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Richards, E.A., Martin- Scott, S.Y., Scott, J.D. and Hodges, M.E.
1990. Resistance to microbiological deterioration of geotextiles
used around agricultural drains: A review. Can. Agric. Eng.
32:177-181. The long term durability of geotextiles is an issue of
increasing concern. The durability of geotextiles to microbiological
degradation is reviewed for soil burial applications such as envelope
wraps around subsurface horizontal pipe drains. Few researchers have
examined the degradation of geotextiles. The degradation of plastics
and films in soil is disputed; the research does not indicate conclu
sively whether the cause of the degradation is the soil chemistry,
microorganisms or normal aging processes. The factors which affect
microbiological degradation of synthetic polymers in geotextiles are
the polymer chain length, branching of the polymer chain, crystallinity
and moisture absorption of the fiber, type of chemical bond and the
surface area of the fabric. Although microbiological degradation is not
considered a serious concern for these materials, photooxidation prior
to soil burial increases biodeterioration. The chemistry of typical soils
is not a significant factor in biodeterioration of geotextiles. Polypro
pylene and polyester (polyethylene terephthalate) fabrics are
recommended for subsurface drainage applications. These fibers
should be stabilized with ultra violet light inhibitors to prevent pho
tooxidation.

INTRODUCTION

In the last 25 years, polymeric materials called geosynthetics,
have been used in many agricultural and construction applica
tions. These materials, which include fabrics, membranes
(films), nets and grids are used: 1) for filtration and drainage,
to allow water to flow while holding the soil back; 2) to
separate layers of soil, for example in temporary roads be
tween the surface and a soft foundation soil; 3) for
reinforcement, such as to support an embankment on soft soil;
and 4) as a liner where the membrane serves as an imperme
able barrier. In a typical agricultural application, geotextile
fabrics are frequently used as envelopes around subsurface
horizontal pipe drains, to prevent the water from carryingsoil
particles into the pipes (Rollin et al. 1987; Williams and Luna
1987). Until the early 1980s, organic materials such as flax,
straw, coconut and peat fibers were commonly used as wraps
for agricultural drains. These materials decompose readily,
resulting in many drainage problems; synthetic fiber enve
lopes are increasingly used as a more durable alternative
(Dierickx 1987; Stuyt and Oosten 1987). In this application,
thedrains aregenerally placedwithin orjust belowthetopsoil
layer (oneto two metredepth), where the geotextiles maybe
exposed to many degrading forces, such as chemicals and
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micro-organisms in the soil, mechanical stresses, and temper
ature extremes. Since degradation caused by mechanical
stresses and ultraviolet light is most likely to occur during
transportation and installation of geotextiles, the materials are
usually handled in a manner that will reduce the risk ofdamage
from these sources (Horrocks and D'Souza 1989). However,
researchers and users of geotextiles alike are now questioning
the long term durability of geotextiles to microbial and chem
ical degradation in soil burial applications.

Most of the research on the biodegradation of synthetic
polymers is based on plastics and films, rather than textiles.
Very little laboratory or field research has been conducted on
the degradation of geotextiles in soil burial applications. The
degree and causes of degradation of plastics and synthetic
films in soils is disputed; even those investigators who agree
that synthetic polymers do degrade in soils, can not agree on
the cause of the deterioration, whether it is chemical, microbial
or normal aging processes ( Albertsson and Banhidi 1980;
Albertsson and Ranby 1975; Colin et al. 1981; Ionescu et al.
1982; Miner 1972; Monk 1972; Nykvist 1974; Spencer et
al.,1975).

The purpose of this paper is to review factors involved in
the microbiological degradation of geotextiles in applications
involving soil, such as underground pipe drains. The factors
affecting biodegradation of synthetic polymers as they relate
to geotextiles will be discussed; these factors include both the
type of soil that the geotextile is exposed to and the microor
ganisms present in the soil. Characteristics of the geotextiles
are also relevant; the fabric structure of a textile is different
from a film or plastic and this may affect degradation. Some
characteristics of the molecularand chemical structureof syn
thetic polymers are the same whether in fabrics or film and the
effects of these aspects on biodegradation will be reviewed.
The relationship between biodegradation of geotextiles and
exposure to photooxidation prior to burial will be discussed.
Finally, recommendations will be made about the fiber types
best suited for use as agricultural drainage fabrics.

