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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
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| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting-, Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
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5 was prepared by Technical Committee ISO/TC 35, Paints-and varnishes, Subcommittee S
t methods for paints and varnishes.

consists of the following parts, under the general title Paints and varnishes — Determinatio
of biocides from antifouling paints:

General method for extraction of biocides
Determination of copper-ion concentratiof.in the extract and calculation of the release rate

Calculation of the zinc ethylene-bis(dithiocarbamate) (zineb) release rate by determination of
tration of ethylenethiourea in the-extract

Determination of pyridine-triphenylborane (PTPB) concentration in the extract and calculatio
ase rate

Calculation of the-tolylfluanid and dichlofluanid release rate by determination of the concentrg
thyltolylsulfamide (DMST) and dimethylphenylsulfamide (DMSA) in the extract

g part is under preparation:

Determination of tralopyril release rate by quantification of its degradation product 3-brom
rophenyl)-4-cyano-1H-pyrrole-2-carboxylic acid (BCCPCA) in the extract
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By using standard conditions of temperature, salinity and pH at low biocide concentrations in the surrounding
artificial seawater, a repeatable value of the release rate under the specified laboratory conditions can be
determined using the method given in this part of ISO 15181, which can be used for quality assurance and
material selection purposes. The actual release rate of biocides from antifouling paints on ships’ hulls into the

cop
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ing conditions, paint condition, as well as temperature, salinity, pH, pollutants and biological
particular area.

results of this test do not reflect environmental biocide release rates for antifouling-products

ithble for direct use in the process of generating environmental-risk assessments, producing en

ing estimates or for establishing release rate limits for regulatory purposes;-n comparison
organotin release rates obtained either by direct or indirect measurements of\the copper relea

ids’ hulls and from measurements made on panels exposed in harbours, all)available data indig

Its obtained using this generic test method significantly overestimate.the release rates of bio
ervice conditions. Published results demonstrate that the results of-this test method are gene
factor of about 10 or more for several commercial antifouling coatings than direct in situ meas
ber and organotin release rates from in-service ship hulls [1<2}y"A similar relationship is exp
d for other biocides. Realistic estimates of the biocide release rate from a ship’s hull unds
ditions can only be obtained from this test method if this difference is taken into account.

bre the results of this test method are used in the process of generating environmental-risk ag
ucing environmental-loading estimates or for regulatory purposes, it is most strongly recomn
relationship between laboratory release rates@nd actual environmental inputs be taken into
v a more accurate estimate of the biocide release rate from antifouling coatings under real-lif¢
b obtained. This can be accomplished through the application of appropriate correction factors
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Pa

ints and varnishes — Determination of release rate of

biocides from antifouling paints —

1

Thig

tolylfluanid and dichlofluanid that has been released from an afntifouling paint into artificial
accprdance with the procedure given in ISO 15181-1.

Toly

dimgthyltolylsulfamide (DMST) and dimethylphenylsulfamide (DMSA), respectively. This part off
spegifies a method for converting the released speciés' into these degradation products, quari

ST) and dimethylphenylsulfamide (DMSA) in the extra

Scope

part of ISO 15181 specifies the apparatus and analytical method for determining the

amount of

teawater in

Ifluanid and dichlofluanid are unstable in the ¢marine environment and degrad¢ to form

ISO 15181
tifying their

congentration in the treated artificial seawater samples, and gives the final calculation for the rel¢ase rate of

tolylfluanid and dichlofluanid under the specified laboratory conditions.

This
othd

sepgrate sub-samples of an artificial seawater extract generated in accordance with ISO 15181-1.

When used in conjunction with 1IS©.15181-1, the practical limits for quantifying release rates by

are

require the use of an analytical method with a lower limit of quantitation for tolylfluanid, dichloflua

(as

2

The]
refe
doc

part of ISO 15181 is designed to allow.the concurrent determination of tolylfluanid, dichlg
r biocides that can be released by a given antifouling paint (for example, copper) through the

from 1,3 ug-cm=2.d-1 to 500 pg-cm=2-d-!. The quantitation of release rates lower than this

bppropriate) in artificial seawater than that specified in Clause 3 and in 5.1.

