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Report on the Potential Environmental Impacts of
the Proposed Longbranch Shellfish Geoduck Culturing Facility
This report was prepared at the request of Plauché and Stock, LLP, to evaluate the potential
environmental effects of the gear proposed for the Longbranch Shellfish geoduck culturing facility. It
represents the expert opinion of Rita Schenck.
The Longbranch Shellfish proposal involves culturing geoducks by installing thin-walled PVC pipes (10
inches long by 4 inches in diameter) in the intertidal zone, adding three geoduck seeds and then
covering the pipe with small pieces of plastic screening held in place by a rubber band. After 18 to 24
months, the pipes are removed and re-used. They can be reused for a decade or more.
There are several potential environmental impacts due to the use of PVC in culturing geoduck. They
include:
1) Production of plastic debris, leading to physical damage to birds and marine mammals.
2) Creation of microplastics that are consumed by filter-feeders or concentrated into the
sediments, then consumed by deposit feeders.
3) Leaching of toxic components (especially heavy metals) from the pipes into water and
sediments.
4) Accumulation of persistent organic pollutants into the plastics, leading to later leaching into the
water or sediments or into the guts of organisms.
5) Life cycle impacts of manufacturing and disposing of PVC.
Here, each of these issues is evaluated in terms of the proposed Longbranch Shellfish culturing site.

Plastic Debris
The disposal of plastic debris into the ocean has long been known to be hazardous to marine organisms.
Two major kinds of hazards exist:



Strangling of birds and mammals by floating, strong and flexible plastics formed into a ring,
through which the animals duck their heads and which they are unable to remove.
Digestive blockage caused by birds, mammals or fish swallowing articles. Typically, although not
always, this happens with floating flexible debris.

PVC is a high-density rigid plastic, 35 to 45 percent more dense than wateri. Its density means that it will
sink, not float, and thus it cannot be a floating hazard to marine animals. Its rigid nature and size means
that it is unlikely to be eaten by birds and mammals, and it cannot form a noose around an animal’s
neck. Captain Moore’s reportii suggests that the PVC tubes from the site would be deposited in the
canyons of the Sound, thence be consumed by foraging grey whales. Grey whales are indeed bottom
feedersiii that ingest sediments, shellfish and other material as a normal part of their feeding habits.
However, we have no information about whether PVC pipes (should they be consumed) would remain in
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the guts of the whales or be eliminated along with the seashells and other non-nutritive matter that
they ingest as part of their feeding habits. Their alimentary canals are clearly large enough to pass the
pipes.
The rubber bands in use are also denser than wateriv and they are both flexible and fragile enough that
that an organism that would put its head through the loop should be able to remove or break the rubber
band. Rubber is biodegradable (Keursten and Groenevelt , 1996)v which implies that it has relatively short
residence time in sediments, and a reduced potential for impact should it be swallowed.
The netting covering the pipes will have a small mesh size (1/4 to ½ inch) and therefore is unlikely to
provide a strangling hazard. There is a small potential for marine life to swallow the netting. However,
the Longbranch Shellfish proposal is to use small pieces of netting on each pipe, removing it after the
geoduck seeds have properly settled in the sediments. They also intend to do a weekly walk of the
beach to remove any gear that may have washed ashore. These management approaches should
minimize the risk of any gear getting loose in the environment.
In summary, the potential for the components of the geoduck culturing system to provide a plastic
debris hazard to marine organisms is very small.

Microplastics
The term microplastics refers to sub-centimeter particles of plastic. The concerns raised in the literature
about microplastics relate to their ingestion by filter feeders and planktivorous fishes. The concerns are:




Ingestion of plastic particles can displace food, thus decreasing the nutritional status of the
organisms
Ingestion may cause digestive blockages, the smaller-size equivalent of the ingestion of floating
plastic by larger animals
The ingested plastic may be a source of toxic impact to the organisms.

As noted above, the components of the geoduck culture system are denser than water. This means that
any microplastic particles should be found in the sediments. We could not find information about the
potential for plastic particles to be created as a result of the activities of shellfish culture. To address this
issue, sediment samples updrift and downdrift of a geoduck culture area in Puget Sound were analyzed
using FTIR (Fourier-Transform Infra-Red Spectroscopy). Details are in Appendix B.
The laboratory was not able to find particles of plastics in the sediments, despite a microscopic analysis
seeking particles less than 333 micron in size. It found no evidence of polymeric particles, even at this
location that was most likely to contain them. This implies that microplastics are not a probable or
significant adverse issue for geoduck culture.
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Leaching of Toxic Materials
Metals
PVC manufactured in the United States does not use lead, arsenic, cadmium or mercury either in the
process or as additivesix. Lead is used in electrical wiring as required by law. In order to evaluate the
potential for leaching, we sampled two virgin PVC Pipes and two used PVC pipes for metals, using
standard EPA methods. The pipes had been used for one round of culture (18 to 20 months in place).
The results show that some of the metals (arsenic, selenium, and mercury) are not detectable in either
the virgin or the used pipe. Full results can be seen in Appendix A.