SYNTHETIC POLYMERS USED IN GEOTEXTILES

Currently, the most commonly used fibers in geotextile fabrics
are synthetics: polyester (polyethylene terephthalate), polyeth
ylene, and polypropylene (Giroud 1984). Nylon is used to a
lesser extent. The mechanism of degradation of these polymer
materials is oxidation whereby the long carbon chain of the
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synthetic polymer is shortened. The oxidation process can be
initiated both by chemicals in the soil or by microorganisms.

The type of polymer and the organization of the polymer
molecules within textile fibers help determine the chemical
and physical properties of the fibers. Synthetic fibers have a
highly crystalline structure; in most regions the long chain
molecules are regularly ordered while other regions of the
fiber are amorphous with segments of the molecular chain
randomly organized. These amorphous regions, with imper
fections and defects in the orientation and crystallinity of the
polymers, are the regions of higher reactivity and accessibility
(Cooke and Rebenfeld 1988).

THE EFFECTS OF SOIL TYPE ON DEGRADATION

The percentage of organic material in the soils in which
geotextiles are installed can vary greatly, ranging from as low
as 1% in a mineral soil to higher than 50% in organically rich
soils.The physical, chemical and biological characteristics
of soils affect both the composition and activities of micro
organisms. Soil conditions include the content of nutrients
such as carbon and nitrogen, the pH, which is determined by
the acids and alkalis present and the water content (Rankilor
1981). Factors such as wastes, pollutants and acid rain can also
affect the soil environment (Van Zanten 1986). While micro-
oganisms may be able to use a polymer as a source of carbon,
other elements required for metabolization such as nitrogen,
phosphorus,sulfur and trace metals generally must be found in
the soil (Taylor 1979).

In terms of microbiological degradation of geotextiles, or
ganically rich soils pose the greatest hazards because they
support an abundance of micro-organisms. On the other hand,
soils which are acidic or saturated with salts may cause chem
ical oxidation of geotextiles, resulting in a degradation that is
similar to but unrelated to the activity of mircoorganisms. The
pH range found in most soils will not affect degradation of
geotextiles.

Researchers who have examined the effect of soil composi
tion on degradation of synthetic polymers have produced
inconclusive results. Miner (1972) exposed nylon, polyethyl
ene, polypropylene and molded plastics to Georgia and New
Mexico soils for eight years and found that, with the exception
of nylon plastics, soil composition (acidic vs. alkaline) and
burial depth (top soil vs. sub soil) had no effect on changes in
tensile strength. Nylon 6 deteriorated steadily in tensile prop
erties due to its sensitivity to moisture and subsequent
degradation caused by hydrolysis. The chemical propertiesof
the two soils were not analyzed in this study. Jones et al.
(1974) found that the rates ofbiodegradation ofphotodegraded
polypropylene, polyethylene and polystyrene were generally
higher in land-fill soil than forest and garden soils. The land
fill soil had the least organic matter, nitrogen content, and
water-holding capacity, but the highest pH of the three soils.
The latter study did not conclusivelydeterminewhether it was
the chemicals in the soil or the differences in microbiological
activity in the soils that caused the degradation of the polymer
materials.

Colin et al. (1981) found that polyethylene films were pro
gressively embrittled when buried for up to 32 months in an
enriched garden soil held at tropical conditions. These re
searchers could not make a clear distinction between oxidation
caused by microorganisms and oxidation caused by the chem
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ical conditions of the soil.

Cooke and Rebenfeld (1988) state that the chemistry of
most soils should not pose a problem for deterioration of
polyolefin, polyamide and polyester fibers. However,
Rankilor (1981) cautions that atypical soils or chemically
reactive soils which are saturated with salts or enriched with

ferrous-ferric iron materials may enhance deterioration.

