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EXECUTIVE SUMMARY

r
o

- The U.S. Environmental Protection Agency
(EPA) is concerned about the amounts and
types of debris in our oceans and on our
beaches. This debris can have economic,
esthetic, and ecological impacts and can come
from both land- and sea-based sburces. One
debris item that has become of particular
concern to EPA is the plastic pellet.

EPA’s Oceans and Coastal Protection Division
(OCPD) of the Office of Wetlands, Oceans,
and Watersheds (OWOW) initiated the study
described in this report to make a comprehen-
sive assessment of the sources, fate, and ef-
fects of pellets in the aquatic environment, and
to determine what can be done to control and
prevent their release to the environment. The
goals of the study were to

e Summarize what is known about the
presence and impacts of pellets in the
aquatic environment,

¢ Identify and evaluate how pellets es-
cape into the environment, and

¢ Recommend ways to control or prevent
future pellet releases.

This study promotes EPA’s national policy on
pollution prevention, which is based on the
Pollution Prevention Act of 1990 (HR 5931).
EPA'’s policy is to (1) reduce or prevent pollu-
tion at the source whenever possible, and (2)
to assist the State and Local governments and
the private sector in achieving source reduc-
tion. The study results, therefore, will help to
implement EPA’s policy by assisting the plas-
tics industry in implementing voluntary pellet-
control programs to reduce the release of
pellets into the aquatic environment, This

report represents ‘the first comprehensive as-

sembly of information regarding the presence
and ecological effects of pellets in the aquatic

environment, and is expected to become a
basic reference for EPA and industry.

WHAT IS A PLASTIC PELLET?

Plastic (resin) pellets are the raw materials that
are melted and molded to create plastic prod-
ucts. Plastic may be formed into pellets of
various shapes (e.g., spherical, ovoid, cylin-
drical), sizes (range: 1- to 5-mm diameter),
and colors (most commonly clear, white, or
off-white). The wide variety of plastic prod-
ucts produced internationally has created a
demand for many different polymers, or res-
ins. An estimated 60 billion pounds of resin,
most of which are formed into pellets, are
manufactured annually in the United States.
The most commonly produced resins include
polyethylene, polypropylene, and polystyrene.

After being formed, the pellets are packaged
and transported to processors for molding into
plastic products. At many points in their
creation, tranport, and use, pellets may be
spilled and carried by rainwater and drainage
systems into the aquatic environment. Once in
the environment, the pellets will either float or
sink: pellets that are heavier than water will
sink to the bottom and pellets that are lighter
than water will either float at the surface or
become suspended in the water column some-
where between the surface and the bottom.
This study focuses primarily on pellets that
float.

Plastic Pellets in the Aquatic Environment: Sources and Recommendations 1



THE ENVIRONMENTAL PROBLEM:
SOURCES, FATE, AND EFFECTS

Historically, several sources of pellets in the
aquatic environment have been suggested,
including- direct discharges and improper
wastewater disposal by the plastics industry,
spillage from trucks, railcars, and ships, im-
proper use of pellets, and waste disposal and
sewer discharges by cities. The findings of the
EPA Harbor Studies Program and  Combined
Sewer Overflow (CSO) Studies Program con-
cluded that significant land-based pellet sourges
exist, and the plastics industry is a likely
source of the releases.

Pellets released by the plastics industry flow
into the aquatic environment by two routes.

e (CSO and storm-water discharges —
Spilled pellets may be carried by rain-
water into storm-water drains, which
in turn transport the water into the
municipal wastewater treatment sys-
tems. The pellets may be then dis-
charged into the aquatic environment
through storm-water discharges or,
where the sewage and storm sewers
are combined, through CSO discharg-

. es.

e Direct spills into the aquatic environ-
ment — Pellets may be spilled directly
into waterways, such as during cargo
handling operations at ports or during
cargo transport at sea.

The presence of pellets in U.S. coastal waters
was first reported in the early 1970s, and
pellets have since been reported in most of the
World’s oceans. More recently, EPA studies
. of aquatic debris (EPA Harbor Studies Pro-
gram) revealed widespread distribution of
plastic pellets in U.S. harbors located on the
Atlantic, Pacific, and Gulf coasts, and pellets

were among the most common items found in
most of the harbors. Pellets were found in 13
out of 14 harbors sampled. The greatest num-
ber of pellets. was found in the Houston Ship
Channel at Houston, Texas, where over
250,000 pellets were collected in one sample
alone. Notably, Houston has one of the great-
est concentrations of plastics industry facilities
in the United States.

During its CSO Studies Program, EPA also
found pellets in the municipal wastewater
treatment systems of Philadelphia and Boston.
For example, pellets comprised' over one-half
of the manmade debris collected at one Phila-
delphia, Pennsylvania, storm-water discharge.
Pellets were also found in samples collected
from four sewage treatment plants; based on
the study findings, EPA has estimated that
over 20,000 pellets per day may be present in
the sewage treated by one Philadelphia plant.
The pellets are removed from the sewage dur-
ing sewage treatment. The presence of pellets
in the plant shows that the pellets are released
from land-based sources, and could bé¢ released
to the aquatic environment during treatment
plant shutdowns or through CSOs and storm-
water discharges during rainy periods.

The persistence of a pellet in the aquatic envi-
ronment may be measured in years, depending
on the resin type, the types and amounts of
additives, and the reactions of the resins and
additives to environmental processes (e.g.,
weathering, sunlight, wave action). Once in
the environment, pellets may be transported by
storm-water runoff, rivers, and water currents
to areas far away from the source.

There are several documented accounts de-
scribing pellet and other plastic ingestion by
wildlife, most notably by seabirds and sea
turtles; however, impacts or biological effects
of the pellets have not been clearly defined or

‘demonstrated conclusively in most wildlife.

Seabirds ingest pellets mord frequently than
any other animal, and approximately one-
quarter of all seabird species are known to

Plastic Pellets in the Aquatic Environment: Sources and Recommendations



ingest pellets. Pellets ingested by seabirds are
suspected to cause false feelings of satiation

(i.e., the birds feel as though they have eaten)
and reduce the feelings of hunger. Ultimately, .

this may result in;a decrease in energy re-
serves and the ability to survive adverse envi-
ronmental conditions. Suspected impacts on
sea turtles, fish, and other aquatic life have
been less frequently reported and studied.
Although pellets may not be as esthetically
.displeasing as other items of debris, such as
sewage- and medical- debris, the quantities
" present and their persistence in the environ-
ment are cause for notice. One investigator
went so far as to suggest that, if high numbers
of pellets continue to be deposited on certain
beaches, someday people may be sunbathing
on plastic-sand beaches instead of natural-sand
beaches.

THE PLASTICS INDUSTRY

The Society of the Plastics Industries, Inc.
(SPI), worked with EPA to develop an under-

standing of operations within the plastics in- ..

dustry and identify potential sources of pellet
losses to the environment. SPI is the major

national trade association of the plastics indus-

try. Its membership consists of more than
2,000 companies that are responsible for ap-
proximately 75% of the $100 billion total sales
of plastics and plastic products in the United
States. These companies supply raw materials
(e.g., pellets), manufacture plastics and plastic
products, and design, construct, and manufac-
ture equipment and machinery used by the
plastics industry. This study was completed
with the voluntary cooperation and assistance
of SPI and seven companies in the plastics
industry.

For the purposes of the study, the piastics
industry was divided into three major sectors.

.® Pellet producers, which create the
polymers, form the pellets, and ship
the pellets to contract packagers or
Processors.

e Pellet transporters/contract pack-
apers, which are intermediate pellet
handlers.  Transporters carry bulk
shipments between the industry sectors
via railcars, bulk trucks, and freight

. trucks . Contract packagers repackage -
bulk shipments into smaller containers
(e.g., bags and cardboard boxes),
which are shipped to processors.

e Pellet processors, which mold the
pellets into user products.

To determine how pellets are released to the
environment from each of these three sectors,
SPI arranged for each industry sector to -be
visited by the study team. Seven companies
(two producers, two transporters/contract
packagers, and three processors) were visited
during this study.

STUDY FINDINGS

Several pellet release pathways were identified
for each of the three industry sectors described
above. Most of the release pathways were
common to all three sectors, with only a few
being unique to ome or two sectors. The
pathways may be categorized into eight general
areas where pellet releases are a problem.

e Poor communication between indus-
try management, company manage-
ment, and management. of related
industries (e.g., shipping industry).
Not all company managers have recog-
nized the pellet problem and the need
to control pellet releases. Pellet spili-
age information, such as the condition
of packages and the receipt of unsealed
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rail hopper cars, is shared between
companies only occasionally.

Lack of employee awareness and
inadequate training. Employees are
generally unaware of the environmen-
tal effects of pellets and their own
responsibility - for controlling pellet
- releases to the environment. For
example, one major release pathway is
through package damage caused by im-
proper operation of forklifts while

moving pallets. Cargo handlers may

allow pellets to escape into the envi-
ronment because they are unaware of
the hazards of pellets.

Inadequate containment facilities and
apparatuses. Most companies have
few or no cooling-, waste-, or storm-
water containment systems, including
portable screens, in place for control-
ling pellet releases to the environment.
Pellets that are present in these waters
may be discharged into municipal
storm and sanitary sewers Or into natu-
ral drainage systems.

Careless routine operations. When-
ever pellets are handled, there-is the
potential for pellet spillage. Manual
pellet handling is more likely to result
in spills than handling by mechanical
conveying systems (i.e., pneumatic
systems that move pellets by using air
flowing through sealed pipes). How-
ever, if pneumatic. systems are not
properly maintained-and closed, pellets
may leak through openings in the
system. Pellets may be released also
during the transfer of damaged, un-
repaired packaging.

Inadequate housekeeping practices.
If pellets are not quickly picked up
after they. are spilled, they may be
scattered and eventually released into
the environment, -Pellets may be trans-
ported throughout interior and exterior
areag of a facility via shoes and cloth-

ing, vehicle tires, wind, and storm-
water runoff.

e Fasily damaged or leaky packaging.
Paper and cardboard packaging is
easily damaged during transport and
handling and, in fact, may be designed
to be easily broken when loading
molding machines. Damaged or leaky
packaging is a major source of pellet
loss to the environment; valved, seif-
sealing bags may not completely close,
thereby allowing pellets to leak fro
the opening. :

¢ Improper shipping practices. Im-
properly sealed rail hopper car valves,
poorly maintained transporting vessels,
and inappropriate cargo handling prac-
tices may release large numbers of
pellets to the environment.

¢ . Lack of recycling. Some companies
do not attempt to recycle spilled pellets
and, iostead, dispose the pellets with
other facility trash.

RECOMMENDATIONS

Existing Federal regulations provide a basis
for controlling the release of plastic materials,
including plastic pellets, into the aquatic envi-
ronment. The recently revised National Pol-
lutant Discharge Elimination System permit
program guidelines [40 CFR 122.26(b)(12)]
enable regulators and municipalities to impose -
significant penalties t0 a company or sewage
treatment plant operator if pellets are present
in their storm-water discharge in violation of
their permit. Although penalties-alone will not
completely control the release of pellets, they
can encourdge companies to implement control
measures. Ultimately, controlling releases of
plastic pellets into the aquatic epvironment is
the responsibility of the plastics Industry.

Plastic Pellets in the Aquatic Environment: Sources and Recommendations




In response to the early findings of this pellet
study and other EPA studies conducted since
1988, SPI founded a Resin Pellet Task Force
to investigate the pellet problem. In July
1991, following the findings of the task force,
SPI initiated Operation Clean Sweep, an indus-
try-wide education campaign aimed at commit-
ting the plastics industry to the total contain-
ment of pellets. It is anticipated that SPI and
the industry will use this EPA comprehensive
study along with campaign literature and infor-
mation to control pellet releases from industry
sources to the aquatic environment.

The release of pellets from pellet producers,
transporters/contract packagers, and processors
can be controlled through actions identified in
this study. Recommendations to the plastics
industry are

¢ Adopt the SPI 1991 Pellet Retention
Environmental Code and the 1992
Processor’s Pledge. The code is a
commitment to total containment of
plastic pellets, and was developed by
SPI’s resin-producing members in

response to findings of this and other

EPA studies. This code encouzages
source reduction activities to prevent
releases, and suggests ways to recap-
ture pellets that are spilled.

¢ Educate employees and train them to
minimize pellet spillage and loss.
Employees must recognize their role in
preventing releases.

¢ Install pellet containment systems or
‘ use portable containment apparatus-
_es. The use of inexpensive portable
screens or similar devices can effec-
tively control pellets at the spill
source. _
¢ Institute pellet containment activities
during routine plant operations. For
example, cleaning pneumatic lines into
a portable screen before breaking
connections will minimize pellet loss

.- through spillage.

* Improve the quality and frequency
of pellet spill cleanup procedures.
Frequent vacuuming and broom-
sweeping collect pellets before they
escape into the environment.  _

¢ Use punctureresistant packaging
and minimize the use of valved bags.
The use of reinforced valveless bags,
such as polypropylene woven bags that
are sewn shut, would minimize pellet
loss due to damaged or incompletely
sealed packaging.

e Inspect shipping containers before

) loading and after offloading of pel-

lets. Containers may be resealed or
repaired before additional pellets are
lost, and pellets may be recovered
instead of being released into the envi-
ronment, ' :

¢ Inspect shipping vehicles (e.g., rail
hopper cars, bulk trucks, freight
trucks) before and after loading and
offloading of pellets. This will pre-
vent spillage from leaking railcar and
truck valves, and securing the valves
with tamper-resistant cable will dis-
courage pellet loss due to vandalism.

¢ Recycle spilled pellets. By recycling
spilled pellets, the plastics industry can
recover revenue that would have been
lost by ‘disposing them, and will mini-
mize pellet releases to the environment
during trash disposal.

Many of the recommended’ control mechanisms
are currently available and are being voluntari-
ly implemented by some companies within the
plastics industry. Most .of the mechanisms,
such as employee education, portable screens,
and improved housekeeping, control pellet
releases immediately at the source; these mec-
hanisms can be easily and inexpensively imple-
mented, Systems that direct spilled pellets into
one containment area are effective but are
more expensive to implement.
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THE NEXT STEPS

The plastics industry should play a major role
in protecting the environment by voluntarily
‘implementing the recommendations identified
in this report, which includes adopting SPI's
Pellet Retention Environmental Code and
Processor’s Pledge.

. EPA will continue to work with SPI and the
plastics industry to implement the recommen-
dations, and will assess industry progress in
eliminating pellet releases.

Using the existing regulatory framework for

guidance, EPA will continue to monitor storm-
water effluents for compliance.

6 Plastic Pellets in the Aquatic Environment: Sources and Recommendstiona



4

1.0 STUDY BACKGROUND AND OBJECTIVES

Over the past few ‘years, public and scientific
awarenesS has increased concerning the aes-
thetic, economic, and biological hazards asso-
ciated with persistent manmade debris in the
aquatic environment. In response to public
and Congressional concerns about the debris,
the White House Domestic Policy Council
formed an Interagency Task Force on Persis-
tent Marine Debris in 1987. The Interagency
Task Force (ITF) was chaired by the National
Oceanic and Atmospheric Administration
- (NOAA) with participation by 12 Federal
agencies, including the Environmental Protec-
tion Agency (EPA). The ITF was directed to
“assess the problem and the need for research,
identify potential reduction measures; and
consider alternative actions to address the
problem of plastic marine pollution” (ITF,
1988).

As a result of increased reports of resin pellet
ingestion by aquatic wildlife and evidence that
the ingested pellets may be harming the wild-
life, the ITF identified resin pellets (also
known as plastic pellets) as a debris problem
that required additional research. These resin
pellets are the raw materials from which plas-
tic products are manufactured. When released
into the environment, these pellets either may
float on or near the water surface, may be-
come suspended at mid-depths, or may sink to
the bottom of a water body. Whether a specif-
ic pellet floats or sinks depends on the type of
polymer used to create the pellet, on additives
used to modify the characteristics of the resin
(pellet), and on the density of the receiving
water, The pellets most commonly found in
the environment are composed of polyethylené,
polystyrene, and polypropylene (EPA, 1990a).
These compounds are also among the most
commonly used resins (Pruter, 1987).

The ITF (1988) and others (e.g., Pruter, 1987;

Colton et al., 1974, Ryan, 1988b) listed sever-:
al suspected sources of pellets in the environ-

ment including: (1) pellet manufacturers, (2)

ships transporting the pellets, (3) pellet proces-

sors, and (4) other pellet transportation vehi-

cles. However, evidence was unavailable to

support or confirm the importance of the

suspected sources. Therefore, discussions of

likely sources were limited to Suspicions or

educated guesses. As a result, one of the

recommendations of the Task Force was for

Federal agencies to conduct research to deter-
mine land-based and water-based sources of

marine debris including plastic pellets.

The Task Force did not address whether plas- .
tic pellets in the environment and resulting
environmental problems were associated with
historical releases or were related to current
releases. However, in the late 1980s, the
Society of the Plastics Industry, Inc. (SPI), had
reported that plastic pellets in the environment
may have been the result of historical inputs
and that the industry had addressed these
releases (SPI, as cited in CMC, 1988). In
contrast, Heneman (1990) reported a 200% to
400% increase in the numbers of pellets pres-
ent in the North Atlantic Ocean between 1972
ard 1987. In addition, recent results from
EPA studies conducted in several U.S. harbors
(EPA, 1990b, 1992a,b) found widéspread

. distribution of plastic pellets, most of which

were not weathered and were probably re-
leased recently. The EPA studies found that

e Plastic pellets are present in harbor
areas that are inaccessible to cargo
ships and other major ship traffic,
implying that these vessels are not the
only source. of plastic pellets in the
eavironment (EPA, 1990b, 1992a,b).
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e Harbors of cities with older combined
sewer overflow (CSO) systems "con-
tained significant percentages of pellets
in the floatable debris (EPA, 1990b,
1992a,b).

e Harbors near known production, trans-
port, and processing centers had higher
concentrations of pellets (EPA, 1990b,
1992a,b). » -

e Pellets are present in CSO and storm
water outfall discharges and solids
collected in sewage treatment facilities
(EPA, 1992c).

These findings suggest that the plastics indus-
try remains a likely source of pellet releases
into the environment and indicate that signifi-
cant land-based pellet sources currently exist.

Additionally, in its 1990 Report to the Con-
gress, Methods to Manage and Control Plastic
Wastes, EPA identified plastic pellets as an
item of particular concern (EPA, 1990a) due
to increasing evidence suggesting ecological
impacts from these materials. EPA also in-
cluded an action item to determine the
source(s) of plastic pellets to the environment
and to evaluate control options.

1.1  STUDY OBJECTIVES

As part of EPA’s response to the action item
included in the Report to the Congress (EPA,
1990a), a study was initiated to determine
possible land-based sources of plastic pellets
within the plastics industry, including pellet
manufacturers (producers), transporters, and
processors. The objectives of this study were
to (1) identify and locate possible sources of
. pellet releases into the environment, (2) evalu-
ate the significance of each source as a pellet
release pathway, and (3) recommend mecha-
nisms for controlling or preventing the release
of pellets.

To obtaiﬁ the information necessary to meet
these objectives, EPA implemented several
investigations. These investigations were to

e Review the literature on plastic pellet
characteristics.

¢ Summarize pellet producing and pro-
cessing methods used in the plastics
industry.

¢ Determine the procedures used to
transport the pellets between the vari-
ous manufacturing sectors.

¢ Summarize the literature on the envi-
ronmental effects of plastic pellets
when released into the environment.

¢ Conduct site visits to selected facilities
in the various sectors of the plastics
industry to observe and evaluate all

~ potential release points to the environ-

ment and to evaluate the techniques for
controlling pellet releases. )

¢ Continue marine debris studies in the
U.S. harbors.

¢ Evaluate potential sources of aquatic
debris into coastal waters.

e Maintain an ongoing dialogue with
SPI.

This report presents the study findings and
recommendations. Included are discussions of
the following major topics. '

¢ (Chemical and physical properties of
pellets, including additives and their
effects on pellet behavior in the
environment (Section 2).

® Geographical distribution of pellets and
the known and suspected impacts of
pellets in -the aquatic environment
(Section 3).

¢ Generic descriptions of manufacturing
and trinsport operations of each plas-
tics industry sector (pellet producing,
transporting/packaging, and processing
operations) (Section 4).
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¢ Summaries of observations made dur-
ing the visits to several facilities in
each industry sector (Section 4).

¢ Identifications of likely pellet release
points in egch sector of the industry
(Section 4).

e Existing regulatory framework and
other government and industry efforts
to address the pellet problem (Section
5).

e Recommendations for controlling pellet
releases (Section 5).
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2.0 PELLET CHARACTERIZATION

-
1%

The demand for a wide variety of plastic prod-
ucts has, necessarily, created a demand for
many different resins (polymers) and resin
blends. Resins are synthesized from petroleum
or natural gas derivatives, such as

e Acetylene: Polyvinyl chloride (PVC),
polyurethane _

e Benzene: Polystyrene (PS), polyure-
thane, acrylonitrile/butadiene/styrene
(ABS) »

e Butadiene: Polyurethane, ABS

s Ethylene: Polyethylene [high-density
(HDPE) and low-density (LDPE)], PS,
polyethylene terephthalate (PET),
I_’VC, ABS, polyurethane, polyesters

e Methane: PET, polyurethane

e Naphthalene: Polyurethane

e Propylene: Polypropylene (PP), poly-
urethane, polyester

¢ Toluene: Polyurethane foams, elasto-
mers, polyesters; also used to derive
benzene

e Xylene: PS, PET, ABS, unsaturated
polyesters, polyurethane '

By blending polymers, creating new polymers,
and incorporating additives, resins may be
tailored according to the desired application
and end product (EPA, 1990a).

An estimated 60 billion pounds of resin are
manufactured annually in the United States,

” Fl'g;-xre 1. Examples of Different Pellet Sizes, Shapeﬁ, and COIors
Left to Right: Polystyrene, Titanium Oxide, Polyethylene.

Plastic Pellets in the Aquatic Eavironment: Sources and Recommendations 11



Table 1. Annual U.S. Resin Sales.
[Adapted from Martino (1991)]

= = = - ==
Resin % Annua! Sales® {| Resin - % Annual Sales*
15989 1990 1989 1990
—r—ra—= = =

Thermoplastic Resins

Low-density polyethylens (LDPE) 18,5 19.3 || Polycarbonate 1.1 1.0
Polyvinylchloride (PVC) 14.7 15.1 | Polyphenylene-based alloys 0.3 0.3
and copolymers ‘

High-density polyethylene (HDPE) 14.0 13.8 § Styrene/acrylonitrile (SAN) 0.2 0.2
Polypropylene (PP) and copolymers 12.5 .13.2 § Polyacetyl 0.2 0.2
Polystyrene (PS) 8.8 8.4 || Cellulosics 0.2 0.1
Thermoplastic polyester — 3.6° 3.8 P

polyethylene terephthalate (PET) Thermoset Resins

Thermoplastic polyester — — — | Phenolics 4.9 4.6
polybutylene terephthalate (PBT)

Acrylonitrile/butadiene/sytrene 2.1 2.0 || Polyurethane 5.5 5.3
(ABS)

Other styrenics 2.0 1.8 || Urea and melamine 2.4 2.3
Other vinyls 1.5 1.5 | Polyester, unsatnrated 2.3 2.0
Polyamide (nylon) 1.0 0.9 § Epoxy 0.8 0.8
Acrylic ' 1.3 1.2 § Alkyd 0.6 0.5
Thermoplastic elastomers 0.9 0.9 || Others 0.5 0.5
NA: Not svailsbls,

“Based on total enmual sales of 58,251 and 61,480 billion pounds of resin in 1989 and 1990, respectively.

"Walue is for PET, PBT, and other thermoplagtic polyester resinx.

most of which is pelletized. If each pound of

pelletized HDPE contains approximately

22,000 pellets (Mr. Ronald Bruner, Society of

the Plastics Industry, Inc., personal communi-
cation, August 1991, Washington, DC), and
this estimated number is applied to all pellet-
ized resins, more than 1 quadrillion (1. x 10%)
pellets may be -produced annually. Pelletized
resins, or, simply, pellets, are produced in
several shapes (e.g., spherules, beads, disks,
and cylindrical nibs), sizes, and colors, a few
of which are shown in Figure 1. Resins may
- also be produced in other easily transported

forms, including granules, flakes, and powders
(EPA, 1990a).

Two major resin types are produced: thermo-
plastic resins and thermoset resins (EPA,
1990a). Thermoplastic resins can be melted or
reprocessed without damaging or changing the
chemical or physical properties of the poly-
mer; they are highly .malleable but become
rigid when cooled. Because“the difference
may be narrow between the melting point of a
thermoplastic resin and the -temperature at
‘which the resin may decompose, thermoplastic
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resins are kept in a liquid (melted) state for a
minimum amount of time and are pelletized as
soon as possible (EPA, 1990a).

Thermoplastic resin§ comprised 83% and 84%
of the annual U.S. resin sales in 1989 and
1990, respectively (Table 1); U.S. resin sales
increased 5.5% in 1990 after no increase in
1989 (Martino, 1991). The most commonly
used thermoplastic resins include LDPE, PVC,
HDPE, and PP; these resins accounted for
61% of the total resin production in 1990
(EPA, 19902). Common products made of
thermoplastic resins include milk bottles and
other food containers.

In contrast to thermoplastic resins, thermoset
resing are stronger when exposed to high
temperatures, tend to be rigid, infusible, and
insoluble, and cannot be remelted and re-
formed. Thermoset resins often are shipped to
processors in liquid form, where the resin is
cured and molded (EPA, 1990a). The most
commonly used thermoset resins include phe-
nolics and polyurethane resins. Thermoset
resins typically are used in building materials
-and automotive parts (EPA, 1990a).

Thermoplastic and thermoset resins are further
categorized according to the volume produced
and the market demand for the resin. The
categories and the uses of the resins are listed
below.

o Commodity resins

These resins are produced in large

. quantities and are used as the raw
materials for many plastic products.
These resins are labeled as commodi-
ties because they are commonly used
and are not refined. or differentiated by
the resin manufacturers. Commodity
resins, such as LDPE, PVC, and
HDPE, are the least expensive resins
to produce (EPA, 1950a).

s - Transitional resins

These resins are produced less fre-
quently than commodity resins but
more frequently than engineering/-
performance resing (discussed below).
Transitional resins, such as PP, ARBS,
and acrylics, are also more expensive
to purchase than commodity resins
(EPA, 1990a).

¢ Engineering/performance resins
These resins have narrowly defined
applications and are produced by only
a few companies. Engineering/perfor-
mance resins, such as polycarbonate
and nylon, are the most expensive
resins to produce (EPA, 1990a). -

2.1 PELLET ADDITIVES

Some resins are used in the pure-polymer
form, but, more frequently, the properties of
the polymer must be changed to produce the

- desired end product. Additives are used to

alter the physical characteristics of the poly-
mer, such as gesthetic properties (e.g., color),
physical properties (e.g., heat-resistance and
hardness), and the ability to be further pro-
cessed (e.g., porosity) (EPA, 1990a). Table 2
shows additives, additive concentrations, and
typical polymers to which the additives are
applied.

