Viscose

3

Tencel

3

13.2500

Modal

3

Sig.
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0.898

0.080

0.761

Sig.

2

3

4

59.3100
89.4333
98.0700
98.6333
0.281

1

1

0.598

Microorganisms in the soil caused a reduction in the weight of the fabrics [12].
Furthermore the breakage and deterioration of the samples facilitate the colonisation of microorganism into the fabric.
For a 1-month burial period, the weight
loss in Tencel fabric was highest amongst
the other types, meaning that the biodegradation of Tencel fabric is faster for
a 1 month burial. Besides this, the lowest
weight loss value was determined again
for Tencel fabrics amongst the cellulosic
fabrics for 4 months’ burial, which may
be the cause of the lowest biodegradability of Tencel fibres amongst cellulosic
fibres. At the end of 4 months, it is hard to
see Modal, viscose and cotton fabric particles in the soil. Especially Modal and
viscose fabrics undergo nearly complete
biodegradation after 4 months’ soil burial. Modal is about 50% more hygroscopic, or water-absorbent, per unit volume
than cotton [20]. Modal, viscose, cotton
and Tencel fibres have cellulosic structures because of the different cristallinities, polymer chains and hygroscobic behaviours, which may be the main reasons
for several biodegradation behaviours.
Due to its aromatic structure, PET fibre
has excellent physical and mechanical
properties compared to aliphatic structures; however, their strong resistance
to bacterial or fungal attack results in
low degradability under environmental
conditions [21]. No weight loss was determined after a 4 month burial period,
which is in accordance with the findings
of Chen et al. When PLA fibre was examined, although there was a little degradation (1.2% weight loss) after a 4 month
burial period, it was clear that biodegradation would not be easy under the soil
burial conditions applied in the study.
This result is in accordance with the review of Karamanlioglu [22], explaining
that no degradation was determined from
the weight loss of PLA film when it was
buried in soil for 120 days at 25 °C. PAN
fibre is highly resistant to damage for
months as well as to chemical substances, and no degradation was expected for
this fibre. Only a slight lightening in colour was observed after 4 months’ burial.
When the variance analysis results given
in Table 4 are examined, it can be seen
that the effect of fiber type and the burial interval on weight loss is statistically significant at a 95% confidence level
(p<0.05). If the weight loss results are
reviewed according to the burial interval,
then it is observed that they are dividFIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 1(133)

ed into 3 and 4 subgroups according to
burial intervals for different fiber types
(Table 5). After 1 month’s soil burial,
the weight loss results were divided into
three subgroups, such as sysnthetic fibers, viscose and Modal fibres in the second group, and cotton and Tencel fibres
in the third group. However, four subgroups were determined for weight loss
values after a 4 month burial interval, as
explained in detail for Tencel fibres.
FTIR analysis
FTIR analysis was performed to examine the effect of the burial test on the
chemical structure of the fabrics. FTIR
spectra of the control and buried cotton,
viscose, Tencel, Modal, PLA, PET and
PAN fabric samples are presented in Figures 6-12.
For cotton and regenerated cellulose fibres (viscose, Tencel and Modal), the
main peaks at approx. 3330 and 2900 cm-1
absorption bands can be attributed to -OH
stretching and C-H stretching vibration
of cellulose, respectively [23]. The OH
of water absorbed from cellulose is centered at around 1640 cm-1 [24]. The band
at 1370 cm-1 corresponds to CH bending.
The strong absorption peak at 1020 cm-1
can be indicative of the C-O stretching
of cellulose. The smaller peaks at 1200,
1155 and 895 cm-1 absorption bands can
be assigned to -OH in plane bending,
C-O-C asymmetric stretching and C1
group frequency, respectively [25].
For the cotton fabrics, the intensity of
the functional groups decreased in the
4 month burial test. Especially the decrease in the intensities of the peaks at
3300 and 2900 cm-1 is as a result of the
rupture of the OH bonds and methyl and
methylene of cellulose which occurss
due to the attack of the organisms on
the cellulose chain [9]. The change in
functional groups is basically similar
for Tencel fibres. However, C-O stretching at C3 (1053 cm-1), C-O stretching
at C6 and C-C stretching (1030 cm-1)
decreased after composting. Additionally the absorption bands at 1105 and
1160 cm-1 decreased due to enzyme
degradation [9]. However, for the FTIR
spectra of viscose and modal fibres,,
the intensities of functional groups increased after soil burial testing. Moreover the absorption peaks at 1720, 1645
and 1540 cm-1 become prominent after
soil burial testing which can be ascribed
to carbonyl groups, absorbed water and
amide II, respectively [26-30].
FIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 1(133)

Figure 6. FTIR spectra of control and buried Modal fabric samples.

Figure 7. FTIR spectra of control and buried viscose fabric samples.

Figure 8. FTIR spectra of control and buried cotton fabric samples.