Normative references

followingvreferenced documents are indispensable for the application of this document,
rences;-only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

fluanid and
analysis of

his method
range will
nid, or both

For dated
referenced

ISO

3696, Water for analytical laboratory use — Specification and test methods

ISO 15181-1:2007, Paints and varnishes — Determination of release rate of biocides from antifouling
paints — Part 1: General method for extraction of biocides

ASTM D 6442-06, Standard Test Method for Determination of Copper Release Rate from Antifouling Coatings

in S

ubstitute Ocean Water
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3 Principle

The amount of tolylfluanid released from a test cylinder into artificial seawater by the method given in
ISO 15181-1 is determined by promoting the degradation of the tolylfluanid in the leachate under controlled
conditions and subsequently quantifying the concentration of the degradation product, dimethyltolylsulfamide
(DMST), by a high-performance liquid chromatography (HPLC) method or by an alternative analytical method,
provided that it has a limit of quantitation for tolylfluanid in artificial seawater of 7 pg/l or less. The release rate
of the biocide under the specified laboratory conditions is then calculated as tolylfluanid.

The amount of dichlofluanid released from a test cylinder into artificial seawater by the method given in
ISO 15181-1_is determined by promoting the controlled degradation of the dichlofluanid in the leachate, and

quantifying the concentration of the degradation product, dimethylphenylsulfamide (DMSA), by a similarHPLC
method or|by an alternative analytical method, provided that it demonstrates a limit of quantitation for
dichlofluanig in artificial seawater of 7 ug/l or less. The release rate of the biocide under the ‘specjfied
laboratory donditions is then calculated as dichlofluanid.

Additional ipformation on tolylfluanid, dichlofluanid, DMST and DMSA is given in Annex B.

4 Supplementary information

The items df supplementary information required to be able to use the general extraction procedure, descr|bed

in ISO 151§

5 Appa

5.1 High
quantitation
limit of qua
(Determina
for tolylflua
include the

5.1.1
0,5 ml/min.

51.2 Ult

5.1.3 Aut

514 Ch
of 150 mm
particle size
4,6 mm ang
phase (me3

Gradient-programmed pump, _cCapable of achieving a pressure of 150 bar and a flow-rats

1-1, for dichlofluanid and tolylfluanid are given in Annex A.

ratus

tperformance liquid chromatograph (HPLC), of\other suitable instrument, which has a lin

for tolylfluanid, dichlofluanid, or both (as appfopriate) in artificial seawater of 7 ug/l or less.
ntitation shall be determined by the general procedure given in Annex 2 of ASTM D 644}
ion of the LOQ for Copper in Substitute @cean Water for the Analytical Method), suitably mod
hid, dichlofluanid, or both (as appropriate). If HPLC is used, the system shall, where poss
components specified in 5.1.1 to 546.

aviolet detector, capable of monitoring at 195 nm.
osampler, capable) of making 200 pl injections.

'omatography column: a reverse-phase column with an internal diameter of 2,0 mm and a le
packedwith a microparticulate octadecylsilane (C-18, end-capped) stationary phase (]
5,0 ymyor equivalent, and equipped with a reverse-phase pre-column with an internal diamet
a length of 30 mm, packed with a microparticulate octadecylsilane (C-18, end-capped) statio
n-particle size 5,0 ym) or equivalent.

it of
The
P-06
fied
ble,

b of

hgth
ean
pr of
hary

5.1.5

5.1.6
enabling au

5.2

Column oven, providing a constant column temperature of 40 °C.

tomated integration of peak areas.

Glass vials, volume 30 ml, screw-topped.

Electronic data-processing system, capable of controlling the HPLC system, acquiring data and

5.3 Dispensers, automatic or repeating, for reagents.
5.4 Pipettes, with disposable tips.
2 © 1SO 2008 — All rights reserved
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5.5
5.6

5.7

6

ISO 15181

Volumetric flasks, volume 25 ml and 100 ml.
Microlitre syringe, capable of accurately dispensing volumes of between 1 yl and 100 pl.

Syringe, glass or disposable, capable of dispensing 2 ml.

