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SET OF CALIBRATION STANDARDS AND THEIR USE IN A METHOD OF
QUANTIFYING BIOCIDES IN ANTI-FOULING PAINTS WITH A PORTABLE XRF
INSTRUMENT

FIELD OF INVENTION

The present invention relates to a set of calibration standards for use in a method
of quantifying the concentration of tin, copper and zinc compounds in anti-fouling
paints with a portable XRF instrument. Further disclosed is a method for manufac-
turing the set of calibration standards as well as their use in a method of quantify-
ing the concentration of tin, copper and zinc compounds in anti-fouling paints with

a portable XRF instrument.

BACKGROUND OF INVENTION

Marine biofouling, a natural process of undesirable attachment and accumulation
of microorganisms, plants and animals on submerged surfaces, has been combat-
ed by maritime transporters the last 3000 years (1, 2). The adverse effects of bio-
fouling are well-known and include higher frictional resistance, which translates to
higher costs due to increased fuel consumption and hull maintenance. Since the
mid-19th century the most common strategy to prevent biofouling is to coat the
boat hull with anti-fouling paints containing various toxicants (2). Around 1950, or-
ganometallic paints (with e.g. tin, mercury and arsenic) were developed which lat-
ter (early 1960s) gave rise to tributyltin (TBT)-based paints. TBT-based paints be-
came increasingly popular due to its efficiency in preventing biofouling, and as a
result, they were estimated to cover around 70-80% of the world’s fleet in 2004
(3). About 20 years after the development of TBT-based paints, adverse effects
were reported on several mollusc species. For example, French oyster growers
reported shell malformations which rendered their produce worthless (4, 5). This
effect was traced back to TBT in the water (6, 4, 7, 5). Other populations of mol-
lusk species were shown to be sensitive to extremely low TBT concentrations (<
10 ng/L) (8). Due to the negative environmental impact, TBT was restricted for use
on leisure boats (less than 25 m in length) in several counties in the late 1980s
(e.g. EU Directive (89/677/EEC)), and since 2008 there is a global ban of TBT for
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all sizes of ships due to the adoption of the AFS-convention by the International
Maritime Organization (IMO).

Even though TBT has been restricted for use on leisure boats in EU for more than
20 years, several studies indicate that it is still being spread to the aquatic envi-
ronment (9, 10). For example, the waste water produced during pressure water
blasting of leisure boat hulls has been shown to contain TBT concentrations as
high as 14,000 ng/L (mean value 1,600 ng/L, n=15). What is not known, though, is
the quantity of TBT that are still present on leisure boats. This knowledge is of im-
portance in order to perform adequate measures to reduce or eliminate the spread
of TBT. This is particularly essential since the countries in the European Union are
obligated under the EU Water Framework Directive to implement necessary
measures to cease or phase out emissions, discharges and losses of so called
“priority hazardous substances”, which includes TBT.

However, the treatment systems’ efficiency in removing organotin compounds has
been questioned since recent data suggest only 50 percent efficiency in removing
TBT. A more effective measure would be to remove organotin-based paint from
leisure boat hulls. There is therefore a need for to determine the concentrations of
organotin compounds on boat hulls in order to identify boats that have to undergo
removal of anti-fouling paint.

To accurately determine the concentrations of organotin compounds on boat hulls,
the anti-fouling paint need to be scraped off and analyzed by advanced, chemicai
analytical methods, such as ICP-SFMS. However, these methods involve several

steps of sample preparation and extraction, are time-consuming and thus costly.

Hence, there is a need for a non-destructible technique that could be used for
screening purposes. One candidate is handheld X-ray fluorescence spectroscopy
(XRF), which is a non-destructible technique having the advantage that it can be

used on-site, i.e. measure directly on boat hulls.

