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Plastics piping systems for the conveyance of water intended
for human consumption — Migration assessment —
Determination of migration values for plastics pipes

1 Sco

This Interpational Standard specifies a method for the determination of the migration of

constituen
assessme

It applies {o all plastics pipes to be used for the conveyance of water intended for human

consumpt
It concern
in procedy

2

The follow
provisions
valid. All s
Standard
standards

Internatiopal Standards.

ISO 3696

ISO 73934
Part 2: Cd

3 Defi

For the pu

Normative references

e

ts from the internal surface of plastics pipes. Organoleptic and microbiolagical
nts are not included.

on and raw water used for the production of water intended for itiman consumptiq
5 constituents which are extractable from a pipe by water. It provides for a modificd
re as necessary depending upon the size of the pipe.

ing standards contain provisions which, through reference in this text, constitute
of this International Standard. At the time of the publication, the editions indicated
tandards are subject to revision, and parties to agreements based on this Internati
pre encouraged to investigate the passibility of applying the most recent editions o
indicated below. Members of IEC.ahd ISO maintain registers of currently valid

1987, Water for analyticalNaboratory use — Specification and test methods.

2:1985, Water qualityy~ Determination of free chlorine and total chlorine —
lorimetric method.using N,N-diethyl-1,4-phenylenediamine, for routine control purg

nitions

rpases of this International Standard, the following definitions apply:

n.
htion

were
onal
f the

poSses.

3.1 migration: Movement of a substance from the material of the plastic pipe into another
material (a test liquid).

3.2 test

liquid: Water of specified quality for migration testing.

3.3 migration value (M): The mass of the constituent(s) extracted, at a specified temperature
and over a specified time, from a specified inner surface area of a pipe test piece in contact with a

test liquid.

3.4

tap water: Water intended for human consumption.
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4 Principle

The test pieces are first allowed to stand with tap water inside them for a fixed length of time, and
then washed with tap water for a specified length of time.

They are then filled with the specified test liquid at a specified temperature and maintained thus for
a series of specified migration periods.

NOTE — The following test parameters are set by the standard concerned:

a) the test liquid(s) (see 5.2) ;

b) the fest temperature T, If other than that given In clause 6 ;
¢) the pumber of pairs of test pieces (see 8.3) ;

d) the gonstituents to be determined, both in testing the test pieces and in the blank test)and the
requirefl accuracy, taking account of 9.5 (see also clause 10).

5 Reagents
5.1 Water| conforming to grade 3 of ISO 3696:1987, with the following characteristics:
a) a conductivity of = 10 mS/m at 25 °C;

b) total oyganic carbon (TOC) content < 0,2 mg/l (as.earbon);

c) neglig|ble concentrations of any measurable substance which may interfere with the
determingtion of a) and b).

5.2 Test liquids
NOTE + The methods of preparing-these test liquids are given in annex A.
5.2.1 Water| conforming to 5.1.

5.2.2 Chlorinated water, made from water conforming to 5.1, with an active-chlorine
concentration of (1,0 £ 0,2)ungl/l.

5.2.3 Acidic water, -eogmprising water conforming to 5.1 adjusted to a pH of (4,5 £ 0,1) with a
KH,PO, buffer solution conforming to A.1.2.

5.2.4 Chlorimated acidic wate omprising water conforming to adjusted to a pH o
(4,5 £ 0,1) with a KH,PO, buffer solution conforming to A.1.2 and with an active-chlorine
concentration of (1,0 = 0,2) mg/I.

5.2.5 Alkaline water, comprising water conforming to 5.1 adjusted to a pH of (9,0 + 0,1) with a
boric acid buffer solution conforming to A.1.3.

5.3 Choice of test liquid
5.3.1 For cold-water applications, the test liquid shall conform to 5.2.1 to 5.2.5 inclusive.

5.3.2 For warm- and hot-water applications (see clause 6), the test liquid shall conform to 5.2.1.
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6 Apparatus

6.1 Connections, stoppers and containers,  made of material which is inert under the specified
test conditions, such as glass or PTFE or stainless steel (see also annex B).

All surfaces (connections, stoppers, containers) in contact with water shall be tested for migration
prior to being used.

NOTE — Itis recommended only to use PTFE if there is a small contact area with the test liquid;
it is thus not suitable for containers.

—

6.2 _Thermostatically controlled enclosure capable of maintaining the relevant te
temperature(s) (see clause 7) to within £ 2 °C.