Reagents and materials

-5:2008(E)

Suppliers’ material safety data sheets should be consulted for details of any hazards associated with the

reannnfe lictad halow  and tha ricke accnciatad with thair 1ica chaould ha accaccad Apprr\priol‘
FeRts—HSI8a—PB81I0W,—aRE—R8—HSK 86— HA—ReH—- HOLtHG—6— — PP Hat

e protective

clot

Unlgss otherwise specified, use only reagents of recognized analytical grade.

6.1

Us¢

6.1.

6.1.

6.2
ind

6.3
detd

6.4
for

Clalise 8.

6.5
for

Clayise 8.

6.6

6.7

6.8

6.9

NOT

ning and equipment should be utilized.

Cleaning reagents.
one of the following reagents for cleaning all the equipment.
1 Hydrochloric acid, concentrated aqueous solution, 37 % by mass:
P Hydrochloric acid, aqueous solution, 10 % by volume.

Tolylfluanid, analytical standard with a certified mass fraction of tolylfluanid of at least 99,
btermining the tolylfuanid release rate. See also Clause 9.

Dichlofluanid, analytical standard with a certified mass fraction of at least 99,0 %,
rmining the dichlofluanid release rate. See also Clause 9.

Dimethyltolylsulfamide (DMST), analytical*standard with a certified mass fraction of at le

use in preparing the calibration standard)for determination of the tolylfluanid release ratg

Dimethylphenylsulfamide (DMSA), analytical standard with a certified mass fraction of at |
ise in preparing the calibration standard for determination of the dichlofluanid release ratg
Atrtificial seawater as.defined in ISO 15181-1.

Water, conforming to the requirements of grade 2 of ISO 3696.

Acetonitrile, HPLC grade.

Formic acid, minimum 98 % by mass.

E Formic acid may be substituted by acetic acid.

%, for use

for use in

ast 99,0 %,
. See also

bast 99,0 %
2. See also

6.10 Sodium hydroxide, aqueous solution 0,1 mol/l.

7

Use

Test samples

extracts taken from the release rate measuring containers as described in ISO 15181-1.

© 1SO 2008 — All rights reserved
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8 Preparation of calibration standards

8.1

General

Stock solutions of certified reference standards shall be prepared at approximately 1 000 mg/l and 100 mg/l in
acetonitrile, as described in 8.2 and 8.3. These stock solutions shall then be used to prepare calibration
standards by dilution with artificial seawater acidified to pH 2 to 3 with concentrated hydrochloric acid. A
minimum of 5 calibration standards shall be prepared at concentrations appropriate to the samples being
analysed and to define the working range for the determination of DMST and DMSA.

Where tolyl

luanid-and dichlofluanid release rates are hning r\nnmlrronﬂy dnfnrminnd, both DMST and D

SA

calibration g

8.2 Stoc
Weigh, to t

50 ml of ac
homogenol

8.3 Stoc

Pipette 10 n
well to give

8.4 Preparation of calibration standards from stock solutions

Select a m

concentratipns of analyte in the test samples and in -ofder to define the working range of the met

Calculate th
dilution to 1

EXAMPLE 1
solution B to

EXAMPLE 2
solution A to

For each cjlibration standard, to @ 100 ml (7,) volumetric flask add about 97 ml of seawater acidified to {

to 3 with ¢
solution A ¢
well. Fill to
well to give

Calculate tH
the standar

tandards shall be prepared.

k solution A

he nearest 0,1 mg, about 100 mg (M) of DMST or DMSA into a 100 ml (¥;) voldmetric flask,
etonitrile, and mix to dissolve. Make up to the mark with acetonitrile and-mix well to giv
s solution (dilution factor, f; = 1).

k solution B

hl of stock solution A into a 100 ml volumetric flask, make up tothe mark with acetonitrile and
a homogenous solution (dilution factor, f; = 0,1).

nimum of 5 suitable target concentrations for calibration standards, appropriate to the expe

e volume of stock solution A or stock solution B required to achieve each target concentratio
00 ml.

A calibration standard of nominal_eencentration 10 uyg/l may be prepared by dilution of 10 pl of
100 ml.