Handheld XRF techniques are practical and effective analytical tools having the
advantage to determine environmental samples directly on-site. Today, several
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applications exist including in-situ analysis of metals in soils and sediments (11).
The advantage with XRF is that the analyses are non-destructible and the analyti-
cal time is in order of seconds which compared to chemical analysis reduces the
analytical cost substantially. However, since the soil application is calibrated using
soil standards, it is not compatible for anti-fouling paint matrixes. Moreover, the
methods for screening compounds in soil samples are not applicable for quantify-
ing compounds in anti-fouling paints due to several reasons, including the fact that
there are several layers of paints wherein each layer comprises different composi-
tions of metal containing compounds which gives rise to'matrix effects as well as
other unwanted effects. Consequently, there is a need to develop an anti-fouling
paint quantification method for a handheld XRF instrument which has the ability to
quantify tin compounds in anti-fouling paints.

Additionally, it has been shown that copper and zinc compounds also have toxic
effects on the environment. However, a non-destructive method for quantifying
copper and/or zinc compounds in anti-fouling paints applied on boat hulls doesn’t
exist in the present. Hence, there is a need to develop an XRF-based method for
quantifying tin, copper and zinc compounds at the same time in anti-fouling paints
applied on boat hulls.
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SUMMARY OF THE INVENTION
It is a first object of the invention to provide a method for manufacturing a set of
calibration standards for use in a method of quantifying the concentration of tin,

copper and zinc compounds in anti-fouling paints with a handheld XRF instrument.

It is a second object of the invention to provide said set of calibration standards for
use in a method of quantifying the concentration of tin, copper and zinc com-
pounds in anti-fouling paints with a handheld XRF instrument.

It is a third object of the invention to provide a method for calibration with said set
of calibration standards wherein said method for calibration is used in a method of
quantifying the concentration of tin, copper and zinc compounds in anti-fouling
paints with a handheld XRF instrument.

It is a fourth object of the invention to use said set of calibration standards in a
method of quantifying the concentration of tin, copper and zinc compounds in anti-

fouling paints with a handheld XRF instrument.

It is a fifth object of the invention to provide a method of quantifying the concentra-
tion of tin, copper and zinc compounds in anti-fouling paints with a handheld XRF

instrument by using said set of calibration standards.

It is of importance to note that the below disclosed embodiments of the first and
second objects of the inventions will be used in the preferred embodiments of the
third, fourth and fifth objects of the invention. Hence, when the technical effects
and advantages of the embodiments of the first and second objects are described
below, these effects and advantages also relate to the preferred embodiments of
the third, fourth and fifth objects of the invention.

The definition of the word “set” used in the present invention is “a group of things
of the same kind that belong together and are so used”. Hence, a “set of calibra-
tion standards” relates to calibration standards for Sn, Cu and Zn that are pre-

pared according to the same method as well as used for the same purpose.



10

15

20

25

30

WO 2016/003347

PCT/SE2015/000044

According to a preferred embodiment, the first object of the invention is attained

by a method comprising the steps of:

a. Manufacturing calibration standards for tin compounds comprising

the steps of:

iv.

Applying increasing amounts of tin compounds to anti-fouling
paints both separately and in combination with copper com-
pounds and/or zinc compounds to yield a concentration inter-
val between 0-64 % (weight:weight) for each of tin, copper
and zinc compounds, wherein said anti-fouling paint to be
used in step ai) does not comprise tin, copper and zinc com-

pounds, and

. mixing the paints with respective compounds, and

applying paints on a thin film to obtain a wet layer of paint,
and

drying the paint, and

b. Manufacturing calibration standards for copper compounds compris-

ing the steps of:

Applying increasing amounts of copper compounds to anti-
fouling paints both separately and in combination with zinc
compounds to yield a concentration interval between 0-64 %
(weight:weight) for each of copper and zinc compounds,
wherein said anti-fouling paint to be used in step bi) does not
comprise tin, copper and zinc compounds, and

mixing the paints with respective compounds, and

iii. applying paints on a thin film to obtain a wet layer of paint,

and

drying the paint, and

¢. Manufacturing calibration standards for zinc compounds comprising

the steps of:

Applying increasing amounts of zinc compounds to anti-
fouling paints to yield a concentration interval between 0-64 %
(weight:weight) for zinc compounds, wherein said anti-fouling
paint to be used in step ci) does not comprise tin, copper and
zinc compounds, and
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ii. mixing the paints with respective compounds, and

iii. applying paints on a thin film to obtain a wet layer of paint,
and,

iv. drying the paint.