7 Test conditions

The|relevant test conditions shall be as stated in the system standard-¢oncerned for each
application and each material.

Unlgss otherwise specified in the standard concerned, the testitemperature shall be ag follows:

a) for cold-water applications: (23 £ 2) °C;

o

for warm-water applications: either (60 + 2) € or (70 % 2) °C, depending on the glass of
pe;

°

c) for hot-water applications: (90 £ 2) °C.

8 Test pieces
8.1 | General
The|pipe shall be manufactured at least 14 days before any test pieces are taken.

8.2 | Preparation

For pach test,take two lengths of pipe, each of sufficient length and inner surface area S to have
the yolumez¥nhecessary to determine, with the required accuracy, the amounts of any
constituent(s) which migrate.

The value of S/Vshallnot be 1ess than 5 dm -, where:

S is the inner surface area of the test piece in contact with the test liquid, in square
decimetres;
74 is the volume of the test liquid, in litres.

However, for pipes with nominal diameters in excess of 80 mm, the value of 5 dm-! for S/V cannot
be achieved. The test arrangement shall therefore be modified to one of those given in annex B.

NOTE - The value of S/Vis dependent on the analytical requirements for each constituent of interest,
and in particular on the minimum concentration to be determined [see item d) in the note to clause 4].
The lowest value for S/V is then the deciding value.
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8.3 Number

The number of pairs of test pieces tested shall be as specified in the standard concerned.
9 Procedure
9.1 General

9.1.1 Carry out the procedure given in 9.2 to 9.5 in duplicate, simultaneously on each test piece.

Complete the sequence consisting of conditioning (9.2), washing (9.3) and finally migration-(9:4)
within 10 days (see 9.1.2).
9.1.2 Carry put a blank test in parallel with 9.1.1, under the same conditions (test liguid; test
temperature| migration time) and using the same stoppers in a container of sufficient volume
conforming fo 6.1, but made of glass.
Determine, gt the end of each migration period (see 9.4), the concentratiort.C, of each specifigd
constituent [see item d) in the note to clause 4] and of any associated substances which will affect
the accuracy.

NOTE + If a bulk supply of test liquid is used for the duplicate tests, then one blank test is sufficiept.
9.2 Conditioning
9.2.1 When testing at 23 °C
9.21.1 Close one end of each test piece, using a stopper (see 6.1).
9.21.2 kill the test piece with tap waterland let it stand for (24 + 0,5) h at the test temperature
(see clause J7).
9.2.1.3 At the end of this period, empty out the water and remove the stopper. Wash the tgst
piece as degcribed in 9.3.
9.2.2 When festing at elevated temperatures
9.2.2.1 Close one_end of each test piece, using a stopper (see 6.1).
9.2.2.2 Fill the test piece with tap water at the test temperature (see clause 7) and let it stahd
for (7,5 £ 0,8),h at'the test temperature.

9.2.2.3

At the end of this period, empty out the water, refill the test piece with fresh tap water

which has been brought to the test temperature and let the test piece stand for (16 + 0,5) h at the
test temperature.

9.224

piece as described in 9.3.

9.3 Washing

9.3.1 Connect the test piece to a supply of tap water using a suitable connector (see 6.1) in such a

way that the

test surface is completely covered during washing.

At the end of this period, empty out the water and remove the stopper. Wash the test

©1SO
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9.3.2 Let the tap water flow through the test piece at a speed between 2 m/min and 4 m/min.
9.3.3 Maintain the water flow for a period between 60 min and 70 min.

9.3.4 At the end of this period, stop the water flow and rinse out the test piece using water
conforming to 5.1.

9.4 Migration test

9.4.1 Close one end of each of the washed test pieces with a stopper (see 6.1).

9.4. vith-the-speetfietestligtie{seeectatse4ant-52)—Ctosethegther end of
eaclh test piece with a stopper (see 6.1) and maintain the filled test piece at the specifi¢
temperature for (72 £ 1) h.

9.4.8 Assess the migration at the end of this first test (or migration) period by'removing one of the
stoppers, emptying the test liquid from the test piece into a suitable container and detgrmining, to
the $pecified accuracy, the amount of each specified constituent present C; (see 9.5 and clause

10).

9.4.4 For any subsequent migration period, repeat steps 9.4.2<and 9.4.3 to determine [C,,, where n
is the number of successive migration periods.

9.5 | Analysis of constituents

Decpnt the test liquid into a container made of inert material (see 6.1) and, if necessary, allow to
cool|to (23 = 2) °C, taking all necessary precautions to protect the test liquid.