The table below shows the results for the metals that were found above the detection limit. For
comparison, the table shows the EPA sediment aquatic toxicity reference value, and the concentration
of heavy metals sampled in sediments updrift of an existing geoduck culturing location in Puget Sound,
i.e. background samples.

PVC Pipe Heavy Metals, mg/kg
mean ± standard deviation

Barium
Cadmium
Chromium
Lead
Silver
Tin

Virgin
0.68 ± 0.18
0.53 ± 0
0.14 ± 0.007
1.9 ± 0.57
0.042 ± 0.037
23 ± 0.84

Used
0.72 ± 0.04
0.042 ± 0.004
0.21 ± 0.29
4.9 ± 0.49
ND
23 ± 0.21

EPA sediment
Measured
aquatic toxicity
Sediment
reference
Concentration
valuevi
mg/kg dry
weightvii
NA
1.2
81
46.7
1
NA

NA
0.23 ± 0.05
27.7 ± 3.0
2±0
0.4 ± 0
NA

The metal levels found in the PVC pipes are in the low or sub-parts per million range. This level is
indicative of minor contamination of the components of the PVC, not of deliberate use of the metals in
manufacture or formulation. The tin found in the pipe is due to the tin added to prevent
photodegradation, as noted below. It does not appear to be leaching from the pipe.

The concentration of chromium, silver and lead in the virgin PVC is smaller than the background
concentration of these metals in the sediments, indicating that the pipe cannot be a source of these
metals. The concentration of lead increased in pipes after a single round of use. The pipes do not appear
to leach lead into the environment. The levels of metals found in both the virgin and the used pipes are
significantly below the U.S. EPA sediment aquatic toxicity reference levels (the levels at which cleanup is
warranted). There are no reference values for barium and tin, which are much less toxic metals than
lead. Because the PVC pipes are unlikely to be eaten by marine organisms, the accumulation of lead on
the pipes implies that the pipes are acting to sequester the lead from the biota.
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The report of Steven Gilbertviii on the heavy metals associated with PVC reports elevated lead in PVC
pipes, and this appears to be consonant with the results reported here, but our analysis shows that the
metals are both below a level of concern and that the pipes have lower metals concentrations than the
sediments. Dr. Gilbert also lists the hazards of several heavy metals and speculates that PVC pipes are an
important source of them in the Puget Sound environment. He does not provide any data to back his
speculation but instead suggests that studies be undertaken.
In summary, there does not appear to be any risk of heavy metals leaching from PVC pipes used to
culture geoducks.
Chlorine
PVC is composed of over 50% chlorine.ix All plastics eventually degrade through physical and chemical
means in the environment. PVC is sensitive to high temperature, high ultra-violet exposure and acid
conditions (Younan et al., 1985)x. None of these conditions would occur with any frequency during
shellfish culture. The waters of Puget Sound are cold, slightly alkaline (pH of seawater is approximately
8, with neutrality being 7) and direct sunlight on the PVC tubes would be a rare event. In the unlikely
event that the PVC did depolymerize, the chlorine in PVC might release as chloride ions. This relatively
non-toxic form of chlorine is a major constituent of seawater, composing over one percent of the weight
of seawater. Any increase in chloride from PVC depolymerization would be undetectable.

Accumulation of persistent organic pollutants and subsequent leaching
There is a growing literaturexi that shows that plastics floating in the ocean can accumulate persistent
organic pollutants (POPs) such as polychlorinated biphenyls (PCBs) and polyaromatic hydrocarbons
(PAHs). These semi-volatile substances are transported mostly by air, and there is concern that the
floating plastics could present a substantial vector for them. But as noted in Bowmer et al (2010)xii “For
most of the chemicals involved, their hazard, or potential to cause (eco)toxicological harm is already
well known. What remains unclear is their degree of bioavailability once adsorbed to plastics.”
Concurring with that opinion, Arthur et al (2009)xiii noted: “POPs have a high affinity for plastic in
seawater. This is the basis for several POP sampling techniques, including passive sampling. While this
high affinity results in elevated POP concentrations on microplastic particles, these POPs may not be
readily bioavailable.”
The authors agree that the plastics adsorb POPs and that the micro plastics are ingested by a variety of
marine organisms, but there is no consensus on whether the action of the plastics has an overall positive
(pollutant sequestration and detoxification) or a negative effect on organisms.
In the context of the Longbranch project, the effects of POPs concentration on biota is unknown, but we
have reason to believe that any such effect would be insignificant. The lack of microplastics in the
sediments of a longterm geoduck culturing location indicates that there is little deposition of PVC and
other plastics due to this cultural practice. Without the creation of microplastics, no transfer of POPS or
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other substances can occur. Thus the claims of Captain Moore on this topic must be considered to be
purely speculative in nature.
I note here, too that if the intact PVC pipe itself were a significant source of
POPs it would be a poor culture medium for the geoduck. There is a long
history of PVC pipe use for culturing geoducks and it is almost universally used
in public aquariumsxiv, xv across the country (including the Seattle aquarium)
which implies that the PVC pipe provides a non-toxic environment for a wide
variety of aquatic organisms.