A calibration standard of nominal concentration 300 pg/l may be prepared by dilution of 30 pl of
100 ml.

bncentrated hydroghtoric acid. Using a microlitre syringe, add the required volume (7)) of s
r stock solution-B7by injection below the surface of the acidified seawater, and immediately
he mark with-artificial seawater acidified to pH 2 to 3 with concentrated hydrochloric acid and
homogenous-calibration standard solutions.

e actuat-eoncentrations of standard, Cg, in pg/l, in each calibration standard from certified puri
1 and the subsequent dilution using the equation

add
e a

mix

cted
hod.
n by

tock

tock

H2
tfock
mix
mix

y of

_VixMxPxf; <10°

Cg =

>

V1><V2><100

is the pipetted volume of stock solution A or B, in yl;
is the mass of certified standard, in mg;
is the purity of certified standard, in % by mass;

is the stock solution dilution factor;

© 1SO 2008 — All rights reserved
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V4 is the volume of stock solution A prepared, in ml (= 100 ml);

V, is the volume of calibration standard prepared, in ml (= 100 ml).

Recovery and conversion check standards

General

Stock solutions of certified reference standards shall be prepared at approximately 1 000 mg/l and 100 mg/l in

ace
pre
star
Add
rang

9.2
We

flas
honm

9.3

are conversion check standards that shall then be treated in accordance with 10.2. The conve
dards shall have approximate concentrations of 20 ug/l, 50 ug/l, and 200 ug/l dichlofluafid-or
itional conversion check standards may be prepared at appropriate concentrations te cover
e for the determination of DMST and DMSA.

Stock solution C
gh to the nearest 0,1 mg about 100 mg (M) of tolylfluanid or dichlofluanid into a 100 ml (V3

ogenous solution (dilution factor,j; =1).

Stock solution D

Pipgtte 10 ml of stock solution C into a 100 ml volumetric flask; fill to the mark with acetonitrile and

givg

9.4

a homogenous solution (dilution factor,]j- =0,1).

Preparation of recovery and conversion check standards

Pipgtte 10 ml of artificial seawater into an *appropriate number of 100 ml (7,) volumetric flas

micl

olitre syringe, add 20 ul and 50 ul (V) of stock solution D and 20 ul of stock solution C to se

seawater to
rsion check
tolylfluanid.
the working

volumetric

, add 50 ml of acetonitrile, and mix to dissolve. Fill to the mark with.acetonitrile and mix wegll to give a

mix well to

s. Using a
parate, pre-

filledd volumetric flasks. Fill to below~the mark with artificial seawater and mix well. Prepar¢ additional

con
soly

Cal
con
equ

bersion check standards if required by dilution of an appropriate volume of stock solution
tion D. Each conversion check'standard shall then be treated as described in 10.2.

tulate the theoretical cofcentrations of DMSA or DMST as appropriate, Cgqr, in ug/l, in e

version check standard\from the certified purity of the standard and the subsequent dilutio
ation

Vi x Mo E x P f; x103

C or stock

ach treated
h using the

Cot = Va x Vg x100
where
V= is the pipetted volume of stock salution C or D in pil;
M is the mass of certified standard, in mg;
F is the ratio of the relative molar mass of analyte to the relative molar mass of parent biocide (= 0,617
for DMST/tolylfluanid, = 0,601 for DMSA/dichlofluanid);
P s the purity of certified standard, in % by mass;
/; is the stock solution dilution factor;
V3 is the volume of stock solution C prepared, in ml (= 100 ml);
V, is the volume of conversion check standard prepared, in ml (= 100 ml).
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10 Procedure

10.1 General

Carry out al

| determinations on the extract in triplicate using the following method.

Clean all non-disposable or re-used apparatus by immersion in the concentrated hydrochloric acid (6.1.1) for
at least 30 min, or dilute hydrochloric acid (6.1.2) for at least 6 h, to remove all traces of the biocide. Rinse
thoroughly with grade 2 water (6.7).

Operate th

Ensure that
at equilibriu

10.2 Sam

Intoa 25 m
add 2 ml of|
to pH2 to

transfer abg

The treated
results.

The solutiof can then be stored at a temperature between 2 °C tg4 °C for up to 7 days before analysis.

