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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Plastics are often used in outdoor applications where they are immersed or partially immersed in water.
In some cases, materials made from plastic are designed to float on water. In others, plastic articles
that are discarded end up as floating debris. In addition to the effects of global solar radiation and
heat, plastic polymers or products exposed in marine environments may be subjected to hydrolysis,
water absorption, extraction of stabilizers, erosion by wave action, corrosion by salts and/or attack by
seaborne microorganisms. These stresses are not simulated in typical weathering exposures conducted
in accordance with ISO 877-1, ISO 877-2 and ISO 877-3. Therefore, it is necessary to define procedures
that realistically and consistently stress plastic materials in the same way that they would be in
prodficts used or cedures for
yironments.

Therg are four primary reasons why the rate of degradation of plastics exposed at sea can|be different

a) e¢xposure in moist conditions is known to accelerate degradation of\some polymdrs — small
mounts of absorbed water can act as a plasticizer, increasing accessibility of the matrix to oxygen,
r can leach out stabilizing additives;

b) differences in heat build-up between plastics exposed in watetr or on the surface dompared to
lastics exposed on land;

c) the action of microorganisms that can shield the plastic from UV radiation or dan enhance
Iiodegradation processes;

d) the action of macroorganism settlements that canproduce disfigurement of surfaces.

Itis ¢ssential to establish appropriate exposure;procedures in order to properly assess the gerformance
of plpstics used in marine environments, andto evaluate how long plastics discarded gs litter will
persjst in marine environments.

© ISO 2018 - All rights reserved v
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Plastics — Methods for marine exposure

1 Scope

This document describes three methods for the exposure of plastics in a marine environment. Method A
covers exposures where specimens float on the surface, method B covers exposures where specimens
are partially immersed method C covers exposures where specimens are completely immersed.

Althgugh intended for marine (salt water) exposure, the methodology can be usedcw
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od A is particularly applicable to enhanced-degradability plastics where the en
hdation under marine floating exposure is expected to be accelerated, relative to thg
ic materials.

document specifies the general requirements for the apparatus, and procedures for u
ods described.

s properties that can be used to evaluate changes in plastics subjected to marine exp
fic information about methods for determining the changes in properties of plastics
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1
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control

<weathering> material which is of similar composition and construction to the test material, and which
is exposed at the same time for comparison with the test material

Note 1 to entry: An example of the use of a control material would be when a formulation different from one
currently being used is being evaluated. In that case, the control would be the plastic made with the original

formulation.

3.2

file specimen

portion of th

ematerialtobe testedwhich is stored under conditions in which itis cfnh]p, andisuse

d for

comparison
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ar or solar ultraviolet radiant exposure. The climatic conditions are monitored durin
d reported with the other conditions of exposure.

ficance

durability of materials in manine*exposures can vary depending on the location 9
cause of differences in ultraviolet radiation, ambient air temperature, water tempera
sms, tidal action and contaminants in the water. Therefore, it cannot be assumed
one exposure in a particular location will be useful in determining the relative dura
cation. Exposures in several locations which represent a broad range of anticipated se
re recommended.

the same material for the same length of time at different marine sites is not expect

sons or in\different years. Thus, the length of exposure is only a general indication d
posure and should always be considered in relation to the characteristics of the expq
b of year-to-year climatic variations, results from a single exposure test cannot be us
absolute rate at which a material degrades in marine exposures. Several years of r¢
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Itis strongly recommended that at least one control material be part of any marine exposure evaluation.
It is preferable to use two control materials, one with relatively good durability and one with relatively
poor durability.

This document covers plastic materials in film, sheet, laminate, monofilament, fibre, rope or netting
form. This includes, but is not limited to, packaging films, fishing gear, monofilament fibres and ropes.

When filaments, fibres, ropes or netting are exposed, it may be appropriate to apply a stress or use
weights during exposure to give a more realistic estimate of performance in actual service.

When marine exposures are used to evaluate enhanced-degradability plastic material, a comparable
material not formulated for enhanced degradability might be used for comparison. The test results can
then be used to obtain the rate of breakdown of the enhanced-degradability material relative to the other
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material. For most enhanced-degradability materials, particularly the enhanced-photodegradability
materials, the time to embrittlement (reduction of ultimate extensibility to <2 %, and therefore failure
of the material) is only a few months of exposure. Therefore, the test results will depend heavily on the

time

of year the exposure is conducted.