Life Cycle Impacts of PVC
There are literally hundreds of life cycle assessments that have been performed
on PVC products. The life cycle impacts have been very well characterized.
Generally, life cycle assessments cover the entire cradle to grave history of a
product, looking at them one life cycle stage at a time. The use phase of the
PVC pipes for the culture of geoducks is the content of the work above, and will not be further discussed
here. The Longbranch Shellfish proposed geoduck facility has control over the use phase, and can
influence the disposal phase of the life cycle if it chooses to recycle rather than dispose of the pipes. It
has no significant influence on the other phases of the PVC life cycle.
Figure 1 PVC Pipe at the
Seattle Aquarium

Raw Materials extraction. The primary inputs to PVC production are natural gas and salt. Natural gas is
derived from many sources, cleaned and delivered by pipeline. The ethane is physically separated from
the natural gas, typically using molecular sieve technology and cryogenic fractionation. Salt is usually
derived from mines. Sometimes the salt is extracted into brines (which then must be evaporated), while
in other cases it is mined in solid form. Salt can also be derived from the sea, through evaporation. In the
United States the San Francisco Bay salt pansxvi are one of the few remaining places where this occurs:
nearly all of those salt pans are scheduled to close down, returning wildlife habitat.
Raw Material Manufacture. The ethane is reacted with elemental chlorine electrolyzed from the salt to
make vinyl chloride in a two step process. The vinyl chloride is then polymerized to form PVC, which is
then de-gassed to remove excess vinyl chloride (which is captured and returned to the process). The
plastic is then formed into pellets and sold. All of these reactions take place in sealed vessels, so that the
potential exposure to workers and the environment is negligible. In the United States, electrolysis of
chlorine to make PVC does not use mercury.xvii
During the 1960’s before the toxicity of vinyl chloride was recognized, the production of PVC was done
in open vessels, causing cancer and mortality in workers, but this issue was corrected in the early 1970s.
In the United States, the injury and illness rates of workers in PVC plants is very lowxviii—for example, as
low as 0.4 Percentxix—about one tenth of the US averagexx.
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The primary impacts of manufacturing PVC pellets are related to the production and use of natural gas
and electricity. Small amounts of dioxins are produced. The dioxin produced during PVC manufacture is
about one percent of the total dioxin production in the country.
Additives and Formulation. PVC is a rigid plastic. When flexible applications are desired, plasticizers can
be added, and some of these plasticizers have potential negative health effects. Plasticizers are not used
for PVC pipes, a rigid plastic application. Most PVC in the United States has tin added in order to protect
the PVC from photodegradation and to facilitate PVC forming. The tin essentially caps the terminals of
the PVC molecules. The PVC molecules have molecular weights measured in millions of atomic mass
units, and one tin molecule (atomic mass of 119) is needed for each end. In other countries, notably
China, lead is used for this purpose. In the United States, electric wiring insulation is required to have
lead added. This is the only PVC application in the United States with deliberate lead addition. PVC
comes in many colors, but the pure product is transparent. Depending on the use of the product,
pigments may be added. Titanium oxide is a common pigment for white formulations (the color of the
PVC used in shellfish applications). Titanium is the pigment in most white paints, and it has very low
toxicity. Titanium is used in surgical implants, for example. White PVC pipe may also contain calcium
carbonate as a colorant and a filler. Calcium carbonate is the primary component of seashells, and is on
the Food and Drug Administration GRAS (Generally Recognized as Safe) listxxi.
PVC is a thermoset plastic. This means that it is shaped by heating until it is flexible and then it can be
formed through a variety of extrusion processes. Almost certainly, the PVC pipes for the project will be
formed by extrusion.
Transport. There is significant impact from transport of PVC pipes, due to emissions from the diesel
engines of trucks carrying the pipes form the place of manufacture to the place of use. If we assume that
the pipe is transported from Louisiana by truck. These emissions are substantial, about half of the
emissions due to raw material extraction and manufacture of the PVC.
Disposal. PVC pipe in a landfill is anticipated to be inert. In the US, about 80% of PVC is disposed of in
landfills. When chlorine-containing materials are burned at low temperatures, there is a risk of the
formation of dioxins and furans. A well-managed waste to energy plant has good temperature control
and has virtually no dioxin emissions, and this is the case for the only incinerator in Washington State,
the Spokane waste to energy plant. This plant is the newest such facility in the United States and it is
checked frequently for dioxin emissions. It is inappropriate to burn PVC or any material that contains
chlorine in low temperature fires.
PVC can also be recycled. There are recycling facilities for used PVC available for the PVC pipes used in
the geoduck industry.xxii
In summary, although there is a great deal of interest in the life cycle impacts of PVC, most of the life
cycle impacts are small, or the issues raised do not relate to PVC pipe that would be used by the
Longbranch Shellfish project. This conclusion is confirmed by a recent life cycle assessment of different
plastics (Michaelangelo T. Tabone, 2010)xxiii which found that for the full suite of life cycle indicators,
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PVC was about average in terms of environmental impact, and that bio-based plastics often were less
desirable than conventional plastics from an environmental perspective.
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Appendix A
Results of Metals in PVC Pipe