Figure 9. FTIR spectra of control and buried Tencel fabric samples.
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ly [9, 25, 32]. The peak at 1408 cm-1 is
attributed to the aromatic ring, which is
a stable group, and is a characteristic absorption of PET [9]. The peaks centred at
1505 and 1175 cm-1 can be attributed to
the bending vibrations of C-H bonds and
C-O groups, respectively [33-34]. After
soil burial testing, the FTIR spectra of the
PET fabrics were similar to each other,
which may be due to the high resistance
of these polymers based on their chemical composition.
Figure 10. FTIR spectra of control and buried PLA fabric samples.

Figure 11. FTIR spectra of control and buried PET fabric samples

FTIR spectra of the control and buried PAN fibres are given in Figure 12. FTIR spectra of the
control acrylic fabric sample shows many absorption peaks at 2921, 2242, 1737, 1453, 1368
& 1233cm-1 , which can be related to C-H bonds, nitrile bonds, C=O bonds and aliphatic CH
group vibrations of different modes in CH, CH2 and CH3, respectively [36-37]. The peak
indicating nitrile groups showed a noticeable increase after burial testing. However, no
significant change was observed in the surface morphology and weight loss values of PAN
fabrics
burial
testing,
as depicted
Figure PET
7. This
may samples.
be due to the organic matter or
Figure
11.after
FTIR
spectra
of control
andinburied
fabric
residues of fungi and bacteria on PAN fabrics.

Soil results

Figure 12. FTIR spectra of control and buried PAN fabric samples

Figure 12. FTIR spectra of control and buried PAN fabric samples.
17

FTIR spectra of the control and buried PLA fibres are given in Figure 10.
The band located at 1745 cm-1 can be ascribed to C=O stretching. The absorption
peaks detected between 1050-1250 cm-1
can be attributed to C-O and C-O-C
stretching vibrations. The symmetric
and asymmetric deformational vibrations
of C-H in CH3 groups are exhibited in
the range between 1300-1500 cm-1 [35].
Although the control and buried PLA
samples give similar FTIR spectra, the
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FTIR spectra of the control and buried
PAN fibres are given in Figure 12. FTIR
spectra of the control acrylic fabric sample shows many absorption peaks at 2921,
2242, 1737, 1453, 1368 & 1233 cm-1,
which can be related to C-H bonds, nitrile bonds, C=O bonds and aliphatic CH
group vibrations of different modes in
CH, CH2 and CH3, respectively [36-37].
The peak indicating nitrile groups
showed a noticeable increase after burial
testing. However, no significant change
was observed in the surface morphology
and weight loss values of PAN fabrics after burial testing, as depicted in Figure 7.
This may be due to the organic matter or
residues of fungi and bacteria on PAN
fabrics.

intensities of the functional groups were
exposed to change after burial testing.
FTIR spectra of the control and buried PET fibres are given in Figure 11.
The control PET fabric shows major
absorption bands at 1713, 1245, 1098
and 723 cm-1, which can be ascribed
to the C=O stretching vibration band,
the C-O stretching band of ester, the
C-O stretching band of glycol, and to the
existence of a benzene ring, respective-

Total organic carbon (TOC) analysis
TOC analysis shows the total amount of
organic carbon in the soil. Carbon is used
as an energy source for anaerobic bacteria and fungi species [34]. Microorganisms are excreted extracellular enzymes
that depolymerise polymers because
polymers have structures which are long
molecules and do not dissolve in water.
Thus residues in the degrading material
migrate to the soil and cause increments
in the total amount of carbons when biodegradation occurs [38]. Carbon containing compounds consumed by bacteria or fungi cause decrements in the total
amount of organic carbon in the soil. As
seen in Figure 13, TOC values increased
after the 1-month burial test, which can
be due to the increasing amount of bacteria in the soil, which may contribute
to TOC as a result of their being organic
matter. After 4 months, The TOC values
of soil samples in which Modal and viscose fibres were buried decreased as a result of biodegradation.
For Modal fibres, an increment in the
number of total fungi shows that fungi
have an important effect on this fibre, beFIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 1(133)

