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Summary,

The biodegradation of a com ‘starch-based polymer, Mater-Bi, marketed in Australia by Fidene
Corporation bas been tested in freshwater and seawater microcosms. This polymer is being
considered for use as a packaging material for fishing bait bags, which are frequently discarded
nto the marine and freshwater environiment. Biodegradation was assessed by following reduction
i dry weight of sample strips in either freshwater or seawater at 25°C in shaking or static test
systems (microcosms) . Breakdown was also assesscd by measuring the reduction in tensile
strength of the strips. Tensile strength is an important characteristic in terms of potentia) for
endangering sea aniroals. Non-biological degradation was measured using microcosms
supplemented with mercuric chloride as a potent anti-microbial agent. Results indicated that
breakdown was most rapid in freshwater with a reduction i dry weight of approximately 50%
being achieved over 20 weeks. Reductions in dry weight in marine test systems were much lower
(10-20%). After incubation in either freshwater or seawater large reductions in teasile strength
were obscrved (30-80% of untreated after 12 wecks) except in the mercury-treated controls. This
suggests that degradation of the polymer and loss of tensile strength was primarily due to
microbia) breakdown. The large reductions in tensile strength observed suggest that starch-based
plastics are likely 1o be a lower risk to seawater and freshwater animals than conventional pon-
biodegradable plastics. However, large reductiouns in teusile strength required incubation periods
of over ten weeks under the conditions tested and the deliberate dumping of any waste plastics

into sensitive environments should be avoided.
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Introduction.

A number of biodegradable plastics are currently being marketed for uses such as compost/mulch
bags. shopping bags, green waste collection bags etc. MFP Australia is supporting trials which
encourage the use of biodegradable plastics in new applications, including use as fishing bait bags.
Plastics in the marine environment can have devastating effects on marine life, as well as
impacting on the aesthetic qualities of shorelines (1,2). Biodegradable plastics currently available
are based on either microbial polymers such as poly (B-Hydroxy butyrate) (PHB) or co-polymers
of plastics with natural polymers. With some of these products, eg starch/polyethylene blends, the
natural component may be degraded but the plastic residue is not susceptible to biodegradation

and thus such products are not totally biodegradable.

Mater-Bi is a wholly degradable product, a composite resin containing more than 50% starch and
synthetic components which are hydrophilic, non-toxic and degradable (3,4). Mater-Bi polymer is
currently imported into Australia and processed into products such as green wastc collection
bags. The material has FDA acceptance and has undergone extensive biodegradation testing to
test its suitability for disposal by composting and other treatment processes (3,4,5). The studics
described in these revicws and others indicate that the Mater-Bi plastic is readily degraded in
standard laboratory biodegradation tests, including the semi-continuous activated sludge (SCAS)
test for simulating breakdown in municipal waste water treatment plants, and in pilot composting
systems. The degradation rate of various Mater-Bi products depends on the exact formulation
used and physical propertics of products. Toxicity tests undertaken with the Mater-Bi plastics and

composted products have shown that they are non-toxic in standard animal and plant tests,

The timescale for biodegradation of Mater-Bi plastics in different test systems varies. Using
standard composting test systems over 70% breakdown can be achieved for Mater-Bi plastic bags
in 40 days, however the ume required for 66% weight loss in the standard activated sludge SCAS
test system is approxamately 3 months. The study undertaken here was designed to estimate the
time that would be taken for Mater-Bi plastic used as bait bags to degrade in the Australian

marine and freshwater eavironments.

)
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Mecthods Used.

‘The test systems (microcosins) used consisted of indsvidual glass tanks (5 | capacity) containing
fresbwater from the Flinders University lake or seawater from the Flinders University marine
aquaria which is sourced from the Gulf of St Vincent. The microcosms were incubated in a
constant temperature room (25°C) either static or shaking on a reciprocating shaker to simulate
wave agitation. To assess degradation due to nou-biological activity, control microcosms werc set

up containing 20 pg/mi mercuric chloride which is a potent antimicrobial agent.

The Mater-Bi plastic was cut into test strips of approximately 100 cm2 and weighed at the start of
the experiment. The strips were then incubated in the test microcosms with or without shaking
and at suitable time intervals test strips were removed and assessed for weight loss and loss of
teasile strength. All microcosms were set up in duplicate. The manufacturers state that the Mater-

Bi polymer products absorb approximately 4% by weight water when weited,

Dry weights were determined afier drying plastic samples to constant weight after heating a1 80°C
in a drying oven. The tensile strength of dried samplcs was measured by performing a modificd
“punch test" used routinely in the plastics industry. The standard test is performed using a blunt
dan with standard weights and determining the weight required to puncture the plastic sheet when
the dart is dropped from a set height. To allow accurate determination of plastic strength over the
wide range expected a test system was devised consisting of a plastic syringe barrel and plunger 7
set up over an accurate balance. The plastic test strip was stretched over a cylinder and held with
an "O" ring on the balance. The force in grams required to puncturc the plastic using the bluat
syringe plunger was then determined, with a minimum of 3 measurements being taken for cach
duplicate strip. Initial tests on the reproducibility of the test system showed consistent readings

with readings typically withim 20% of the calculated mcan value.
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Results.

‘I'he reductions in dry weights of sample strips were consistently greater for samples incubated in
freshwater compared to the seawater samples. Figure 1 shows the reductions in dry weights
observed in freshwater which indicates that degradation rates were similar in static or shaking
systems and higher than the “killed" control. This suggests that the major cause of weight loss was
microbial degradation of the plastic components. The rate of degradation is consistent with the
results presented by the manufacturers based on the SCAS tests. The SCAS tests revealed
reductions in dry weight of 60% over 3 months, compared to reductions of 50-60% observed
over 5 months in this test. The SCAS test measures biodegradation under conditions consistcnt
with activated sludge treatment works which have much higher microbial numbers and activity
and level of nutrients compared to freshwater. It should be noted that the rate of weight loss was
much bigher fiom weeks 10-20 than in the injtial 10 weeks which may reflect an adaptation period
or period required for infiliration of the microorganisms isto the polymer substrate. The levels of
dry weight reduction observed in the scawater microcosms were much lower than those in
freshwater, which may reflcct a lower level of microbial activity or longer adaptation period. It
would have been useful to continue the experiment for a longer period to determine if the rapid
degradation rate observed in the freshwater would also have occurred in the seawater sample aficr

an cxtended period.
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Although dry weigbt reductions give a rapid, simple determination of degradation, reductions in
tensile strength give a better indication of potential danger to marine animals. Figures 3 and 4
show the reductions in tensile strength observed with the Mater-Bi plastic samples in freshwatcr
and seawater microcosms, respectively. Consistent with the results obtained for dry weight
estimations the greatest reductions in tensile strength observed were in strips incubated in
freshwater. The tensile strength values presented are for dried plastic samples and were
approximately 25% of the wet sample values. Thus a reduction in tensile strength of
approximately 20 % after 12 weeks was observed in the freshwater samples with mercuric
chioride compared to an 80% reduction observed with the shaken and static frcshwater
microcosms after the same time period. The reductions obscrved in seawater after 12 weeks werc
approximately 10-20% for the mercury treated microcosm and 30-60% for the static and shaken

Mmicrocosms.

Photographs of the plastic strips are showa in Figure 5 a-f. The extensive microbial growth and
degradation on the freshwater samples is evident in photographs 5c and Se. The major microbial
growth types observed were dark fungal masses infiltrating the plastic and the red spots which
have not been characterised further but were only observed in freshwater samples showing

extcnsive degradation.
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