The type of additive determines when and how
the additive is applied to a polymer. Two
methods are used to incorporate additives:
(1) the additive (solid or liquid) is mixed with
the polymer, or (2) the additive is reacted
chemically with the polymer (the additive is
bonded with the polymer).

In ecological discussions, this distinction is
very important when considering leaching of
the additives into the environment and poten-
tial toxicological effects of the additives.
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Table 2. Characteristics and Uses of Plastics Additives.
[Adapted from EPA, 1990a]

——-- —— e -
Examples or Types Additive Conc.* Typical Polymers
‘ (Ib) Using Additive
P 4==q |

Antimicrobials — Increase resistance to microorganisms .

Oxybisphenoxarsine; isothiazalone Low (<1) Polyurethane, PVC, PE
Antioxidants — Prevent deterioration during processing
and long-term use :

Phenolics; amines; phosphawsﬁ thioesters Low (<1) Impact styrene, ABS,

polyolefins

Anfistatic agents — Control static buildup dusing
processing and 1o final product

Amine saits; phosphoric acid esters; polyethers Low (<) PVC, polyurethane,

_ : polyolefins,

Blowing agents — Add porosity to produce foamed plastics

Azobisformamide; chlorofluorocarbons; pentane Moderate (1-5) Polyurethane, PVC,

PP, PS, ABS

_Catalysts and curing agents — Facilitate polymerization
and curing of resins

Numerqus Low (<1) Polyurethane
Colorants — Enhance appearance of consumer products

Organic and inorganic pigments and dyes Low (1-2) Numerous
Fillers — Enbance physical properties (e.g., hardness)
and reduce production costs .

Miverals (e.g., calcium carbonate wood flours) High (10-50) Unsaturated polyester,

' PVC

Flame retardants — Reduce combustibility

Aluminum trihydrate; antimony oxide; halogenated High (10-20) Various

hydrocarboas; organophosphates;

*Additive concentration in final product (pounds additive per 100 Ib of resin), ranked high, moderate, or low.

Additives physicelly mixed with the polymer
may be more likely to leach out because the
additive is not chemically bound to the poly-
mer; leaching would be determined by the
miscibility (ability to be mixed) of the additive
and polymer and by environmental conditions

(e.g., temperature). Additives incorporated
through chemical reactions cannot leach out of
the plastic unless the plastic is broken down
chemically (EPA, 1990a).
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Table 2. Characteristics and. Uses of Plastics Additives. (continued)

[Adapted from EPA, 1990a]

Examples or Types Additive Conc." Typical Polymers
. A ) Using Additive
Free-radical initiators — Assist in polymerization ‘
and curing processes
Peroxides; azo compounds Low (<1) LDPE, PS, PVC,
acrylics, PE -
Heat stabilizers — Improve heat resistance or prevent
degradation by heat
Organotin mercaptides;. lead compouads; barjum, Modexate (1-5) PVC
cadmium, and zinc scaps
Impact modifiers — Impi-ove strength and impact resistance .
Methacrylate butadiene styrene; chlorinated PE; High (10-20) Polyolefins, PVC,
‘acrylic polymers; ethylene vinyl acetate engineering plastics
Lubricants and mold release agents — Improve viscosity,
reduce friction between resin and surrounding surfaces :
Fatty acids; alcohols and amides; esters; metalhc Low (<1) PVC, PS, polyolefins
stearates; silicones; soaps; waxes
Plasticizers — Soften rigid polymers and make them
more flexible
Phthalates; aliphatic di-and tn-esters. polyesters; High (20-60) PVC, cellulosics
phosphates; trimellitates
Reinforcers — Improve physical properties )
Glass fibers, wood flours High (10-40) Epoxy, upsaturated
i polyester
Ultraviolet stabilizers — Prevent or inhibit degradation
by ultraviolet light
_Hindered amines; hydroxybenzophepones; cnrbon Low (<1) Polyolefins, PE, PP,
black; hydroxybenzotriazoles polycarbonate, PS,
PVC

=

*Additive concentration I final produst (pounds sdditive per 100 Ib of resin), ranked high, moderate, or low.

As previously stated, additives are used to

change certain physical properties of the poly--

mer to produce a desired product. Typically,
these changes affect aesthetic properties, dura-
bility, or ease of processing of the resin.
Some additive-containing pellets may be de-

signed for controlled environmental release of
chemical additives. For example, Rutherford
and Withycombe (1985) patented a process
(U.S. Patent 4,542,162) for forming plastic
pellets containing repellents for use in control-
ling animals, birds, and insects. The action of
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the repellent requires the intentional diSpersiqn tional, as opposed to accidental, introduction
of pellets in a given area. Thus, this and other ~  of pellets into the environment.
applications for pellets may invoive inten-

Table 3. Polymer Densities.
[Adapted from EPA (1990a) and Anon. (1988a)]

rl-:i = -~ — — —

Resin Density Resin _ Density

(g/mL) i _ (g/mL) °
Thumoplnstic_Rmim Thermoplastic Resins (continued)
Polystyrene (PS) 1.04-1.08 “ § Styrene/acrylonitrile (SAN) 1.02-1.08
Other styrenics (e.g., styrene- 1.05-1.14 Polypheaylene-based alloys (i.e., 1.06-1.10
butadiene and styreue-based latexes, modified phenylene oxide and
styrene-maleic anhydride (SMA), modified phenylepe
styrene-butadiene (SB) polymers]
Low-density polyethylene (LDPE) 0.89-0.94 High-density polyethylene (HDPE) 0.54-0.96
Thermoplastic polyester — 1.29-1.40 Thermoplastic polyester — 1.30-1.38
polyethylene terephthalate (PET) polybutylene terephthalate (PBT) :
Polyvinylchloride and copolymers 1.30-1.58 : ,
®VO) , Thermoset Resins
Polyamide (nylon) 1.07-1.08 Phenolics 1.24-1.32
Acrylonitrile/butadiepe/sytrene (ABS)  1.01-1.08 Polyurethane 1.17-1.28
Polypropylene and copolymers (PP) 0.89-0.91 Polyester, unsaturated 1.01-1.46
Thermoplastic €lastorers NA Epoxy 1.11-1.48
Acrylic 1.17-1.20 Alkyd 1.30-1.40
Polycarbonate 1.2 Urea and melamine 1.47-2.00°
Cellulosics 1.09-1.24 Others (small-volume thermoplastic NA®°

. and thermoset resins)® ’
Polyacetal 1.41-1.42 1J _
Other vinyls (e.g., polyvinly acetate,  1.16-1.35 Sea water 1.02-1.03
polyvinyl butyrol, polyvinylidine ] )
chloride) Fresh water . ' <1.015 P
- —_—  —— - —J|

NA: Not available.
*Value is for PET, PBT, and other thermoplastic polyester rosins combined, =

*Densities are for filled molding systems; values for unfilled pellets wore not available.

*Includes polymothyl pentenc (density: 0.83-0.84 g/mL), polyimide (density: 1.36-1.43 g/mL), and polyctherimide (density: 1.27 g/mL).
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2.2  PELLET BEHAVIOR IN
THE AQUATIC ENVIRONMENT

T

Many types of resin pellets float in fresh water
or sea water (Table 3). Basically, pellets and
granules with specific gravities lower than
water will float, and pellets with higher specif-
ic gravities than water will sink. Additives
may affect polymer density, thereby influenc-
ing whether a pellet will float in water. Be-
cause salinity affects water density, a particular
resin pellet could float in sea water but sink in
fresh water.

Most additives are used in moderate to low
concentrations (Table 2), and the additives
" may not significantly alter the pellet’s ability
to float in fresh water or sea water. However,
some additives and polymer modifications will
result in significant changes in the pellet spe-

cific gravity and, therefore, will affect the
pellet’s ability to float or sink in water. The
changes in specific gravity that were caused by
the introduction of additives (fiber/flake rein-
forcements or particulate fillers) into six com-
modity resins are shown in Table 4.

Hydrodynamic processes, such as turbulence
and surface tension, may affect a pellet's
ability to float. For example, turbulence may
either submerge pellets that would normally
float at the surface, or resuspend pellets that
would normally sink below the surface or to
the bottom. Also, waters with high surface
tension, such as waters containing a debris
slick or discharge from a mumicipal sewage
system, may either support particles with a
density greater than water or keep an other-
wise buoyant particle submerged.

Limited data are available that describe the
biological 'and chemical activity of pellets in
the environment. Van Franeker (1985) report-

Table 4. Effects of Two Additives

to the Densities of Selected Commodity Resins.

[Adapted from Anon. (1988a))

Polymer Density Density
: without with
Additive Additive™®
(g/mL) (g/mL)
ABS 1.01t0 1.08 1.18 10 1.61°
Polyamide (nylon) 1.07 to 1.08 1.13 t0 1.62"
Polyethylene 0.92 t0 0.975 1.18 to 1.28
Polypropylene 0.89 0 0.91 1.04 to 1.23*
1.22t0 1.17*
Polystyrene 1.04 to 1.08 1.20 to 1.5C*
PVC 1.30to 1.58 1.42 to 1.50°
1.30 to 1.7¢°

*Additive: Fiber/flake roinforcer.
*Additive: Particulate filler,
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ed that many .additives are known to be toxic
and that toxic effects from the plastics addi-
tives may be more significant in aquatic organ-
Isms than was previously thought. Ryan er al.
(1988) suggested that compounds used in the
manufacture of plastics may be assimilated by
organisms that ingest the pellets. Known and
suspected biological effects of pellets in the
environment are discussed in greater detail in
Section 3.3.

The persistence of a pellet in the environment
may be measured in years, depending on the
resin type, the types and amounts of additives,
and the reactions of the resins and additives to
environmental processes. .EPA (1990a) esti-
mated that the - lifetime of plastic products
range from less than 1 year to more than 10
years, depending on the product. In the aquat-
ic environment, the lifetimes can be affected-
by biological or chemical fouling, heat buildup
within the plastic, degradation by microscopic
organisms, and availability of atmospheric
oxygen (EPA, 1990a).

Because pellets are small, lightweight, buoyant.
(if the pellet’s specific gravity is lower than
that of water), persistent, and ubiquitous in the
aquatic’ environment, they are a potential haz-
ard to aquatic organisms who ingest the pellets
mistaking them for prey. Section 3.0 address-
es the geographical distribution of pellets,
sources of pellets to the aquatic environment,
and impacts of pellets on birds, turtles, other
biota, and humans. :
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3.0 THE PELLET PROBLEM

Plastic pellets are among the smailest items of
debris discharged ifito the aquatic environment.
They are, therefore, not as visible (aesthetical-
ly displeasing) or as obviously harmful as
larger forms of debris, such as- discarded
fishing pear, medical wastes, etc. This is
evidenced by their exclusion from -debris in-
ventories reported from the anmual beach
cleanups (i.e., CMC, 1989, 1990) and from all
but one of the National parks studied by Cole
et al. (1990). However, these small plastic
pellets are often mistaken for food by aquatic
animals, particularly seabirds.

31 GEOGRAPHICAL DISTRIBUTION

Although plastic pellets are one of the least
noticeable forms of plastic pollution, they are
ubiquitous in the oceans and on beaches. They
have been reported in the sediments and the
surface waters. of coastal areas and oceans
throughout the world (Table 5); data are limit-
ed regarding the presence of pellets in rivers,
streams, and lakes. The ubiquity of pellets is
demonstrated by their presence in remote areas
of the world, such as beaches of the South
Pacific (Gregory, 1977) and Hawaii (EPA,
1992b). Among the earliest records of pellets
in the environment were the studies by Car-
penter et al. (1972) and by Carpenter and

Smith- (1972). These studies reported pellets
" in the Atlantic Ocean along the southern coast.

of New England and in the Sargasso Sea,
respectively. Several other authors also have
reported pellets in the Atlantic Ocean (e.g.,

. Colton er al., 1974; Hays and Cormons, 1974;

Morris, 1980; van Franeker and Bell, 1988;
Ryan et al., 1988). In the Pacific Ocean,
pellets have been reported in northern waters
(e.g., Wong et al., 1974, as cited in Pruter,

_ 1987; Dahlberg and Day, 1985; Day er dl.,

1990) and in southem waters (Gregory, 1977).
Pellets have been reported along the coasts of
the Mediterranean Sea (Shiber, 1979, 1982,
1987), and the Gulf of Mexico and Caribbean
Sea (Carr, 1987; Cole et al., 1990). Most
pellets found in marine waters have been
identified as polyetbylene (PE), polypropylene
(PP), or polystyrene (PS) (CEE, 1987).

Under the ongoing Harbor Studies Program,
the Environmental Protection Agency (EPA)
has conducted studies of floating aquatic debris
in harbors along the coastal United States since
October 1988 (EPA, 1990b, 1992a,b; Trulli ef
al., 1990; Redford et al., 1992). The debris
was collected by conducting net tows at the
water surface to a2 maximum depth of 0.5 m.
Over 200 different types of manmade debris
were counted. By the end of 1991, sampling
had been conducted in 13 cities.and the Mid-
Atlantic Bight during a total of 20 surveys.

Plastic pellets were among the most common
items found during the Harbor Studies Pro-
gram, comprising approximately 94% (by
number) of all debris collected. The pellets
were generally ovoid, cylindrical, square,
discoid, or. irregularly spherical in shape, and
were approximately 5 mm or less in diameter
(Figure 2). Most of the pellets were clear,
white, or off-white, but several other colors
(such as black, green, yellow, amber, orange,
blue, etc.) were also observed in the samples.
Visual assessments made by a polymer chemist
confirmed that a variety of pure polymers and
additive-containing pellets were found in the
samples (Mr. Elmer Bradbury, Battelle Memo-
rial Institute, personal communication, Febru-
ary 1991). The descriptions are also consistent
with EPA’s description of PE and PP pellets
(EPA, 1990Qa).
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Table 5. Pellet Observations and Suspected Pellet Sources.
(PE: polyethylene; LDPE: low-density polyethylene; HDPE: high-density polyethylene;

PS: polystyrene; PP: palypropylene)

e e,

Geographical Area of Study
=

— RS ———

"| Observations

ATLANTIC OCEAN

=SS TS E s

SRR e e e e

Source(s) Discussed .

Southern New England
(Carpenter ef al, 1972)

PS pcllets (0.1- to 2-mm dia) common in Niantic
Bay, Buzzards Bay, Vincyird Sound, Rhode Island
Sound, Great Salt Pond, Long Island Sound, énd
Block Istand Sound; average 0.01 to 1 pellet per
cubic meter, Pellets in several fish.

Effluent from plastics
manufacturers or PS
producers in southern New
England.

Sargasso Sca
(Carpenter and Smith, 1972)

50 to 12,000 particles per square kilometer (mean:
3500 particles per squarc kilometer); lowest
concentrations near the Gulf Stream.

'Waste dumping from citics
or cargo ghips. ‘

Cape Cod to Cape Canaveral and
arcas south .
(Colton er al., 1974; Colton, 1974)

PS and PR pellets (<5-mm dia); 61 to 148 pellets
per square kilometer south of Cape.Canaveral, and
8318 pellets per square kilometer between Cape Cod
and Cape Canavceral.

Wastewater discharge from
plastics plants. Mot PS
and PB peli€ts entered open
coastal waters between
Block Island and casterm
Long Island.

South Adantic Bight from North
Carolina to Cape Canaveral
{van Dolzh ef al, 1980)

Percent occurrence of PS pellets on each cruise
ranged from 15% to 34 %. Tar and pellcts were
widespread throughout study area.

Shipping traffic and
entrainment from other
areas via currents.

Bastern Canads and Bermuda
(Gregory, 1983)

In Bermuda, PE pellets averaged 5000 pellets per
linear meter of beach, (oceasionally > 10,000 pellets
per linear meter). In castern Canada, a maximum of
10 PE pellets per lincar meter. Lifetime of pellets
suspected to be as low a8 3 years. Pellets encrusted
with pseudoplanktonic biota.

Released at dump sites or
spillage along Atlantic
scaboard, spillage during
storage, handling, and
transportation activitics.

. Bermuda, Wﬂ, and

>15% of pcuston tows in north Sarpssso Sea

Spillage and loss at coastal

Martha's Vineyard, MA contsined pellets. High concentrations (2000 per | manuficturing and shipping
(Wilber, 1987) squarc meter) on Bermuda and Babamas beaches, | sites.

where they are deposited by ocean currents. Pellets

often cmbedded in tar balls (“plasto-tarballs™).

White PE or PP pellets (3- to S-mm dia) between { No immediate source known

q Cape Basin area of South Atlantic
(Morris, 1980)

1333 and 3600 pellcts per ‘square kilometer; pollets
and tarballs most common contaminants in area.

other than through cargo
foss.

Southwestern Cape Province, South
Afrios .
(Ryan, 1988b)

Predominance of PE and other polyolefin pellets,
most of which were <10 mg. Pellets may be lost
during handling and . released into the sca via
drainage lines.

Pellets lost during transport

or by manufacture of user
progducts in industria] areas;
may enter South Africa via
oceanic circulation from the
South Atlantic.
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- Table 5. Pellet Observations and Suspected Pellet Sources. (continued)
[PE: polyethylene, LDPE: low-density polyethylene; HDPE: high-density polyethylene;

PS: polystyrene; PP: polypropylene)

Pruter, 1987)

Geographical Ares of Study Observations Source(s) Discussed
PACIFIC OCEAN

North Pacific Round, colorless pellets (1-5-mm dia) in 64% of | Plastics ‘induatry.
(Wong e al, 1974, as cited in | towe along 35° N longitude. Manufacturor outfalls;

gpillage from trucks; ships,
and trains while loading or
unloading; and when used
as ball bearings to move
cargo.

North Pacific Ocean
(Day es al, 19%90)

Pellets found in 6% of total stations and 10% of
stations with plastic.  Collected primarily in
transitional and nearshore waters east of Japan,
Highest density was 6500 per square kilometer north
of Hawaiian Islands.

Not discussed.

commun. 4s oited in Day, 1980)

New Zealand PE and PP pellets, ovoid and spheruloid (greater | Spillage st porta or via
(Gregory, 1977) than or equal to S~-mm dia); 10,000 to 40,000 pellets | streams and storm water
) per meter on beaches in narrow zone along driftline | dreinage after apills at
or spread across the back beach and washover flat. | inland ptoocumg plants.
Alaska ¢ Substantial amounts of pcllets; PE common but PS | Efflucnt of plastic
(Day, 1980 and Jarrell, pers. | unknown. Also reported approximately 500,000 Ib | manufacturers and during

of PP pellets were dumped into the ocean during a
dock strike in Costa Rica.

loading and unloading of
ships at ports.

and Bering Sea
(Day and Shaw, 1987)

Narth Pacific Ocean Highest densitica of plastic debris along 40° N; | Not discussed.
(Day ef al, 1986) pellets comprised 0.5% of all plastic debris and

occurred at nearly 4% of the stations,
North of Hawaii Pellets in neuston samples collected along latitides | Not discussed.
(Dehlberg and Day, 1985) 31° N and 34° N; densities must be relatively high :

to have been collected at all,
North Pacific Ocean Very low concentrations of pellets in the subarctic | Not discussed.

Pacific, especially near the Alaskan coast.

MEDITERRANEAN SEA

Beaches of Lebanon
(Shiber, 1979)

PE, PS, and polymethyl methacrylate pellets fairly
commmon on most beaches. Predominant pellet shape

Waste disposal by several
plastica factorics or oargo
lost at Bea.

Beaches of Costa del Sol, Spain
(Shiber, 1982)

was oval to round (2- to 5-mm dia).

Pellets (2.7 to 4.5 mm) present on all beaches
sampled (13); sbundaat on four beaches and
common on most others. Mostly LDPE (87%),

Carcless dispossl practices
at scven nearby plastios
factorics, or loss during sea

HDPE (8%), and ethylvinyl acetate (4%). | shipment s&nd cargo
Brcrusting biota ebsent on pellets, indicating recent | unloading.
introduction t0 marine énvironment.

Plastic Pellets in the Aquatic Environment: Sources and Recomimendations 2]



Table 5. Pellat Observations and Suspected Pellet Sources. (continued)
- |PE: polvethylene. LDPE: low-density polyethylene; HDPE: high-density polyethylene;

PS: polystyrene; PP: potypropylene)

found were predomingntly PE..

- —
Geographical Area of Study T Observations Source(s) Discussed
= R
Coast of Spain Spherules in great varicty of shapes and colors, | Some correlation between
(Shiber, 1987) often tarcoyered, abundant on most beaches. Pellets | abundiance and locstion of

190 plastics factories in
arca; cargo loss during
transport in Atlantic Ocean
and Mediterranean Sca.

GULF OF MEXICO AND CARIBBEAN SEA

Costa Rica and Cm'bbam Sea
(Carr, 1987)

Large numbers of pellets on green sea turtle nesting
beach in Costa Rica.

Industrial wastewater.

Padre Island National Seashors
(Cole et al, 1950; Miller, pers.
commun,) .

All peliets were whits and the same size and shape;
73% of plastic debris and 69% of all debris were
pelicts.

Unclear whether from
single or
discharges or from a spill.

multiple

ESTUARIES, HARBORS, AND OTHER COASTAL AREAS

Harbors of the United States
(Trulli e al, 1990; EPA, 1990b,
1992a,b; Redford er al, 1951)

Many different resins in assorted sizes, shapes, and
colors found in all harbora studicd except Mayagiiez,
PR. Hundreds to hundreds-of-thousands of pellets
in cach harbor. -

Industrial and municipal
storm water and CSO
discharges.

Kahana Bay, Oahu, Hawaii
(BPA, 1992b)

Average of 105 pelieta per m? were presont between

low and high tide lines, concentrated mostly among
other anthropogenic and natural debris near high tide
lincs. Pellets appeared cloan but weathered, likely
polyethylene.

Commercial shipping or
carried by ocean currents
from distant land-based
BOUrces.

Sanitary systems in Philadelphia,

Many pellet types collected in storm water outfalls

Storm water discharges

Scwage outlet pipes at factorics
near Long Island, NY
(Hays and Cormons, 1974)

downstream of onc industrial outfall. PE pellets .

also found near outfalls in MA, CT, aod NJ.

PA and Boston, MA and in scum samples from scwage treatment plant. | from plastics industry.
(BPA, 1952¢c) All clean, PE pellets collected dt onc storm water
. outfall.
1- 1o 13-mm-dia PS pellcts found as far as 1.1 ki | Industrial effluent.

Bristol Channel, UK
(Morris and Hamilton, 1974)

0 to 20,000 PS pelicts per squarc meter unevenly
distributed in sediments. PS beads incorpomted into
polychacte tubes, and becoming common in plankton
samples.

Bffluent from a PS

manufacturer.

Severn PBstuary and  Bristol
Channel, UK

(Karter et al, 1973, 1976, as cited
in Pruter, 1987)

In 1973, 1-mm PS pellets found in mud, sand, and
on cooling water intake screens at nuclear power
plants. Many polychaets worm tubes gonstructed
almost enhirely of pellets. PS spherules found in
some flounder. By 1976, peliets virtually absent in
all Jocations noted in 1972 and 1973,

Effluent from pl.uncn
industry.
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Figure 2. Pelfets Found during an EPA Harbor Studies Program Survey
In Houston, Texas.

Plastic pellets were found in the harbors of 13
of the 14 cities surveyed and in the Mid-Atlan-
tic Bight (Table 6), and in 29 of the 32 sam-
pling areas (two to four areas were sampled
within each city). Mayagliez, Puerto Rico,
was the only major study area in which pellets
were not found. Pellets were not found in
Hampton Roads, Norfolk, or in the
Weymouth/Neponset Rivers, Boston, but they
were found in other areas in these harbors.

Plastic pellets were the most common item (by
number of items) in eight cities (Houston, New
York, Tacoma, Baltimore, Boston, Oakland,
Philadelphia, and San Juan), and were among
the ten most common items in three additional
cities (San Francisco, Miami, and Seattle) and
in the Mid-Atlantic Bight. [Note: In all, only
20 debris items were collected in the Mid-
Atlantic Bight, and the percent composition
should be considered with caution.] Pellets
‘were the 14th most common item in Norfolk.

Plastic Pellcts in the Aquatic Environment: Sources and Recommendations

Of all cities surveyed; the greatest mumber,
variety, and percentage of pellets were collect-
ed in the Houston Ship Channel at Houston,
Texas. Over 700,000 pellets were collected
during the Houston surveys combined (approx-
imately 98% of all Houston debris). One
sample alone .contained more than 225,000
pellets. Although pellets of many colors and
shapes were collected, most of the pellets from
Houston were clear, white, or off-white and
ovoid. Notably, Bouston has one of the great-
est concentrations of plastics industries in the
United States and several pellet industries are
located along the: Houston Ship Channel.
Most of the pellets were found in Buffalo
Bayou, which is inaccessible to shipping traf-
fic.

A high percentage of aquatic debris collected
in Tacoma, Washington, was pellets (78%).
Unlike the pellets from the Houston Ship
Channel, those from Tacoma were similar to
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Table 6. Pellats Found during EPA Aquatic Debris Programs.
[Adapted from EPA (1990, 1992a,b,c), Trulli et al. (1990); and Redford et al. (1992)

Survey Area Sampled Number i’ereeut \
Harbor Studies Program* .
Boston 1 Charles River 2,684 30
Chelsea River 0 0
Mystic River -7 2
President Roads 10 .6
Weymouth/Neponset Rivers 0 0
Boston I Charles River 453 23
Chelsea River 2 1
Mystic River 45 6
President Roads 0 0
New York 1 Manhattan Island 2,039 25
The Narrows and Lower Bay 461 8
New York I Manhattan Island 617 21
The Narrows and Lower Bay 548 27
Staten Island 7,601 78
Philadelphia Schuylkill River 461 32
| Delaware River — Camden 197 23
Delaware River — Philadelphia 219 42
Mid-Atlantic Bight Wilmington Canyon to Norfolk Canyon 1 5
Baltimore I | Inner Harbor 600 20
Middle Harbor 110 12
Patapsco River 70 15
Baltimore II Inner Harbor 2,625 46
Middle Harbor 524 27
Baltimore III Inner Harbor 1,972 2
‘Middle Harbor 698 19
Patapsco River 7 "4
Norfolk Elizabeth River 135 2
Hampton Roads 0 0
Miami I Miami River 56 3
Dodge Island 51 11
Little River 7 1
Miami II Miami River 68 3
Dodge Island 173 18
Nearshore Atlantic 1 2
24 Plastic Pellcts in the Aquatic Environment:
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Table 6. Pellets Found during EPA Aquatic Debrls Programs. (continued)

[Adapted from E_PA (1990, 1992a,b,c), Trulli et a/. (1990); and Redford et a/. (1992)]

EORAAR 1 feiidn ¥l win ety S

Survey Area Sampled Number Percenﬂ
Harbor Studies Program® (continued) J
Houston1 Upper Ship Channel 106,759 98
Middle Ship Channel 352,790 99
Lower Ship Channe] 15,660 98
Houston 1T Upper Ship Cbannel 38,199 96
Middle Ship Channel 186,936 97
Seattle Duwamish Waterway 20 8
Lake Urion Ship Channel .4 1
Tacoma Commencement Bay 3,834 _ 7§
San Francisco San Francisco Bay 297 9
Oakland San Francisco Bay 279 18
Mayagiiez Bahia de Mayagiiez to Puerto Real 0 0
San Juan San Juan Harbor 714 23
Honolulu Honolulu Harbor 181 5
Ala Wai Canal 2 <1
Combined Sewer Overflow (CSO) Studies Program® |
Philadelphia Combined Sewer Overflow 1 13
Stormwater Discharges . 1,898 | 65
Northeast Sewage Treatment Plant! 3,420 3
Southeast Sewage Treatment Plant’ 49,500 24
Southwest Sewage Treatment Plant’ 24,880 6
Boston Combined Sewer Overflow 981 11
Deer Island Sewage Treatment Plant! 810 4
Chelsea Street Headworks (Bar Screen)? 0 0
Ward Street Headworks (Bar Screen)? 0 0
- T

TEPA (1990, 1992a,b); Trulli ef al. (1990); Redford et al. (1992).
%20 items wore collected in the Mid-Allantic Bight.