Although the total amount of bacteria
is less in comparison with the other cellulosic fibres, the amount is enough to
biodegrade viscose fabric. The highest
amount of microorganisms was also determined for Tencel and Modal fibres.
A general observation of the total amount
of bacteria and fungi in the soil samples
shows that there is an increasing tendency in the data after 1 month burial testing. Examined in detail, biodegradation
existed extremely quickly, especially afFIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 1(133)
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Figure 13. Change in total organic carbon values of soil samples for different burial periods.
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Total number of bacteria and total
number of fungi
The application of organic matter to the
soil increases the microbial population,
microbial activity and enzyme activity
[39]. Free-living bacteria are dependent
on soil organic matter as a food source,
and their activities increase under favourable conditions. However, some
bacteria can secrete enzymes that inhibit
the development of fungi. Accordingly
the amount of the total bacteria and fungi of the soil samples was examined to
determine the biodegradation behaviours
of the textile materials. The total bacteria and fungi of the soils are exhibited in
Figures 14 and 15. The amount of the
total bacteria colony distinctly varies
from regenerated cellulose fibres to synthetic fibres (Figure 14), except viscose
fibres. This may be due to the chemical
substances released during biodegradation. Therefore the chemical substances
can generate unfavourable conditions
for several types of bacteria to increase
in amount. Especially viscose fabrics degraded dramatically and so fast that even
less total bacteria and fungi were determined in the soil in comparison with the
other fibres. Viscose fibres having the
lowest crystallinity amongst other cellulosic fibres may be one of the reasons for
the highest biodegradation with a lower
amount of bacteria and fungi.

Total organic crbon
800

Total bacteria after different soil burial periods

20000
18000
16000
14000

only soil
1 month
4 months

12000
10000
8000
6000
4000
2000
0
Modal

Viscose

Cotton

Tencel

PLA

PET

PAN

Fabrics buried in soil

Figure 14. Effect of burial interval on total bacteria values of soil samples.

Total fungi after different soil burial periods
(number of colony/100 gram) x 103

sides that of bacteria. The population of
bacteria remains constant for the 4 month
interval, and it can be said that the maximum level of the amount of bacteria was
reached. For viscose fibres, the bacteria
population decreased after reaching the
maximum level during biodegradation,
and after this stage fungi provided biodegradation. However, TOC values did
not change noticeably for PLA, PET and
PAN fibres, confirming other results that
there was no biodegradation for these fibres. Therefore longer soil burial testing
will be necessary to evaluate TOC for
these fabrics.
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Figure 15. Effect of burial interval on total fungi values of soil samples.

ter the 1st month, for Modal fibres and the
total bacteria increased dramatically after
4 months. Additionally the total fungi increased significantly after 1 month, but
remained similar after a 4 month burial
period. This may be due to the fact that
fungi reached the maximum level of degrading. Additionally fungi may not have
found any element in the target fabric
buried in soil.

For synthetic fibres, no significant
change was recorded in the total amount
of bacteria for both the 1 and 4 month
burial periods. The total amount of fungi
increased for all of the synthetic buried
samples after a 1 month burial interval.
On the other hand, due to their chemical
structure, PAN and PET samples could
be easily biodegraded by the bacteria and
fungi existing in the soil samples.

109

Conclusions
In this study, the biodegradability behaviors of knitted fabrics consisting of similar structural parameters and different fibre types, such as cotton, viscose, Modal,
Tencel, polylactic acid (PLA), polyethylene teraphtalate (PET) and polyacrylonitrile (PAN) were studied in soil burial
tests for two different burial intervals. Six
common fibre types and one biodegradable synthetic fibre (PLA) were compared
by evaluating the changes in the fabrics
and soil samples simultaneously.
Morphological characterisation, visual
observations and soil analyses indicated
that a major portion of biodegradation
can be attributed to cotton and regenerated cellulosic fibres, while synthetic fibres
stayed generally undamaged for 1 and 4
month burial intervals. The colour of the
synthetic fabric samples slightly lightened, possibly due to the enzymes of
bacteria. In the case of cellulosic fibres,
the fabric colours darkened, especially
for cotton and Tencel fabrics because of
the residues of the vital bacteria. Morphological observations revealed that the
cellulosic fibres began to disintegrate in
varying portions, whereas the synthetic fibres kept their original status at the
end of the 4 month burial interval. Especially viscose fabrics degraded dramatically, and so fast that even less total
bacteria and fungi was determined in the
soil in comparison with the other fibres.
The biodegradation results of cellulosic
fibres show that it is possible to dispose
of these materials by burying because of
their high biodegradation.
When the synthetic fibres were examined, it was seen that only slight colour
changes were determined for PET, PAN
and PLA fibres under the same soil burial conditions as for cellulosic fibres.
According to FT-IR and SEM results, no
significant degradation in PET, PAN and
PLA fabric samples was observed, despite the increase in the amount of bacteria and fungi in the soil samples in which
these fibres were buried. Besides this,
TOC values did not change noticeably
for PLA, PET and PAN fibres, confirming the results that there was no biodegradation for these fibres. Therefore it is
concluded that a 4 month burial interval
is enough to evaluate the biodegradation
behaviour of cellulosic fibres, and that
longer soil burial intervals than 4 months
are necessary to evaluate and make good
comparisons of synthetic fibres.
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The production technologies of fibres,
the amount of chemicals used and pollution occurring during fibre production
are also as important as the level of biodegradation. The results obtained can
inspire to make a comparison between
the biodegradation level and production
to optimise the conditions of supplying
environmentally friendly polymers.
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