According to a preferred embodiment, the second object of the invention is at-

tained by:

a.

Calibration standards for tin compounds comprising a thin film coat-
ed by a layer of anti-fouling paint comprising tin compounds both
separately or in combination with copper compounds and/or zinc
compounds with a concentration interval between 0-64%
(weight:weight) for each of tin, copper and zinc compounds, and
Calibration standards for copper compounds comprising a thin film
coated by a layer of anti-fouling paint comprising copper compounds
both separately and in combination with zinc compounds with a con-
centration interval between 0-64% (weight:weight) for each of cop-
per and zinc compounds, and

Calibration standards for zinc compounds comprising a thin film
coated by a layer of anti-fouling paint comprising zinc compounds
with a concentration interval between 0-64% (weight:weight) for each
of tin, copper and zinc compounds, and

wherein said concentration interval 0-64% represents the concentration

(weight:weight) of wet layer of tin, copper and zinc compounds applied to

the film in the method for manufacturing said set of calibration standards.

From hereafter (weight:weight) is left out from the present invention. Hence, when

concentrations are disclosed in %, said concentration indicates % in weight:weight

Thus the above mentioned preferred embodiments of the first and second objects

of the invention provide a set of calibration standards comprising calibration
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standards for tin, copper and zinc compounds. This allows using said set of cali-
bration standards in a method of quantifying the concentration of tin, copper and
zinc compounds in anti-fouling paints, wherein inter-elemental effects (1) between
elements (i.e. metals) of tin, copper and zinc compounds within a paint layer, as
well as (2) between elements of tin, copper and zinc compounds between paint
layers, can be eliminated by a method for calibration involving the use of said cali-
bration standards. Moreover, also matrix effects within a paint layer, as well as,

between paint layers are eliminated.

The greater the knowledge about the sample matrix and how it varies in the paint
layers on boat hulls, the more representative the calibration model is and the
more accurate the results. The calibration standards used to generate the set of
calibration standards are therefore prepared in the same way as the samples that
will be quantified at the site, i.e. on boat hulls. Consequently, the standards will
exhibit the same characteristics as the real samples to be analyzed and will there-
fore provide a reliable method for calibrating the XRF instrument. Thus, the sam-
ple matrix which is used in the method of the preferred embodiment is an anti-
fouling paint which originally does not comprise any of tin, copper and zinc com-
pounds to be quantified. A concentration interval between 0-64 % of tin, copper
and zinc compounds is applied to the anti-fouling paint in order to simulate the
concentration of anti-fouling paints applied to boat hulls. Said concentration inter-
val 0-64% represents the concentration of wet layer of tin, copper and zinc com-
pounds applied to the film in the manufacture of the standards. Additionally, the
mixed paints are applied with a thickness which results in a sample morphology
representative of the distribution, uniformity, heterogeneity and surface conditions
of the anti-fouling paints applied to boat hulls. Hence, said set of calibration stand-

ards are representative of the anti-fouling paints to be analyzed on boat hulls.

The mixed paint is applied on a thin film (i.e. foil) support (i.e. backing material).
The backing material gives mechanical strength and is of a high-purity material
which is able to withstand high beam intensities. The continuous background radi-
ation produced by the backing material is as small as possible. The film being thin
favors low background radiation. The film is preferably made of plastic material,

more preferably polyester or polypropylene.
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According to a further preferred embodiment of the first and second objects of the
invention, the concentration for each of tin, copper and zinc compounds applied on
the film is 0-32 %, more preferably, 0%, 1%, 2%, 4%, 8%, 16% and/or 32%. The
set of calibration standards will consequently cover the full range of target com-
pounds and interfering matrix element concentrations, as well as reflect variations
in concentrations of tin, copper and zinc compounds to produce a representative
calibration model when used in method of quantifying the concentration of tin,
copper and zinc compounds in anti-fouling paints with a handheld XRF instrument.
The highest and lowest concentrations of tin, copper and zinc compounds in the

set of the calibration standards will define the calibration range.