MICROORGANISMS

Microflora, which include bacteria, fungi, actinomyces and
algae are responsible for about 90% of soil respiration. A
single gram of soil may contain up to 2x10 bacterial cells, 10
to 100 m of mould filament or 0.1 to 36xl06 actinomyces
(Rankilor 1981; Wood and Pickering 1982). The microorga
nisms most likely to attack polymer materials in geotextiles
are fungi and bacteria. There appears to be no degradation of
polyolefins (polypropylene) by those fungi which are most
prevalent in soil (Spencer et al. 1975). Microorganisms use
various types of enzymes to break down molecules into units
which they can metabolize; each enzyme performs a very
specific action. Enzymes can only act over certain pH and
temperature ranges and moisture levels, although, each type of
enzyme has its own optimal ranges. The microbial cells re
quire moisture to transport extracellular enzymes to the
polymer so that the polymer molecule can be broken down into
products which the microorganism can "digest" (Taylor 1979).

The soil composition is an important factor in a
microorganism's ability to metabolize a polymer; the proper
nutrients have to be present. Even if the microorganism used
the polymer as a source of carbon, other nutrients required for
metabolism must be found in the soil. Also, the source of
nutrients, whether from the soil or synthetic polymer, must be
close to the microorganism. Fewson (1988) observes that in
soil, a few centimetres distance can determine whether or not
the material will be metabolized. Nykvist (1974) concluded
that polyethylene undergoes biological decomposition only
when mixed with organic substances that decompose more
easily than the polymers.

Frequently, more than one type of microorganism has to be
present for biodegradation to occur; some microorganisms
require co-enzymes produced by other microorganisms. Gen
erally biodegradation progresses best with mixed populations
of microorganisms and is restricted or incomplete with pure
cultures of single strains, although Albertsson et al. (1978) did
achieve degradation of polyethylene by pure cultures.

Microorganisms are continually evolving into strains capa
ble of producingnew varieties of enzymes.Possibly synthetic
polymers resist biodegradation because synthetics have not
been around for as long as natural fiber polymers and microor
ganisms which are readily able to decompose them have not
yet developed (Taylor 1979). In the future, today's polymers
may biodegrade more quickly. Jones et al. (1974) observed
that the initial rate of biodegradation was lower for polypro
pylene than polyethylene. The researchers suggested that the
microorganisms may have required additional time to develop
enzymes which could metabolize the polypropylene polymers
which are branched chain hydrocarbons.

BIODETERIORATION OF GEOTEXTILES

Few research studies related to biodeterioration of geotextiles
in soil are reported. Colin et al. (1986) report no significant
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loss in bursting strength of selected spunbonded,
needlepunched polyester geotextiles buried for up to 7 years.
The test soil is described as a "moist organically rich soil" with
a pH of 6.7. Ionescu et al. (1982) incubated polypropylene and
polyester, woven and non-woven in various media for a 5 to
17 month period. Media for culturing iron bacteria and
desulfovibrious and levansynthesizing bacteria caused some
colmatation but the bio-colmatation was a slow phenomenon
and did not affect the filtering-draining capacity of the
geotextiles. Leflaive (1988) reported no attack from microor
ganisms or chemical action on polymer fibers from
surrounding soil on geotextile fabrics taken from projects after
5 to 17 years of burial.

BIODETERIORATION OF SYNTHETIC POLYMERS

Much of the research conducted on the biodeterioration of

synthetic polymers has been conducted on synthetic films and
plastics with the aim of increasing biodegradation as a means
to reduce pollution and waste resulting from these materials.
This research has established that essentially, synthetic poly
mers used in geotextiles are very resistant to microbiological
attack. At the same time, researchers have identified the vari
ables of fiber and fabric structure which may have the greatest
effect on biodegradation.

Effects on biodeterioration of fabric, fiber and molecular
structure

Many of the studies discussed here used plastic films or
molded plastics as the substrate. Giroud (1984) points out that
if1m ofa film isexposed inan environment, then 2m2 (both
sides) ofthe polymer isexposed, but if 1m2 ofa geotextile is
exposed, then 10 to 100 m of polymer is exposed. The fibers
and yarns composing geotextiles have a much greater surface
area than a flat film. The increased surface area on geotextiles
would likely enhance the rate of biodeterioration. This is
supported by work conducted to biodegrade polymer films
wherein the films are pulverized to increase the surface area
accessible for microorganism attack. The structure of
geotextiles is permeable whereas the structure of
geomembranes and other plastic films is relatively imperme
able. A permeable geotextile may be more vulnerable to
biodegradation than a plastic film because moisture and en
zymes carried by the moisture are more able to enter the fabric
structure.