“BPA (1992c).

“Numbers of pellela present in 100% of each facility’s solid wastes, based on collection and anatysis of 10% of the solid wastes at each,

Plastic Pellets in the Aquatic Environment: Sources and Recommendations
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each other in size, shape, and color. Most of
the Tacoma pellets (2732 pellets out of 3834
pellets) were found in a single sample. These
observations suggest that the pellets may have
originated from 2 single source. '

The New York/New Jersey Harbor complex,
ranked second by number (11,266 nplastic
pellets) and third in percentage of plastic pel-
lets (39%). In samples collected from the
Hudson and East Rivers around Manhattan
Island, pellets varied considerably in color,
shape, and condition, indicating possibly sev-
eral sources of entry into the environment.
Some pellets from these areas were embedded
in grease, tar, or other organic matter (includ-
ing fecal matter), which might be expected to
accumulate on debris flowing from .combined
sewer overflows (CSQO). In samples collected
from the Kills (the water mass separating
Staten Island from New Jersey), pellets were
of a more uniform size, shape, and color.

Immediately following a February 1992 survey
of the harbor at Honolulu, Hawaii, the pres-
ence of pellets was studied at the beach along
Kahana Bay on the northeastern coast of Oahu.
Most of the pellets collected at Kahana Bay
were white or off-white, and many were
weathered or discolored. Several black pellets
were also found in each sample. Based on
enumerations along three transects, the average
number of pellets on the beach at Kahana Bay
was 105 pellets per m* (range: 88 to 115
pellets per m?). The pellets were found inter-
spersed with other manmade debris, including
light sticks, net floats, plastic food containers,
and plastic pieces, and natural debris such as
driftwood and seaweed, and were concentrated
in the portions of the transects that were far-
thest from the water. According to the .Chief
Scientist, many more pellets and types of
pellets were present on the same beach in 1989
than were present during the survey

Figure 3. Plastic Powder Found during an EPA Harbor Studies Program Survey
in Houston, Texas.
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(Mr. David Redford, EPA, personal communi-
cation, February 1992). The decreased num-
bers of pellets may have been due to heavy
storm activity during the two weeks prior to
the survey, which would have resuspended
beached pellets in rough surf conditions at high
tide.

Two ‘additional pellet-related items, plastic
powder and flattened pellets, were found in
several cities. Plastic powder, an intermediate
form of the raw material used to make pellets

and molded products, was observed floating on -

the water’s surface and was collected in con-
siderable volume along with other debris. In
Houston, this powder was initially thought to
be grain dust from nearby grain elevators, and
was discarded as natural debris (i.e., not an-
thropogenic. in origin); Figure 3 shows plastic
powder collected in Houston. However, dur-
ing the pellet producer site visits conducted

under the present study, the investigators
recognized the powder, and plastics industry
personnel verified that the material was plastic
powder. For additional verification of these
conclusions, the investigators removed some of
the material from the Houston samples and
heated the material in a metal spoon. The
grains melted and subsequently solidified into
an amorphous- mass after cooling. The mass
appeared to be plastic,” although this was not
confirmed by chemical analysis. Survey scien-
tists do ot recall collecting this powder in
other cities, but again the material may have
been overlooked as natural debris.

Thin, irregularly shaped plastic disks approxi-
mately 1 cm in diameter (Figure 4) were iden-
tified in samples collected from several differ-
ent harbors. At the time, these disks could not
be identified, and they were subsequently
counted and recorded as miscellaneous plastic

Figure 4. Flattened Polyethylene Pellets (Top) and a Virgin Polyethylene Pellet (Bottom).
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pleces. However, several disks identical to
ones collected during the surveys were found
during a site visit to a pellet producer. The
plastic disks, found among plastic pellets, were
scattered along railroad tracks and beneath
hopper cars in the loading and cleaning areas
of the producing facility. Plastics industry
personnel identified the disks as plastic pellets
that had been flattened by rail hopper cars.

32 SOURCES IDENTIFIED
IN THE LITERATURE

Several researchers have suggested possible
sources of pellets to the aquatic environment
(Table 5), including

¢ Direct discharges and improper waste
water disposal by the plastics industry

e Waste disposal and sewer dischargés-

by cities

o Spillage from trucks, trains, and ships
during loading, transport, or unloading

o Improper use of pellets, such as for
packing material, for insulation, and
for bearings to facilitate the movement
of cargo boxes and other heavy ob-
jects.

Unfortunately, most studies focused on report-
ing pellet distributions and abundances, and
the source identifications were based mostly on
empirical evidence rather than on direct evi-
dence. As presented in Section 3.2.1, the
recent EPA studies of U.S. harbors (EPA,
1990b, 1992a,b) and CSOs (EPA, 1992¢) have
provided some direct evidence. that storm
sewers;, CSOs, and direct spillage into the
waterways are sources of pellets to the aquatic
environment.

3.2.1 EPA’s Harbor Studies Program

‘As discussed in Section 3.1, EPA has conduct-

ed studies of floating aquatic debris in selected
harbors of the United States. One objective of
the EPA Harbor Studies Program was to iden-
tify potential sources of floatable debris col-
lected during the surveys. Several possible
sources of pellets were identified based on
field observations and conversations with local
authorities;  these sources were CSOs and
storm sewers, storm-water runoff, and spillage
from loading docks.

The results of surveys in New York, Boston,
and Houston, for example, indicated that CSOs
and storm sewers were sources of pellets in the
aquatic environment. In the Kills area of New
York Harbor, the cleanliness and uniform size,
shape, and color of the collected pellets (as in

~ Tacoma), indicate a possible single source,

Because the pellets were mixed with other
debris typically discharged from storm sewers

-or CSOs, storm sewers and CSOs are likely

the discharge points for pellets released by the
plastics industry and related transporters.

In Boston, the majority of the pellets was col-
lected from the Charles River on the freshwa-
ter side of the locks near the Museum of Sci-
ence. There is no commercial shipping on the
River and there are no known pellet industries
along the banks of the River. This suggests
that pellets are entering the 'environment
through storm sewers or CSOs that receive
storm-water runoff and other drainage from
pellet industries.

As previously discussed, extremely large num-
bers of pellets were collected from every area
of the Houston Ship Channel. Large numbers
of pellets were found above or west of the
turning basin in Buffalo Bayou, where there is
oo commercial shipping and tidal fluctuations
are minimal (<0.5 ft). Because of the lack of

28 ' ' Plastic Pellets in the Aquatic Bnvironment: Sources and Recormmendations
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shipping and the unlikely transport of pellets
by tidal currents, pellets found in Buffalo
Bayou were most likely discharged from storm
sewers (Houston has no CSOs) or carried into
the Channel directly by storm-water runoff.

The results of surveys in Tacoma and Houston
indicated that spillage at loading and shipping
docks is another source of pellets in the aquat-
ic environment. In Tacoma, a local resident
reported that a crate of pellets was spilled into
the harbor 2 months prior to the Tacoma
survey, thereby establishing the possibility that
a single discharge was a possible source of the
collected pellets (Mr. David Redford, EPA,
personal communication, March, 1989). An-
other resident stated that pellets were regularly
observed on local beaches; this would indicate
that pellet spills may be common to the Taco-
ma area. In-addition, the fact that people are
noticing pellets during recreational activities
indicates that pellets are frequently present in
large numbers; large numbers would make the
pellets more obvious and easier to distinguish
from natural debris.

In Houston, pellets also were collected in mas-
sive numbers in the middle area of the Hous-
ton Ship Channel (areas below or east of the
turning basin). These pellets probably entered
the channel through several sources, including
spills at the loading dock, spills aboard ship,
or spills at industrial sites where pellets are
carried by rain water into the storm sewers or
are blown into waterways. Pellets discharged
into Buffalo Bayou would also be transported
to areas east of the turning basin. Discussions
with a local longshoreman indicated that dur-
ing ship loading operations pellet packaging
often was punctured by forklift tines. When
the pellets were transferred from the dock to
the ships, thousands of pellets would spill onto
the dock and directly into the Channel. He
also indicated that pellets spilled onto the
docks were swept directly into the Channel
during routine maintenance of the area.

3.22 EPA’s CSO Studles Program

In older cities of the northeastern United
States, CSO discharges of raw sewage and
street litter are common during heavy rain-
storms. Studies conducted under the EPA-
sponsored CSO Studies Program examined the
types and amounts of floatables discharged
from selected CSOs and storm sewers, as well
ag floatables captured by bar screens and
settled out in the scum of sewage treatment
facilities in Philadelphia and Boston. Final
data show that pellets are present in the sew-
age treatment plant scum (small-sized, floating
material at the surface of the settling tanks)

Table 7. Pellets Collected Each Day
at Sewage Treatment Facilitias in
Philadelphia and Boston

[EPA (1992c¢)]

Location Number | Number
Day 1* Day 2°

Philadelphia

Northeast WPCP 2,110 | 1,310
Southeast WPCP 22,820 | 26,680
Southwest WPCP 5,520 19,360
Boston

Ward Street HW 0 0
Chelsea HW 0| 0
Deer Island STP 650 160

WPCP: Water Pollution Control Plant

HW: Headworks

STP: Sewage Treatment Plant

*Daily totals caleulated based on the analysis of
10% of the screcnings and scumprumi cach day at
each facility.
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samples (Table 7), in CSO samples of both

cities, and in the storm sewer samples -collect-
ed in Philadelphia (Table 6). No storm sewers
were sampled in Boston. [Note: One pellet
was found in the CSO discharge in Philadel-
phia; these data should be viewed with caution
because it was not determined that the CSO
had discharged during the study.] The data
from this study indicate that pellets are enter-
ing municipal’ sewerage systems from land-
based sources, and are subsequently entering

the aquatic environment through CSO and

storm sewer discharges.

33 FATE AND IMPACTS

There are several documented accounts de-
scribing pellet and other plastic debris inges-
tion by wildlife, most notably by seabirds and

sea turtles (Table 8). Generally, impacts or

biological effects of the pellets have not been
clearly defined in most wildlife, and, to date,
direct correlations between pellet ingestions
and effects have not been demonstrated conclu-
sively. This may be attributable to the fact
that the studies typically use stranded and
beached animals, and most animals that die at
sea either sink to-the bottom or are consumed
by predators before-they are found by humans

(Laist, 1987).

33.1 Birds

The ingestion of pellets by seabirds has been
reported worldwide (Table 8), and seabirds
ingest plastic pellets more frequently than do
any other taxon (Ryan, 1990). Sileo et al.
(1990) reported that 80 species, or approxi-
mately one-quarter of all seabird species, are
known to ingest plastic debris. Pellets are the
most common form of plastic debris ingested
by seabirds (EPA, 1990a; Ryan, 1990). Day

Figure 5. Pellets Ingested by a Seabird.

(Photograph by Robert Day, Alaska
Biological Research, College, Alaska)

(1980) estimated that polyethylene pellets
remain in the digestive tracts of birds for 10 to
15 months (Figure 5).

Several factors affect the wvulnerability of a
seabird population to the presence of pellets.

*  Frequency of regurgitation — Birds
with a limited ability to regurgitate are
most likely to be effected by pellet
ingestion. Debris loads in birds are a
function of the ratio of the rates of
ingestion and regurgitation (Ryan,
1990).

e Foraging habits — Birds that feed by
pursuit diving are the most likely to
ingest pellets, and birds that feed by
plunging and piracy are the least likely
to ingest pellets (Day.et al., 1985). ‘

e Pellet color — Seabirds are more
likely to ingest pellets that are light-
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colored (e.g., white, tan, brown,
yellow) than those of any other color
(Sileo et al., 1990; Day et al., 1985).
This color preference has been attribut-
ed to the pellet’s similarity to common
food sourcgs, such as fish eggs, crusta-
ceans, etc. (Day et al., 1985).

* Prey type — Pellets pose the greatest
threat to plankton-feeding species, such
as shearwaters, petrels, prions, phala-
ropes, and auklets (Fry ef al., 1987).

* Proximity to pellet sources — Logi-
cally, the closer that 8 seabird is to a
releagse point, the more likely it is to
encounter and ingest pellets (EPA,
1990a; van Franeker and Bell, 1988).

®* Proximity to sareas where pellets
accumulate — Species that feed at the
ocean surface are more likely to ingest
plastic, most probably because they are
more likely to be exposed to floating
plastic (Sileo efr al,, 1990).

The effects on seabirds of ingested pellets and

" other plastic debris were summarized recently

by Ryan (1990) at the Second International
Conference on Marine Debris (Shomura and
Godfrey, 1990). Ryan (1990) stated that
anthropogenic debris ‘may have three specific
effects on seabirds: (1) diminished foraging
ability or a decreased foraging efficiency, (2)
physical damage (e.g., intestinal blockage),
and (3) physiological effects from the absorp-
tion of toxic chemicals associated with the
pellets.

Diminished foraging ability appears to- be the

" most serious effect of pellets on seabirds. The

presence of pellets in the stomachs of seabirds
may create false feelings of satiation, decrease
the storage volume of the stomach, and reduce
foraging. Ultimately, this will reduce the
ability of the seabirds to accumulate the energy
(fat) reserves necessary for migration, repro-
duction, molting, and survival of adverse
environmental conditions (Day er al., 1985;
Ryan, 1988a, 1990). These effects would

occur most likely in procellariiform seabirds,
which, compared to other seabirds, experience
the highest incidence of plastic ingestion
(Ryan, 1988a). However; a few pellets in a
bird's stomach are not likely to have an ad-.
verse affect, primarily because many seabirds
retain indigestible materials in their stomachs
to aid in digestion (Furpess, 1985; Ryan,
1988a, 1990), although Wallace (1985) be-
lieved that the birds could be chronically
stressed. Studies to determine a critical pellet
volume have not been reported.

Studies of. potential impacts caused by pellet
ingestions generally have indicated that physi-
cal damage probably occurs in only a small
number of seabirds. Day (1980) reported that
ingestions increased the gizzard volumes of
some auklets, resulting in the full distension of
the gizzards and a potential reduction in hun-
ger. Where individuals that had ingested.large
numbers of pellets, the pellets were found
embedded in sockets in the gizzard wall, but
no effects (good or bad) were noted. Day et
al. (1985) subsequently reported that ingested
pellets reduce the storage volume of seabird
stomachs,

In a controlled study of the effects of large
numbers of PE pellets in whitechinned pe-
trels, Ryan and Jackson (1987) reported no
significant changes in digestive -efficiency
between test and control birds. Several au-
thors have document lacerations by sharp
debris (e.g., Day et al., 1985; Fry et dl,,
1987, Ryan and Jackson, 1987); however,
because pellets are generally round and
smooth, it is unlikely that pellets lacerate
stomach linings in seabirds.

Finally, plastic pellets in the environment may
contain chemicals that are toxic to seabirds.
These toxic substances may be additives that
were intentionally mixed into the resin to

. achieve specific properties, or contaminants

that were adsorbed by the pellets from the
environment. Carpenter ef al. (1972) reported
the adsorption by pellets of organochlorine
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Table 8. Pellet Ingestions and Potential Effects.

(Chu, pers. commun., as
cited in Day et al, 1985)

7 : : :
Geographical Location J Specles Reported Description of Ingestion or Effects
— = — =SS e e e e R S AR s

BIRDS

Alasks Northern fulmars, sooty shearwaters, | Ingestions likely due to pellet resemblance to natural

{Day, 1980) short-tailed  shearwalers, recd-legged | prey, and will increasc as annual plastics production
lottiwake, thick-billed murre, Casgin’s | and usc of pellets increase. Some particles
anklet, pankbet auklet, tufted puffin, | embedded in gizzard walls; mean residence time in
horned puffin, fork-tailed storm-petrel, | gizzards may be approximately 15 months,
Leach's storm-petrel, northern | Hydrocarbon pollutants associated with the pellets
phalsrope, glaucous gull, black-legged ! may decrease reproductive ability of scabirds.
kittiwake, and least suklet.

California Sooty shearwaters Ingestions

Galapagos Islands
(Anon., 1981, as cited in

Day et al, 1985)

Blue-footed booby

‘Secondary ingestion of raw plastic.

Monterey Bay, CA
(Baltz and Morcjohn,

Northern fulmars, pink—footcd
shearwaters, soofy shcarwaters, short-

Ingestions of PE pellets in stomachs of 6 seabird
spociea.

1976) tailed shearwaters, Heermann'’s gull, and
black-legged kittiwake. -
New Zuhnd Great-winged petrels, kerguelen petrels, { I[ngestions in low to high numbers.

(Imber, pers. commun.,
8s cited in Day eral,,

Cook's petrels, blue petrels, broad-billed
prions, antarctic prions, feiry prions,

-

1985) Parkinson’s petrels, white-faced storm-

petrels, salvin's prions, and sooty

shearwaters,
Chatham Izlands and Brosd-billed prions and white-faced | Pellets normally found in the gizzard, and birds
Gough Island  ~ storm-petrels. containing pellets often lacked food in the
(Bourne aad Imber, proventriculus.  Difficult to determine whether
1982) pellet ingestion is & causc or an effect of starvation,

Secondary ingestion by great skuas that consume
old, pelletcontaining prions.

. (Brown et al., 1981, as

Eastern Canada

oited in Day ef al, 1985)

Greater shearwaters and

shearwaters

sooty

Ingesations reported.

South Africa
(Furmess, 1983, as cited

Greater shearwaters

PS spheres ingested.

_in Day et al, 1985)

Duich coast

(van Fruncker, 1985)

Fulmars

" >50% of stomachs contained pellets; toxic additives

|

in pellets may be assimilated by birds.
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Table 8. Pellet Ingestions and Potential Effects. (continued)

Description of Tngéstion or Effects

Geographical Location Species Reported

Midway Island end Oshu | Wedge-tailed shearwaters 60% of birds contained pellets (majority were PP

Island, Hawaii and PE) and plastic fragments; toxioky of additives

(Fry et al, 1987) and organochlorine pollutants may be less significant
hazard than obstruction/impaction of the gut of
scabirds; risks to chicks may differ from risks to
edults.

Scottish colonies Procellariiform seabirds (Leach’s petrels, | Fulmars and Leach's petrels select debris according

(Furness, 1985) Manx shearwaters, and fulmars) to their preference for particular prey sizes. Only

' equivocal statistical evidence for an influence of

ingested plastic on body mass. Pellets not found in
British storm petrels.

Laborutory experiment. Chickens Bven under ideal feeding conditions, plastic-Joaded

(Ryan, 1988a) birds cangot forage s cfficiently as plastic-free
birds. Large losds of plastic impair feeding by
reducing meal size, which may, therefore, lmmit
accumulation of fat reserves essential for
reproduction, migration, and molting.

Antarctica Wilson’s storm petrels, southern fulmars, | Pelletz comprised 73% of all ingested particles

(van Prancker and Bell,
1988)

and Cape petrels.

(combined for all species); plastic particles
remaining in the gizzards of petrels may persist for
months or years if not regurgitated. Decrease
fitness is a likely cousequence of ingestion by chicks
and adults. Most plastics originate in wintering
areas outside the Antarctic.

South Africa and
Southermn hemisphere
(Ryan, 1987)

Blue petrels, great shearwaters, white-

‘faced storm-petrels, pintado petrels, thin-

billed prion, antarctic prion, salvin's
prion, sooty shearwater, grey phalarope,
arctic skur, Cory’s shearwaters, grey-
backed storm-petrel, broad-billed prion,
kerguelen petrel, subantarctic skua, soft-
plumaged petrel, great-winged petrel,

Atlantic petrel, and white~chinned petrel. -

Three factorz determine the rate of pellets (and
plastic) ingestion: foraging technique, dietery
specialization, and density of ‘pellet (pollutants) in
the foraging area. Procellariiform seabirds exhibit
the largest plastic Joads owing to foraging patterns
at the sea surface. Secondary ingestion of plastic '
through contaminated prey is uncommon and ‘was
found only in subantarctic skua which proys on
small petrels containing plastic particles. '

Gough Island, South
Atlantic Ocean
(Ryan ef al, 1988)

Great shearwaters (females only)

Positive  correlation between potychlorinated
biphenyl (PCB) and plastic loads in the species;
PCBs likely were derived from ingested plastic
particles, and thesc PCBs contributo significantly to
the total body load of PCBs in great shearwatcrs,

Long Island Sound Gulls and tems "PS pellets found in tern and gull pelicts
(Heys and Cormons, (regurgitated indigestible food).

1974) ' ‘

Southem Indian Ocean Whitechinned petrels PE pcllets lost 1% of their mass after 12 days (half-

(Ryaq and Jackson, 1987)

.life ecqual to at least 1 year); no instances of
intestinal obstruction or physical damage to the |
birds; ingested plgstic scldom impairs digestive
efficiency in seabirds.
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Table 8. Pellet Ingestions and Potential Effects. (continued)

Geographical Location | Species Reported Description of Ingestion or Effects

Hawaii Seabirds 80 Bpecies, or approximately 25% of all scabird

(Sileo er al., 1990)) spocies, arc known to ingest plastic debris.

Bodega Harbor, CA Red phalaropes 6 of 7.birds contained plastic particles, most of

(Connors and Smith, ’ which were PE pellcts. Plastic ingestion may be

1982) producing physiological cffects that threaten success-
ful migration and breeding in regions remotc from
the pollution sources.

Galapagos Itlands and Blue-footed boobics, short-cared owls, | Secondary ingestion of pellets from food source:

South Atlantic Ocean
(Wehle and Coleman,

broad-billed prion, and South Polar skus.

blue-footed boobics and short-cared owls consumed
fish containing pellets, and broad-billed prion

1983, a8 cited in consumed a skua containing pellets.

Wallace, 1985)

TURTLES

Texas coast Loggerhead, green, hawksbill, and | Pellets were ingested by eight turtles, and comprised

(Plotkin and Amos, 1990)

Kemp's ridley turtles.

7% of all ingeated debris.

(Plotkia and Amos, 1988)

turtles

Texas coast Greea turtle PR spherules in mouth of stranded, dead sea turtle.
(Amos, pers. commuq., '
_ 88 cited in Balazs, 1985)
South Africa Loggerhead turtles 6% of stranded posthatchlings contained pellets in
(Hughes, 1970, 1974, as stomach.
oited in Balazs, 1985)
Florida Rawksbill turtles PS peliets and other manmade materials in
(Meylan, 1984, as cited stomachs.
in Balazs, 1985)
Florida Bast Coast and Loggerhead and green sca turtles - Resemblance to Sargassion floats may account for
Caribbean Sea ingestions; young sea turtles vulnerable during open-
(Carr, 1987) ocean associstions with Sargasswm rafts; large
numbers of pellets found on green sea turtle nesting
beach.
Hawaii and worldwide Sea turtles Marino turtles cat a wide variety of synthetio
{(Balazs, 1985) material, including pellets.  Bffects of toxic
chemicals releaged by thesc materials and physical
obstruction of the digestive tracts arc two possible
adversc impacts.
Mcditerranean Sca Loggerhead turtles Pellets, crude oil, and tarballs apparcatly arc
(Gramentz, 1988) ingeated and excreted.
Texas coast Loggerhead, green, and hawksbill sea | PE pellets ingested by 9% of necropsied turtles;

high probability that sea turtles inhabiting Texas
coast will come into contact with debris.

2% (2 out of 101 turtles) contained pellets; onc

Texas coast Kemp's ridley sea turtles

(Shaver, 1991, pers. turtle was wild and one was reared in captivity.
.commun,) ' .
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Table 8. Pellet Ingestions and Potential Effects. (continued)

Geographical Location

Species Reported

Description of Ingestion or Effects

FISH AND INVERTEBRATES

Severn Estuary

(Karter ef al., 1973, 8s
cited in Shiber, 1982 and
Pruter, 1987)

Flounder and polychaetes

Ingestions by Sounder. Polychaetes incorporats
pellets into dwelling tubes.

New York Bight
(Steimle, 1991 (pers.
cornmun. )

Lobster and winter flounder

Low numbers of pellets ingested, and more common
in lobsters than in winter flounder.

" Southern New England

{Carpenter ef al, 1972)

Grubby, winter flounder, white perch,
and silversides (fish), and one chaeto-
gnath (arrow worm)

PS pellets in stomachs of 8 out of 14 species of fish
and onc chaetognath; speculated that pellets could
cause intestinal blockage in smaller fish.

OTHER BIOTA

North American waters
(Walker and Coe, 1990)

Baleen whales

Suggested that filter-feeding makes baleen whales
vulnerable to incidental debrie ingestion; stomachs
of stranded balcen whales should be examined.

Canads and Bermuda
(Gregory, 1983)

Epibionts

Epibionts on pellets include coralline algae,
bryozoans, calcareous annclids, and foraminiferans.

Caribbcan Sea and waters
off Florida
(Winston, 1982)

Epibionts

Plastics (including pellets) encrusted with bryozoan
(Electra tenella); success of this species on the east
coast attributed to its colonizing of drifting smooth-
surfaced plastic,

ESTHETIC AND ECONOMIC EFFECTS

New Zealand Humans Concentrations ranged from <1 pellet per meter of

(Gregory, 1977) beach to > 20,000 pellets per meter, and may lead
to esthetically displeasing plastic sand beaches.

Worldwide Humans Pellets have a negative cffect on recreational

(Wallace, 1985) activities; cconomic impact duc to loss of maw
materials that must be replaced.