For materials that are intended to have enhanced degradability, it is important to evaluate the degraded
material after exposure to determine whether it is biodegradable.

The test results pertain solely to the geographical location where the test was carried out. Marine
weathering exposure test sites should be chosen on the basis of the geographical region in which the
plastic products are intended to be used. Selecting a location with high levels of solar radiation and a
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es of several different materials.

t be important to select a test site where the incidence of microorganisms andbiofouli
jvely high all year round. This allows the exposure to be completed in a relatively shor

Requirements for apparatus

General requirements

5s otherwise specified, the test site selected shall be fre€ from oil contamination, wit
h of petroleum oil on the water surface, and free from.any chemical influx from land-b4
llution. The exposure raft shall be placed at a location that has a depth of at least 1 m
shall be taken to ensure that no shadows from né€arby structures or other obstructior
sure raft or specimen-mounting racks.

Contaminated sites can be used to assessithe effect of specific contaminants or environn

rials used to construct the exposureraft and racks shall be resistant to corrosion and
or contaminate the specimens-hbeing exposed. Unless otherwise specified, use

ners to attach specimens to the’exposure raft and racks. Use of plastic pipe com
sure raft and rack constructien is recommended.

Requirements for method A, floating exposure

floating rack shall be constructed of heavy-duty plastic pipe material that is not sy
bbial attack, apdWwith a sufficient number of floats to ensure that the rack will not si
por the floating rack and ensure that specimens are always in contact with the surface

at low tide. Structural members of the rack shall not provide backing or support f
sed on-it. Figure 1 is a diagram showing a typical floating rack, used for method A, {
15 mm to 25 mm diameter plastic pipe.

romparative

plastic materials expected to undergo enhanced biodegradation (of any of their components), it
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Dimensions in metres
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5.3 Requ

Attach the

Use a minimum amount of decking ‘on the raft to ensure maximum exposure to global solar radi

of the surfa
and shall be
Install rack
immersed a
lowest end (
shall be 30
edges of adj

irements for method B, partial-immersion exposure

for plastic tubing [the use of non-corroding bolts (brass or stainless steel) in addition to glue is
ended for all joints]

b 25 mm diameter heavy-duty plastic tubing

t connected to frame using a plastic pipe that passes through the float (the use of three or more
ecommended for a 4 m rack)

— Diagram of typical test rack used for floating exposures conducted in accordance

with method A

est rack to a securely apchored floating raft to maintain the correct position in the w

ce of the test specimens. The exposure rack shall allow vertical installation of speci
positioned so thatthe prevailing tidal currents move parallel to the test specimen suj

rater.
htion
mens
face.

5 to allow height-adjustment to ensure that approximately one-half of each specimgen is

nd one-half isTabove the surface of the water. The maximum deviation from vertical
f a test spe€imen shall be 20°. The minimum distance between adjacent rows of speci
'm, measuired from the surface of the test specimens. The minimum distance betwee
hcent'\Specimens shall be 15 mm. Figure 2 is a diagram of a typical rack used for met

n

This rack wi

h|
?uld be attached to a floating raft at a distance of at least 0,5 m from the structural elenFents

of the raft.

NOTE

f the
mens

the
d B.

Placement of the exposure rack in accordance with methods B and C for flow of prevailing tidal

current, and with the exposed face of the specimens oriented toward the equator, ensures maximum exposure to

global solar r

adiation.
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Dimensions in metres

000000
© 900

1,2

boooqooooo + q

Key

1 15 mm to 30 mm diameter heavy-duty plastic tubing with series of regulatly/spaced holes for mqunting
pecimens

721

urface of water

5 mm to 30 mm diameter heavy-duty plastic tubing with series pftegularly spaced holes near tpp for
ttaching to floating raft and for adjusting specimens to apprepriate immersion depth

Q) (A

Figure 2 — Diagram of typical rack used for partial-immersion exposures conduicted in
accordance with method B

5.4 | Requirements for method C, shallow-immersion exposure

Attach the test rack to a securely anchered floating raft to maintain the correct position in the water.
The pxposure rack shall allow vertical installation of specimens and shall be positioned so that the
previailing tidal currents move patallel to the test specimen surface. If the exposure rack is constructed
of metal, test specimens shall be electrically isolated from the rack. The exposure racl shall allow
immersion of specimens to'a/depth of a least 0,3 m, but no more than 3 m. The minimyim distance
between the front face of @ specimen to the back of the nearest specimen shall be 60 mm. The minimum
distance between the.edges of adjacent specimens shall be 15 mm. Figure 3 is a diagram| of a typical
rackjused for methed €. This example provides for two rows of test specimens.