Although moisture can enter the fabric structure of the
geotextile, water does not readily penetrate the fibers. The
hydrophobic nature of synthetic polymers may inhibit biodeg
radation; the nonpolar molecules do not attract water and the
crystallinity of the polymers adds to the water impermeable
nature (Taylor 1979). Degradation occurs first in the amor
phous regions ofa material, where theenzymes, transported by
moisture, can penetrate to the polymers. After these accessible
areas are gone, it is difficult for enzymes to penetrate the areas
where the polymers are crystalline. In a study involving the
effect of soil burial on molded plastics, Miner (1972) sug
gestedthat nylon6 was degraded more readily than nylon6,10
because nylon6 has a higher moisture uptake. Since enzymes
are carried by moisture, an increased uptake should increase
degradation. Colinet al. (1981) modified the surface of poly
propylene, polyethylene, and polyester films to introduce
polar groups such asC=0, OH,or NH2, thereby increasing the
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attraction of water to the polymers. However, this did not
accelerate deterioration. The researchers did not suggest that
the theory of increased wettability leading to biodegradability
was incorrect, but instead suggested that it was not microorga
nisms that caused degradation in the samples.

The two most important molecular variables which control
degradation of carbon chain polymers are length of the carbon
chain and chain branching. In general, it is believed that in soil
burial, biodegradability of polymers increases as the chain
length decreases, that is, the molecular weight decreases
(Albertsson et al. 1978; Jones et al. 1974; Taylor 1979).
Albertsson and Banhidi (1980) determined that microbes
oxidize longer polyolefin chains than abiotic forces oxidize in
aging. Some studies show that significant biodegradation of
polymers occurs only if the polymers are first degraded to very
short chain lengths (Colin et al. 1981); this can be done by
exposing the polymer samples to significant levels of ultravi
olet light.

Scintillation measurements using C have demonstrated
that carbon in polyethylene can be converted to 14C02 by
some fungi and molds (Albertsson 1978; Albertsson et al.
1978). The researchers conclude that it was most likely the
molecules of lower molecular weights which were attacked by
the microorganisms. Their results showed that the amount of

CO2 released decreased with time; as the easily accessible
molecules were degraded, the organisms could no longer me
tabolize the polymer samples.

Another factor which may affect biodeterioration is the
presence of side chains branching off the main long chain
polymer. Colin et al. (1981) found that soil burial effects on
tensile properties increased in the order polypropylene <high
density polyethylene <low density polyethylene. Since this is
opposite to the order in which the polymers are normally
oxidized (Cooke and Rebenfeld 1988; Jones et al. 1974), these
results seemed to suggest that the microorganisms' attack is
inhibited by side chains on low molecular weight alkanes and
that linear alkanes would be more easily attacked by microor
ganisms.

A further aspect of the molecular structure of polymers is
the types of bonds in the molecules. Oxidation occurs more
easily at certain types of bonds; bonds which are readily
oxidized include the polypeptide linkage in nylon and the ester
linkage in the main chain of aliphatic polyesters (Spencer et
al. 1975;Taylor 1979). Nylon is rarely used for geotextiles and
polyethylene terephthalate (PET), the polyester used in
geotextiles is not aliphatic, it is an aromatic polyester. Gener
ally, carbon-carbon and carbon-hydrogen bonds are resistant
to oxidation and polypropylene and polyethylene are entirely
composed of these bonds.

