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The marine resource covering 70 percent of the earth’s surface is a key asset in the biosphere. Of the nearly 1.5 million species known, nearly a quarter million live in the world’s oceans.  More importantly, nearly 50 percent of the global primary production (amounting to 45 x 1015 g/yr) takes place in the upper stratum of sea water. The health of the marine food web and the fisheries resources invariably depend upon the long-term viability of the autotrophic algae and the zooplankton primary consumers in the food pyramid.  Pollution from land-based sources, solar UV irradiation, and global warming can interfere with the plankton species that form the foundation of the food web, adversely affecting the delicate balance in the marine ecosystem.

Plastics represent the latest contaminant in the marine environment. However, plastics without doubt represent a uniquely valuable material particularly in construction, packaging and fishing gear applications. The global as well as the national trend has been for consistent growth in the use of plastics consumption. In applications where the use of plastics lead to waste reduction or reduce the burning of fossil energy, this growth is environmentally desirable. In other areas such as in marine applications, the increased use of plastics has lead to negative environmental impacts. Being a particularly efficient material in packaging and gear fabrication, it is very unlikely that the growth in plastic materials will plateau out or decrease in the foreseeable future.

Most of the research on ghost fishing by derelict gear, entanglement of marine mammals or birds, and ingestion hazard to turtles or birds, has studied the negative impacts of plastics waste on these more visible marine species that are of commercial or aesthetic value. Plastic-related distress to over 250 species has been documented worldwide.  The focus has very much been on larger species in surface waters or beaches, despite the fact that 99 percent of marine species live in the benthos.  The impact of negatively buoyant plastic waste (such as nylon net fragments) on benthic species has remained virtually unaddressed.

Plastics as a Waste Material

No good estimate of the amount of plastic waste annually introduced into the marine environment is available. But, plastic waste is well known to result primarily from fishing-related activities, and from non-point source influx from beaches. Seafood presently represents 20% of the protein in global diet. As the population increases, more intensive fishing relying even more heavily on strong, light, and low-cost plastic gear will be increasingly used. Packaging, already accounting for nearly a third of plastic resin produced, is increasingly switching to plastics as the material of choice. Correspondingly, the plastic component of beach litter (already predominantly plastics) will increase over the years.  

A majority of the plastics found in beach litter or at sea belong to the several resin types used in packaging and in gear fabrication.  Of these, the positively buoyant types are readily encountered in beach clean-up data as well as in floating debris counts.  Nylons used extensively in gill nets and trawl fisheries, for instance negatively buoyant and therefore less likely to be seen in beach litter. The table 1 below lists the types of plastics likely to be found at sea, and their specific gravity.



Table I. Plastics Likely to be Found in the Oceans

· Gear-related plastics


Specific Gravity




- polyethylene 

[0.92-0.97]




- polypropylene 

[0.91]




- nylon 


[1.14]




- polyester 

[1.38]

· Packaging-related plastics




- polyethylene, polypropylene




- PVC




- polyester




- polystyrene (styrofoam) 
[<0.2]

Specific Gravity of Sea Water {T, Salinity, pressure} ~ 1.025

There are two clear differences between the fate of plastics debris in the ocean environment as opposed to on land environments.

a) The rate of UV-induced photo-oxidative degradation of plastics floating or submerged at sea is very much slower than that exposed to the same solar radiation on land. 

b) Unlike on land there is no easy means of retrieval, sorting and recycling of plastic waste that enters into the ocean environment.

These two factors generally result in extended lifetimes for plastics at sea. To further exacerbate the situation several observations have shown that floating plastics debris is rapidly inhabited by epibenthic foulant communities and tend to be negatively buoyant over a period of time. Once submerged, the plastic receives in even less of sunlight (the UV component of which is efficiently absorbed by the water column) and the surface coverage prevents even the little light that is available from reaching the surface of the plastic. The only exception to this observation is expanded polystyrene foam material that disintegrates faster at sea than on land; yet, whether the same holds for the microparticulate residue of polystyrene has not been investigated.  

Measuring Plastics Degradation

Plastic debris generated on beaches can undergo some degradation prior to being washed into the oceans. It is important to realize that the measure of ‘degradation’ is user-defined. There are various procedures available to measure degradation of plastics and the one that is adopted depends on the objectives of the experiment. 