Carry out the required analyses using suitable analytical methods. The substances defermined,
the @letection limit and the accuracy of the method, i.e. the permissible random error and
systematic error (bias), shall be as specified in the standards concerned.

10 | Expression of results

Expfess the measured-Concentrations of the constituents which have migrated into the test liquid
in milligrams per litreZCalculate the migration value for each constituent, using the following
equation:

1 "4
M,, ==C, Xx—
24 2%
whetre
M, is the migration value, in milligrams per square decimetre, for a period of 24 h, for
the constituent concerned,;
C, is the concentration of the constituent, in milligrams per litre, after a period of 72 h,
where C;, = C, {or C,} - C;
v is the volume of the test liquid, in litres;
S is the inner surface area of the test piece, in square decimetres, in contact with the

test liquid.
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Express the values of Mand C as Mza and Cga

where
T is the migration temperature, in degrees Celsius;
t is the migration time, in hours;
a is the number of the migration period.
EXAMPLES

M%i'l is M for the first migration period, at 23 °C, for a time t of 72 h divided by 3;

M;g_s is M for the third migration period, at 70 °C, for a time t of 72 h divided by<3;

23 i
C72;1

70 i
C72;3

NOTE -
per uni
is nece

is C for the first migration period, at 23 °C, for a time t of 72 h;

is C for the third migration period, at 70 °C, for a time t of 72 h,

- The migration value is independent of the size of the pipe testéd since it is expressed in m
surface area per unit time. Since the migration time is 72 h and’the unit of time used is 24
5sary to introduce a factor 1/3 into the equation. For practical reasons, it is assumed that th

SS
it

migratipn takes place linearly with time. By virtue of the fact that' M is expressed in the form MZa, ilis

easy to
used.

11  Testre
The test rep
a) arefe
b) all det
1) the

2) the

3) the

see which migration time f, which migration temperature T and which migration period a w.

port

prt shall include the following information:

ence to this InternationalkStandard and to the referring standard;

hils necessary for complete identification of the pipe tested, including the following
name of the manufacturer and the production site,

hame anditype of material,

hipe. markings, including the manufacturing code,

4) the

dimensions of the pipe tested (nominal diameter and nominal wall thickness),

5) a description of the test piece;

¢) the analytical method (including its accuracy and detection limit) used to determine the

constitue

d) the volume of the test liquid V, in litres, and the inner surface area, S, in square decimetres,

nt(s) concerned;

of the test piece in contact with the test liquid;

e) the test liquid, the type of buffer and the test temperature;

S

©1SO
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f) the concentrations C7Tz;a and C,, in milligrams per litre, and the calculated migration value

M£4;a, in milligrams per square decimetre per 24 h [mg/(dm?2-24 h)] for each constituent
determined for each of the two test pieces after the first, and all subsequent migrations;

g) the arithmetic mean of C7Tz;a and M£4;a of the duplicate test pieces (see 9.1.1) for each
constituent determined after the first and any subsequent migration period;

h) any factor which may have affected the result, such as any incident which may have
occurred or any operation not specified in this International Standard,;

)| the date of the test.
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Annex A
(normative)

Test liquids

A.1 Chemical solutions

A.1.1 Sodium hypochlorite (NaOCI) solution

Dilute, on th
grade) with

NOTE -
A.1.2 Acidic
Prepare the
(KH,PO,) in
water confor
Subsequent

A.1.3 Alkalin

Prepare a st
B (see also

Solution A c
5.1.

Solution B iS
chloride in W
potassium ¢

Subsequent

A.2 Prepa

A.2.1 Chlorin

B day Of USE, a solution of commercially available sodium hypochlorite (technical
vater conforming to 5.1 to give a 0,1 % by mass of available chlorine.

- The sodium hypochlorite solution used as the test liquid is not sufficiently stablé-to be stg
buffer solution (pH 4,5)

acidic buffer solution by dissolving 13,61 g of potassium dihydrogen phosphate

1 000 ml of water conforming to 5.1 and diluting 1 ml of this s@lution to 100 ml wit
ming to 5.1.

y add 1,2 ml of 0,1 mol/l HCI.

e buffer solution (pH 9,0)

pck alkaline buffer solution by mixing solution™A (see below) with 1 000 ml of solut
pelow).

bnsists of 420 ml of 0,1 mol/l sodium-hydroxide prepared using water conforming t
prepared by dissolving 6,18.g of boric acid in a 0,1 mol/l solution of potassium
ater conforming to 5.1 amdymaking up to (1 000 * 1) ml with the same 0,1 mol/l

hloride solution.

y dilute this stock.alkaline buffer solution 100 times with water conforming to 5.1.

ation of\test liquids

ated water

red.

on

Add, to water conforming to 5.1, a sufficient quantity of sodium hypochlorite (NaOCI) solution
(A.1.1) to give an active-chlorine concentration of (1,0 £ 0,2) mg/I.