Effect of prior photooxidation on biodegradation

Photooxidation prior to soil burial of a geosynthetic can in
crease the rate of biodegradation of the textile in use. In an
analysis of deterioration of geotextiles which were recovered
from actual use situations, Sotton (1984) correlated extreme
deterioration only with samples extensively photodeteriorated
by sunlight. In laboratory studies where an increased rate of
biodegradation of synthetic polymeric materials is desired, the
specimens are first degraded by exposure to significant levels
of ultraviolet light and then ground to a powder. This proce
dure increases the surface area of the material and also
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shortens the chain length of the polymers making the plastics
more susceptible to biodegradation. Spencer et al. (1975) ob
served that polymer fragments produced by photodegradation
of polypropylene and polyethylene polymers were attacked
and metabolized by soil microorganisms. Nykvist (1974) dem
onstrated that decomposition of polyethylene was greater with
prior ultraviolet exposure, however, there was a tendency for
degradation to occur in unexposed samples as well. Jones et al.
(1974) reported that after photooxidation, polymers are more
easily degraded by microorganisms. Although the relationship
between photooxidation and biodegradation should not be
ignored,in most contexts where geotextiles areused, photoox-
idative damage to the degree that is produced in these
laboratory studies would render the geotextile useless; any
ensuing biodegradation would be irrelevant. In other words,
the damage resulting from ultraviolet light may be much more
critical than any damage caused by microorganisms. Additives
such as antioxidants and ultra violet light stabilizers are fre
quently used to inhibit the photooxidation of geotextiles,
thereby possibly inhibiting biodegradation as well. This con
siderationis most important when the textile is left uncovered
before installation. Additives are particularly important for
polypropylenes and polyamides (nylons) which have low re
sistance to long periods of ultra violet light exposure.

Albertsson and Banhidi (1980) found that a high density
polyethylene with an antioxidant, in this case a sterically
hindered phenol, inhibited the microbiological catabolism of
14C to 14C02. Colin et al. (1981) used acetone extraction to
remove additives from the polymers studied, but suggested
that some antioxidant may have remained in the polypropyl
ene, thereby increasingits resistanceto soil burial.Gabriele et
al. (1984) demonstrated that the use of ultraviolet light stabi
lizers on various polymers prevents surface erosion and thus
limits the ability of microorganisms to anchor on samples.

CONCLUSIONS

Factors which affect microbiological deterioration are:
1. The type of polymer and the organization of polymer

molecules within the textile fiber; a) as the chain length
increases and branching occurs on the long chain mole
cules, microbiological deterioration is decreased; b) the
more crystalline the fibers, the less the attraction for
water causing a decreaseof enzyme penetrationinto the
fiber structure; and c) some bonds are susceptible to
oxidation, for example, the polypeptide linkage in nylon
and the ester linkage in aliphatic polyester.

2. The surface area of the textile. Woven and nonwoven
geotextiles have a greater surface area than extruded
films or pipes and may be more susceptible to enzymes
over extended periods of time.

3. Photooxidation prior to soil burial increases the rate of
biodegradation of geotextiles. Use of antioxidantaddi
tives and ultraviolet light stabilizers inhibit the
photooxidation of geotextiles.

Studies specifically related to durability and soil burial of
geotextiles are limited. A review of research on the
biodeterioration of polymer films suggests that the effects of
microorganisms on synthetic polymers is minimal. Although
geotextile fibers in nonwoven textiles and yarns in woven
geotextiles havea muchhigher surface area than films, micro
biological deterioration should not significantly affect long
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term durability of geotextiles buried in soil.
Factors to be considered in soil burial of geotextiles include

the nature of the soil and the microorganisms within the soil.
Most research studies do not differentiate between the oxida
tion resulting from the chemical or aerobic nature of the soil
and the biological activity within the soil. The chemistry of the
soil may be a more significant factor in deterioration than the
microorganism content of the soil. Soils with atypical chemi
cal characteristics may be a particular concern; however, the
pH range found in most soils is not a significant factor in
degradation of geotextiles.

When textiles are exposed to sunlight during storage or
installation, photooxidation may enhance microbiological
degradation. Ultraviolet stabilizers reduce photooxidation in
synthetic polymers, however, many geotextiles do not include
these stabilizers. Geotextiles recommended for use in agricul
tural subsurface drains are polypropylene and PET polyester
due to their excellent resistance to microbiological deteriora
tion and the pH conditions of typical soils. Nylon is not
recommended due to its sensitivity to moisture and subsequent
degradation. Due to unforeseen circumstances during installa
tion when geotextiles may be exposed to sunlight for extended
periods,both polypropylene and polyester geotextiles should
be stabilized with ultraviolet light stabilizers or inhibitors to
prevent photooxidation. Proper storage and installation of
geotextiles for agricultural drains is essential to ensure that
microbiological deterioration is minimal.
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