According to a further embodiment of the first and second objects of the invention,
the paint is applied on a polyester film support. The chemical composition of poly-
ester attenuates absorption of the primary X-rays and characteristic radiation emit-
ted by the sample. The degree of attenuation is further controlled by the gauge of
the film used; the thinner the gauge, the lower the absorption of x-rays. The inher-
ent high strength of polyester film also permits safe sample handling and retention
concurrent with maintaining taut film surfaces to define statistically reproducible

target- to-sample distance.

According to a further embodiment of the first and second objects of the invention,
the film gauge thickness is preferably 2-10 ym. The lower the film gauge thick-
ness, the more negligible are interelement matrix effects. Hence, the thinner film
gauge material, then the set of calibration standards will provide a more linear re-
lationship between the fluorescent intensity of tin, copper and zinc compounds in
the film and the mass per unit are (i.e. area concentration) of tin, copper and zinc

compounds in the film.

According to a further embodiment of the first and second objects of the invention,
the film has a gauge of 2.5 ym, 3.6 ym or 6.3 ym. The film with a gauge thickness
of 2.5 ym is used for applications requiring reduced absorption of the primary X-
rays and characteristic long wavelength, including the “L" spectral lines. The film

with a gauge thickness of 3.6 ym is (a general purpose film) for both short- and
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long-wavelength investigations, and particularly well suited for analyzing samples
containing mixtures of both heavy and light elements. The application of a 6.3 ym-
gauge film, used primarily for short-wavelength, i.e. heavy element determinations,
but may be extended to include moderately high concentrations of elements hav-
ing long wavelengths. Preferably, 6.3 um-gauge film is used since tin, copper and
zinc compounds are to be quantified with the said set of calibration standards.

According to a further preferred embodiment of the first and second objects of the
invention, the wet layer of paint applied to the film has a thickness of about 10-500
pm, more preferably about 50, 100, 150 and 200 um. It is important to apply a wet
layer of paint with the most optimal thickness since a too thick or thin wet layer of
paint can result in a crackled dry layer of paint. Moreover, if the wet layer of paint
is too thin, then it can be difficult to use paint with high concentrations of zinc and
copper compounds, such as ZnO and Cuz0, since these oxides are particulate
and therefore do not mix easily in small volumes of paint. Moreover, the standards
are to be used in a method for quantifying the concentration of tin, copper and zinc
compounds in anti-fouling paints, wherein the concentration is quantified as
amount per area, i.e. pg/cm?. Hence, if the painted surface is too thick so that the
X-rays going IN but especially going OUT from plastic film coated with paint is ab-
sorbed significantly, then it is probable that the amount of tin, copper and zinc

compounds are too high.

According to a further preferred embodiment of the first and second objects of the
invention, the wet layer of paint has a thickness of about 100 um since this thick-
ness corresponds approximately to a thickness of a layer of anti-fouling paint on

boat hulls of leisure boats.

According to a further preferred embodiment of the second object of the invention,
the concentration interval 0-32% of wet layer of tin, copper and zinc compounds
applied to the film corresponds to an area concentration of dry tin, copper and zinc
compounds of 0-1800 pg/cm? Sn, 0-4700 ug/cm? Cu and 0-2800 pg/cm? Zn. The
thickness of the wet layer of tin, copper and zinc compounds applied to the film is
100 pm in this preferred embodiment.



10

15

20

25

30

WO 2016/003347 PCT/SE2015/000044

10

According to a further embodiment of the first and second objects of the invention,
the calibration standards for each of tin, copper and zinc compounds comprise a
minimum of 7-10 samples. As the number of analyzed elements analyzed increas-
es, more calibration samples are required for each element to adequately charac-
terize target element concentration ranges and correct for interelement matrix ef-
fects. Hence, the calibration standards for each of tin, copper and zinc compounds
preferably comprise a minimum of 7-10 standards. This generates a linear model
for the analytes when interelement matrix effects are significant.

According to a further preferred embodiment of the first and second objects of the
invention, the punched out pieces for use as standards are preferably circular, and
preferably have a diameter of 25 mm. This allows practical handling and storing of

the standards.