Determine this concentration in accordance with 1ISO 7393-2.

A.2.2 Acidic water

Add, to water conforming to 5.1, a sufficient amount of phosphate buffer solution (A.1.2) to obtain

a pH of (4,5

+0,1).

©1SO
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A.2.3 Chlorinated acidic water

Determine in accordance with ISO 7393-2 the active-chlorine concentration in the acidic water
prepared as specified in A.2.2. Add a sufficient quantity of a sodium hypochlorite (NaOCI) solution
(A.1.1) to give an active-chlorine concentration of (1,0 + 0,2) mg/I.

A.2.4 Alkaline water

Add, to water conforming to 5.1, a sufficient amount of alkaline buffer solution (A.1.3) to obtain a
stable pH of (9,0 £ 0,1).
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Annex B
(normative)

Additional procedures for testing pipes with nominal diameters in excess of 80

B.1 Test assemblies

Use one of the test assemblies shown in figures B.1 and B.2.

Take precaytions t0 ensure that there is no 10SS of test |IC]LIId during the migration perlods.

B.2 Washi

Wash the te
annex C wh

In cases of ¢

B.3 Blank fest

Carry out the
with the test
in the actual

B.4 Sealin
Silicones sh
Seal the test
Fix the end |

If a seal can
minimum thd

ng the test pieces

5t pieces either in accordance with 9.3 or in accordance with the procedure given i
ch avoids the use of large quantities of water.

ispute, the procedure given in 9.3 shall be used.

p blank test in accordance with 9.1.2, ensuring that all materials that are in contact
liquid are included in the blank test and that they are present at the same S/V ratic
test arrangement.

)

bl not be used for sealing purposes.
assemblies mechanically, as follows:
hieces to thetest pieces to give a liquid-tight seal, using clamps or bolts for instang

hot be achieved, then use PTFE tape or film in the form of a gasket, reducing to a
 surface area of the gasket in contact with the test liquid (see 6.1).

©1SO
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Gtassorstamtess-steetcover

Filling and/or air-escape hole
Stainless-steel end piece

Length of test piece (= L)

Test piece

Clamps or bolts

Test piece completely filled with test liquid

Figure B.1 — Type 1 test assembly

11
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X

ey
Glgss or stainless-steel cover
Filling and/or air-escape hole
Wal of pipe

Glgss ar stainless-steel cylinder

Tegtdiquid (completely filling gap)

PTFEsealbetween pipe endand ptate

12

GTmMOoOOm>

Glass or stainless-steel plate

Figure B.2 — Type 2 test assembly

©1SO
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B.5 Calculation of value of S/V for the test assembly
For the test assembly shown in figure B.1, calculate the value of S/V as follows:

From the cross-section of the pipe-segment test piece, calculate the arc length a and the area A of
the hatched sector shown in figure B.3, using the following equations:

a=-%_xnd, (B.1)
360
where
a is the length of the arc running round the inside surface of the pipe segment, in
millimetres;
a is the internal diameter of the pipe from which the segment was taken, in millimetres;
o is the angle subtended by the pipe segment at the centre ofthe pipe, in degrees,
given by the equation
d -2h
gos(x/2) = — ...(B.2)
d;
whefe
h is the height of the hatched sector, inmillimetres.
0o 20_ TAY: O
A= g ¥ 025M(d) H0.5d; - h)i xtan(a/2)g .(B.3)
whefe
A is the area of the hatched sector, in square millimetres.
§=10" xaxL ..(B.4)
whefe
S iS\the internal surface area, in square decimetres, of the pipe segment exposed to
the test liquid;
L is-the-length-ofthepipe-segment—in-millimetres
V=10 xAxL ...(B.5)
where
v is the volume of test liquid in the pipe segment, in litres.

13


https://standardsiso.com/api/?name=e341013351472461c31bc7331272d4a8

1ISO 8795:1998(E)

0.5d - h

Figure B.3 — Cross-section through pipe-segment test piece

14
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