6 Test specimens

6.1 | Form and preparation

The methods used for preparation of test specimens can have a significant impact on their apparent
durability. Therefore, the method used for specimen preparation shall be agreed upon by the interested
parties and should preferably be closely related to the method normally used to process the material in
typical applications. A complete description of the method used for preparation of test specimens shall
be included with the test report.

The dimensions of the test specimens are normally those specified in the appropriate test method for
the property or properties to be measured after exposure. When the behaviour of a specific type of
article is to be determined, the article itself shall be exposed whenever possible.

Label all specimens with an identifying code. It is recommended that this label be engraved or indented
into the specimen. Writing on the specimen can be obliterated with exposure and therefore is not
useful for specimen identification after exposure. If specimens are too small or too fragile for engraving

© IS0 2018 - All rights reserved 5
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or indenting, mark a separate tag and attach to the specimen in such a manner that it does not interact
with the specimen or shield it from exposure.

Dimensions in metres

000000

0,3

_H_p Ci_

1

3,0
1.8

N AN

1 15 mm tp 30 mm diameter heavy-duty plastic tubing with series of¥egularly spaced holes for mounting
specimens

Key

surface qf water

3 15 mm tp 30 mm diameter heavy-duty plastic tubing withiSeries of regularly spaced holes near top for
attaching to floating raft and for adjusting specimens to-appropriate immersion depth (there can be mor¢
rows forfattaching specimens as long as immersion‘depth complies with requirements of method C)

Figure B — Diagram of typical rack used for shallow-immersion exposures conducted in
accordance with method C

If the materjial to be tested is an extruision- or moulding-grade polymer in the form of granules, ghips,
pellets or another raw state, specimens to be exposed shall be cut from a sheet produced by the
appropriate| method. The exact’shape and dimensions of the specimens will be determined by the
specific test procedure used-for measurement of the property of interest. The procedures us¢d to
machine or fut individudltest specimens from a larger sheet or part may affect the results of property
measuremehts and hence the apparent durability of the specimens. For preparation of test specimens,
procedures [describedAn 1SO 293[1], ISO 294-112], ISO 294-2(3], ISO 294-3[4], ISO 295[5] and ISO 3167(6]
have been fgund to-be satisfactory.

Unless othetwise specified, individual test specimens used for property measurements shall not be cut
from larger pieces that have been exposed. However, in the case of plastic film specimens intended
for the measurement of tensile properties, the test specimens (strips or dumbbells) shall be cut after
exposure of the sample. Fouling on the edges of pre-cut specimens during marine exposure may
introduce an error in the ultimate extension values measured using such specimens. However, the
effects of any cutting or machining operation on the properties of individual test specimens may be
much larger when the specimens are cut from a large piece after exposure. This is especially true for
materials that embrittle on exposure. Follow the procedures described in ISO 2818 for preparation of
test specimens by machining.

When test specimens are cut from an exposed sheet or larger part, they shall be taken from an area
that is at least 20 mm from the fixture holding the material or from the exposed specimen edges. In no
circumstances shall any material be removed from the exposed face during test specimen preparation.

6 © ISO 2018 - All rights reserved
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When comparing materials in an exposure test, use test specimens that are similar in dimensions and
exposed area.

When exposing thin or fragile specimens using method B or method C, clamp the specimens between
the two halves of a frame and attach the frame to the test rack. Figure 4 is a diagram for a typical
specimen-mounting frame. Use non-corroding materials to construct the frame and non-corroding
fasteners to clamp the two frame halves together. Select materials for frame and fasteners that will not
interact with the test specimens. Typically, the thickness of materials used for the frame halves is 3 mm
to 5 mm.