Bermuda Humans Beachgoers shocked by the presence of high

(Wilber, 1987) numbers of pellets; pellets and plastic fragments
embed in tarballs and become plasio-tarballs.

United States Humans Labeled combination of plastic debris and pelicts

(Klemm and Wendt, beach confetii. .

1990)
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compounds from ambient seawater. Day
(1980) noted a decreased ability to reproduce
in pellet-ingesting birds, which he attributed to
the hydrocarbon pollutants associated with
plastic. Ryan ez al. (1988) provided the only
direct evidence of a correlation between plastic
loads and PCBs in seabirds, but Ryan (1990)
speculated that paint chips and tar balls may
contribute ‘more significantly than do pellets to
the total toxic chemical load in seabirds.

Further studies are needed to determine if

pellet ingestion leads to poor bird condition or
if poor bird condition leads to pellet ingestion
(Connors and Smith, 1982; Bourne and Imber,
1982; Ryan, 1987, 1990).

332 Turtles

Balazs (1985) found that marine turtles ingest
many items of floating debris, including plastic
pellets (e.g., unfoamed polystyrene beads).
Evidence suggested that plastic material passes
through the digestive tracts and are voided
naturally, However, Balazs (1985) also re-
ported that ingested debris may cause poten-
tially serious problems in sea turtles, such as
lost nutrition, reduced absorption of nutriénts,
and adsorption of plasticizers. In addition,
small plastic fragments may adversely affect
turtles during digestion when pellets or frag-
ments are ground together by muscular con-
tractions, and pinocytotic absorption of the
resulting microscopic plastic particles could
occur. The latter phenomenon was suggested
to occur also in albatrosses [Pettit et al., 1981,
as cited in Balazs (1985)].

Balazs (1985) suggested several explanations
for ingestion by turtles.

e Marine organisms encrusting plastic
debris may be a desirable food source
or may mask the artificial nature of the

debris, thereby inhibiting a rejection
reflex by the sea turtles,

e Under conditions of extreme hunger
when available food stocks are limited,
sea turtles may feed on items that they
would not normally eat.

* Prey that has consumed debris is in-
gested by a predator. Balazs suggested
that the increasing volumes .of. plastic
particles in the oceans make this mech-
anism distinctly possible.

Balazs concluded that additional research is
needed in regard to incidence and effects of
plastic ingestions by sea turtles, '

Carr (1987) discussed the significance of non-
degradable debris, including pellets, to sea
turtles during early developmental stages.
Because manmade and natural debris and
planktonic organisms accumulate along conver-
gences, Carr concluded that young, advanced
pelagic-stage sea turtles are vulnerable to the
presence of pellets in the oceans owing to the
turtles’ close association with the conver-
gences. The findings of Plotkin (1988) and
Plotkin and Amos (1990) support Carr's con-
clusion.

3.3.3 Other Biota

Although most of the published literature de-
scribing ingestion and bBiological effects of
pellets concerns seabirds and sea turtles, a few
studies have discussed associations between
pellets and other organisms, including fish
[(Carpenter et al., 1972; Karter et al., 1973,
1976; Colton et al., 1974; Mr. Frank Steimle,
National Marine Fisheries Service (NMFS),
personal communication, August:1991)], sev-
eral. invertebrates (Carpenter et al., 1972;
Karter et al., 1973; Mr. Frank Steimle, Na-
tional Marine Fisheries Service (NMEFS),
personal communication, August 1991), and,
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potentially, baleen whales (Walker and Coe,
1990). Secondary ingestions of pellets by
seabirds were reported by Wehle and Coleman
(1983, as cited in Wallace, 1985); the investi-
gators reported that the birds had consumed
other birds and fish“that had ingested pellets.

A few investigators have reported colonization
on pellets by biological organisms that are
normally epibionts on Sargassum floats and
other floating organisms. The epibionts re-
ported include hydrozoans and diatoms (Car-
penter and Smith, 1972; Winston, 1982; Greg-
ory, 1983), bryozoans, coralline algae, coiled
calcareous annelids and other calcareous worm
tubes, and foraminiferids (Gregory, 1983).
Accumulations of organic matter and tar or oil
have also been observed on pellets (Wilber,
1987; Redford er al., 1992); the presence of
these materials could increase the possibility
that an animal might confuse the pellets with
its natural food sources. Finally, one study re-
ported that pellets might be useful to some

species: Karter ef al. (1973) found that poly-

chaete worms used pellets to build dwelling
tubes.

3.3.4 Aesthetic and Economic

Several authors have documented the human
aesthetic (Gregory, 1983; Wallace, 198S;
Wilber, 1987, Klemm and Wendt, 1990) and
economic (Wallace, 1985) impacts of pellets in
the environment. Although plastic pellets may
not be as aesthetically displeasing as other
items of debris, such as sewage-related and
medical-related debris, the quantities present
and their persistence in the environment are
cause for notice. Gregory (1977) speculated
that some- day man will sunbathe on plastic
sand beaches; Klemm and Wendt (1990) la-
beled the combination of pellets and plastic
fragments beach confetri, but believed its
presence was not a celebration. The aesthetic

Plastio Pellets in the Aquatic Environment: Sources and Recommendations

impacts of pellets to recreational areas were
discussed by Wallace (1985) and CEE (1987).

A final impact of pellets in the environment
may be measured in terms of economic costs.
The loss of feedstock and the costs of replac-
ing the feedstock may be offset only if the
péllets are recaptured and recycled instead of
replacing them (Wallace, 1985). The econom-
ic incentive to recycle spilled pellets was evi-
dent during the site visits of the present study,
where several of the companies’ were already
actively collecting and recycling waste pellets
and other plastic scrap.
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4.0. PELLET SOURCES TO THE ENVIRONMENT

Because, as reported in the literature, plastic
pellets are frequently mistaken for food by a
variety of aquatic animals (Section 3.0), atten-
tion must be given to the sources of the pellets
in the environment. One of the objectives of
this study is to identify the sources of pellet
release into the environment within the plastic
industry. To this end, the. Society -of the
Plastics Industry, Inc. (SPI), arranged for each
sector of the industry: — pellet producers,
transporters/contract packagers, and processors
— to be visited by the study team. The site
visits were arranged with the understanding by

-all parties that the names of the visited compa-

nies would remain confidential. Each compa-
ny was assigned a letter in the order in which
it was visited (i.e., the first company was
assigned the letter A, the second company was
assigned the letter B, and so on).

The degree to which the observations reflect
the overall conditions and practices of the
plastics industry was not determined. Only at
Company C did officials state that no inordi-
nate maintenance or housekeeping activities

were performed prior to the visit and that

operations were conducted as usual during the
visit. '

In this section, the equipment and operations
of each sector are described generally, and
each pgeneral description is followed by a
description of the sector’s site visits. Sources
of pellet release into the environment from
each respective sector are also presented.

41 ORGANIZATION OF THE
PLASTICS INDUSTRY

For the purposes of this study, the plastics
industry consists of three major sectors: pellet

producers, transporters/contract packagers, and
processors. Figure 6 shows the organization
of the industry and, specifically, the flow of
plastic pellets within each sector and among
the séctors, The sectors are defined as ‘

s Producers — Discussed in Section 4.2,
illustrated in Figure 6(a)

® Transporters/Contract Packagers —
Discussed in Section 4.3, illustrated in
Figure 6(b) .

* Processors — Discussed in Section
4.4, illustrated in Figure &(c).

Many of the operations described in the fol-
lowing sections may, in reality, occur in more
than one industry sector. For example, opera-
tions relating to pellet packaging and storage
occur at producers as well as contract pack-
agers, and conveying systems exist in all three
sectors. Operations are typically described in
the industry sector that has primary responsi-
bility for conducting the operation.

Estimates were not available of the numbers of
companies from each sector in the U.S. plas-
tics industry. SPI has approximately 2200
member companies, which are estimated to
represent 75% of the total dollar volume of the
plastics industry. SPI estimates that their
membership represenmts 98% of the pellet
producers, but only 10% of the total number
of companies within the industry (Ms.
Maureen Healey, SPI, personal communica-
tion, April 1992).

Plastic Pcliets in the Aquatic Environment: Sources and Recommendations 39
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Figure 6. Pellet Flow through Plastics Industry Sectors.
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4.2 PELLET PRODUCERS

The pellet producers create the polymers and
extrude the pellets. The Environmental Pro-
tection Agency (EPA) (1990a) reported that a
total of 477 resinproducing facilities were
operating in the United States, based on U.S.
Bureau of the Census (1988) estimates. Most
of the 55,000 workers employed by the pro-
ducers reside in Texas, New Jersey, West
Virginia, Pennsylvania, Louisiana, Ohio,
Michigan, and California.

A diagram showing the flow of pellets through
a pellet producer is presented in Figure 6(a).

4.2.1 Producer Equipment and Operations

Polymerization

The production of plastic pellets begins with
polymerization. Polymerization is the chemi-
cal reaction(s) through which low-molecular-
weight organic molecules (monomers) are
linked to form long monomer chains, or poly-
mers. Polymers are produced through either
of two methods: bulk polymerization or solu-
tion/suspension polymerization.

e Bulk polymerization produces a hot,

' very viscous liquid called a melt,
Melts are pelletized immediately or
subsequent to the incorporation of
additives. Polymers produced through
bulk polymerization processes include
low-density polyethylene (LDPE),
polystyrene (PS), polyvinyl chloride
(PVC), and polymethyl methacrylate.

e Solutlon/suspension polymerization
produces powders, not liquids, after
the polymer is separated from the

carrier solvent and dried;. drying en-
sures minimal carryover of the carrier
solvent. The powders may be subse-
quently melted and formed into either
- pellets or end-products.  Polymers
produced through this process include
high-density polyethylene (HDPE),
polypropylene (PP), PS, and PVC.

The ultimate use of polymers typically in-
volves one or more stages in which the poly-
mer is in pellet form.

Pelletlzers

High-volume pelletizing systems have been
developed that can process over 5000 Ib of
pellets per hour (2268 kg/h) (Hunt, 1978), or
approximately 110,000,000 pellets per hour.
The most common types of pelletizing equip-
ment include dicers, strand pelletizers, die-face
pelletizers, and centrifugal pelletizers.

® Dicers — Dicers produce pellets by
feeding a quenched (cooled) strip of
polymer through rotating kmives that
slice against a stationary bed knife,
thereby shearing the strip into pellets
(Mark et al., 1987).

o Strand Pelletizers — Strand pelletizers
force molten polymer through a row of
orifices (usually round), thereby pro-
ducing- continuous strands that are 2 to
4 mm dia. The strands are quenched
in a water bath and passed through a
multiknife rotor that operates against a
fixed blade. The strands are cut into
1- to 5-mm lengths, depending on the
feed rate and rotor revolutions per
minute. Most resins can be pelletized
by this method, but very brittle or
fragile resins must be pelletized by
another method (Mark ef al., 1987).

® Die-Face Pelletizers — Die-face pel-
letizers pass molten resin through a die
face, cut the resin into pellets as it
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passes -through the die face, and cool
the hot pellets by applying either air or
water.  This method differs from
dicers or strand pelletizers that pellet-
ize already. cooled resin strands. The
types of die-face pelletizers differ only
in the method by which the pellets are
cooled (i.e., air, water, or a combina-

tion of air and water), Pellets are ~

removed from the cooling/carrier fluid
by allowing them to settle or float in a
tank, depending on the polymer, and
air-cooled pellets are transferred to
storage silos. [Examples of die-face
pelletizers include water ring, under-
water, and rotary knife pelletizers
(Mark ez al., 1987).

e Centrifugal Pelletizers — Centrifugal
pelletizers feed molten resin into a
rotating drum that contains circum-
ferential holes. Centrifugal force
extrudes the molten resin through the

* holes and forces the strands away from
the drum face. The extruded polymer
is then cut by a stationary knife that is
mounted away from the drum face.
The momentum of the severed pellets

carries the pellets into a cooling system -

(Mark et al., 1987). -

The type of pelletizer used determines the size
and shape of the pellets produced. Most mod-
ern pelletizers are large, enclosed, fully auto-
mated systems, where the pellet flow ‘is con-
trolled within the pelletizer.

Conveying Systems

Conveying systems are used to move pellets
between plant operations, such as between the
pelletizers, drying systems, and the storage
silos, between the storage silos and the packag-
ing or shipping containers, and between the
silos or packaging and molding machines. The
potential for pellet spillage is present during
each conveyance. The rate of pellet entry into

the conveying system cannot exceed the rate of
pellet delivery from the conveying system,
otherwise pellet spills will occur.

Pellet conveying systems can be either pneu-
matic or mechanical. Pneumatic systems may
use either dilute-phase or dense-phase systems.
Dilute-phase systems are low-pressure systems
that use high-velocity air and a high air-to-
pellet ratio to move the pellets into receiving
vessels (e.g., storage silos, rail hopper cars).
A vacuum can also be used to pull the air and
pellets into the receiving vessel. Dense-phase
systems are high-pressure, low-velocity sys-
tems with a low air-to-pellet ratio. In dense-
phase systems, the conveyor is filled with
pellets and pressurized; the flow of pressurized
air carries the pellets through the conveying
line.

Figure 7 shows a pneumatic conveying system
in a pellet-blending operation (e.g., where
pelletized colorants are mixed with pure HDPE
pellets). Each of these operations also requires
properly sequenced procedures to avoid spills.

Mechanical conveyors also are used for in-
plant pellet movement.  These conveyors
genetally are used to transport pellets across
short distances, as well as in operations that
cannot be completed by using a pneumatic
system (e.g., operations that require 2 contim-
ously high pellet-delivery rate). Most mechan-
ical conveyors use a rigid driven screw to
move the pellets through a conduit. Because
the screw shaft is flexible, these conveyors are
suitable only where straight conduit runs can
be installed.

Mechanjcal conveying systems may be used to
transport pellets from transporting vessels
(e.g., rail hopper cars and bulk trucks) either
to storage areas or directly to other packaging
or processing operations, Generally, the trans-
porter empties the pellets-into a hopper that, in
turn, feeds a mechanical conveyor. These
mechanical conveyors may also be used to
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transfer pellets from bag- or box-emptying

_ stations to, for example, a blending silo or a

bagging machine. In addition, mechanical
conveyors may be used also to volumetrically
feed pellets to a blending operation.

4.2.2 Site Visit Observations

Two pellet producers, Company F and Compa-
ny G, were visited during this study. Both
companies were visited on February 5, 1991.

Company F

Company F is a large manufacturer of HDPE
polymers in pelletized form. Company F also
produces PE powders and other nonpellet
polymer products; most of the powders are
subsequently pelletized.

The company operates several pelletizers
during- routine operations. In the extruder
observed during the visit, PE powder is melt-
ed, the liquid polymer is extruded through a
die, and the resulting polymer bead is cut into
pellets. The pellets are first watercooled,
then air-dried, and are pneumatically conveyed
to storage silos. Pressure sensors throughout
the pneumatic system monitor the pellet trans-
fer, enabling the operators to detect potential
blockages and thereby prevent spills. During
routine operations, pellets may be removed for
quality control inspection after they bave been
cooled. In addition, the system may be
opened for maintenance or corrective action
(i.e., purging during system shutdowns); all
waste pellets removed from the extruders
during maintenance or corrective action are
placed in specially labeled waste bins and
recycled; no PE is disposed into landfills.

Pellets are stored in large silos until trans-
ferred into either rail hopper cars or bulk
trucks; over 90% of the pellets produced by

Company F are directly loaded into these bulk-
transport vessels. Less than 10% is loaded
into gaylords or paper bags (bagged pellets are
primarily for overseas shipment). Spills in the
bagging areas are cleaned up 1mmed1ate1y and
the spilled pellets are recycled.

All rail hopper cars and bulk trucks arethor-
oughly cleaned inside and outside before load-
ing, and outside after loading. Before loading,
the inside of the car must be cleaned to re-
move all residual trapped and clinging pellets
as well as other contarminants (e.g., dust) that
may be present. Pellets are removed first by
suctioning; residual pellets are then washed out
with water. The water rinse is performed in
an enclosed area where residual pellets are
washed into the facility drainage and contain-
ment system (discussed in detail below).
Several pounds of residual pellets may be
washed out of a rail hopper car.

Pellets are pneumatically transferred into rail
hopper cars or bulk trucks through a closed
loading system where the spreader is connect-
ed directly onto the loading spout so that the
loading spout does not have to be reconnected
at each loading port. After loading, the out-
side of each rail hopper car or bulk truck is
rinsed, and the rinse water is directed into the
facility drainage system. The pellets are
shipped either directly to a processor or to a
contract packager for repackaging (e.g., bulk
shipments bags or gaylords). The processor or
packager returns the empty rail hopper cars or
bulk trucks to Company F.

The Company F property is graded 50 that
storm-water and wastewater drain from all
areas of the plant into a facility containment
system for recapturing plastic pellets and
powders (Figure 8). The containment system
consists of a series of dams, skimmers, and
surface booms arrayed within a weir that runs
along two gides of the facility grounds. -

A major focus of the site visit was to observe
this pellet-recovery system that the company
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Figure B. Basic Design of the Company F Pellet Containment System (Side View).
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> has been refining for several years. The first

stages of the recovery system were installed in
late 1980. The current recovery system con-
sists of two fixed skimmers and two floating
skimmers within g weir. By the end of 1991,
it is expected that additional modifications to
the system will more effectively control the
flow of pellets under the dams.

The storm water and wastewater drain into the

weir system; PE pellets and powder are car-
ried by the water into this system. A water .

spray (Figure 9) is directed at the surface of
the water to prevent the pellets from moving
back into the storm-watér drainage system and
concentrates the pellets and moves them to-
ward the first fixed skimmer.

The first fixed skimmer is a motor-driven
paddle skimmer comprising several rectangular
paddles and a drive system that is attached to

the weir walls. It is designed to operate under
normal weather and operating conditions (Fig-
ure 10), The paddles skim the pellets and
powder from water surface and push them up
a trough to street level. As the pellets are
skimmed. from the surface, the water passes
under the retaining wall immediately down-
stream of the paddles. At street level, the
paddles push the pellets off the end of the
trough into @ containment area. ' The contami-
nated (unclean) pellets are collected from this
containment area and are shipped loose via
truck to a recycler or to be sold as scrap.
According to Company F officials, this first
fixed skimmer generates a very large (but
unknown) volume of recyclable material;
during the site visit, approximately 100 cubic
feet of waste pellets was observed in the con-
tainment area of the first fixed skimmer (Fig-
ure 11).

Figure 9. Facility Drainage System Qutfall into the Company F Containment System.
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Figure 10. Upstream View of the First Fixed Skimmer in
the Company F Containment System.
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Figure 11. Pellets in the First Fixed Skimmer C_ontair{mént Area at Company F.
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During normal conditions, the first fixed skim-
mer is nearly 100% effective in removing
powders and pellets. However, during -and
after periods of heavy precipitation, the fixed-
skimmer system is° breached by high water
levels, and the paddles become partially or
totally submerged and do not skim the pellets
from the surface; according to company offi-
cials, this was the condition. just prior to and
during the site visit. By contrast, during
periods of drought or abnormally light precipi-
tation, the water level can drop so low that the
paddles are completely out of the water. In
either of these two situations, the first fixed-
skimmer system cannot operate properly,
allowing the pellets to bypass the skimmer and
proceed downstream to the second fixed-skim-
mer system.

The second fixed skimmer is located several
hundred yards downstream of the first fixed
skimmer. The second fixed skimmer and its
pellet containment area are configured identi-
cally to the first fixed skimmer and its contain-
ment area. A white mass of accumulated
pellets and powders was observed between the
two fixed skimmers. Theé mass resulted from
either a breach of the first fixed-skimmer
system or entry into the weir system in the
storm-water runoff from areas downstream of
the first fixed skimmer. The water level had
not yet receded, and the paddles were com-
pletely submerged in the water and could not
skim pellets from the surface. Pellets and
powder were also accumnulating on the down-
stream side of the second fixed skimmer and in
front of a fixed surface boom located down-
stream of the second skimmer; this accumula-
tion was likely the result of a breach of the
second fixed-skimmer system.

A short distance downstream of the surface
boom are two retention ponds. Theé first pond
holds the wastewater before it is pH-adjusted.
The water flows from the first pond through
the pH-adjusting station and into the second
retention pond. No pellets could be seen at
the upstream side of the pH-adjusting station.

In the second retention pond, a portable sur--
face boom is positioned in front of waste-water
culverts that lead to the facility outfall. Pellets
and powders collected at this point are re-
moved by using a vacuum (Figure 12). From
this basin, the water passes into the environ-
ment through the culverts, through a water
quality monitoring station and the outfall, and
through a small stream into a nearby river.

Three times each week, one 24-h sample is
collected at the outfall water-quality monitor-
ing station. Total suspended solids (TSS),
along with ‘all other National Pollutant Dis-
charge Elimination System (NPDES) analytes,
are measured for each sample. Company F
officials stated that the water sampler may not

" collect pellets, but it does collect powder.

Only one pellet could be seen along the banks
of the streamn immediately below the outfall,
despite the héavy rainfall and extremely large
numbers of pellets in the weir.

Despite torrential rainfall the previous night,
the Company F containment system was ex-
tremely effective in preventing the discharge of
pellets. Company F developed this relatively
simple but effective system, in part, to comply
with NPDES permit regulations that limit TSS
discharges. Prior to developing this system,
Company F exceeded the NPDES permitted
levels for TSS owing to the presence of poly-
mer powder and pellets. However, the compa-
ny recognizes the -environmental hazards that
pellets' pose and is making a commitment to
minimize its contribution to the problem. The
company. also recognizes the economic advan-
tages to recovering and recycling waste pellets.

Company F officials believe that the successful
operation of their pellet containment system is
accomplished through a combination of physi-
cal plant systems and employee commitment.
As a result, all new employees are trained in
pellet spill prevention and cleanup. In addi-
tion, Company F has made a video of its pellet
containment measures; this video is required
viewing by all new operators.
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Figure 1 2. Portable Boom and Manual Pellet Recovery from
the Company F Containment System.

Currently, company officials estimate that the
recovery system is nearly 100% efficient under
normal operating conditions, as evidenced by
the absence of pellets at and beyond the out-
fall. However, during periods of heavy rain-
fall, the efficiency of the system decreases
allowing plastic powder and, to a lesser de-
gree, pellets to be discharged into the environ-
ment. On the day of the site visit, the heavy
rainfall had stopped before the visit began, and
the recovery system was returning to normal
conditions. Company F anticipates that future
system modifications (scheduled to be complet-
ed by the end of 1991) will control powder
and pellet discharges during abnormal condi-
tions (i.e., heavy rainfall).

Company G

“The second pellet producer visited under this

study was Company G. Company G manufac-

tures approximately 600 million pounds of
pellets each year, the bulk of which are
shipped by rail hopper car. Pellet manufactur-
ing is only one of several operations at this
facility. Pellets are also bagged or boxed
onsite, and a portion of the pellets are shipped
by using bulk trucks.

Drainage ditches are located along the roads.
throughout the Company G facility. All storm
water and wastewater runoff are directed into
the facility drainage system for treatment and
are discharged into the river adjacent to the
property.  Disposable surface booms were
located at several junctions in the drainage
ditch system. The surface booms prevent
floating material, such as plastic pellets, from
backflowing into’ nonpellet-related areas of the
faci]ity o
The first area observed was the rail hopper car
loading area, The rail hopper car loading area
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is paved and has drainage gutters or troughs
between - each pair of rails. Pellets spilled
during loading are washed into the gutters and
carried into the facility drainage system.
Pellets could be ,8een throughout the rail
hopper car loading area, on the ground, and in
the gutters. Pellets, including those that had
been flattened undernmeath rail hopper cars,.
were also visible throughout the area.

At the point where the gutters discharge into
the facility drainage system, Company G had
installed a simple containment system. After
flowing from the gutters, the pellets are col-

lected by using concrete barriers that act as

fixed skimmers in a reservoir separated from
the facility drainage system. (The water in the
reservoir is deeper than the water in the drain-

.age system.) Pellets enter the reservoir from

beneath the fixed skimmers and float to the
surface of the reservoir. An electrically-pow-
ered surface skimmer pumps floating pellets
and water from the surface of the reservoir
into a box-shaped basket made of.small-mesh

(smaller than the diameter of the pellets).

screens. ‘This system continuously skims the
pellets and collects them in the screened bas-
kets where they remain until they are removed
by Company G employees. The screened

baskets are checked twice each workshift and

pellets are removed.

Water flows through the screened baskets into
the reservoir and into the facility drainage
system under a second fixed skimmer. The
second fixed skimmer prohibits the flow of
pellets into the drainage system, even during
periods of heavy precipitation. (Both fixed
skimmers extend. well above the normal water
level in the reservoir.) Additional small;
portable floating skimmers -are used at strategic
locations to capture any pellets that enter the
containment system from other areas of the
facility.

The rail hopper car cleaning area was also
visited; this area was located some distance
from the loading facility. Before loading, the

interiors of the rail hopper cars are completely
cleaned to remove residual pellets. These
pellets are rinsed onto the ground and are
directed by using a water spray ioto troughs
alongside the rails. The troughs transport the
pellet-laden wastewater to a collection reser-
voir where it passes through a small-mesh
screen capturing the pellets.

During the site visit, piles of pellets were
visible on the ground throughout the rail hop-
per car cleaning area and thé area’s contain-
ment system had overflowed; in some areas,
pellets were piled as high as 1. ft. The con-
tainment system in the rail hopper car cleaning
area, configured similar to the system in the
rail hopper car loading area, was completely
clogged with pellets, and several employees
were shoveling the pellets into barrels for
disposal (the barrels were ‘then emptied into
dumpsters). An employee said that this pellet-
overflow condition was typical during periods
of heavy rainfall and during unusually busy
periods. It was unclear whether the contain-
ment system at the rail hopper car cleaning
area was linked to the facility drainage system.
It was also unclear whether the runoff in the
rail hopper car cleaning area and surrounding
areas (where pellets covered the ground) was
directed into the drainage system or elsewhere.

Scattered pellets and small patches of accumu-
lated pellets were observed on walkways and
in the parking areas of the rail hopper car
loading area and the rail hopper car cleaning
area. Loose pellets from the rail hopper car
cleaning area apparently were tracked to areas
outside the rail hopper car cleaning area. The
fate of these pellets was not identified during
this site visit.

Pellets collected by using the containment
systems described above are recycled. Com-
pany G officials estimated that between 25,000
and 60,000 Ib of recyclable pellets are recov-
ered each month from the rail hopper car
cleaning area alone. No estimates were avail-
able for the total volume of pellets recycled by
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the facility each month. In addition, Company

G officials stated that rail hopper car valves
are often found open when the empty rail
hopper car returns to the rail hopper car clean-
ing area; a source of pellet release to the envi-
ronment.