For research focusing on the conventional entanglement or ingestion concerns, degradation of a plastic to the point of ‘embrittlement’ is often adequate. As a plastic material is exposed to solar UV radiation its mechanical integrity decreases at a rate dictated by the temperature (hence the retarded breakdown in sea water that acts as a heat sink).  This is best illustrated by the decrease in ultimate extensibility of the material; more degraded the plastic is less extensible it will be without breaking.  At a high level of degradation the extensibility reduces to less than 5 percent and the material is weak and friable (and is said to be embrittled).  Embrittled material poses no danger to large animals via entanglement or ingestion. 

A more rigorous criterion of degradation, based on the carbon cycle would require the polymer to be completely reduced to inorganic components via oxidative or biological degradation.  The process is called ‘mineralization’. Materials such as cellulose as well as some synthetic polyesters (polyglycolic acid, polycaprolactone, etc.) are fully mineralized by this definition.  However, some of the natural polymeric materials such as humus and lignins undergo very slow mineralization similar to most of the plastics. 

The fact that embrittlement has been achieved and the bulk plastic product (Styrofoam floats, or net fragments) has been fragmented to particles, does not remove it from the marine environment.  Studies show that increased surface area of the particles do help these to biodegrade at an enhanced rate, but the material remains for extended periods of time in the marine environment. If mineralization does take place, it must indeed be a slow process especially if it happens in the anoxic cold benthic environments. Exactly how long such a process would take is not known.

In between these rather extreme criteria for degradation of plastics are measures that may require the plastic material to be reduced to a particle size that can be safely ingested by marine birds, or that is indistinguishable from the sand and pebbles in a beach setting. 

In practical terms these finding has serious implications: the plastic waste that has been introduced into the world’s oceans must accumulate for the most part intact and unmineralized in the marine environment.  While the fate of such plastics is not clear, it is reasonable to expect at least some of it to continue disintegrating into microparticulate debris.  That such microparticlulates exist in the oceans is of course well established; studies, both in the US and in Europe, have established their presence in the oceans. Recent reports even indicate an increase in their counts over the last two decades.  However their quantification, especially in the estuarine regions and the continental shelf where most of primary production occurs has been a challenging task.

Impact of Microparticles

The full ecological consequences of the presence of microparticulate polymer in the marine environment are not clear.  However, their interaction with filter feeders, specially the zooplankton species that are primary consumers, can be easily anticipated. 

Challenging the Antarctic krill and other zooplankton with plastic beads that are about 20 microns or so in size has demonstrated that these microparticulates are readily ingested by these organisms.  They appear to ingest the particles unselectively, and the ingestion rates depend on the concentration of particles in the environment. Plastics are bio-inert and are not expected to be toxic to the animal in the conventional sense. While physical obstruction or indirect interference with physiology is always possible (as with sea birds showing satiation on ingesting plastics) the material will pass through the animal virtually unchanged.

The concern, however, is that plastics exposed to sea water tends to concentrate toxic and non-toxic organic compounds present in the sea water at low concentrations.  These, including PCBs, DDT, and nonylphenols, have very high partition coefficients and are very efficiently concentrated in the plastic material. This has been demonstrated effectively in Japan (by Hideshige Takada et.al. a presenter at this event).  There are two key issues as yet unaddressed in the research literature.

First, while fresh uncontaminated plastic miroparticles are readily ingested by zooplanktons, will an aged particle loaded with possibly toxic chemical compounds from sea water, be equally palatable to the organisms? Despite the unselective ingestion generally displayed by these organisms, avoidance of ingestion of toxic algae by the same species has been reported.  The existence of a chemotactic safeguard mechanism that would make zooplankton reject the contaminated microparticles cannot be ruled out. 

Secondly, if such microparticles are ingested will the chemical components be bioavailable to the organism? If the compounds are bioavailable in the residence timescale within the gut region, then one needs to address the question of physiological consequences of the chemicals to the zooplankton. From an ecological standpoint, the transfer coefficients for the chemical moving up the food pyramid need to be also evaluated. These questions remain unanswered in the literature. 

Conclusions

Despite years of interest on the topic little research has been carried out by the government agencies or the plastics industry to address the key issues relating to plastics in the marine environment. Extensive documentation of entanglement, ingestion, and danger of plastic gear to vessels, has been achieved over the years.

However, the focus has always been biased and limited to the visible fauna. 

The most serious threat, if any, of plastics in the marine environment is likely to be their impact on the very foundation of the food web - on the zooplanktons and other filter feeders.  The possible impact plastic microparticles on the long-term sustainability of the marine food web needs to be unambiguously established.  
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