10.3 Chrd

A programr
and aceton

all treated test samples, calibration standards, and recovery and conversion check standards
m at room temperature prior to analysis.

ple treatment

volumetric flask, pipette 20 ml of antifouling paint extract generated as described in ISO 1518
0,1 mol/l sodium hydroxide solution. Seal the flask, mix well, and allow-to-stand for 20 min. AG
B with concentrated hydrochloric acid, fill to the mark with water and. mix well. Using a syri
ut 2 ml of this solution into a vial and seal the vial.

sample should not be filtered before transfer to the vial as\this has been shown to affect

matography eluent

hed solvent gradient comprising a 0,05 % by mass solution of formic acid in water (componer
trile (component B), as shown in Table 1, is recommended.

Table 1 — HPLC’programmed solvent gradient

Time A B
min % %
0 60 40

7 60 40
17 30 70
25 30 70
28 15 85
30 15 85

o 4 lo o oy | H & P ol W £ 4 o 4 '
CTTUTTTAtuyrapim Ul ULTTITT SUT AT TTTSTTUTTITTIU T aLLuTUAr LT WItIT U TS TTiarnturatbtiurtl o iostrutuurty.

are

11,
dify

nge,

the

10.4 Instr

ument calibration

At the beginning of each instrument run, determine the concentration of DMST, DMSA, or both (as
appropriate) in an artificial seawater blank and the calibration standards using the HPLC system. Generate a
calibration curve by plotting peak area as ordinate against concentration (Cg) as abscissa; perform linear
regression analysis and calculate the slope, intercept and correlation coefficient. If the correlation coefficient
for the linear regression analysis is < 0,999, then prepare fresh calibration standards and re-calibrate.
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Using the HPLC system, determine the concentration of DMST, DMSA, or both (as appropriate), Cgp, in ug/l,
in each conversion check standard and calculate the conversion and recovery, «, using the equation

C
a:ﬂ
Cst

where

If th

10.
Usi
or |
ISO

fronp the mean, discard that result and reanalyse another sample af the extract.

ng the HPLC system or other suitable instrument (see 5.1), determine.the concentration of DM

Csp 1S the determined concentration of degradate imeaciT treated Conversion chetk stardarg

Cgt s the theoretical concentration of degradate in each treated conversion check standard

e conversion and recovery for any sample is < 80 % or > 120 %, repeat the method:

5 Sample determination

oth (as appropriate) in the treated extract for each test cylinder,“and uncoated reference
15181-1:2007, 8.1 and 8.7). For each set of triplicate analysis;, if-any result differs by more

Usi

gengrally about 6,5 min to 7,0 min for DMST and 4,5min to 5,0 min for DMSA (see Fig
repriesentative chromatogram). The specified equipment“and conditions are typical starting po

ana
dim

The
If th

the
star

11

11.

Cal
app

g the specified chromatographic equipment and conditions; the retention times for DMST ang
ysis and the composition of the mobile phase, the-mobile phase flow-rate, the injector volu
bnsions and stationary phase may be varied if nécessary to improve chromatographic resolutio
parent biocide, dichlofluanid or tolylfluanid;, should not be seen in the chromatogram.

e determined concentration of DMST,-DMSA, or both (as appropriate) in the treated extract i

working range for the method defined by the calibration standards, then prepare fresh
dards to redefine an appropriate working range for the method and reanalyse.

Calculation and expression of results

| Calculationof-the tolylfluanid and/or dichlofluanid concentration

ulate the-concentration of the tolylfluanid, Gy, in pg/l, or dichlofluanid, Cycnio, in M/,
ropriate)yreleased into the artificial seawater in the measuring container using the following twa

(CDMST - CBIank) x F x 347,3

, in ugl/l;

in ug/l.

ST, DMSA,
blank (see
than 10 %

DMSA are
re 1 for a
ints for the
me, column
n.