No pellets were visible at the facility outfall
that discharges into the nearby river. Howev-
er, the area of the outfall was not closely

scrutinized owing to time limitations and re~

sumption of rainfall. Considering the extreme-
ly large numbers of pellets that were seen in
the rail hopper car cleaning area and the lack
of visible pellet accumulations at the outfall,
the containment system at Company G appears
to be effective in controlling the release of
pellets into the environment.

Because of the lack of time, the resin powder
" production area and the pellet extruding areas
could not observed during the site visit. In
addition, maintenance activities in these areas
and employee awareness of the environmental
hazards posed by plastic pellets were not dis-
cussed during the visit.

4.2.3 Sources of Pellet Releases
from Producers

Officials of Company F and Company G were
able to provide insight into several sources of
pellet releases, including sources that the
companies were attempting to control.
Through the site visit observations, discussions
with industry officials, and a review of exist-
ing literature, several sources of pellet release
were identified at pellet production facilities..

e Incompletely sealed conveying sys-
tems. The systems may be opened for
routine maintenance, repairs, and
quality control inspections. The sys-
tems may also release pellets if the
systems are operating incorrectly or

are not completely resealed after main-

‘tenance and other expected routine

operations. . A significant source of
pellet releases is through leaks from
connections to rail -hopper cars. and
bulk trucks, particularly when connect-
ing and disconnecﬁpg the system and
the valves on the rail car and trucks.

. Damaged or leaky packaging. Paper

bags, in particular, are easily .dam-
aged, allowing pellets to flow freely
from the bag. Also, incompletely
sealed packaging, such a8 unsealed bag
valves, release pellets.

Rail hopper car and bulk truck
cleaning operations. Waste pellets
are allowed to fall onto the ground and
become entrained in wastewater. Once
on the ground, the pellets may flow
along with the water into the facility
drainage system, or the pellets may be
washed away by storm-water runéff
into areas outside of the facility. This
is particularly significant at facilities
lacking a containment system that is
designed to retain pellets.

Lack of a containment system.
Uncontrolled waste-water and storm-
water runoff will lead to thé loss of
pellets into the environment.

Failure of the containment system
during heavy rainfall. Containment
systems may not be designed to oper-
ate correctly during periods of moder-
ate to heavy rainfall. Company F was
in the process of addressing this re-
lease mechanism.

Infrequent or inadequate housekeep-
ing. Spilled or loose pellets that are
not quickly recovered through good
housekeeping practices may be lost to
the environment. Loose pellets may
be tracked into every area of a facility
via forklifts and employee’s shoes and
clothing.

52 Plastic Pellets in the Aquatic Environment: Sources and Recommendations




e T G N e S T _|vl-:_ o "-,., G4t ¥

g

T

i

@ Unsealed or unsecured rail hopper
car valves. These.valves may be
improperly or -inadequately sealed,
thereby allowing loss of pellets through
seepage through a small opening or by
enabling vandals to open the valve.
Pellets also may spill from valves and
connection hoses that are not complete-
ly emptied before a rail hopper car or
a bulk truck is moved.

e Lack of employee awareness. Em-
ployees may not be properly educated
in regard to the hazards posed by
pellets in the aquatic environment.

Observations at the two exemplary facilities
visited during this study indicate that effective
pellet containment measures can be developed
and implemented at pellet production facilities.
The number of pellet production facilities in
the U.S. that have installed such containment

Jneasures is not known.

43  PELLET TRANSPORTERS/
CONTRACT PACKAGERS

The pellet transporters and contract packagers
are the mechanisms by which plastic pellets
move from the producer to the processor. The
pellet transporters carry bulk shipments (in rail
hopper cars or bulk trucks) of pellets from the
producer ta the contract packagers and proces-
sors, and carry repackaged shipments (in bags
or gaylords) from the contract packagers to the
processors. The major methods of transport-
ing pellets include cargo and containerized
ships, rail hopper cars, and bulk or freight
trucks. Cargo ships are being replaced in-
creasingly by containerized ships as the pre-
ferred vessels for overseas pellet shipments.

. The contract packagers, or, simply, packagers,

receive from producers bulk shipments of
pellets in rail hopper cars and bulk trucks, and

break down these bulk shipments into smaller
containers such as bags and gaylords. These
smaller containers are subsequently carried by
transporters to other contract packagers or
processors. In the following discussion, the
term packagers refers to those facilities that
only repackage or store pellets (i.e., contract
packagers), and does not refer to packaging
operations of pellet producers.

Each time pellets are moved, whether within a
facility or between separate facilities, the
potential exists for a pellet spill and subsequent
release into the environment, The type of
packaging may also affect the potential for a
pellet spill. Pellet transport and packaging
methods are discussed in the following sec-
tions. A flow diagram is again presented in
Figure 6(b).

The numbers of transporters and contract
packagers operating in the U.S. are not
known.

4.3.1 Equipment and Operatlons

Equipment and operations at pellet transporters
and packagers involve moving and repackaging
large volumes of pellets, such as in rail hopper

. cars, and small volumes, such .as in bags and

gaylords. Some producers ship pellets by rail
hopper car or bulk truck directly to the proces-
sors that use large volumes of pellets. Howev-
er, pellets are often repackaged into smaller
containers for shipment to processors that use
small volumes of pellets.

Packaging

Pellet producers may ship pellets either in bulk
shipments. (i.e., rail hopper cars or bulk
trucks) or in smaller packages. Frequently,
bulk shipments are sent to contract packagers,

~where pellets are packaged into smaller con-
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tainers, such as bags, gaylords, or cardboard
drums, for storage and shipment by freight
truck. The capacities of bags and gaylords
(i.e., 50 and 1000 Ib, respectively) are limited,
and mechanical conveyors (i.e., forklifts) are
needed at the offloading point. The extra
handling involved in filling, handling, and
emptying these smaller containers makes this
method of shipping prone to accidental spills at
the plants and in transit.

Several different types of bags are used for
shipping pellets, and each bag type has advan-
tages and disadvantages (Table 9). The most
commonly used bag material is paper, which
has the advantage that it can be broken easily
for quick emptying by the processor, but has
the disadvantage that it can be easily broken or
torn during shipment and storage. Bags .are
also made of PE or woven PP. Bag openings
are either open-mouthed or equipped with a
valve that is incorporated into the bag. Valved

bags are filled by placing the valve over filling
tubes and releasing the pellets into the bags
directly from the storage silos, a process that
is very quick and inexpensive. These bags are
designed to be self-sealing; once a bag is filled
full, the mass of pellets inside the bag presses
the bag valve shut. The advantage of valved,
self-sealing bags is that filling and sealing are
completed at one machine, eliminating the
need for additional equipment to seal the bag;
however, the disadvantage to valved bags is
that the valves often leak. Sew-close bags and
heat-sealed bags require additional handling
and equipment to seal the opening.

Bags typically are stacked onto 2 wooden
pallet covered with a cardboard fray to catch
pellets that leak from valves Or punctured
bags. When all of the bags have been stacked
on the pallet, the entire pallet and the bags are
wrapped in plastic to prevent the bags from
shifting during shipment and to retain any
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Table 9. Comparisons of Most Commonly Used Pellet Bags.

Bag Material Opening Sealing Puncture |' Retention | Cost per bag
v Method | Ranking®’ | Ranking® %
Polypropylene woven Open 1 1 0.27 t0 0.32
mouth .
Polypropylene woven Valve | Self-sealed 1 2 0.45t0 0.55 -
Paper (4-ply paper, 1-ply Valve Self-sealed 2 2 0.35t0 0.40
polyethylene liner)
Polyethylene form-fill and Open Heat-sealed 3 1 0.25 t0 0.30
seal (FF and S) mouth

*Ability to resist puncmring. 1: Greatcst, 3: Least.

®Ability to retain pellets with minimal loss when bag is not broken. [: Gmt:n, 2: Least,
Source: United DC: Mr. Mare Levine (President), personal communication, 30 July 1991, Houston, TX.

pellets that leak from valves or bag punctures.
The wrapped pallets are moved by using a
forklift to storage areas or onto freight trucks.

Cardboard gaylords are lined with a large
plastic bag to contain the pellets. Gaylords
usually are set on a wooden pallet to be moved
via forklift. The gaylords typically are filled
by conveyor and sealed.

Bags and gaylords are moved to storage areas
and to shipping vehicles (i.e., freight trucks)
by using forklifts or other similar equipment.

Depending on the spill maintenance protocols

at.a facility, punctured bags or gaylords may
be repaired or the pellets may be repackaged
into a new container. Spilled pellets may be
recovered and recycled, or unusable pellets
may be disposed into the municipal waste
system.

Shipping

For nearly 20 years, rail hopper cars have
been available for bulk pellet transport. Rail
hopper cars have a 100-ton capacity, or ap-
proximately 4.4 billion pellets per hopper car.
A rail hopper car can have either a single tank

or be compartmented into two or more tanks,
On top of the cars are ports that couple with a
conveyor system for pellet loading, and on the
bottom are ports that couple with conveyors
for rapid flow of pellets during unloading to
bulk storage facilities. Each port has a rotat-
able tube valve that controls the pellet flow
rate by increasing or decreasing the opening of
the discharge slot. Each top and bottom port
is equipped with a cap that rnust be secured
over the port whenever the rail hopper car is
not being loaded or unloaded. If these caps
are not secured or if there is vandalism of the
caps, spillage can result (Figure 13).

There are two kinds of trucks used to transport
pellets: bulk trucks and freight trucks. Bulk
trucks are used to transport large volumes of
pellets where rail service is unavailable. The
design and operating features of bulk trucks
are similar to those of rail hopper cars, and all
are loaded and unloaded similarly. Bulk
trucks have a 50-ton capacity or approximately
2 billion pellets (22,000 pellets per pound) per
truck.

Freight trucks and cargo/containerized ships
transport bag- and gaylord-packaged pellets.
Pellets may also be transported aboard ship in
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Figure 13. Pellet Spill Caused by Vandalism to Rail Hopper Car Valves.
(Photograph by John H. Williams, The Morning Advocate, Baton Rouge, LA)



bulk shipments. Pruter (1987) has reported
that pellets have been used as ball bearings on
the decks of ships to ease the movement of
cargo, and pellets would likely enter water-
ways as a result of this practice. Because they

completely enclose bulk and packaged pellet .
shipments, contain pellet spills, and prevent

leakage to the environment, sea containers are
increasingly becoming the preferred method of
shipping pellets.

The costs of shipping by ocean-going vessels
are relatively low as compared to air freight
costs, thereby making the former method
attractive for shipping pellets overseas. Ac-
cording to EPA (19902), the world fleet of
containerized ships had grown from 508 fully
containerized ships and 597 partially container-
ized ships in 1976 (<5% of the world fleet),
to 1097 and -1720 ships, respectively, in 1988
(12% of the world fleet). Therefore, with the
use of containerized ships increasing, pellets
are more likely to be transported by -using
these vessels than by using cargo ships filled
with bulk shipments of pellets.

Blending and Storage

Blending is the mixing of polymer pellets (or
powders) with additives by using either a
continuous-blending process or blending in
batches. Continuous-blending processes re-
quire the coordinated, steady input of each
ingredient into the blender. The pellet feed
streams may be either volumetncally or gravi-
metrically metered from a feed hopper. Con-
trolled feeders generally deliver the pellets by
free fall into a blending unit.

Storage silos are used primarily by the large,
high-volume producers, packagers, or proces-
sors. Pellets are conveyed from the silos to
packaging or processing areas through perma-
nent instrument-monitored conveying lines,

Warehouses are used typically by the low-

volume processors to store smaller containers.

Packages are mechanically transported (a pallet
load on a forklift) to the molding area. Pellet
deliveries may be in bags or cardboard drums
anchored on a pallet, in large- boxes, or in
large bulk bags. These units are likely to be
offloaded from trucks and handled with a
forklift.

4.3.2 Site Visit Observations

Two pellet transporters/contract packagers,.
Company B and Company C, were visited
during this study. Both companies were visit-
ed on February 4, 1991.

Company B

Company B ships and packages marny different
commodity, transitional, and engineering
resins in pelletized form. Photographs were
not permitted to be taken during this site visit.

Company B receives on the average approxi-
mately 300 rail hopper cars (or 54 million
pounds) of pellets annually, Officials stated
that approximately 99.75% of the pellets
(179,500 .1b out of each 180,000-1b shipment)

‘received by Company B are repackaged and

shipped to.processors, and 0.25% of the pel-
lets are lost or recycled. The facility has
500,000 ft* of available storage space.

Plastic pellets are received from rail hopper
cars in a graveled area adjacent to the rear of
the facility. The pellets are transferred by

~ ‘pneumatic conveyor directly from the rail
hopper cars to the packaging areas. Before

offloading the pellets, a portable screen is
placed beneath the valve outlet of the rail
hopper car. This screen is used to capture
pellets that escape during coupling and uncou-
pling of the rail hopper car’s valve; loose
pellets fall from the valve and from the con-
veyer system hose. The screen consists of
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windowscreen-sized mesh mounted on a 1- X
3-ft rectangular frame made of 2- X 4-in.
lumber. The screen can easily be handled and
moved by one person. Pellets captured by the
screen are temporarily placed in a specially
designated bin and are eventually sent to a
recycler.

Despite the use of the screened boxes, 2 large
number of loose pellets were seen along the
siding (a short track connecting a railroad
directly with the premises of a business cog-
cern) where the rail hopper cars are unloaded,
the presence of these pellets could indicate
improper use of the screened boxes. These
pellets had become interspersed with the large
stones that formed the bed of the siding. Only
large pellet spills had been cleaned up in this
area, stray pellets were not recovered. Drain-
age routes for the rail hopper car siding areas
were not-observed and, therefore, the release
of pellets from this area could not be assessed.

Two packaging operations were observed at
Company B. The first packaging operation
was the filling of valved paper bags. Paper
bags are manually placed over a spout and the
pellets are pneumatically transferred into the
bags. After filling, some of -the bags pass
through a quality control checkpoint, where
the weight of the bags is checked; bags that
fail the quality control check are retained. The
' filled bags are then passed along the conveyer
~ belt to.a wooden pallet. Once the pallet is
loaded, the pallet and the load are wrapped
with plastic and moved via forklift to the
storage area. In some cases, the bags are
palletized for temporary storage before being
individually stacked in large shipping contain-
ers or truck trailers.

Pellets were seen to be leaking from the bag-
_ ging machine valve before bags were placed
over the valve and after bags had been re-
moved. Pellets were also seen to be leaking
from incompletely sealed bag valves while the
bags were being moved by the conveyer. As a
result, pellets were scattered on the floor

beneath the entire bagging system. Employees
were observed sweeping the pellets and col-
lecting them for recycling. The pelléts were

not removed from areas immediately under- .

neath the bagging machine, presumably be-
cause of safety considerations during machine
operation. However, areas around the ma-
chine were swept nearly clean.

The second packaging operation was the filling
of 1000-lb-capacity gaylords. As in the bag-
ging process, pellets were pneumatically trans-
ferred into the gaylords through a spout. The
plastic bags lining the gaylords, as well as the
gaylord themselves, were sealed shut. Some
pellets were scattered on the floor in this area,
but no one was observed sweeping. Each
gaylord contains a significantly larger volume
of pellets than does each paper bag. Because
residual pellets fall from the Spouts at both
bagging and boxing operations, pellets may be
lost more frequently from the bagging machine
spouts than from the gaylord machine spouts.
This is probably a function of the number of
gaylord/paper bag changes that are made in a
given period.

Wood-framed screens were installed along the
edge of the shipping docks; these screens are
of the same mesh size as those used beneath
the rail hopper cars, but frames at the docks
are larger that the portable frames. The
screens are designed to catch any pellets that
might leak from broken packages or that could

be tracked onto the dock from other areas of

the facility. At the time of the visit, screens
were installed only at those docks that have a
concrete overhang, and the screens were in-
stalled below the overhang. Company B was
in the process of developing a method for
installing screens beneath docks lacking an
overhang. Although most of the pellets ap-
peared to be recovered before.they.could enter
the environment, pellets were seer in rainwater
flowing from the shipping docks into facility
storm drains.
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Company B stated that they occasionally re-
ceive information from processors regarding
package damage and pellet loss during transit.
Most of the information relates to exported
shipments, and 1éss information is received in
regard to domestic shipments. Approximately
99% of all international shipmeats are in paper
valve bags, which are inspected for damage by
independent inspectors during cargo vessel
onloading. In some cases, the inspectors
photograph damaged shipments and notify
Company B of pellet loss. Company B is not
notified of pellet spillage or loss during off-
loading at the receiving port. However, most

large shipments are sealed in containerized

cargo vessels where pellet spillage during
shipment would be-minimal.

Pellets that escape onto the parking lot and
into the storm-water drain' are removed by
another set of screens,.ome coarse and one
fine, installed just inside the storm drains.
The fine screen is the same as that in the
screens used under the loading docks and rail

hopper car outlets. A small number of pellets

were seen on the screens over the observed
storm drains. Other storm drains were sub-
merged owing to the heavy rains and flooding
and, consequently, only a few drains were
seen during the visit. The frequency with
which these storm-drain screens were cleaned
was not noted during the visit.

Throughout the visit, employees were observed
sweeping and collecting spilled pellets, particu-
larly in the packaging area. In addition to
hand-sweeping, large street-type cleaners
routinely sweep the aisles and receiving areas.
To monitor the effectiveness of routine mainte-
nance procedures at the facility, Company B
developed an environmental inspection check
list (Figure 14). The frequency of these in-
spections was not noted during the site visit.

Company B officials estimated that the annual
pellet spillage is 10,000 to 30,000 Ib during
packaging and 2000 to 10,000 1b during ship-
ping and warehousing. Spilled pellets are

collected in specially labeled containers and
are recycled. Company B officials were aware
of the SPI efforts to educate the industry about
the problems associated with pellet releases,
and recommended that the SPI information be
made available in bilingual form.

The company’s quality assurance office is in
the process of developing written protocols for
routine maintenance and spill cleanup; these
protocols will be written in English and Span-
ish. During training, the company plans to
discuss economic and environmental reasons
for strict adherence to quality control and
maintenance protocols.

Company C

Company C receives and packages bulk ship-
ments of many different pellet types. A few
photographs taken during the visit are present-
ed below.

Company C is located in one section of a large
industrial park that includes at least one other
pellet packager/transporter.  The company
receives and packages bulk shipments of many
different pellet types. Company C officials
stated that it packages and ships approximately
65 million pounds of pellets per month, and
between a minimum of 5000 to 10,000 1b and
a maximum of 20,000 1b of spilled pellets are
recycled each month. The company also
handles plastic powders that are shipped in
supersacks (8 X 4 X 4 fi).

Company C receives bulk shipments of pellets
in rail hopper cars that offload at a railroad
siding behind the facility. This railroad siding
is paved with large stones and a storm-water
ditch and drain are located alongside the'siding
area, Pellets are transferred pneumatically
from the rail hopper cars into storage silos
located in the packaging dreas of the facility.
The rail hopper car valves are not resecured
after the cars are emptied. No screens or
other containment apparatuses are used during
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ENVIRONMENTAL INSPECTION CHECKLIST
Inspected by: e

Date: ~
Time:

(1) Are all catch trays properly plate‘d--uﬁde_r each shipping boy?

f no: How many were improperly placed?
How many were missing? -
(2) Are bins properly placed under hopper cars bsing unloaded?

¥ no: How many were improperly placed? —____
How many were missing?

(3) Are the scréens over the draing clear of axcess debrls which
could inhibit woter flow?

(4) Is the roof clear of product? , .
if no: Estimate amount of product on roof. _________ lba.

(5) Are tracks free of pellats and/or powder?
If no: Identify l6cation of any problem(s).

(6) Are fences and dralnage ditches free of plastic?
If no: Identlfy location of any problem(s). -

(7) la there any evidence of plastic being dumpad into trash
compactor?

'(8) ls all transfer equipment capable of keeping product from

spilling/being relsased into the environment?
f no: Identify equipment which requires attentlon.

(9) Are log books being maintained ot each production line with

Information about spllla, actions taken, recommendations, etc.?

(10) Were any other potential problem areas identified during
the Inspection?
if yes: List specific problem areas.

Additione! Comments:

0 0. 0000 O 04
00 0000 0O

(]

-

Figure 14. Company B Environmental Inspection Checklist.
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Figure 15. Storm-Water Drain in Railroad Siding at Company C.

the coupling and uncoupling of the pneumatic
hoses. Although company officials stated that
attempts are made to recover large pellet spills
in the siding area, many pellets were lodged
between the stones throughout the siding area
and in the storm-water ditch (Figure 15).
Pellets are carried by storm water through the
drain and into a storm-water interceptor that
retains storm water from Company C as well
as from several other businesses in the indus-
trial park,

Pellets are also pneumatically transferred from

the silos to the bagging or packaging

machines. At the bagging machine, the paper

bag valve is manually placed over a spout, and

the pellets are blown into the bag. The bag
valve seals when the bag is removed from the
spout and falls onto .a conveyor, and the pellets
inside the bag press against the valve end and
seal the opening.

The filled bags are passed by conveyer belt
onto a wooden pallet covered with a card-
board tray. The cardboard tray is used to
capture pellets that may spill from leaking

valves or bag punctures. Company C officials -
believe that the cardboard trays on pallets are
only somewhat, but not entirely, effective,
Once the pallet is loaded with bags, the pallet
is wrapped with plastic and moved via forklift,
10 a storage area.

Pellets were seen on the floor beneath the
bagging machine (Figure 16). Residual pellets
also were seen to be spilling from the spout
before and after a bag was secured. After the
filled bag was placed on the conveyer, pellets
were seen to be leaking through incompletely
sealed valves. Similar, but not as dense, were
accumulations of pellets found beneath other
parts of the machine and the conveyer. No
spill cleanups were observed in this area.

After packaging, bags of pellets are moved by
using a forklift into the warehouse where they
are stored until shipment. Scattered pellets,’
pellet spills, and several punctured bags and
gaylords were observed throughout the ware-
house. Several spills were the result of leaky
valves. Sp‘ills and/or breakages seemed to be
a common occurrence throughout the ware-
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Figure 16. Loose Pellets beneath a Baggi>ng Machine at Company C.

Figure 17. Pellets Spilled at a Company C Loading Dock.

house and loose pellets were obvious in every Palleted bags of pellets are transferred via
aisle. Spills in storage areas are swept up and forklifts onto truck trailers at the loading dock.
disposed in recycling bins. Pellets in torn or broken bags are repackaged

at the dock before they are loaded on to the
truck. Large numbers of pellets were ob-
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served in the loading dock area (Figure 17).
Because no pellet containment- Systems were
installed at either the loading docks or over the
parking lot storm drains, pellets spilled at or
near the docks can ¥all onto the outside pave-
ment. These pellets would be carried by storm
water to storm drains located several feet away
in the middle of the parking lot (Figure 18).

The storm drains in the railroad -siding area
and in the facility parking lot empty into a
storm-water interceptor adjacent to the indus-

‘trial park where Company C is located (Fig-

ures 19 and 20). Because several inches of
rain had fallen (and continued to fall) on the
day of the visit, the storm-water interceptor
contained a very large number. of pellets. In
some areas of the storm-water interceptor, the

Figure 18. Pellets in Storm Water outside
a Company C Loading Dock.

pellets formed a mass across the surface and
were scattered along the high water line among
the debris (Figures 21 and 22), Because Com-
pany C is not the only pellet-handling facility
in the industrial park, it is highly unlikely that
all of the pellets in the interceptor came from
Company C. Once in the interceptor, the
pellets would be transported downstream and -
into nearby waterways.

Broom-sweeping was observed throughout the
facility, Company C officials stated that the
entire facility is broom-swept and vacuumed at
least once daily, and broom-swept throughout
the day as needed.. During training, managers
are instructed to clean up all spills within a
few hours; on a typical workday, this would
involve broom-sweeping recyclable pellets two
or three times, The parking lot and loading
dock areas are swept once weekly and large
spills are cleaned up as soon as possible.
Pellets collected during routine maintenance
-and spill cleanups are recycled.

During. the discussions after the site visit,
Company C officials identified three- pellet-
release points. These areas were (1) the rail
hopper ¢ars, particularly when a load of pellets
is quality-control- inspected before .offloading
(valves are opened briefly to collect a subsam-
ple of the load); (2) the storm drain in the
siding area where spilled pellets are washed
into the municipal drainage system; and (3) the
loading' docks, where pellets are washed into
the parking lot storm drains:

Company C officials believed that more pellets

are lost‘from bag breakage than from acciden-
tal spills or leaking bag valves, although all
bag valves tend to leak regardless of the bag
material.  Other than general housekeeping
(e.g., sweeping), no special measures have
been instituted at Company C to minimize
pellet release into the environment. However,
Company C is installing pellet containment
systems at a new facility.
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Figure 20. Pellet Accumulation {and Other Aquatic Debris)
in Storm-Wa_terl Interceptor near Company C.

Company C officials felt that their employees
are not well-informed in regard to environmen-
tal concerns associated with plastic pellets,
although the SPI literature has been discussed
at monthly Company C meetings. The offi-

cials recognized that employee awareness of
the environmental impact of pellets is directly
related to the investment that management is
willing to make in employee education.

64 Plastic Pellets in the Aquatic Environment: Sources asd Recommendations



Figure 21. Peliet Accumulation in Storm-Water Interceptor near Company C.

Figure 22. Pellets along High-Water Line in Storm-Water Interceptor near Company C.
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4.33 Sources of Pellet Releases from

Transporters/Contract Packagers

Through the site visit observations, discussions
with industry officials, and a review of exist-
ing literature, several sources of pellet release
were identified at pellet transporters/packagers.
These sources included )

Incompletely sealed bags or leaking
bag valves. Valved bags do not seal
as well as bags that are sewn or heat-
sealed. Pellets were seen leaking from
valves at the bagging machines and in
the storage areas.

Improper bag storage practices.
Pallets of bags may be stacked too
high, causing excessive pressure on
and rupture of lower bags. Also, the
exterior plastic wrapping of pallets is
only temporarily effective and is inef-
fective once the pallet is broken open
or the bags have shifted. Pallets may
be lacking a cardboard tray, thereby

allowing loose pellets to fall to the

ground.

Lack of employee awareness. Offi-
cials at both facilities stated that the
SPI educational materials had been
posted but that employees remained
generally unaware of the environmen-
tal hazards posed by pellets.

Inadequate training of forklift opera-
tors. The cause of packaging damage
that was most frequently cited by the
packagers was punctures by forklift
tines.

Infrequent routine maintenance.
Pellet spills were seen throughout the
packaging facilities. Typically, only
broom sweeping was used to recover
pellets, and vacuuming was used infre-

quently. Pellets were tracked from

one area to another by clothing, shoes,
forklifts, and other vehicles.