According to a further preferred embodiment of the first object of the invention, the
method for manufacturing a set of calibration standards for use in in a method of
quantifying the concentration of tin, copper and zinc compounds in anti-fouling
paints with a handheld XRF instrument comprises the steps of:
a. Manufacturing calibration standards for tin compounds comprising
the steps of:
i. Preparing calibration standards comprising tin compounds,
wherein said concentrations of tin compounds is between 0-
32 %, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%, and
ii. Preparing calibration standards comprising both tin and cop-
per compounds, wherein said concentrations of each of tin
and copper compounds is between 0-32%, preferably 0%,
1%, 2%, 4%, 8%, 16% and/or 32%, and
iii. Preparing calibration standards comprising both tin and zinc
compounds, wherein said concentrations of each is between
0-32 %, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%,
and,
iv. Preparing calibration standards comprising tin, copper and

zinc compounds, wherein said concentrations of each com-
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pound is between 0-32 %, preferably 0%, 1%, 2%, 4%, 8%,
16% and/or 32%, and,
b. Manufacturing calibration standards for copper compounds compris-
ing the steps of:

i. Preparing calibration standards comprising copper com-
pounds, wherein said concentrations of copper compounds is
between 0-32%, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or
32%, and

ii. Preparing calibration standards comprising both copper com-
pounds and zinc compounds, wherein said concentrations of
each of copper and zinc compounds is between 0-32%, pref-
erably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%, and,

c. Manufacturing calibration standards for zinc compounds comprising
the steps of:

i. Preparing calibration standards comprising zinc compounds,
wherein said concentrations of zinc compounds is between 0-
32%, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%.

According to a further preferred embodiment of the second object of the invention,
the set of calibration standards for use in a method of quantifying the concentra-
tion of tin, copper and zinc compounds in anti-fouling paints with a handheld XRF
instrument comprises:
a. Calibration standards for tin compounds comprising:
i.  Calibration standards comprising tin compounds, wherein
said concentrations of tin compounds is between 0-32%,
preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%, and
ii.  Calibration standards comprising both tin and copper com-
pounds, wherein said concentrations of each of tin and cop-
per compounds is between 0-32%, preferably 0%, 1%, 2%,
4%, 8%, 16% and/or 32%, and
iii. Calibration standards comprising both tin and zinc com-

pounds, wherein said concentrations of each is between 0-
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32%, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%,
and
iv.  Calibration standards comprising tin, copper and zinc com-
pounds, wherein said concentrations of each compound is
between 0-32%, preferably 0%, 1%, 2%, 4%, 8%, 16%
and/or 32%, and
b. Calibration standards for copper compounds comprising:

i.  Calibration standards comprising copper compounds ,
wherein said concentrations of copper compounds is be-
tween 0-32%, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or
32%, and

ii.  Calibration standards comprising both copper and zinc
compounds, wherein said concentrations of each of copper
and zinc compounds is between 0-32%, preferably 0%, 1%,
2%, 4%, 8%, 16% and/or 32%, and

c. Calibration standards for zinc compounds comprising:

i.  Calibration standards comprising zinc compounds, wherein
said concentrations of zinc compounds is between 0-32%,
preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%.

According to a further preferred embodiment of the first object of the invention, the
method for manufacturing a set of calibration standards for use in in a method of
quantifying the concentration of tin, copper and zinc compounds in anti-fouling
paints with a handheld XRF instrument comprises the steps of:
a. Manufacturing calibration standards for tin compounds comprising
the steps of:
I. Preparing calibration standards comprising 1%, 2%, 4%, 8%,
16% and 32% tin compounds, and
ii. Preparing calibration standards comprising both tin and zinc
compounds, wherein the concentration of tin compounds is
4% and the concentration of zinc compounds is 32%, and
b. Manufacturing calibration standards for copper compounds compris-

ing the steps of:
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i. Preparing calibration standards comprising 1%, 2%, 4%, 8%,
16% and 32% copper compounds, and
ii. Preparing calibration standards comprising both copper com-
pounds and zinc compounds, wherein the concentrations of
copper and zinc compounds are:
— 1% and 4% copper and zinc compounds respectively

4% and 8% copper and zinc compounds respectively

|

l

8% and 8% copper and zinc compounds respectively

2% and 4% copper and zinc compounds respectively

4% and 4% copper and zinc compounds respectively

- 1% and 2% copper and zinc compounds respectively
and,
c. Manufacturing calibration standards for zinc compounds comprising
the steps of:
i. Preparing calibration standards comprising 2%, 4%, 8%, 16%
and 32% zinc compounds, and
d. Manufacturing calibration standards free of tin, copper and zinc

compounds.