5 outside of
calibration

br both (as
equations

Ch-\lnl =
tOHH

or

214,3

(Comsa ~ Calank ) * F x 333,2
200,3

Cdichlo =

© 1SO 2008 — All rights reserved
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Y A
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20

7
N

N
18 N\

16

14 S

Key

X retentior] time, in minutes

Y instrumént response, in milliabsorbance units (mAU)
1 DMSA 1B g/l

2 DMST 14 pg/l

Figure 1 — Representative chromatogram for DMST/DMSA analysis by HPLC

where

CpmsT| is the concentration of DMST in the treated test sample, derived from the calibration curvg, in
pa/l;

Cglank | is the <Goncentration of DMST or DMSA in the artificial seawater blank, derived from|the
calibration curve, in pg/l;

F is.a correction factor for the dilution of the sample during the sample treatment (= 1,25);

347,3 is the molecular mass of tolylfluanid, in g/mol;

214,3 is the molecular mass of DMST, in g/mol;

Cpmsa 18 the concentration of DMSA in the treated test sample, derived from the calibration curve, in pg/l;
333,2 is the molecular mass of dichlofluanid, in g/mol;

200,3 is the molecular mass of DMSA, in g/mol.
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11.2 Release rate for each test cylinder

Calculate the release rate of tolylfluanid and/or dichlofluanid R, in pg-cm=2.d-1, for each test cylinder at each
measurement point, according to either one of the following equations (as appropriate)

C xV x 24
R= tolyl

tx A
or
R Clichio XV x 24
tx A
where

Ciolyt  Is the concentration of released tolylfluanid, in ug/l (see 11.1);

Caichlo 18 the concentration of released dichlofluanid, in pug/l (see 11.1);

24 is the number of hours per day;

1,5 is the volume, in litres, of seawater in the measuring coentainer, as specified in ISO 15(181-1:2007,
10.1;

t is the time the test cylinder is immersed and ‘rotated in the measuring container, in[ hours (see

Annex A, Table A.1, item 6);
A is the surface area, in cm2, of the paintfilm [= 200] (see Annex A, Table A.1, item 7).
These equations can be simplified if the above-standard volumes, times and sizes are used:

Cion 0,18
R= tonIt

or

_ Caichio ¥0,18
t

R

11.8 Mean reléase rate for each set of three cylinders

Cal¢ulate_the*mean tolylfluanid and/or dichlofluanid release rate (as appropriate), in pg-cm=2-d-1, for each set
of threedtest cylinders at each test day (see 11.2).

11.4 Cumulative tolylfluanid and/or dichlofluanid release

Calculate the 14-day cumulative release of tolylfluanid and/or dichlofluanid (as appropriate), Ry 14, in ug-cm—2
using the equation

(R,.+Rj) -

Ro 14 = Zﬁi,j(j_i) = ZT(] i)
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where
EiJ is the mean tolylfluanid or dichlofluanid release rate (as appropriate), in pg-cm=2.d-1,
' between consecutive test days i and ; for all test days up to day 14;

iandj are the times, in days, from the start of the trial for each pair of consecutive test days,
specifically 0 and 1 days, 1 and 3 days, 3 and 7 days, etc. (see ISO 15181-1:2007, 9.6 and
9.7);

R;and R; are the mean tolylfluanid or dichlofluanid release rates (as appropriate) for each set of three
test cylinders, in uyg-cm=2.d-1 (see 11.3), at each pair of consecutive test days from the start
of the trial through to day 14, specifically days 0 and 1, days 1 and 3, days 3 and 7, ete.,|and
where the release rate on day 0 (R) is taken as 0 pg-cm=2.d-1,

NOTE The cumulative release of tolylfluanid or dichlofluanid for other periods of time can be calculated.if specffied,

using the eqqiation

Ry = ER0-0=3 B8

iandj

R;and }j

11.5 Mean tolylfluanid and/or dichlefluanid release rate

Calculate th
test day, R|

Ro4end

where

R 2 5 U

(R; +R;) -

is the cumulative release of tolylfluanid or dichlofluanid (as appropfiate), in ug-cm=2, from day x to day y;

is the mean tolylfluanid or dichlofluanid release rate .(as appropriate), in pg-cm=2.d-!, betyeen
consecutive test days i and j for all data points from day x t0,day y;

are the times, in days, from the start of the trial for g¢ach pair of consecutive test days, for example 0 and
1 days, 1 and 3 days, 3 and 7 days, etc., and where"day 0 is included, the release rate on day 0 (§,) is
taken as 0 pg-cm—2.d-"1;

are the mean tolylfluanid or dichlofluanid)release rates (as appropriate) for each set of three|test
cylinders, in ug-cm=2.d-! (see 11.3),.for "each pair of consecutive test days from day x to day | for
example days 0 and 1, days 1 and'3,.days 3 and 7, etc., and where day 0 is included, the release|rate
on day 0 (R,) is taken as 0 pg-cm2d".