.Improperly or inadequately sealed or

secured rall hopper car valves.
Spilis occur when the hopper tube is
rotated to the open position before
coupling to "the conveying system.
Also, port caps are frequently not
closed or sealed after the car is emp-
tied, thereby allowing residual pellets
to escape along the rail right-of-way.
Finally, unsecured rail hopper car
ports (top and bottom) may be.opened
by vandals, “aliowing pellets to spill
onto the ground.

Lack of a containment system or
other control mechanisms. Transfer
of pellets from rail hopper cars to
inside areas. If there i3 no screening
in place over storm drains at loading
docks, parking lots, etc., or the’
screens are not cleaned routinely,
pellets are carried by storm-water
runoff into the municipal storm sewers
or into natural drainage areas. Recent
revisions to the National Pollutant
Discharge Elimination System
(NPDES) permit program prohibit the
release of pellets in storm-water run-
off.

Improper handling of pellet cargo at
ship docks and aboard ship. Spilled
pellets may be swept into the waterway
instead of being recovered from docks
and ship decks.

Overfilling of storage silos. If the
delivery rate of the conveying system
exceeds the rate at which the recepta-
cle can receive the pellets, spills will
result.

Displacement of the conveyor system
ports.  Incomplete connections be-
tween conveying systems and shipping
vehicles are known to result in pellet
spills. .
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Observations at the two companies indicate The terms converter and processor are used in

that inexpensive control measures can be de- this Section to refer to the production of plas-
veloped and quickly implemented at pellet - tic goods from pellets and granules. After
transporter/contract packagers. conversion of the polymer pellets to commer-
cial and industrial products, the potential for
: . i ° spills and entry into the environment is elimi-
nated. However, ancillary handling of the

44 PELLET PROCESSORS pellets is required prior to molding.

Pellet processors mold the pellets into fabricat-

ed user products. More than 12,000 pellet 4.4.1 Equipment and Operations
processors were operating in the United States

in 1988, and employed a work force of ap- '
proximately 580,000 workers Nationwide ' At the processors [Figure 6(c)], pellets are fed

(U.S. Bureau of the Census, 1988; EPA, into molding or conversion systems where the
1990a). According to.SPI, this accounting is pellets are melted and formed into user prod-
dependent upon the definition of processor ucts. Manual addition of pellets to a feed
used during the census (Mr. Ronald Bruner, hopper on a molding unit frequently is per-
SPI, personal communication, January 1992). formed at small conversion operations. How-

ever, as the size of the converter output (and

From Producer/Extruder or Transporter/Packager
§-§ : .| Rail Hopper Cars LBags/Gay!ords Bulk Trucks : -é _§’
Ea E = | E 28
D¢ = Pneumatic Pneumatic T oa
2 N = Transfer l 1Ma"”a] Transtar ‘ Transfer - & 5
-‘S § inuni Stérage Silos Bag Proc_ess'ng Storage Silos uuuné E g
'&gg ) Operations rag : é u-§

i
Eg:g:; sien -Bl-and,et

| | xRl

Molding and Product Fabrication oy package
= Pellet Movement : Fabricated
s Empty Railcar, Bulk Truck or Produts
Waste Packaging Movement

Figure 6. [Repeated] Pellet Flow through Plastics Industry Sectors.
(c) Pellet Processors.
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the numbers of pellets used) increases, the use
of automated pellet-handling systems increases.

Pellets are manually, mechanically, or poeu-
matically conveyed from storage silos or bags
and gaylords into the blender/converter hop-
per. Manual loading of pellets may be into a
bag, drum, or box hopper, from which the
pellets are 'mechanically or pneumatically
conveyed to the next operation in the feed
sequence (i.e., screening, blending, or drying).

Pellet spills may occur during any of the man-
val and mechanical transfers to downstream
equipment. - Spills are less likely in a pneumat-
ic system where the feed transport is contained
and the fill/flow rates are monitored and con-
trolled. After the feed has entered a hopper on
the conversion unit, there is little potential for

a spill during normal operation. There is
some possibility for a spill, however, when the
product produced in the comversion unit is
changed and the hopper is emptied manuglly.

Two primary processes are performed by
conversion equipment. The initial process is
to fuse and consolidate the feed pellets. The
second process is to shape and cool the prod-
uct. These process functions are performed by
several different types of equipment, and the
pellet-use rate may be controlled or demand-
based. Most of the conversion equipment
utilizes pellets fed from a hopper.

Figure 23. Primary Bulk-Storage Hoppers (Silos) at Company A.
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4.42 Site Visit Observations

-

Three pellet processors, Company A, Compa-

‘ny D, and Company E, were visited during

this study. Company A was visited on August
22, 1990, and Company D and Company E
were visited on February 4, 1991.

Company A

For several years, Company A has produced
food-grade plastic containers made from
HDPE, LDPE, PP, and PS pellets, and pellets
containing pigmentation [e.g., titanium oxide
(TiO,)]. Company A granted permission to
photograph all phases and areas of their facili-

ty.

At Company A, bulk pellet shipments are
pneumatically transferred from bulk trucks to
the facility’s primary storage hoppers or silos
(Figure 23). Each hopper holds approximately
60,000 Ib of plastic pellets or granules. Com-
pany A officials stated that the pellets com-
monly escape into the emvironment during
connection and disconnection at the pneumatic
transfer tube (Figure 24), and pellets also .
occasionally- escape from the hopper air vent
when the hopper is accidentally overfilled.
Pellets were seen beneath and in the vicinity of
the hoppers (Figure 25).

' The pellets are then pneumatically- transferred
. through the conveying system from the storage

hoppers into a small room adjacent to the pro-
cessing room. Connections to the ' various
internal operations, including internil storage
hoppérs, are manually made in this small
room. At the internal storage hoppers, pellets

Figure 24. A Pneumatic Transfer Tube Used To Transfer Plastic Pellets
from Bulk Trucks to Bulk-Storage Hoppers at Company A.

Plastic Pellets in the Aquatic Environment: Sources and Recommendations



Figure 25. Pellets on the Ground in the Area of
the Bulk-Storage Hoppers at Company A.

are removed manually through a slide valve on

the bottom of the hoppers. Company A offi-
cials noted that pellet spillage has been ob-
served during connection changes, and pellets
were seen on the floor and accumulated in the
fence guard surrounding the interior storage
hoppers (Figure 26).

Pellets are added to the molding machines
either manually, pneumatically, or by a combi-
nation of these methods. Company A officials
stated that there is little likelihood of pellet
leakage in the pneumatic delivery system once
the pellets are inside the plant, except in the
cases of equipment malfunctions. Plastic scrap
produced during the injection molding process
was observed on top of several molding ma-
chines (Figures 27), and pellets also were
observed on top of one manually loaded ma-
chine.

Accumulations of pellets were observed in
several expansion joints in the concrete floor
of the shipping area and in other areas of the
plant (Figure 28). Pellets also were seen in
the expansion joints in the printing shop, even
though no pellets are handled in this area.
Company A officials explained that pellets
cling to forklift tires, workers’ clothing and
shoes, etc., and are transported throughout all
interior and exterior areas of the facility. The
pellets are then swept up during routine main-
tenance and are "disposed of in the facility’s
dumpster.

Because the facility parking lot slopes toward
the building, water historically leaked into the
shipping area during rainfall. To correct this
problem, a catchment basin was installed near
the overhead exterior doors of the shipping
area to intercept the storm-water runoff from
the parking lot before it can flow into the
facility (Figure 29). The catchment basins
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Figure 26. Pellets Caught In Fence Guard and on the Floor
Beneath the Internal Storage Hoppers at Company A.

M%'

O A

Figure 27. IPiastic Pellets and Scrap on Tob of an Injection Molding Machine
at Company A. -
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Figure 29. Pellets Accumulated in the Catchment Basin
under the Overhead Doors at Comgpany A.
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Figure 30. Company A Driveway Where All Storm Water
Is Transported to the City Street.

serve as collection points for pellets released in
the transfer area and in other exterior areas of
the facility. During the site visit, a number of
pellets were found in this catchment basin. All
runoff from the facility, including runoff from
the parking lot, catchment basins, and roof;
flows down the driveway and into the street
(Figure 30). Once in the street, the runoff
flows along the curb to a storm-water intercep-
tor, where it enters a municipal storm-sewer
system.

Until recently, Company A officials were
unaware of the hazards to aquatic life posed by
plastic pellets floating on the surface of the
ocean,. and to their knowledge, employees
were not aware of the hazards. These officials
believed that employees would be generally
apathetic toward the pellet issue. However,
Company A officials also believed that the
pellets used at their facility would not float in
water. They tested this theory by placing

handfuls of LDPE, HDPE, PS, and polyethyl-
ene-base TiO, pellets into a small container of
tap water. Only the LDPE and HDPE pellets
floated, the PS pellets floated initially and sank
after gentle agitation, and the TiO, pellets sank
immediately. Similar results were found sub-
sequently when the same pellet types were
added to saline water (at room temperature and
30-32 ppt salinity).

Because food-grade containers are produced at
Company A, the cleanliness of the physical
plant is closely monitored. Company A offi-
cials frequently stated that the facility is rou-
tinely swept clean of pellets, both inside and
outside, and that the pellets are discarded into
an onsite dumpster. The dumpster contents
are collected by a commercial waste hauler
and is subsequently disposed into the municipal
waste Stream. :
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Company D

For over 50 years, Company D has produced
specially molded products for a diverse cliea-
tele. Most of the pellets used by Company D
are engineering (or performance) resins that
" have 3 limited range of uses and narrowly
defined applications; these pellets are the most
expensive pellets available. Company D pro-
duction runs are limited in size and small
volumes of any one particular pellet type are
used. The company has the capability to
extrude small amounts of special blends of
pellets. As much as possible, the company.
purchases precolored pellets, but may color
pellets as needed.

The company purchases pellets in small quanti-
ties. = These pellets typically are shipped by
truck in bags or gaylords and are subsequently
stored in the receiving area until used. The
trucks are offloaded at the loading docks; no
materials are handled outside the loading
docks. A storm-water drain was located next
to the building and at the bottom of dock
incline; a few pellets were seen near the drain
and along the dock wall. No pellet-contain-
ment devices were seen in the loading dock
area. '

Company D had recently expanded their ship-
ping and receiving area to accommodate a
growth in business. Pallets of bagged pellets
and gaylords were stored in one area, and
packaged products were stored in another area.
. Loose pellets could be seen beneath the pallets
and, occasionally, scattered on the floor.

In general, pellets are manually-loaded into the
molding equipment, but Company D can load
the pellets directly from gaylords, if necessary.
Employees are encouraged to avoid spills,
primarily because the pellets are expensive and
spilled pellets are not recycled.  Scattered
pellets were observed on the floor beneath and

around the molding equipment.

A few pellets were present. in the cooling-
water tanks adjacent to the molding machines;
molded parts are placed in these tanks to be
cooled before inspection and- packaging. The
cooling water is disposed of into the facility
drains, which in turn feed into the municipal
sewer system. Officials stated that pellets
could enter this cooling- water only through
accidental spills during manual machine load-
ing. . : ;

Maiptenance protocols require that the work
areas, including the areas around the molding
machines, be cleaned at the end of each shift.
The floors are swept, vacuumed, and mopped
every other day. Spilled pellets typically are
broom-swept and disposed into a refuse con-
tainer. No éffort is made to recycle or reclaim
materials, and waste pellets are disposed of
into the municipal waste stream. Routine
maintenance and spill-cleanup protocols appear |
to be the primary methods for controlling .
pellet releases into the environment.

Company D officials stated that the employees
are trained to minimize spills primarily for
economic reasons (the pellets are expensive) as’
opposed to environmental reasons. The offi-
cials were aware of the SPI educational efforts,
but the information was not disseminated or
otherwise posted in the facility for the workers
to read. Workers had not been briefed or
otherwise trained with regard to pellet-related
environmental concerns.

Company E

Company E is an injection molder that mann-
factures specialty parts for industrial applica-
tions; no consumér items are manufactured.
These specialty parts are made of engineering
resins, such as polycarbonate and nylon. The
company has resin-handling approval from the
Underwriters Laboratories (UL); this approval
is used as a measure of quality assurance and
is issued after successful spot inspections by
UL.
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Company E receives pellets by truck, and the
pellets typically are packaged in either paper
bags or gaylords. Company E officials stated
that pellet packaging often arrives punctured or
torn; the receiving “clerk records the condition
of the pellets, and Company E may ask for
compensation from the shipper or packager if
the damages are extensive. Scattered pellets
were observed in and around the loading docks
and in the facility parking lot. ‘A storm drain
was located at the bottom of the inclined drive-
way at the docks. Because rainfall was heavy
during the visit, there was a heavy flow of
water through the drain and into a storm-water
ditch a few feet from the warehouse. Pellets
could be seen in this storm-water ditch,

Small quantities of a wide variety of pellets are
stored at the facility; however, there are no
storage silos at the facility. All pellet packag-
es- are stored above floor level; the packages
are stacked both manually and via forklift,
depending on the size of ‘the shipment and the
storage location.
throughout the storage or warehousing areas,
primarily in areas where routine sweeping
would nmot reach them. Specifically, pellets
were. seen under loaded pallets and pallet
racks, between storage racks, and between
stacks of bags. Very few pellets were seen in
the working areas of the warehouse, and an
employee was seen broom-sweeping a small
pellet spill;

The injection molding machines are loaded
manually, and small numbers of pellets were
found around and underneath the molders.
Company E officials stated that all spilled
material is disposed of in a dumpster and is
not recycled because spilled pellets may be
contaminated with a mixture of grease, oil,
absorbent materials, dust, etc., as well as other
pelletized resins. The equipment is completely
cleaned and vacuumed between each produc-
tion run to prevent crosscontamination between
different products.

Loose pellets were seen

The facility generally was clean, and there
were no accumulated plastic-scrap piles. A
few pellets were visible in cracks in the con-
crete floor and in areas inaccessible to routine
maintenance equipment. Company E -officials
believe that good housekeeping practices are
the best way-to control pellet loss. '

No containment apparatuses, such -as screening
over drains or catchment devices under the
loading docks, are in place at the facility. The
company appears to follow effective routine
maintenance protocols, as evidenced by’ the
presence of very- small pumbers of pellets
throughout 'the facility. The employee in
charge of shipping and receiving seemed ‘con-
scientious about sweeping up spilled pellets
and taking every precautiop to ensure that
spilled pellets do not become a safety hazard,

Company E officials were aware of the prob-
lems that plastic pellets pose to the environ-
ment, and recognized that they may be contrib-
uting to the problems. Issues were not dis-
cussed regarding employee education about the

" environmental hazards of plastic pellets.

4.4.3 Sources of Pellet Releases
from Processors

During routine operations at pellet processors,
pellets are most likely to be released prior to
the actual conversion (molding) process.
Through the site visit observations, discussions
with industry officials, and a review of the
existing literature, several pellet release path-
ways were identified at pellet processing facili-
ties. These sources included

* Uncontrolled manual pellet handling.
Spills occur during the manual feeding
of pellets into molding equipment, or
during reconnection of pneumatic lines
to the molding machines. Pellet spills
while refitting molding equipment
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when changing products to be molded
and during the addition of coloring
pellets (i.e., TiO, pellets) to the poly-
mer pellets. |

o Improper unloading and warehous-
ing procedures. Pellet packaging is
not carefully inspected before off-

" loading or is damaged during offload-
ing, and pellets may be spilled onto the
ground and throughout the receiving
area. Improperly warehoused packag-
es (e.g., stacked haphazardly or too
high, punctured while .moving to stor-
age) may fail and result in pellet spills.

o Inadequate housekeeping.  Spilled
pellets that are not quickly recovered
are tracked throughout a facility and

- may be released into the environment.

o Lack of wastewater control. -Cooling
water from the molding machines is
discharged into municipal wastewater
systems; this water may contain pellets
that are spilled in the molding area.

e Lack of control of storm-waler run-
off. Pellets spilled at the loading dock
or transported into the parking lot are
carried by storm-water runoff into
stortn sewers oOr into natural drainage

. basins.

o Disposal of waste pellets into dump-
sters. Waste pellets may be lost to the
environment through municipal land-

filling and other solid waste disposal

methods.

Observations at the facilities visited during this
study indicate that pellet control measures can
be developed and implemented at pellet pro-
cessing facilities. None of the visited facilities
processed large volumes of pellets, and the
facilities did not mass produce consumer prod-
ucts. Sources of pellet loss and general house-
keeping and operation procedures may be
different at larger-scale facilities than at these
smaller-scaled processors. However, the pellet
release points identified above should be appli-
cable to all processors.

4.5 SUMMARY OF
IDENTIFIED SOURCES

The representativeness of the visited companies
as indicators of pellet release and containment
conditions industry-wide could not be deter-
mined. The possibility that the visited compa-
nies represented best-case conditions is sug-
gested by the fact that the companies volun-
teered to participate in the study; companies
with significant pellet containment problems
would pot volunteer access to a regulatory
agency regardless of assurances of no regulato-
ry assessment or action. The fact that the two
visited producers, Companies F and G, recog-
nized the uniqueness of their containment
systems and developed materials highlighting
the systems, supports this possibility.

Despite the unknown representativeness, the
study team was able to identify several pellet
release points in each sector. No attempt was
made to rank the release points in order of
signifieance or -quantities released. Basically,
the release pathways may be categorized into
eight general areas where deficiencies may
exist. These areas are '

¢ Lack of communlcation between
industry management. Not all com-
pany managers have recognized the
pellet problem and the need to control
pellet releases. Pellet spillage informa-
tion, such as the condition of packages
and the receipt of unsealed rail hopper
cars, is shared between companies only
occasionally.

¢ Inadequate employee awareness and
training.  Employees are generally
unaware of the hazards posed by pel-
lets and the employees’ responsibility
for causing and controlling releases.
A major release. pathway is through
package damage caused by improper
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operation of forklifts while moving
pallets. Cargo handlers may allow
pellets to fall into waterways because

they are unmaware of ‘the hazards of

pellets. .~

Inadequate facilities. With the excep-
tion of the producers visited during
this study, companies have few or no
cooling-, waste-, Or storm-water con-
tainment systems in place, including
portable screens and facility wide
containment systems. Pellets may be

‘entrained in these waters and are dis-

charged into municipal storm and
sanitary sewers or into natural drainage
Systems.

Careless routine operatlons. When-.
ever pellets are handled there is the
potential for pellet spillage. Manual
pellet handling is more likely to result
in spills than handling by pneumatic
conveying ~ systems. However, if
pneumatic systems are not properly
maintained and closed, pellets may
leak through openings in the system.
Pellets may be released also during the
transfer of damaged, unrepaired pack-
aging. -

Inadequate housekeeping practices.
If pellets are not quickly recovered
after they are spilled, they may be
dispersed and eventually released into
the environmeént.  Pellets may be
transported throughout interior and
exterior areas of a facility via shoes
and clothing, vehicle tires, wind, and
waste- and storm-water runoff.

Easily-damaged or leaky packaging.
Paper and cardboard packaging are
easily damaged during transport and
handling, and, in fact, may be
designed to be easily broken when
loading molding machines. However,
damaged packaging is 2 major source
of pellet loss to the environment. In
addition, the valves in self-sealing bags

may not completely close, allowing
pellets to leak from the opening.

e Improper shipping practices. If a
rail hopper car valve or port is not
sealed or secured sufficiently, pellets
may leak onto the right-of-way or -
vandals may easily open the valves and
release large numbers of pellets. In
addition, pellets may be spilled onto
loading docks, ships’ decks, and cargo
holds, and be washed overboard into
waterways.

e Lack of recycling. Some companies
do not attempt to recycle spilled pellets
and, instead, dispose the pellets into
the municipal waste stream.

The identified pellet release pathways can be
eliminated by implementing a few simple
control mechanisms. Several possible control
mechanisms were identified based on the site
visits conducted during this study, and recom-
mendations to the plastics industry were devel-
oped. Recommendations for controlling pellet
releases, including the legal framework for
controlling the releases, are described in Sec-
tion 5.0. -
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5.0 CONTROLLING PELLET RELEASES

The Environmental Protection Agency (EPA)
is concerned about the presence of pellets in
the aquatic environment for several reasons:
(1) pellets are ubiquitous; (2) pellets have been
found in considerable quantities in coastal
areas of the United States; and (3) laboratory
studies and field observations suggest that
ingested pellets may harm or kill aquatic wild-
life, including several endangered or threat-
ened species. These issues were detailed in
Section 3.0 of this report.

Pellets are released to the environment as a
result of plastics industry activities, and major
transport pathways to the environment were
highlighted during the site visits to several
industry companies (Section 4.0). During the
site visits, Company officials stated that during
normal operations, most of the released pellets
can be captured easily by existing pellet con-
" tzinment systems. However, under severe
weather conditions (heavy rainfall) many of the
pellets may escape even the best pellet contain-
ment systems. Unfortunately, once plastic
pellets are released into the environment they
cannot be easily recovered, therefore, the most
realistic mitigation measure available is the
prevention of discharges.

EPA believes that immediaté industry action is
needed to prevent pellet releases to the envi-
ronment. Effective prevention of pellet releas-
es requires both the implementation of appro-
priate voluntary control measures as well as a
regulatory framework. Section 5.1 presents
recommendations to the plastics industry for
preventing and controlling pellets releases to
the environment.  The current regulatory
framework and steps being taken by the indus-
try to control pellet releases are included in
Section 5.2,

51 RECOMMENDATIONS TO
THE PLASTICS INDUSTRY

The following recommendations for preventing
and controlling pellets releases to the environ-
ment were developed based on the site visit
observations (described in Section 4.0), knowl-
edge of plastics industry operations, a litera-
ture review, industry recommendations (SPI, -
1991), and Department of Transportation

 (DOT) Cargo Security Advisory Standards (49

CFR Part 101). Concurrent with this study,
the Society of the Plastics Inducstry, Inc. (SPI)
has also developed recommendations for con-
trolling pellet releases; these recommendations
have been incorporated into the following
discussion. The specific recommendations are
organized according to eight general areas:
industry management; education and training;
equipment and facilities; routine operations;
maintenance and housekeeping; packaging;
shipping; and recycling and waste disposal.
Table 10 is a summary of the recommenda-
tions and indicates the sectors to which to each
recommendation applies.

5.1.1 Industry Management

Poor communication between industry manage-
ment and management of related industries
hampers the identification and elimination of
pellet release pathways. Despite the SPI ef-

forts to educate the industry, some company

managers did not understand the pellet prob-
lem and ‘the peed to control pellet releases.
Information is rarely shared between compa-
nies in regard to pellet spillage, the condition
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Table 10. Summary of Reéommendations to the Plastics Industry
According to Industry Sector.

ey r—

Recommendation : Prod Tran/ Proc
Pack
Management )

Adopt and implewment SPI's Pellet Retemlon Environmenzal Code.

Conduct self evaluations to identify problem areas.

Encourage information sharing between companies.

N (NSNS
NSNS

Continuing developing educational materials.

Education and Training

Educats key officials and company managers regarding the fate and 4 4 4
effects and the economic disadvantages of pellet loss.

Educate company employees regarding environmentsl hazards and 7/ v/ ./
employee responsibility for corrective actions. '

Train pellet handlers to operate equipment, particularly fork lifts, in a 4 v/ 7/
manner that minimizes the potential for pellet loss.

Train longshoremen and other cargo handlers regarding proper pellet ' /

‘handling procedures.

Equipment and Facilities

Install & .containma_n system to capture storm water runoff. 7/ 4 v/
Improve dry cleanup procedures. ’ 7/ v/ 7/
Install connecting hoses equipped with valves that will close % v v
automatically when the connection is broken.

Direct the water flow from rail hopper cars and bulk trucks through a 4

screen to capture the pellets rather than spilling them onto the grouad.

Seal expansion joints in concrete floors with a flexible material, v/ v/ 7/
Install alarms in the pellet conveying system. 4 v/ v/
Pave all pellet handlmg areas, including loading docks and rail sidings. 7 e 4
Place screening in storm drains. v 7/ 7
Place control devices where they can be serviced without losing pellets. v 7/ e
Equip bag-handling stations with vacuum hoses to facilitate spill cleanup. 4 4 v
Use tarps or containment devices to collect pellets as they are spilled. 4 - 7/ 7/
I:._tgiall grating at doorways for wiping feet. 4 4 7/
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Table 10. Summary of Recommendations to the Plastics Industry
According to Industry Sector. (cantinied)

Recommendation Prod | Tran/
] Pack
Modify loading systems so that transfer lines can be completely emptied, 4 4
with any residua)] resin being contained whea loading ceases.
Routine Operations
Place portable screens undemeath connection points when making and 7/ e
breaking all connections.
Place permanent screens aloog the exterior edge of the loading docks. 4
Completely empty hnwon and storage vessels before disconnecting ./
from the conveying system.
Supervise longshoremen and other cargo handlers during cargo loading 4
|| and unloading to ensuse proper pellet containrpent.

Inspect cargo immediately upon receipt and pote the condition of 7/
shipping containess and parcels on the carrier’s receipt.

| Inspect seals on rail hopper cars before unloading. 7/
Check outlet tubes for pellets before moving rail hopper cars or trucks. v/
Secure outlet caps and seals before moving full or empty rail hopper cars 7/ 7/
and trucks.
Insist ou handling procedures that minimize punctures and pellet spillage. 7 4
Do not sweep pellets off loading docks and into the water. 4
Repair punctured bags immediately. 4 e
Maintenance and Housekeeping
Improve daily and routine housekeeping and spill response procedures. 7/ K4
Develop SOPs for containing and cleaning up spills. 4 7/
Conduct routine inspections for the presence of loose pellets on the 7/ 4
facility grounds, inchuding parking lots, drainage areas, driveways, etc.
Packaging
Design puncture-resistant shipping containers. 4 7/
Use reinforced bags and line containers with puncture-resistant material. v 7/
Minimize the use of valved bags, or seal valved bags immediately after 7/ v/
filling.

4 4

Use sea containers instead of break bulk packaging.

Plastic Pellefs in the Aquatic Environment: Sources and Recommendations
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Table 10. Summary of Recommendations to the Plastics Industry
According to Industry Sector. (continued)

Recommendatio_n

Improve palleting methods.

Tape leaks or replace leaking bags immediately.

Inspect pellet packaging before offloading.

Shipéing Vehicles _
Use containers for cargo shipping rather than individual pallets.

Identify the person respousible for sealing the ports on rail hopper cars
and bulk trucks, and document sealing.

Closemdsecnmthenﬂhopp«wvalvemﬂ:strmweorumﬁ 4 4 7/
cable in addition to the normal sealing mechanigmn.

Visually confirm !hat each compartment and tube of shipping vehicles is 7 7

\

empty. - .
Inspect interiors of trailers and sea containers for defects that may 7/
punciure pellet packaging.

Counsider vandalism exposure when selecting leased track sites. 4
Avoid on-deck pellet Mge.

Do not jettison pellets or containess of pellets.

Sml empty rail hopper cars and bulk trucks before returning them to
shipper.