According to a further preferred embodiment of the second object of the invention,
the set of calibration standards for use in a method of quantifying the concentra-
tion of tin, copper and zinc compounds in anti-fouling paints with a handheld XRF
instrument comprises:
a. Calibration standards for tin compounds comprising:
i.  Calibration standards comprising 1%, 2%, 4%, 8%, 16% and
32% tin compounds, and
ii. Calibration standards comprising both tin and zinc compounds,
wherein the concentration of tin compounds is 4 % and the
concentration of zinc compounds is 32 %, and
b. Calibration standards for copper compounds comprising:
i.  Calibration standards comprising 1%, 2%, 4%, 8%, 16% and
32% copper compounds, and
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ii.  Calibration standards comprising both copper compounds and
zinc compounds, wherein the concentrations of copper and
zinc compounds are:

— 1% and 4% copper and zinc compounds respectively
— 4% and 8% copper and zinc compounds respectively
— 8% and 8% copper and zinc compounds respectively
—~ 2% and 4% copper and zinc compounds respectively
—~ 4% and 4% copper and zinc compounds respectively
- 1% and 2% copper and zinc compounds respectively
and,
c. Calibration standards for zinc compounds comprising:
i.  Calibration standards comprising 2%, 4%, 8%, 16% and 32%
zinc compounds, and
d. Calibration standards free of tin, copper and zinc compounds.

The above disclosed four embodiments for the first and second objects of the in-
vention provide a set of calibration standards which are optimal for use in the third
object of the invention, as well as fourth and fifth objects of the invention, i.e.
method of quantifying the concentration of tin, copper and zinc compounds in anti-
fouling paints with a handheld XRF.

The set of calibration standards according to the above four preferred embodi-
ments includes the relevant range of target compound concentrations to be quan-
tified as well as possible anti-fouling paint matrix element concentrations. Thus the
set of calibration standards reflects the variations in concentrations of tin, copper
and zinc compounds in order to produce a representative calibration model in the
preferred embodiments of the third, fourth and fifth objects of the invention. More-
over, the set of calibration standards includes several standards for tin, copper and
zinc compounds with concentrations near the concentrations of anti-fouling paints
applied on boat hulls in order to improve accuracy of the method for calibration
disclosed in the third, fourth and fifth objects of the invention. Additionally, several
standards are needed for each of tin, copper and zinc compounds in order {o gen-

erate a linear model for multiple analytes when interelement matrix effects is sig-
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nificant within.a paint layer, as well as between paint layers, as in the method for
calibration disclosed in the third, fourth and fifth objects of the invention. Since the
number of elements analyzed is three (i.e. Sn, Cu and Zn) in the preferred embod-
iments of fourth and fifth objects of the invention, more calibration standards are
needed to accurately and with high precision quantify target elements concentra-

tions and to correct for interelement matrix effects.

According to a further preferred embodiment of the first and second objects (as
well as third, fourth and fifth objects) of the invention, said tin compounds is tin

metal, inorganic tin, or one or more organotin compounds.

According to a further preferred embodiment of the first and second objects (as
well as third, fourth and fifth objects) of the invention, said copper compound is in-
organic copper, preferably selected from one or more of Cu20, CuSCN and copper

metal (powder).

According to a further preferred embodiment of the first and second objects (as
well as third, fourth and fifth objects) of the invention, said zinc compounds is inor-
ganic zinc, preferably selected from one or more of zinc metal (powder), ZnO and
ZnS04

According to a further preferred embodiment of the first and second objects (as
well as third, fourth and fifth objects) of the invention, one or more organotin com-
pounds is selected from TBT (tributyltin), TPT (triphenyltin) and DBT (dibutyltin)

compounds.