e weighted mean tolylfluanid or dichlofluanid release rate (as appropriate) from day 21 to the final
1end» N ug-cm-2.d<Tusing the equation

(R; +R))

D) D (i-i)

R; ;

iandj

R;and R,

10

is the mean tolylfluanid or dichlofluanid release rate (as appropriate), in ug-cm=2.d-1, between
consecutive test days i and j for all test days from day 21 through to the final test day;

are the times, in days, which have elapsed since the start of the trial for each pair of
consecutive test days, specifically 21 and 24 days, 24 and 28 days, 28 and 31 days, etc. (see
ISO 15181-1:2007, 9.6 and 9.7);

are the mean tolylfluanid or dichlofluanid release rates (as appropriate) for each set of three

test cylinders, in ug-cm—2.d-1 (see 11.3), for each pair of consecutive test days from day 21
through to the final test day, specifically days 21 and 24, days 24 and 28, days 28 and 31, etc.
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This equation calculates the weighted mean release rate, taking into account any differences in time between

test days, and is a more valid treatment of the data than calculating the simple arithmetic mean. The calculation can be
conveniently done using a suitable computer-generated spreadsheet.

NOTE 2

calculated if specified by modifying this equation to account for sampling on different days.

11.6 Pseudo-steady-state mean tolylfluanid or dichlofluanid release rate

The mean tolylfluanid or dichlofluanid release rate (as appropriate) over other periods of time can be

If the coating exhibits a pseudo-steady state, calculate the pseudo-steady-state tolylfluanid or dichlofluanid
release rate (as appropriate), Rpgg in pg-cm—2.d-1, using the equation

whsg

For
24

(B ;) ;R-f A

D (i-i)

re R, j, i, R; and R; are as defined in the Note to 11.4.

i) 2

the purposes of this part of ISO 15181, a “pseudo-steady state” is défined as being a periog
ays and containing four or more test days, where the mean tolylfluahid or dichlofluanid release

| of at least
rate for the
te over the
| day of the

dy state, the
steady state
ond the test

in artificial

awater, the
ns (relative
ncentration

awater, the
ns (relative
ncentration

set pf three test cylinders at each test day (see 11.3) differs from the-weighted mean release rg

caldulation period by no more than 15 %, and the final day of the“pseudo-steady state is the fing

trial

NOTE Not all coatings will exhibit a pseudo-steady state. Where a coating does exhibit a pseudo-stes

detgrmined pseudo-steady-state biocide release rate should noeb be assumed to necessarily reflect a true

releqse rate under the conditions of the test as the release*tate of the coating can continue to change be
peripd.

12 [Validation of the method

A vplidation study on the HPLC analytical method for quantifying tolylfluanid and dichlofluanid

seawater by degradation to DMSTand DMSA, respectively, gave the following results.

a) |For solutions of tolylfluanid~at concentrations of 10 ug/l, 30 pg/l and 140 pg/l in artificial s¢
respective mean recoveries (as DMST) were 102,3 %, 98,7 %, and 93,4 % with precisig
standard deviations).0f2,3 %, 3,6 %, and 1,1 % when a calibration standards covering the cd
range of 3 pg/l to-150 ug/l were used.

b) |For solutions<of dichlofluanid at concentrations of 10 ug/l, 30 ug/l and 140 pg/l in artificial s
respective,'mean recoveries (as DMSA) were 92,8 %, 95,0 % and 100,2 % with precisio
standard.deviations) of 1,7 %, 1,4 % and 1,1 % when a calibration standards covering the cq
rangéyof 3 pg/l to 130 pg/l were used.