Dimensions in centimetres

o o o
©
o O
p=

(o] [e]

M
1/170 o
(o] (o] [e]
53
20

Key

1 1egularly spaced holes for bolting two frame halves together to lock test specimens in place (use pon-
¢orroding fasteners made of e-g~brass to bolt the frame halves together)

a  Typical values.

Fighire 4 — Typicalframe section used to clamp fragile test specimens for attachment to racks
used for method B and method C exposures

6.2 | Number of test specimens

The number of test specimens for each set of test conditions or exposure period shall be that specified
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For the determination of mechanical properties, it is recommended that the number of exposed test
specimens be twice that required by the relevant International Standard (due to the large standard
deviation known to occur in measuring the mechanical properties of “weathered” materials).

If the test method used for property measurement does not specify the number of test specimens to be
exposed, it is recommended that a minimum of three replicate specimens of each material be prepared
for each exposure stage.

When destructive tests are used to determine the properties being measured, the total number of
test specimens required will be determined by the number of exposure periods used and whether
unexposed file specimens are tested at the same time as exposed specimens.

© ISO 2018 - All rights reserved 7
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Control materials that are similar in composition and construction and which have known durability
should preferably be included with each exposure test. It is recommended that control materials
known to have relatively poor and relatively good durability be used. Control materials are used for the
purpose of comparing the performance of the test materials with that of the controls. Before laboratory-
to-laboratory comparisons are made, it is necessary for the control materials to be agreed upon by all
interested parties. The number of specimens of the control material should be the same as that used for
test materials.

Retain a supply of unexposed file specimens of all materials evaluated.

When destructive tests are run, ensure that sufficient file specimens are retained so that the property
of interest ¢ ted.
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6.3 Storage and conditioning

If testand/g
preparation
the sheets p

When using|

r control specimens are cut or machined from larger pieces, they shall be conditioned,
in accordance with ISO 291. In some circumstances, it may be necessary-to precond
rior to cutting or machining to facilitate specimen preparation.

tests to characterize the mechanical properties of the materials bging exposed, speci

shall be appropriately conditioned before all property measurements. Usethe conditions describ

ISO 291. Th
conditioning
been exposd

File specimg
standard at

e properties of some plastics are very sensitive to moisture content, and the durati
r may need to be longer than that specified in ISO 291, paxticularly where specimens
d to climatic extremes.

ns shall be stored in the dark under normal laboratory conditions, preferably in one
mospheres given in ISO 291.

after
ition

mens
ed in
bn of
have

f the

Some matefials will change colour during storage incthe dark, particularly after weathering.|It is
essential that colour measurement or visual comparisons be carried out as soon as possible jafter
exposure orjce the exposed surface has dried.

7 Procedure

7.1 Genepal

The conditipns and procedure_for) the exposure depend upon the particular method selected. Refer

directly tot

Attach the
used. Recor

he specific instructions for method A, B or C, as appropriate.

pecimens to-the exposure rack in accordance with the specific procedure for the mq
l on a diagram the location of each test specimen. Record the date the exposure starte

Depending ¢
from expos

n the material being evaluated, the length of the intervals at which specimens are re

thod
d.

oved

resand tested for degradation may be specified in terms of days, weeks, months or ylears.

In the case pfexposures that last for less than a full year, it is particularly important to indicatg the
date on which the exposure was Initiated. In exposures lasting several years, the seasonal eifects are
averaged out; however, the test results in the case of exposures of shorter durations can depend on the
season in which the exposure was carried out.

For method A and method B, solar radiation is a primary factor responsible for degradation of the
material. If required, measure total solar, or solar ultraviolet, radiation in accordance with the
procedures described in ISO 877-1 and ISO 877-2, and report the solar radiant exposure, in joules per
square metre, and the passband over which the radiation was recorded. When solar radiant exposure
is reported, the orientation of the radiometer used for measurement shall also be reported. Unless
specifically required, do not estimate solar radiation using changes in materials such as fabrics or
polymers.
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7.2 Specific procedure for method A, marine floating exposure

For lightweight specimens such as plastic netting, films or sheets, wrap one end of the specimen once
over a structural member of the raft and secure it in place with one or more UV-resistant plastic cable
ties. Attach the specimens to the raft member on one edge so that they are able to float freely in the
water. With heavier specimens, use UV-resistant plastic cable ties to attach one or a set of free-floating
specimens to the exposure raft. Except as noted above, structural members of the raft itself shall in no
case provide a backing for the samples exposed on the raft.