According to a further preferred embodiment of the first and second objects (as
well as third, fourth and fifth objects) of the invention, said TBT and TPT com-
pounds are selected from one or more of TBTO (tributyltin oxide), Tributyltin hy-
dride, Tributyltin adipate, Tributyitin dodecenyl succinate, Tributyitin sulfide, Tribu-
tyltin acetate, Tributyltin acrylate, TBT fluoride, Tributyltin methacrylate, Tributyltin
resinate, Triphenyltin oxide, Triphenyitin hydride, Triphenyltin hydroxide, Triphenyl-
tin chloride and Triphenyltin acetate. TBT, TPT and DBT compounds have been
used in anti-fouling paint and the calibration standards of the tin compounds there-
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fore comprise one or more of TBT, TPT and DBT compounds. Consequently, the
set of calibration standards is representative of the sample matrix on the boat hull.

According to a further preferred embodiment of the first and second objects (as
well as third, fourth and fifth objects) of the invention, said tin compounds is TBTO.
The set of calibration standards has to be representative of the sample matrix on
the boat hull in order to provide accurate results in the method of quantifying the
concentration of tin, copper and zinc compounds in anti-fouling paints with a
handheld XRF instrument. Since, TBTO was the most used organotin compound
in anti-fouling paint in the 1960s and 1970s, said calibration standards of organotin

compound therefore comprise TBTO.

According to a further preferred embodiment of the first and second objects (as
well as third, fourth and fifth objects) of the invention, the set of calibration stand-
ards comprises calibration standards for TBTO, Cu20 and ZnO. This allows using
said set of calibration standards in a method for quantifying the concentration of all
three of TBTO, Cuz20 and ZnO in anti-fouling paints.

According to a further preferred embodiment of the first object of the invention, the
calibration standards are chemically analyzed for total concentration of Sn, Cu and
Zn, wherein the chemically analyzed total concentration of Sn, Cu and Zn and the
weight and area of the standards are used to calculate the total concentration per
area (i.e. area concentration) expressed as ug/cm?.

According to a further preferred embodiment of the first object of the invention,
said method also comprises the following step d:
d. Manufacturing calibration standards for a further compound comprising
the steps of:

i. Applying increasing amounts of further compound to anti-
fouling paints both separately and in combination with tin,
copper and zinc compounds to yield a concentration interval
between 0-64 %, preferably 0-32%, for each of further, tin,

copper and zinc compounds, wherein said anti-fouling paint in
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step di) does not comprise any of further, tin, copper and zinc
compounds, and

ii. mixing the paints with respective compounds, and

iii. applying paints on a thin film to obtain a wet layer of paint,
and

iv. drying the paint,

wherein said further compound is selected from one or more of organic mercury,
inorganic mercury, inorganic lead, organic lead, arsenic, cadmium, chromium, bar-

ium and iron compounds.

According to a further preferred embodiment of the second object of the invention,
said set of calibration standards also comprises:

d. Calibration standards for a further compound comprising a thin film
coated by a dry layer of anti-fouling paint comprising said further
compound both separately and in combination with tin, copper and
zinc compounds with a concentration interval between 0-64%, pref-
erably 0-32%, for each of further, tin, copper and zinc compounds,

wherein said further compound is selected from one or more of organic mercury,
inorganic mercury, inorganic lead, organic lead, arsenic, cadmium, chromium, bar-

ium and iron compounds.

Mercury, lead, arsenic, cadmium and chromium compounds as well as other toxic

compounds have in the past (and maybe in the present) been added to anti-fouling
paints. Hence, in this preferred embodiment one or more of these compounds are

also included in the set of calibration standards so that they can also be quantified

in the fourth and fifth objects of the invention.

According to a preferred embodiment, the said second object of the invention is at-
tained by using the above disclosed preferred embodiments of the method for at-
taining the first object of the invention. Hence, the preferred embodiments of the
above mentioned set of calibration standards of the second object of the invention
are obtained according to the method according to preferred embodiments of the

first object of the invention. This product-by-process embodiment is necessary
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since it is difficult to define the set of calibration standards without referring to the
method for manufacturing said set of calibration standards. This is due to the fact
that it is difficult to indicate the amount of dry tin, copper and zinc compounds on
the film in pg/cm? since the anti-fouling paint can be applied with a thickness of 50,
100, 150 and 200 ym. Hence, the amount of dry tin, copper and zinc compounds
in yg/cm?is dependent of the thickness of the paint layer. Consequently, it is diffi-
cult to define a preferred embodiment of the second object of the invention without

including a product-by-process embodiment in the invention.