Repeatability-and-reproduscibility-of- the-method-have-yetto-be-determined

13 Test report

The test report shall contain at least the following information:

a) all information necessary for identification of the sample tested;

b) areference to this part of ISO 15181 (ISO 15181-5:2008);

c) all details necessary to describe the method used including:

© 1SO 2008 — All rights reserved
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d)

e)
f)

9)

12

— the type of analytical equipment used, the manufacturer of the equipment and the method of analysis
employed;

— all

details as given in ISO 15181-1:2007;

— the items of supplementary information referred to in Annex A,

the results of the test, including the results of the individual determinations and their mean, calculated as
specified in Clause 11, including:

Iytlcal method determlned by thelaboratory performlng the test method (see 5. 1)

¢ concentration of tolylfluanid and/or dichlofluanid in the artificial seawater, in ug/l, for| gach

inder on each test day (see 11.1);

— the rate of tolylfluanid and/or dichlofluanid release into the artificial seawater, in ug.cm-2.d-1, for ¢

tes
re

— the¢ 14-day cumulative release and the cumulative release for other,periods, if specified (see 11.4);

t cylinder on each test day (see 11.2), and the mean rate of tolylfluanid“and/or dichloflu
ease, in ug-cm=2.d-1, for each set of three test cylinders on each test day/{see 11.3);

raph showing the rate of tolylfluanid and/or dichlofluanid release as @ function of time;

— th¢ mean release rate from day 21 to the end of the trial, and\the mean release rate for other peri

if

pecified (see 11.5);

— the pseudo-steady-state release rate, if calculated (see"11.6);

— the length of time the cylinders were rotated te\éxtract the biocide on each test day (see Anne

T3
any de
any un
the nar

the dat

ble A.1, item 6);

Viations from the test procedure specified;

sual features (anomalies) observed during the test;
ne of the test laboratory;

bs of the test.

the

test

ach
anid
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Annex A
(normative)

Supplementary information

The items of supplementary information listed in Table A.1 shall be used when extracting the tolylfluanid
and/or dichlofluanid from the antifouling paint by the method given in ISO 15181-1.

Table A.1 — Information for the extraction of the biocide

Test cylinder

The test cylinder shall be made of polycarbonate or glass.

Release rate measuring

container

The release rate measuring container and baffles shall be. made of poly
glass.

tarbonate or

Holding tank filter type

An activated-charcoal filter, optionally combined with a styrer
iminodiacetic acid chelating ion-exchange resjn\with a typical particle-s|
about 0,300 mm to 0,850 mm, which is capable’ of removing transition
seawater.

e-supported
ze range of
metals from

NOTE Combining an activated-charéoal filter with an ion-exchange resin|might reduce
the overall size of the required filter unit,
Maximum initial water The maximum initial water biocide"limit shall be 10 pg/l, expressed as tolylfluanid
biocide limit and/or dichlofluanid (as appropriate).
Maximum holding tank The maximum holding tank*biocide limit shall be 100 pg/l, expressed ag tolylfluanid
biocide limit and/or dichlofluanid (as, appropriate).
Rotation period The length of time.the cylinders are rotated shall be 1,0 h, except that if the biocide

concentration, expressed as tolylfluanid and/or dichlofluanid (as appropriate),

determined inca’particular release rate measuring container exceeds 2
the rotationJperiod for the next measurement shall be reduced. The amo
the rotatier’ period is reduced shall be selected based on familiarity witt]
being'evaluated and experience of the test method, and shall take into
extent by which the measurement exceeds 200 ug/l. If the next measu
exceeds 200 ug/l, then the rotation period shall be further redu
subsequent measurement. Once the rotation period has been reduced s
the biocide concentration, expressed as tolylfluanid and/or dichl

appropriate), to no longer exceed 200 pg/l, then the rotation period shall

subsequently be incrementally increased to 1 h at the earliest practical
point in testing without the concentration of biocide, expressed as tolylfl
dichlofluanid (as appropriate), exceeding 200 ug/l.

If the biocide concentration or the biocide concentration, expressed a
and/or dichlofluanid (as appropriate), is greater than 200 pg/l for any m
record this in the final report. If the rotation period was less than
measurement, report this fact also.

DO pg/l, then
int by which
the coating
account the
rement also
ed for the
ifficiently for
fluanid (as

subsequent
anid and/or

5 tolylfluanid
Pasurement,
1h for any

Sample areg
1

The eamplo area-shallba 200 nm2_

NOTE Alternative sample areas may be used when 200 cm? is not appropriate; for
example, where a coating is expected to show a high release rate, a sample area of 100 cm?
may be used to avoid exceeding biocide concentrations of 200 pg/l in the measuring container.
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