For specimens likely to fragment during the exposure (for instance hydrophilic foam materials),
enclose each specimen in a bag made of thermoplastic netting. The bag shall be large enough to contain
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y within the bag. The length and width of the bag shall be 30 % larger than that eft®
en with sea water. The mesh size of the netting used shall be at least 20 mm. When s
d in net bags, attach the bag to the raft and place the identifying code on the bag ra
pecimen itself. Periodically examine the bag for fouling of the netting, which.may res
of sea water through the bag. If the bags themselves are fouled prior to campletion of t
ce them or clean them carefully, taking care not to damage the specimens.

ect the floating raft at least weekly and clear any debris trapped within the raft, taking c4
he specimens are not cleaned or disturbed. Do not allow the specimens to dry out for af

h specimens are removed from the floating raft at the designated test times, carefully
per or plastic and store away from light until they are teésted. Where analysis or eny
hg organisms is anticipated after the specimens have completed the exposure, place th
arge container with fresh water of the same type used for exposure. If it is not pract
mens in a container of water after removal from exposure, wrap them in several lay
|s wetted with the same water used for exposure. If the colony enumeration cannot bg
n 24 h after removal of the specimens fromexposure, place the wrapped specimeng
nd store in a refrigerator.

Specific procedure for method B, partial-immersion exposure

h specimens to the exposure rack with atleast 15 mm between each specimen. All fastg
h specimens to the rack shall-be nonconductive. Cable bundle straps have proven to be

ragile materials such as\thin films, clamp specimens between two frames such as des
ittach the frame to the test rack.

1 the exposure.rack with specimens attached to the floating rack so that a minimun
specimen isabeve the surface of the water.

Specificprocedure for method C, shallow-immersion exposure

h-the specimens to the exposure rack with at least 15 mm between each specimen
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be nonconductive. Cable bundle straps have proven to be very useful.

For fragile materials such as thin films, clamp the specimens between two frames such as described in
6.1 and attach the frame to the exposure rack.

Install the exposure rack with specimens attached so that all specimens are immersed at least 0,3 m,
but no more than 3 m, below the surface of the water.

7.5

Evaluation of specimens after exposure

Note the appearance and/or photograph the exposed specimens to indicate the extent of fouling on the
sample surface upon removal from exposure or from storage.
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Ifany specimens have fragmented during the exposure, particularly those exposed in bags in accordance
with method A, small pieces of the specimen can be used for analyses.

Measure the relevant physical, mechanical and chemical properties of the exposed materials to assess
the extent of degradation. Typical properties used for the purpose include measurement of average
molecular mass, measurement of tensile properties, infrared spectroscopy and measurement of specific

gravity of fo

uled specimens to assess the degree of fouling.

If specified, determine quantitatively the fouling colony composition on the specimen surface in
accordance with relevant standards.
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uctive testing is used to measure a property of the material being assessed, the proj
asured before beginning the exposure. The same property is then measured after
riod. Care shall be taken to make the property measurement after each.€xposure peri
sition on the test specimen.

monitor the response of the instrument used to measure the desired property, one can
Falibration specimen each time the instrument is used.

re testing is used to measure a property of the materialibeing assessed, separate sg
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bosed specimens can then be compared.

8 Testreport

ort shall contain the following information:

ete description of the test and' control specimens, including composition and meth
tion with reference to relevant standards;

the localtion of the exposure site;

e of water at the gxposure site (salt water, brackish water or fresh water);
ed, the salinityof the water;
ed, the pHof the water;
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when the exposure was started and the date when the exposure was completed;

was measured;

the average temperature of the water at the exposure site;

for exposures of 60 days or less, the average daily water temperature;

which the exposure took place;
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if required, the daily maximum and minimum ambient-air temperatures;

if required, the total rainfall during the exposure period;

if required, the solar radiant exposure, including the wavelengths over which the radiant energy

for exposures of more than 60 days, the average daily water temperature for each week during
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