Recycling and Waste Disposal

Store waste pellets in properly labeled containers. . 7/

Inspect and confirm proper ﬁandling and stomge procedures if an outside e / 7/
vendor is used for waste removal. d
7/

LN ENEN

\
\

Recycle or resell waste pellets. . - 7 7
Check broken aisd discarded packaging for residual pellets. v 7 v

Prod: Producors.

Tran: Transporters.
Pack: Contract packagem.
Proc: Procossors.

N3
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of shipped packages, and the receipt of un-
sealed rail hopper cars.

The following are recommendations for con-
trolling the relegse of pellets into the aquatic
environment through improving industry- man-
agement practices,

e Adopt and implement SPI’s 1991
Pellet Retention Environmental Code
and 1992 Processor’s Pledge. The
code and pledge are presented and dis-
cussed in greater detail in Section
5.2.3.

e Conduct self evaluations to identify
problem areas. The checklists devel-
oped by SPI (1991) should be used by
each sector (Appendix).

* Encourage Iinformation-sharing be-
tween companies. The information
transfer should include pellet contain-
ment System successes, identification
of problem areas (e.g., the manufac-
turer should notify a processor if the
rail hopper cars return with valves
open and unsealed), and other industry
successes and failures in pellet contain-
ment. This communication should
extend between companies of the same
sector (manufacturer to manufacturer,
etc.) and between companies of differ-

. ent sectors (manufacturer to packager,
processor to manufacturer, etc). Good
examples of information transfer are
the Dow Chemical and Paxon Poly-
mers videotapes of their containment
systems. '

e Continue developing educational
materials, advertising in trade jour-

~'nals, conducting presentations at -

professional meetings, sending mail-
ings, and producing videotapes for
distribution throughout the industry.

5.1.2 Education and Training

The least expensive and the most effective first
step to controlling the release of pellets into
the aquatic environment is through education.
Many industry officials believe that pellet
releases result more from improper employee
attitudes than from equipment failure. This
would indicate that employee education is
critical to the success of any corrective action.

Recommendations are to

¢ Educate key officials and company
managers regarding the fate and
effects of plastic pellets and the
economic disadvantages of pellet
loss. Despite SPI's efforts, some
company officials remain unaware of
the environmental impacts of pellets,
and, therefére, industry-wide education
and education an training within each
company is needed. Stress the eco-
nomic considerations of controlling
pellet releases, the economic benefits
of recovering and recycling lost pel-
lets, and the economic disadvantages
(loss of feedstock, loss of recycling
revenues) and regulatory penalties
[National Pollutant Discharge Elimina-
tion System (NPDES) permit viola-
tions] for releasing pellets. Also, use
modern teamwork practices to solve
problems, and build a consensus and
conunitment to the task-(SPI, 1991).

s Educate company employees regard-
ing the environmental hazards. of
pellets and employee responsibility in
instituting corrective actions. If
employees feel involved or responsible
they may provide simple and useful
solutions to eliminating pellet releasé
pathways. This can be accomplished
through (1) conduct of employee
awareness programs to educate person-
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nel of the need to prevent pellet loss.
This could include posting SPI educa-
tional material (described in Section
5.2.3), throughout the facilities, partic-
ularly in areas where pellets are fre-
quently spilled. A short presentation
(i.e., ‘lunchtime seminar) and forum
- for discussion should be initiated with
the employees; (2) establishing bound-
aries of responsibility for spill re-
sponse and cleanup (SPI, 1991). For
example, designate one or more per-
sons per shift who will be responsible
for ensuring prompt and thorough spill
cleanup within a specified work area,
or for monitoring and managing a
pellet retention program; and (3) initi-
ating a system of rewards for creative

solutions for pellet containment and

exemplary performance in preventing
pellet loss to the environment.

e Train pellet handlers to operate
equipment, ‘particularly forklifts, in
a manner that minimizes the poten-
tial for pellet loss. For example, train

the forklift operators to exercise great- .

er caution when handling pallets of
pellets, such as ensuring that the tines
of the forklift are properly aligned
before contacting the pajlet.

e Train longshoremen and other cargo
handlers regarding proper pellet
handling procedures (49 CFR Part
101). CMC (1988) also recommended
that these workers' be trained in the
handling all cargo wastes.

5.1.3 Equipment and Facilities

Many companies have few cooling-, waste-,
and storm-water containment systems for
controlling the release of pellets from the
facility, or methods for immediately control-
ling spilled pellets. . Recommendations. for

controlling pellet releases to the aquatic envi-
ronment by improving existing equipment and
- facilities are presented below.

Install a containment system to cap-
ture storm-water runoff from pellet-
handling facilities. The design of
these systems must take into account
worst case storm-water discharges; SPI
(1991) recommends a system capable
of handling “50- to 100-year high”
conditions. = Within the containment
system, install baffles, skirts, booms,
surface skimmers, and vacuum systems
to accumulate and remove pellets (SPI,
1991). Two possible containment
systems could be installed: (1) an
area-specific containment systems in
each pellet handling area. Area-gpecif-
ic containment systems would be the
primary pellet containment systems and
the facility-wide system would serve as
a backup; or (2) a facility-wide con-
tainment systems, such as the systems
used at Companies F and G (detailed
in Section 4.2.2). These systems are

‘effective in controlling pellet releases

from facilities covering a large area
and handling large volumes of pellets.

Improve dry cleanup procedures,
particularly In areas subject to
storm-water runoff. By :allowing

pellets to be entrained in storm-water

runoff, the pellets are further contami-
nated by compounds in the storm water
(SPI, 1991).

Install connecting hoses equipped
with valves that will close automati-
cally when the connection is broken.
Hoses of this type are commonly
available.

Direct the cleaning water flow from
rail hopper cars and bulk trucks
through a screen to capture the
pellets directly rather than allowing
the- pellets to spill onto the -ground.
This simple control measure would
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immediately capture the pellets at the
release point, rather than relying on
elaborate passive comtrol systems to
recapture the pellets downstream.

Seal expimsion joints in concrete
floors with a flexible material to
eliminate the pellet-collecting con-

tour. Pellets that accumulate in these -

joints are difficult to recover by broom
sweeping, and may have to be recov-
ered either manually or by vacuuming.
Sealing the joints would facilitate
cleaning and would not interfere with
the éxpansion and contraction of the
concrete. N

Install alarms in the pellet conveying

system that will alert operators to a
breach of the system. Increase the

capacity of air conveying systems to

prevent clogging, and install a bag
house or filter bag assembly in the
transfer lines to minimize surges in

‘unloading lines that cause pellets to be

vented into the environment (SPI,
1991).

Pave all pellet handling areas, in-
cluding loading docks and rail sid-
ings. Pellets accumulate between

paving stones and gravel making pellet -

recovery difficult if not impossible.
Place screening in storm drains. The
mesh of the screening should be small-
er than the smallest pellet handled at
the facility. Regularly clean the storm
drain screens to prevent drain clogging
and overflow.

Place control devices, such- as bag
houses and cyclones, where they can
be serviced without losing pellets. If
these devices are placed atop silos or
bins, pellets accumulate on top of the
bins or silos and are-washed down by
rainfall or blown by wind (SPI, 1991).

Equip bag-handling stations with
vacuum hoses to facilitate spill clean-
up.

Use tarps or containment devices to
collect pellets as they are spilled.
This facilitates cleanup, minimizes
contamination of the pellets (so that
they can be recycled), and permits

" quick pellet recovery by containing

them (SPI, 1991).

Install grating at doorways for wip-
ing feet. During the site visits, pellets
were observed in areas of the facilities
where omnly foot traffic could have
transported the pellets,

Modify loading systems so that
transfer lines can be completely
emptied, with any residual pellets
being contained when loading ceases
(SP1, 1991). Use stainless steel el-
bows on all transfer lines, and cycle
the outlet ‘valves while the air is flow-
ing through the rail hopper car or bulk
truck during pellet unloading.

5.1.4 Routine Operations

Whenever pellets are handled there is the
potential for pellet spillage, and implementing
a few simple practices would decrease the
potential for spillage during routine operations.
Recommendations for controlling pellet releas-
es to the aquatic environment by modifying
and improving routine operations are presented

below.

Plastic Pellets in the Aquatic Envirofiment: Sources and Recommendations

Place portable screens underneath
connection points when making and
breaking all connections. The
screens should be placed under the
valve before the connection is made,
and remain in place during pellet
transfer and valve disconnection.
These screens are inexpensive, easily-
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moved, and are an effective method
for containing pellets at the discharge
point. For example, the screens used
by Company B consisted of a frame
made of 2- X 4-in. cut lumber that
was covered on one side by wire
screening (Section 4.3.2). Additional
suggestions include (1) use screens
" when conducting quality control (QC)
checks, breaking into conveying sys-
tems, etc., (2) conduct sampling omnly
in. areas protected by . containment
procedures (SPI, 1991), and (3) use
wide-mouth containers or polybags for
collecting pellet samples. -These con-
tainers have wide openings that facili-
tate filling (SPI, 1991).

Place permanent screens along the
exterior edge of the loading docks.
These screens will capture pellets
leaking from punctured containers and
incompletely sealed bag valves, and
those pellets tracked onto the loading
dock from other areas of the facility.
The screen mesh' should be smaller
than the diameter of the smallest pel-
lets handled at the facility.

Completely eémpty transport and
storage vessels before disconnecting

from the conveying system. This

. would minimize the possibility of
overfilling a vessel and reduce leakage
while making or breaking connections.
Supervise longshoremen and
other cargo handlers during cargo
l6ading and unloading to ensure
proper pellet containment (49 CFR
Part 101).

Inspect cargo immediately upon
receipt, and note the condition of
shlpplng confainers -and parcels on
the carrier’s receipt (49 CFR Part
101).

Inspect seals on rail hopper cars
before unloading. Allow only autho-
rized persons to remove the shipping

seals (49 CFR Part 101). This ensures
that only persons properly trained to
preveat or contain pellet spills will
break the seals. Document broken
seals and the notify the shipper of the
seal condition.

¢ Check outlet tubes for pellets before
moving railcars or trucks. Visually
inspect the connection ports of both the
tube and the pneumatic-system hose.
Purge lines before unhooking them and
lift hoses to assist purging process
(SPI, 1991).

¢ Secure outlet caps and seals before
moving full or empty rail hopper
cars and trucks.

o Insist’ on warehouse and other han-
dling procedures that minimize bag
and box punctures and pellet spillage
(SPI, 1991).

® Do not sweep pellets off of loading
docks into the water (SPI, 1991).

e Repair punctured bags immediately
(SPI, 1991).

§.1.5 Maintenance and Housekeeping

If pellets are not quickly recovered after they
are gpilled, they will be dispersed and will-
likely be released into the environment.
Therefore, improvements to standard mainte-
nance and housekeeping practices are recom-
mended for controlling pellet releases. These
recommendations include the following.

e TImprove daily and routine house-
keeping and spill response proce-
dures both inside and outside the
facility. Insist on prompt spill cleanup
and make spill cleanup the responsibil-
ity of the person(s) causing the spill.
Pellets left for someone else to clean
up will quickly disperse and recovery

-
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of all pellets will be difficult if not
impossible. Spilled pellets also poses a
safety bazard to the employees.

¢ Invest more time in routine house-

‘keeping.’vThe more often loose pellets

are collected, the less likely the pellets
are to be released into the environ-
ment.

o Initiate vacuuming procedures to
collect and contaln spilled pellets.
Pellets are lightweight and broom
sweeping may disperse. some of the
pellets rather than gather them.

e Develop standard operating proce-
dures (SOPs) for containing and

. cleaning up spills (SPI, 1991).

e Conduct routine inspections for the
presence of loose pellets on the facili-
ty grounds including parking lots,

drainage areas, driveways, ete,

Pellets entrained in storm-water runoff
from any area will impact compliance
with NPDES permits (see Section
5.2.1).

5.1.6 Packaging

Damaged packaging is a major source of pellet
loss to ‘the environment; this fact was' evident
throughout the site visits, Therefore, several
recommendations can be made to prevent
pellet loss through leaky packaging.

e Design punctureresistant shipping
. containers.
e Use reinforced bags, such as woven

polypropylene bags, and line larger
containers with puncture-resistant

material. :
e Minimize the use of valved bags or
seal valved bags immediately after

* filling.

¢ Use sea containers instead of break
bulk packaging. Pellets in sea con-
tainers cannot be released during ship-
ment. :

¢ Improve palleting methods. Move
and stack bags immediately after filling
to avoid seepage from valves, and
stack bags on pallet in tight, interlock-
ing patters. Shrink- or stretch-wrap.
pallet to stabilize stacks and help con-
tain lost pellets. Use corrugated card-
board .caps on the top and on the bot-
tom of pallets to minimize puncturing
or. tearing bags and to contain loose
pellets.  Finally, block and brace
outbound loads to avoid broken bags in
transit (SPI, 1991).

e Tape leaks or replace leaking bags
‘ immediately (SPI, 1991).

¢ Inspect pellet packaging, particularly
pellets bagged in unreinforced paper
or cardboard = packages/gaylords,
before offloading. This will prevent
pellet release through the gap between
the vehicle and the loading dock.

5.1.7 Shipping Vehicles

Changes to current shipping practices and

vehicles can decrease the likelihood of pellet
releases to. the aquatic environment. There-
fore, several recommendations can be made to
the shipping industry and users of the shipping

*. Use containers for cargo shipping
rather than individual pallets. The
shipping containers will contain spilled
pellets and will prevent them from
dispersing among other cargo, onto the
docks, on the deck of véssels, etc, :

e Identify the person responsible for
sealing the ports on rail hopper cars
and bulk trucks and have the person
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document the completion of the seal
(49 CFR Part 101). This will estab-
lish the responsibility for correctly
sealing the car and a method for track-
ing the point at which a seal is broken
and pellets are released.

Close and secure the rail hopper car
valve with strong wire or aircraft
cable in additlon to the normal seal-
ing mechanism. This redundancy
increases the time and effort that a
vandal must expend to break the seal
.and release the pellets. Close hatches
and reapply cable seals after inspecting
or sampling the pellets. Insist on strict
procedures that require' outlet caps to
be properly closed before rail hopper
cars are moved, and request customers
to do the same when returning empty
cars (SPI, 1991).

Document the condition of bags and
cargo containers and rail hopper car
seals, and promptly notify the manu-
facturer of problems (e.g., damaged
packages, broken valve seals) (49
CFR Part 101). '
Visually confirm that each compart-
ment and tube of shipping vehicles is
empty (SPI, 1991). In addition,
sweep, blow, vacuum, or rinse the
exterior surfaces of loaded rail hopper
cars to remove loose pellets before
cars leave the containment area. Di-
rect pellet flow into a screened bin or
into the containment system, Also, air
lance into contziners to remove residu-
al pellets in rail hopper cars and trucks
(SPL, 1991).

Inspect Interiors of trailers and sea
containers for damaged walls, defec-
tive floors, or other defects that may
puncture pellet packaging. Cover
defects with corrugated cardboard or,
if necessary, insist on a replacement
vehitle, sweep or vacuum any .loose
pellets. in trucks or sea containers, and
contain and dispose of any pellets from

previous shipments properly when
cleaning ship holds or sea containers
after break-bulk shipments (SPI,
1991). :

Consider vandalism exposure -when -
selecting leased track sites. Establish
security procedures as needed (SPI,
1991). Advise companies to report
problems to the delivering railroad as
well as to the shipper, and utilize
security personnel.

Avold on-deck pellet stowage (SPI,
1991). Stow other products on top and
place resin containers in ship wells.

Do not jettison pellets or containers
of pellets.

Seal empty rail hopper cars and bulk
trucks before returning to the ship-
per. This will prevent loss of residual

pellets.

5.1.8

Recycling and Waste Disposal

Many companies either do not recycle waste
pellets, or recycle the pellets only sporadically.
Minimizing the loss of recyclable pellets into
the municipal waste streams could decrease the
likelihood of their eventual release into the

aquatic environment.

Therefore, several rec-

ommendations can be made in regard to pellet
recycling and the disposal of waste pellets.

Store waste pellets in properly la-
beled containers. Do not permit loose
pellets to accumulate on the "ground or
on floors (SPI, 1991). Install a mini-
mum of one pellet-specific waste con- -

‘tainer in each pellet-handling area;

separate containers should be used for
recyclable and nonrecyclable pellets.

Inspect and confirm proper handling
and storage procedures if an outslde
vendor is used for waste removal.
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Insist on no-loss-to-the-environment
procedures (SPI, 1991).

* Recycle or resell waste pellets. Use
incineration and controlled landfilling
only when recycling or resale are
inappropriate, Consider using waste
pellets in a fuel blending program
(SP]1, 1991). Properly handle “heels,”
and ensure that they are collected and
recycled, resold, or disposed of prop-
erly., The preferred pellet disposal
method is by recycling, followed by
reuse, incineration by approved meth-
ods, or deposit in a controlled landfill
(SPI, 1991).

¢ . Check broken and discarded packag-
ing for residual pellets.

5.2 EXISTING CONTROL MEASURES

Several measures exist for preventing and
controlling the release of pellets to the aquatic
environment. An extensive regulatory frame-
work is available that consists of international
treaties and Federal legislation; several Federal
agencies have developed policies and programs
in response to plastic debris-related regula-
tions. Industry has also adopted policies and
implemented programs geared toward control-
ling the release of plastics and, consequently,
pellets into the environment. Descriptions of
these regulations, programs, and- policies are
presented below. i _ '

§.2.1 Legal Framework

Several legal authorities, such as international
conveations and Federal regulations, have been
developed for controlling the release of plastic
materials into the aquatic environment. This
section reviews some of the legal authorities

for controlling the disposal of plastic wastes
from vessels into navigable waters (water-
based sources) and the disposal of plastic
debris from land-based sources, such as indus-
try and sanitary and Storm-sewer systerns.

Waiter-Based Sources

The United States is a signatory to Annex V
of the Protocol of 1978 Relating to the Inter-
national Convention for the Preventlon of
Pollution from Ships (MARPOL Protocol of
1973/78) (hereafter referred to as MARPOL
Annex V). Under the terms of the Conven-
tion, MARPOL Annex V became effective on
December 31, 1988. The treaty prohibits the
at-sea disposal of all plastic wastes generated
during normal shipboard operations.

MARPOL Annex V cannot be used as a mech-
anism for controlling land-based releases of
pellets into ‘the environment because the treaty
applies only to releases at sea and is not appli-
cable to land-based sources. In addition,
MARPOL Annex V applies only to vessels of
signatory nations; vessels from nonsignatory
nations are oot bound by the treaty’s restric-
tions, but signatory nations are obligated to
provide facilities for the reception of plastic
wastes at ports (Anon., 1988b).

The Marine Plastic Pollution Research and
Control Act, Public Law 100-220
(MPPRCA) implements the provisions of
MARPOL ‘Annex V by amending the Act to
Prevent Pollution From Ships as amended in
1901 (ITF, 1988). MPPRCA also implements
several other pieces of legislation introduced in
the Congress in 1986 and 1987 (CMC, 1988).

The MPPRCA specifically prohibits the dis-
posal of plastics at-sea by U.S.-registered
vessels in any waters, and foreign-registered
vessels in navigable waters (i.e., bays, sounds,
other inland waterways, and coastal waters)
and the exclusive economic zone (waters to
200 miles offshore) of the United States (ITF,
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1988; CMC, 1988). The law assigns the
responsibility of developing regulations for
implementing the MPPRCA, implementing and
enforcing the regulations, and establishing civil
penalties for violations to the United States
Coast Guard (USCG).

Several requirements of the MPPRCA that are

applicable to pellet releases include

e Public Qutreach — The National
Oceanographic and Atmospheric Ad-
ministration (NOAA) and EPA are
required to develop and conduct public
outreach programs for educating the
public about the problems associated
with the disposal of plastic and other
debris into the aquatic environment.

e Waste-Reception Facilities — All
ports and terminals that receive ocean-
going vessels of =400 gross tons or
>500,000 Ib of commercial figshing
products in a calendar year must have
adequate waste-handling and waste-
reception facilities for collecting ship-
board wastes. Pellets spilled on load-
ing docks, ships’ decks, and in cargo
holds may be considered shipboard
wastes (A.T. Kearney, 1991).

¢ Waste Management Plan — All U.S.
vessels must develop and implement
shipboard waste management plans that
address the provisions of MARPOL
Annex V. The USCG is authorized to
prosecute any vessel, foreign or do-
mestic, that disposes of plastics within
200 miles of the U.S. coast (CMC,
1988). '

~ Another Federal law that may apply to water--

based releases of pellets into the environment
is the Marine Protection, Research, and
Sanctuaries Act of 1972 (MPRSA), which is
commonly referred to as the Ocean Dumping
Act. Under the MPRSA, .00 U.S. vessel may
transport any material, including plastic, for
the purpose of dumping the material into the
ocean unless the vessel has a permit to dump

from EPA; EPA does not grant permits for the
dumping of plastics into the ocean and regula-
tions implementing the MPRSA also prohibit

*such dumping.

In addition to Federal laws and international
treaties to which the United States is a signato-
ry, states and local governments may regulate
the disposal of wastes from vessels in waters
under their jurisdiction. Bean (1987) suggest-
ed that state and local strategies should focus
on shore-based or dockside controls, including
at-sea waste-storage requirements and provi-
sions for adequate waste-disposal facilities at
ports.

Land-Based Sources

The discharge of pellets from outfalls or other
land-based point sources into coastal or inland
waters is subject to regulation under Section
402 of the Clean Water Act (Bean, 1987).
Prior to November 16, 1990, National Pollut-
ant Discharge Elimination System (NPDES)
permit guidelines for the plastics industries
controlled only the pH of the effluent and did
not limit the discharge of solid or suspended
particles (Bean, 1987). On November 16,
1990, EPA published the final revisions to the
NPDES regulations for storm-water discharg-
es. Section 122 of Title 40 [40 CFR
122.26(b)(12)] defines materials considered to
be significant in storm-water discharges and
plastic pellets are specifically named as signifi-
cant materials.  Therefore, pellets can be
subject to regulation under the NPDES permit
guidelines.

The new storm-water discharge regulations

. require selected industries. to obtain NPDES

permits for all storm sewers that carry storm
witer from industrial sites into public water-
ways (Bain and Mummert, 1991). Applicable
industrial discharges include storm-water run-

- off . from industrial plant yards, immediate

access roads and railroad sidings, drainage
ponds, material handling' sites, refuse sites,

90 Plastic Pellets in the Aquatic Enviroﬁmen;: Sources and Recommendations

aran iy A B G

Maels— .



B
‘A

‘wastewater sites, equipment handling/main-
tenance areas, residual treatment areas, and
loading/unloading areas (40 CFR 122.26)
(Bain and Mummert, 1991). Areas excluded
from NPDES permitting include lands separate
from those above mentioned areas, such as
employee parking lots wheré runoff from the
lots does not mix with runoff from areas of
industrial activity (Bain and Mummert, 1991).

Other Federal laws that may apply to land-
based releases of pellets into the environment
include

e Rivers and Harbors Act of 1899
(Refuse Act) — Although the Refuse
Act of 1899 has been superseded by
the NPDES permit program of the
Clean Water Act, it does contain a
prohibition against the unpermitted
deposit of “material of any kind” that
is likely to be transported into naviga-
ble waters, other than what would be
carried by sewers (CMC, 1988).
According to CMC (1988), it is possi-
ble that the Refuse Act of 1899 “could
be used to prosecute against, for exam-

ple, an industrial source of large quan-

tities of plastic pellets or a landfill
operated in such a way that refuse
could be washed into rivers.”

e Toxic Substances Control Act
(TSCA) of 1976 — Under TSCA,
EPA has the authority to require the
testing of new and existing chemical
substances . entering the environment,
and, subsequently, the . authority to
regulate these substances (EPA,
1990a). EPA (1990a) stated that a
serions impact of plastics disposal in
water bodies is the injury to and death
of marine animals that mistake plastics
for food. However, EPA has histori-
cally applied its authority to substances
more acutely toxic than plastic materi-
als, and the focus is on the toxicity of
the chemicals and not on the effects of

the products in which the chexmcals
are used (EPA, 1990a).

® Resource Conservation and Recovery

Act of 1976 (RCRA) — RCRA de-

fines hazardous waste as “a solid waste

. . which because of its . . . physi-

cal [or] chemical . characteristics
may . . . pose a substantial preseot or
potential hazard to . the environ-

meot when improperly treated, stored,
transported, or disposed of.” Based
on this definition, Bean (1987) consid-
ers plastic trash (e.g., pellets in the
solid waste stream) to be hazardous
waste. Because the focus of the EPA’s
RCRA program focuses on chemical
toxicity and generators that produce
this: type of waste in the course of
manufacturing other products, EPA
does not regulate pollution by plastic
trash under the authority of the RCRA
(Bean, 1987).

Additional strategies to reduce plastic marine
pollution from land-based sources should be
aimed at state and local governments (Bean,
1987). To date, no states have enacted laws
restricting pellet releases, although several
states have enacted laws limiting the use of
plastic products such as beverage yokes (Bean,
1987) or requiring the use of degradable mate-
rial in lobster/crab traps and pots (ITF, 1988).
Bean (1990) encouraged the development of
recyclable or degradable plastics as the solu-
tion to plastics pollution (and the growing
contribution. . of plastic to the solid-waste.
stream), and recommended solid-waste dispos-
al laws of general applicability in lieu of a

.major shift to degradable or recyclable plastlcs

or nonplastic alternatives.

522 Government Programs and Policy

The MPPRCA (described in detail in Section
5.2.1) requires that EPA, NOAA, and the
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Secretary of Transportation jointly develop
marine debris public’ education programs. To
date; in addition to the present study, EPA has
sponsored several activities that directly ad-
dress the issue of pellets in the environment
(Redford, 1990), including

e Preparing the 1990 Report to the Con-
- gress, Methods to Manage and Control
Plastic Wastes (EPA, 1990a)

e Revising NPDES permit requirements
for -storm-water discharges (40 CFR
122)

. Developi_ng a strategy for enforcing
provisions of the Clean Water Act in
regard to combined sewer overﬂow
(CSO) discharges

e Initiating studies of CSOs as sources of
aquatic debris, mcludmg pellets (EPA,
1992b)

e Initiating field investigations of floating
debris in hacbors of the United States
(EPA, 1990b, 1992a; Trulli e al.,
1990; Redford et al., 1992)

e Initiating a pilot program for monitor-
ing the presence of pellets on U.S.
beaches. This program is being con-
ducted in conjunction with the National
Park Service.

The National Ocean Pollution Planning Act
of 1978 required that NOAA prepare 5-year
plans for researching ‘and monitoring ocean
pollution, including the problems of entangle-
ment and ingestion of debris by marine organ-
isms. In 1987, NOAA convened a workshop
to establish the ' National. marine pollution
research priorities. Marine debris was among
“the top five research priorities and the identifi-
cation of the pellet sources and effects on the
environmeént were specifically named. The
proceedings of - the workshop were used to
develop the Federal Plan for Ocean Pollution
Research, . Development and Monitoring for
Fiscal Years 1988-1992.