Four samples of PVC pipe were taken: two virgin samples and two samples that had been used for one
culture cycle (18 to 24 months in the intertidal zone). The results below are the analytical results, and
results with no detection are shown as < (detection limit).

PVC Pipe Heavy Metals, mg/kg

EPA Method Used

Virgin1 Virgin2 Used 1
Used2 Extraction Analysis
Arsenic
<0.073 <0.091 <0.081 <0.087
3050
6020
Barium
0.81
0.55
0.75
0.69
3050
6020
Cadmium
0.052
0.052
0.044
0.039
3050
6020
Chromium
0.14
<0.13
0.41
0.30
3050
6020
Lead
1.5
2.3
4.5
5.2
3050
6020
Selenium
<0.088
<0.11
<0.098
<0.10
3050
6020
Silver
<0.015
0.068
<0.016 <0.017
3050
6020
Tin
23.6
22.4
23.1
22.8
3050
6020
Mercury
<0.0015 <0.0016 <0.0015 <0.0015
7471
7471

Appendix B
FTIR Results on plastics in Sediments of Geoduck Culture Area

Lab/Cor Materials, LLC
Materials Analysis, Testing, and Consulting
Project 11.025

February 15, 2011
Institute for Environmental
Research and Education
PO Box 2449
Vashon Island, WA 98070
Phone: 206-463-7430 (cell 605-8715)
Attn:

Email: Rita Schenck PhD (rita@iere.org)
Examination of Marine Sediments for the Presence of Polymeric Materials
Summary
Detailed examination of the marine sediment samples failed to show the presence of
any plastic materials. The estimated limit of detection is a least 1 part in 10,000.
This report contains the results of optical microscopy and FTIR spectroscopy on samples submitted
by Rita Schenck on Feb 8 at 3 PM. According to the labels, the samples were collected by “JPF/SAL”
on February 3rd, 2011 at about 12 midnight.
LCM
Sample ID

11.022 -01

11.025-02
11.025-03

Client Sample ID
Findings
& Description
Sample C-15, location F-32 Quartz, clay minerals, sea shell fragments,
About 1 lb of dark, moist, fine wood fragments, marine life protein (FTIR
grain sediment in a glass jar. library match to “shark cartilage”).
Sample C-13, Location F-32
About 1 lb of dark, moist, fine
grain sediment in a glass jar..
Sample C-4, Location F-31
About 1 lb of dark, moist, fine
grain sediment in a glass jar.

No polymeric particles observed.
Quartz, clay minerals, sea shell fragments,
No polymeric particles observed.
Quartz, clay minerals, sea shell fragments,
No polymeric particles observed.

Experimental methods. In the initial sample preparation, ten grams of sediment were swirled in a stainless
tray (“gold panning”) technique under an optical microscope. Numerous, likely looking particles, were
picked out with fine forceps and analyzed by FTIR spectroscopy. The second procedure consisted of
vigorous agitation of 10 grams in a tall graduate cylinder and then allowing the sediment to settle. In
keeping with Stokes Law, small, lower density, irregularly shaped particles with rough surfaces settled
more slowly and could be removed with a pipette while still suspended. Small droplets of the suspension
were dried on the diamond platen on the FTIR spectrometer. Polymer identification procedures would be
carried out according to ASTM D5477-02 (this standard is to be revised in 2011).
R. M. Fisher, PhD

President and Chief Scientist

Paul Poechlauer

Analyst
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