Under the sponsorship of NOAA and the
National Marine Fisheries Service (NMFS),
the Shipping Industry Marine Debris Education
Plan was developed to educate all commercial
vessel operators and crew of the. MARPOL
Annex V provisions and to encourage volun-
tary' compliance with those provisions (Wal-
lace, 1990). Components of the plan that
directly involve pellet releases include

e (Case studies of current levels of
awareness of MARPOL Anpex V
provisions; the .emphasis is on posi-
tive-action cases (i.e., those companies
that have changed their plastics han-
dling and disposal practices). Model
waste-minimization plans are also
outlined.

¢ MARPOL Annex V Education Kit
containing legal and environmental
issues pertaining to the disposal of
debris from ships

e Liaison with international shipping
trade associations as vehicles for dis-
seminating debris-related information
(as opposed to contacting each individ-
ual shipping company) and placing’
public service announcements in trade
publications to reach all plastics indus-
tries.

The Department of Transportation (DOT) does
not consider plastic pellets to be acutely haz-
ardous (acutely hazardous substances include
explosives, toxic chemicals, etc.) and, there-
fore, have not developed regulations for trans-

porting pellets or remediating peliet spills from
rail hopper cars (Mr. Fred Pritchard, DOT;

personal communication, . November 1991,

Washington, DC). However, DOT has devel-
oped Cargo Security Adyisory Standards (49
CFR Part 101) for securing cargo transport.
These standards were developed based on con-
cerns over the security (preveation of van-
dalism and theft) of expensive or controlled
products (e.g., appliances, alcohol, firearms);
engineering/performance resing may be consid-
ered in this cargo classification (F. Pritchard,
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provide'sevéta] good suggestions for control-
ling pellet releases from rail hopper cars in
railroad vards and along the railroad right-of-

‘way. Applicable recommendations have been

incorporated into Section 5.1.

52.3 Industry Programs and Initiatives

In response .to the implementation of
MARPOL Annex V regulations and increasing
evidence of the harmful effects of plastics in
the aquatic environment, the plastics industry
and merchant shipping industry have initiated
programs and developed policies aimed at
controlling the release of plastics, including
pellets, into the oceans and waterways.

Plastics Industry Programs

In addition to the voluntary cooperation of SPI
and the seven companies visited in the present
study (Section 4.0), SPI has initiated other
activities designed to inform and educate the
plastics industries in regard to the effects of
released pellets on the environment.

To alert pellet producers of the hazards of
pellet releases into the environment, SPI host-
ed a briefing for pellet producers in Septem-
ber, 1986. Discussions prompted by a Center
for Marine Conservation (CMC) presentation
on marine debris, ag well a8 presentations of
industry pellet reclamation activities, eventual-
ly led to a public service campaign (discussed
below). In September 1987, the SPI Board of
Directors issued an official policy statement in
regard to marine debris and the plastics indus-
try’s pledge to solve the problem. In regard to
pellets specifically, the statement clearly stated
that SPI was dedicated to eliminating condi-
tions under which. pellets are released by man-
ufacturers and transporters (Bruner, 1990).

In 1987, SPI, NOAA, and CMC jointly initiat-
ed a campaign to educate the industry about
the hazards of plastics to wildlife. The cam-
paign focused on all types of plastic debris and
their respective target audienmces.  Pellets,
whose target audience was the major pellet
producers and processors, was one of five
target points of the campaign (SPI, 1990). SPI
prepared a Marine Debris Briefing and Educa- -
tion Kit for the campaign, which. included
posters, stickers, brochures, written informa-
tion, and pellet-related materials carrying the

- caption Please Don’t Feed the Birds including

a photograph of a single pellet (Figure 31).
The kit was designed so that individual compa-
nies could initiate internal information -cam-
paigns and educate employees about the envi-
ronmental hazards posed by pellets. Several
recommendations were discussed for control-
ling pellet releases during manufacture, ship-
ping, and handling. SPI distributed these kits
to 1500 SPl-member companies and frequently
pubhshed portions of -the kits in trade maga-

 zines, In 1988, the kit was also presented to

the international community; SPI President
Larry Thomas distributed coples to the Interna-
tional Association of Plastics Directors. By
the end of 1989, more than 1000. column-
inches of advertisement space (25 appearances
in 10 publications) or news coverage had been

. devoted to the entire campaign (Bruner, 1990;

SPI, 1990). These kits continue to be distrib-

uted upon request, and the pellet photograph
appeared in trade magazines through 1990.

EPA . studies between 1988 and 1992 (EPA,

1990b, 1992a,b,c) found that pellet releases
continue to be an environmental problem. In
response to these findings SPI founded a Resin
Pellet: Task Force to investigate the problem.

In November 1990, following the findings of
the Resin Pellet Task Force, SPI -initiated a°
second campaign entitled Operation- Clean
Sweep, targeted at the plastics industry- and its
cugtomers (Figure 32). The 1991 Pellet Re-
tention Environmental Code (Figure 33) and
the 1992 Processor’s- Pledge (Figure 34) are
an integral part of this campaign. SPI has
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Please Don’t Feed The Birds

A seabird could mistake |
this resin pellet for a fish egg. And die.

Keep Resin Pellets In Their Place . ..
And Let The Birds Find Something Else To Eat

-
g

ﬁ The Soclety of the Plastics Industry, Inc.

Figure 31. A Poster Distributed during the 1987 SP! Marine Debrls Campaign.
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We're Out To Stop Resm Pe]]ct Loss!

It Helps Protect the Environment. And the Law Requires It

Wtrewomngtopmtcaowenvmmmt .and your business with Operation Clean
Sweep. A powerful program designed 10 reach everybody in the industry. From peliet
producers to distributors to . From the loading dock to the boandroom

Even the smallest loss pcllcrslsaprobicmSod-ncgoastmlo&Zcrolossm
pfodusmoc-nl ztmlo}s;smpadczgi!gmdsluppmg zcmlossmn:ccrvmg miossm
processing, It's 2s simple as minimizing spills, prompt and thoroighcleanup. and

Bcganom)cwlmmf-‘mdcmhowyoucmmducemck)ssofmpc ctsandnot
onhheynmpmtccrmecmmmm.butabcymehwancorczllforOpcrauonClcan
Sweep information today. And heip our industry keep the environment clean.

Call (202) 371-5215 or write to:

} ION

The Sodlety of the Plastics Industry, Ln
1275 K Sreet N, Suite 400, Wasmﬂgzon,bczooos

Figure 32. Advertisement for the 1991 SPI Operstion Clean Sweep Campaign.
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asked its member resin-producing companies

to sign the Pellet Retention "Environmental

Code and, thereby, commit to “the total con-
tainment of plastic pellets throughout their
lifespan and to [operate] In full compliance
with environmental laws and regulations im-
pacting on pellet containment” (SPI, 1991).
By the end of August 1991, nearly two-thirds
of the companies had signed and agreed to the
code, and the remaining companies were con-
sidering the matter (Mr. Ronald Bruner, SPI,
personal communication, August 28, 1991,
Washington, DC.). The Processor’s Pledge
was developed and introduced to SPI'S proces-
sor members in the summer of 1992 in an
effort to make that segment of the industry
more aware of the importance of preventing
pellet loss. Operation Clean Sweep was intro-
duced to the plastics industry at the National
Plastics Trade Show in July 1991, in Chicago,
Illinois., The campaign was also discussed
with representatives of plastics industries from
over 25 countries at the International Associa-
tion of Plastics Directors in June 1991. SPI is
considering development of multilingual copies
of the campaign materials for distribution,

Initiatives by Individual Companies

Several companies have initiated programs to
control the release of plastic pellets into the
environment. Good examples of effective
control measures were observed at pellet pro-
ducer Companies- F and G (Section 4.2.2) and
contract packager Company B (Section 4.3.2).

Mexrchant Shipping Initiatives

CMC (1988) reported that the American Insti-
tute of Merchant Shipping (AIMS), a national
trade association for many -U.S.-flagged: mer-
chant veéssels, has given.testimony to the Con-
gress in support of the provisions of MARPOL
Annex V. AIMS supports mandatory training

of merchant seamen regarding plastic pollution

_prevention and achievement of compliance

with MARPOL Annex V standards. ,

53 RECOMMENDATIONS TO
REGULATORS

A logical resource for identifying problem
areas within a facility are the Federal, state,
and local inspectors that routinely visit the
three sectors. This does not mean that these
inspectors should be empowered to fine or
otherwise penalize the facility operators.
Instead, the inspectors could take the opportu-

~ nity to point out pellet containment and release

problems during their routine inspections.

Therefore, the following recommendations
have -been developed for regulators.

e Educate local, ‘state, and Federal
inspectors. These inspectors generally
have greater access to the facilities
than do any other regulatory official,
Although the inspectors have no regu-
latory authority over pellet contain-
ment, the fact that a regulatory official -
identifies a potential problem may
encourage better containment practices.

e [Establish guidelines for sealing the
“ports on rail hopper cars, bulk
trucks, and other shipping vehicles.
The DOT Cargo Security Advisory
Guidelines, published in 49 CFR Part
101, include several recommendations
that have been incorporated into this
report.

o Encourage  shipping companies to
notify the shipper and receiver when
broken or damaged seals are ob-
served.  Although pellets are not
considered by DOT to be hazardous
materials, spillage by vandalism should
be reported to the shipper, particularly
if po preventive measures have been
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taken (e.g., rail hopper car valve not
sealed or inadequately sealed).

54 SUMMARY OF
RECOMMENDATIONS

Existing Federal regulations, such as the
MPPRCA, provide a basis for requiring con-
trols over the release of all plastic materials,
including pellets, into the aquatic environment.
Provisions of the recently finalized Sstorm-

water discharge rules specifically target pellets

in storm-water discharge. All facilitles are
advised that they need to be mindful of pellet
contamination of storm water ad the need to
comply with any applicable terms of their
permit regarding pellets. However, penalties
alone cannot control the release of pellets; the
penalties can only encourage companies to
implement control measures,  Ultimately,
controlling pellet releases into the environment

is the responsibility of the plastics industry,

and effective controls should be continued and
enhanced through voluntary industry pro-
grams,

Controlling pellet releases can begin with
proper training and education of plastics indus-
try managers and employees and by increasing

awareness of the hazards posed by pellets and

of the economic incentives for controlling
releases. Capital investments in containment
systems may be necessary to control releases
at facilities that handle large volumes of pel-
lets, but inexpensive control measures, such as
portable screens or tarps, may be adequate for
controlling releases at small-volume compa-
nies. All facilities could improve routine
housekeeping measures by increasing the
frequency of sweeping and including the use of
vacuums to recover spilled pellets.

In conclusion, several mechanisms for control-
ling pellet releases are currently available, and
most of the mechanisms, such as education,
portable screens, and improved housekeeping,

would be inexpensive to implement. Facllity-
wide contzinment systems have been shown to
be effective pellet control mechanisms, but

. these systems may not be necessary at smaller

facilities or at facilities that efféctively control
pellet spills where they occur.
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During resin manufacture: mnpmmbemplunmmdmachmwmmmﬂ
plants to help bring about the following goals.
Soarce Reduction
¢ Prevent all spills possible. Clean up any spilled pellets as quickly as possible.
* Provide packaging designed to minimize the possibility of breakage and pelle? leakage.
¢ Properly secure end externally ciean bulk containers (rail or truck) prior o release to agsure
there is no discharge of pellen.

Recovery .
* Provide containment systems to prevent pellets from escaping plant boundaries.
¢ Develop a system that provides for recovered pellets to be recycled or otherwise nsed in a
manner that prevents their escape into the environment.
hmmagedmdwimdndmohgiamdmﬁutmdhdwm

When dealing with contractital agents (packaging, transportation, storage, distribusion, coll com-
pounding): Member companies will inform these service providers of the following goals and emphati-
cally advise them as to how Important achievement of these goals is (o the enviranment, the public and
the industry they serve. Member companies shall provide assisance in improving such agents” capabili-
des in pellet containment and ask them to acknowiedge thelr accépance of the goals of this code.
Somrve Reduction

o Comply with all environmental laws and regulations impacting on pellet continmenr.

o Prevent all spills possible: Clean up any spilled pellets as quickly as poasible.

¢ Ensure that shipping containers are properly secured and dean of all free pellets prior to

shipment, return or disposal.

Rn:m:’y
* Provide appropriate containment systems to prevent pellen from escaping facility boundarics.
Devdopammdmpmwduiormedpcﬂcambechbdorothﬂwhemedhn
manner that prevents their escape into the environment.

‘When dealing with customers: Member companies will advise all punchasers of plastic pellets an to -
the importance of responsible care. Member companies also will provide assistance in improving their
customers’ capahilities in pellet conminment and ask such customers w acknowledge thair acceptance
of the goals of this code.
Source Reéduction
s Comply with all environmental laws and regulations impacting on pellet containment.
e Prevent all spills possible, Clean up ary spilled pellets as quickly as possibie.
» Ensure that shipping containers are property secured and dean of alt pellets pror to
ahipment, return or disposal.
Rexovery
o Provide appropriate contalnment systems to prevent pellet discharge from a facility.
e Develop a system that provides for all recovered peilets o be recyded or otherwise used ina
manner that prevents their eacape into the environment.

Figure 33. 1991 SPI Pellet Retention Environmental Codg.
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PROCESSOR'S PLEDGE

! To

i PREVENT RESIN PELLET LOSS

’ Recognizing the importance of preventing the loss of resin pellets into the

£ environment, this company commits itself to the following principles -

We will:

* Comply with all environmental laws and regulations impacting on pdlet

2 containment. -

* Install containment systems or devices as needed in unloading/transfer
areas to effectively prevent release of pellets into the environment.

* Conduct regular training of employees on spill prevention and cleanup
procedures.

* Prevent all spills possible, cleaning up any spilled pellets as quickly as
possible.

* Ensure that shipping containers (rail cars and bulk trucks) are
properly secured prior to movement or return, and that disposable
containers (gaylords, bags, etc.) are completely empty before disposal.

* Recycle any recovered pellets or otherwise secure them in a manner that
prevents their escape into the environment upon disposal.

Company Name:......ocmmnnininsnsinmomnmsmsesnoeness DA semasreesssesseesrasasene -
Authorized Representative:........... "eesremeesssestinentrstnnis N—— e termsseesnn st s anenos
Address:.........cocieiiininnnna S P senesssesistsatnttissnin R st a e e sornasasnats e

’ L of {3 ZJUR IS —— sesersesnsessnsnses Statelecimiiannnicciseissssersenniaen y 1] J R sesssors

i

Figure 34. 1992 SP Processor’s Pledge.
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6.0 GLOSSARY

Additive

Conveyor

Culvert
Effluent

Epibiont
Extrusion
Gaylord

Gizzard

Hopper
Melt

Monomer

Used to alter the physical
characteristics of a polymer,
such as the .esthetic and physi-
cal properties and the ability to
be further processed.

A machine that transports
materials from ome place to
another.

A sewer or drain crossing
under: a road.

Flow of -waste water released
from a facility.

Organism that lives attached to
another organism but without
benefit or detriment to the
host.

Shaping plastic by forcing
through a.die.

Large, 1000-1b capacity, card-
board box used for shipping
pellets.

A muscular enlargement of the
digestive tract of a bird.

A receptacle in which materi-

" als are held in readiness for

unloading or dispersing. .

A bot, very viscous lJiquid
produced by the process of
bulk polymerization.

A molecule that can be chemi-
cally bound as a unit of a

polymer.

Neuston

Pellet

Pelletizer

Packager

Processor

Producer

Transporter

Pinocytotic,

Pneumatic

Plastio Pellets in the Aquatic Eavironment: Sources and Recommendations

Small- to medium-size organ-

isms that live on_or under the

surface film of water bodies.

Resins that are generally
spherical, ovoid, or cylindrical -
in shape, and between 1 and 5
mm dia.

Equipment used to create
pellets from polymers. The
type of pelletizer used deter-
mines the size and shape of the
pellets.

Sector of the plastics industry
that breaks down bulk ship-
ments of pellets into smaller
containers such as bags and
gaylords; also called contract
packager.

Sector of the plastics industry
that molds the pellets into
fabricated user-products.

Sector. of the plastics industry
that creates the polymers and
extrudes the pellets.

Sector of the plastics industry
that moves or carries the
pellets between the pellet
producers, packagers, and
processors.

. Active ingestion of fluid by a

cell, by invagination of the cell
membrane to form vesicles.

Operated by compressed air.
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Polymer

Polymerize

A natiral or synthetic com-
pound oconsisting of smaller
inter-linked molecules.

To make or combine into a

polymer.

Railroad siding A length of railroad track that

Resin

Skimmer -

102

is connected to the main track.
A polymer synthesized from
petroleum or natural gas deriv-
atives.

A motor-driven paddle device

consisting of several rectangu- -

lar paddles and a drive system,
The paddles skim pellets from
water surface into a contain-
ment system,

Thermoplastic Resins that can be melted or

resins

Thermoset
resins

Weir

reprocessed without damaging
or changing the chemical or
physical properties of the poly-
mer, Resins are highly mal-
leable but become rigid when
cooled.

Resins that tend to be rigid,
infugible, and insoluble, and
cannot be remelted and re-
formed.

A mechanical dévice that
controls the level and flow of
water by using dams or similar
mechanical devices.
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’ SP1 CHECKLISTS
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- Preventing Pellet Loss

RESIN PRODUCTION FACILITIES
CHECKLIST

(You may wish to use this checklist after you've reviewed the recommendations in the
preceding chapter. It is suggested that each resin production location complete a checklist.)

Part A - General

Yes No .

Q Q Isyour company implementing the SPI Pellet Retention Environmental Code?

Q O Do you have written procedures for reducing and recovering any lost pellets?

O Q Do each of your resin production facilities have “zero-loss” containment systems
that will prevent pellets from escaping plant boundaries?

Q O 1sdirec responsibility for preventing pellet loss assigned to specific individuals?

G O Have you conducted an employee educational awareness campaign on preventing
pellet loss? (If no, consider ordcnng Operation Clean Sweep materials from SPL

See page 36.)

Part B - Rail Hopper Cars

Yes No
Q QO Do you collect - for recycling or proper disposal - all pellets recovered during

cleaning of empty hopper cars?

O Q Do you cleanse hopper cars of loose pellets after they have been loaded and
before they leave the “secure area” of your containment system?

QO Q 15 sampling conducted only in areas protected by your containment system?
(I not, do you insist on use of a tarp or “catch tray” to collect any pellets
spilled during sampling?)

O O Do you use heavyduty aircraft cable seals on all outlet caps and hatch covers?

0 Qoo you regularly remind custorners of the i 1mportancc of securing outlet caps
before rerurning empty cars to you?
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Y Preventing Pellet Loss

Part C - Packaging/Warehousing

RESIN PRODUCTION FACILITIES

.Yes No

Q

[w
Q
Q

(I

Fadlity Location

O Are loading /unloading areas paved to facilitate cleanup?

(} Do tranfer lines include a bag house or filter bag assembly to prevent peliet
loss during surges? )

Q) Do you use packaging that minimizes leakage from bag valves and offers
maximum puncture resistance?

Q Are corrugated caps (top and bottom) used on palletized bags? Are palletized
bags shrink- or stretch-wrapped?

Q) Are “caich trays” placed at each shipping/receiving bay to help contain spilled resin?

0 Do your procedures make cleanup the responsibility of the person (s) cusing
the spill? : -

Q' Are floor sweeps and other waste pellets disposed of in 2 manner that prevents
their loss into the environment?

Checklist Completed By ‘ Date

Responsible for Corrective Follow-up
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Preventing Pellet Loss

RESIN HANDLING/PACKAGING/WAREHOUSING
] CHECKLIST

(You may wish to use this checklist for each plant location after reviewing the
recommendations in the preceding chapter. )

| Part A - General

Yes No ;
O O Do you have written procedures for reducing and recovering any lost pellets?
A QO 1sdirect responsibility for preventing pellet loss assigned to specific individuals?

0 O Have you conducted an employee educational awareness campaign on preventing
pellet loss? (If not, consider ordering Operation Clean Sweep materials from SPL
See page 36.)

O Q Are tools/materials readily available to handle cleanup of spills?

O O Are you aware of permit requirements pertaining to resin pellets that are required
by the US. government’s new storm water regulations? (If not, contact SPI's
Technical Affairs Department for further information.)

Part B - Resin Delivery/Storage

Qs youir unloading area protected by a storm water containment systern?

Q i paved to facilitate cleanup?

Q' Do you clean up immediately all spills resulting from sampling of bulk shipments

or unloading procedures ?

Q po you insist that employees replace:and secure all outlet caps and hatch
covers on bulk rail hopper cars before releasing cars for return shipment?

-UJ Do transfer lines include a bag house or filter bag assembly to prevent loss of

pellets during surges?

O Do tansfer lines have stainless steel elbows? Nozzle interlocks? Is there adequate

" capacity to prevent plugging? )

QO Are “catch trays” placed at each shipping/receiving bay to help contain spilled resin?

0 Do your procedures make cleanup the responsibility of the person (s) causing
the spitl? . A _

0 Are floor sweeps and other waste pellets disposed of in a manner that prevents
their loss into the environmene?

0D OO0 O O D OO0OD

Facility Location
Checllist Completed By Date
Respousible for Correctve Follow-up

Plastic Pellets in the Aquatic Environment: Sources and Recommendations



At

"Preventing Pellet Loss

0O OO0 O 0O pDOO

PROCESSORS & REPROCESSORS
CHECKLIST

(You may wish 1o use this checklist after you've reviewed the recommendatons in the
preceding chapter.)
Part A - General
Yes No
O O Do you have written procedures for reducing and recovering any lost pellets®

Q O Isdirect responsibility for preventinig pellet loss assigned to specific individuals?

Q O Have you conducted an employee educational awareness campaign on preventing
" pelletloss? (If not, consider ordering Operation Clean Sweep materials from SPL

See page 36.)
a D Are tools/materials readily available to handle cleanup of spills?
O O Are you aware of permit requirements pertaining to resin pellets that are required

by the U.S. government's new storm water regulations? ([fno(, contact SPI's
Technical Affairs Department for further information.)

Part B - Resin Delivery/Storage

Q5 your unloading area protected by a storm water containment system?

Q Isit paved to facilitate cleanup?

QO Do you clean up immediately all spills resulting from sampling of bulk
shipments or unloading procedures?

Q Do you insist that emplogees replace and secure all outlet caps and hatch covers
on bulk rail hopper cars before releasing cars for return shipment?

Q) Do transfer lines include a bag house or filter bag assembly to prevent loss of
pellets during surges?

0 Are “catch vays” placed at each shipping/receiving bay to help contain spilled resin?

O Do your procedures make cleanup the responuibility of the person(s) causing
the spill?

Q) Are floor sweeps and other waste pellets disposed of in a manner that prevents
their loss into the environment? .

Facility Location
Checllist Completed By Date

Responsible for Corrective Follow-up
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Preventing Pellet Loss

MACHINERY MANUFACTURERS/MOLDMAKERS/
“RESEARCH AND TESTING FACILITIES

CHECKLIST

(You may wish to use this checklist- after reviewing the recommendations
in the preceding chapter. )

Yes No

Q O poyou have written procedures for reducing and recovering of any lost pellets?

ID Q 1sdirect responsibility for preventing pellet loss mnigucd to spcdﬁc individuals?

O U Hawe you conducted an employee educational awareness campaign on preventing
pellet loss? (If not, consider ordcnng Operation Clean Sweep materials from SPI.
See page 36.)

O Are tools/materials readily available 10 handle cleanup of spills?.

U Are you aware of permit requirements pertaining to resin pellets that are required
by the U.S. government’s new storm water regulations? (If not, contact SPI’s
Technical Affairs Deparmment for further information.) -

0 Are “catch rays” placed at each shipping/ receiving bay to help contain spilled resin?

U Do your procedures make cleanup the responsibility of the person(s) causing
the spill?

Q O Are floor sweeps and other waste pellets disposed of in a2 mannér that prevents
their loss into the environment?

Facility Location

Checklist Completed By Date

Responsible for Corrective Follow-up
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Preventing Pellet Loss

TRANSPORTATION SERVICES & REPAIR FACILITIES

CHECKLIST

(You may wish to use this checklist after reviewing the recommendations
in the preceding chapter. ) :

Part A - General '

Yes No
O O Do you have written procedures for reducing and }ecovcdng any lost pellers?
Q O Bdrea responsibility for preventing pellet loss assigned to specific individuals?

Q Q Have you conduicted an employee educational awareness campaign on preventing
pellet loss? (If not, consider ordering Operation Clean Sweep materials from SPI.
See page 36.)

Q Q Are twols/materials readily available to handle cleanup of spills?
Q QO Do your procedures make cleanup the responsibility of the person(s) causing
~ thespill? ]
O QO Are floor sweeps and other waste pellets disposed of in 2 manner that prevents
' their loss to the environment?

1

Part B - Repair Facilities

Yes No

Q Q Are pellets collected and properly disposed of (in a manner that prevents their
release into the environment) during routine maintenance and cleaning of rail
hopper cars, hopper trucks, package trucks, bulk shipping containers, etc., prior
to loading with a new resin order? )

O QO Do you insist that unloading valves be closed, outlet caps secured, and hatch
covers closed before returning empty cars?

Qa Are any pellets spilled during rail yard repairs promptly and thoroughly cleaned
up and properly disposed of?
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Preventing Pellet Loss

TRANSPORTATION SERVICES & REPAIR FACILITIES

Part C - Marine Transport
Yes No

Q O When ship holds or ocean containers are cleaned after break-bylk shipments,
are loose pellets properly contained before disposing of them? :

0 4 oo employees know the importance of not sweeping pellets into the water?

Q O Are ocean containers in good repair so that interior deficiencies don’t tear
open bags/boxes? '
O O Are ocean containers of resin stowed in the ship wells, not on deck?

O U Do shipboard emergency procedures provide for priorities of other cargo to
be jettisoned rather than plastic pellets?

Facility Location

Checklist Completed By Date

Responsible for Corrective Followup
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Preventing Pellet Loss

- WASTE DISPOSAL SERVICES
CHECKLIST

(You may wish to use this checklist after reviewing the recommendations in the preceding
chapter. ) ’

Yes No
Q Qoo you have written procedures for proper disposal of waste pellets?

O O s direct responsibility for handling waste pellet disposal assigned to specific
individuals? . \

Q Q oo you use only covered containers or vehicles without leaks when transporting
or storing waste pellets?

Q O Are waste pellets incinerated, whenever possible?

O U When disposing of pellets in a secure landfill, do you make sure the pellets are
confined in such a manner that prevents their loss due to rain, wind, flooding, etc.?

Facility Location

Checklist Completed By Date

Responsible for Corrective Follow-up,
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