According to a preferred embodiment, an object of the invention is to provide a kit
for use in quantifying the concentration of tin, copper and zinc compounds in anti-
fouling paints with a handheld XRF, comprising the above disclosed preferred em-

bodiments of the first and/or second objects of the invention.

According to a further preferred embodiment, the third object of the invention is
attained by the following method for calibration with the set of calibration standards
described in the above preferred embodiment said method comprising the steps
of:

a. Calibrating with calibration standards comprising the steps of:
Scanning the calibration standards of tin, copper and zinc compounds
both individually and together by applying two, three, four or five
standards on top of each other and wherein a piece of a boat hull ma-

terial is placed behind the standards during the scanning,

b. Providing calibration curves of tin, copper and zinc compounds by plot-
ting (log) Ka-Compton adjusted intensities of Sn, Cu and Zn and (log)
chemically measured concentrations (ug/cm?) of Sn, Cu and Zn in the
standards, respectively, and optionally storing said calibration curves in

the memory of said XRF-instrument,

wherein said method for calibration is used in a method of quantifying the
concentration of tin, copper and zinc compounds in anti-fouling paints with a
handheld XRF instrument.
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As in a real boat hull, the boat hull material is situated underneath the most bottom
layer, i.e. most the bottom calibration standard. The scan is performed by aiming
the handheld-XRF instrument on the top layer, i.e. the top calibration standard.

The use of above disclosed set of calibration standards (of the first and second ob-
jects of the invention) in the method for calibration (of the third object of the inven-
tion) results in the technical effects and advantages described in the above pre-
ferred embodiments of said set of calibration standards.

Tin, copper and zinc compounds (such as organotin compounds Cu20 and ZnO)
have been included in anti-fouling paints in different time periods since the 1960s.
Organotin compound based anti-fouling paints were used in the 1960s and 1970s
before they were banned in many countries due to serious toxic effects on marine
life. Copper and zinc based anti-fouling paints (such as Cu20 and ZnO) have been
used since then as alternatives. Additionally, the use anti-fouling paints comprising
more than one of tin, copper and zinc compounds shouldn’t be ruled out. Due to
these reasons, a boat hull can comprise several layers of paint wherein each layer
comprises either (1) only tin, copper and zinc compounds, or (2) one or more of
tin, copper and zinc compounds. Additionally, each layer can comprise varying
concentrations of tin, copper and zinc compounds. Since there can be several lay-
ers of paint on a boat hull, and that the chemical composition and concentration of
the anti-fouling paint varies significantly in each paint layer, the method of calibra-
tion according to the preferred embodiment takes these variations into account in

order to generate an accurate and precise calibration model.

Hence, the method for calibration according to the present invention is adapted to
be used in a method of quantifying the concentration of tin, copper and zinc com-
pounds in anti-fouling paints with a handheld XRF instrument. Since the boat hull
of a leisure boat is covered with several layers of paint, the method for calibration

is, as indicated below, designed to include several layers of paint.

X-ray measurements are susceptible to variable scattering of the source of X-rays
from the boat hull material beneath the anti-fouling paint layers. Although, some

XRF analyzers might provide corrections for substrate scattering, the most optimal
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correction for this scattering is to emulate the scattering in the method for calibra-
tion. Hence, a piece of boat hull material is placed behind the first layer of calibra-
tion standards as indicated above. The piece of boat hull material is preferably
non-metallic and does not comprise any layers of anti-fouling material. Moreover,
the piece of boat hull material is made of the same material as a real boat hull ma-
terial from a leisure boat and has the same thickness, preferably 3 mm — 100 mm,
more preferably 5- 50, even more preferably 21 mm. The non-metallic piece of
boat hull material is preferably chosen from the group comprising wood, fiberglass,
carbon fiber, Kevlar, composite material, gelcoat, composite covered with gelcoat,
plastic-based material, Roplene, rubber, polymer, or combinations of said non-
metallic materials. Gelcoat is a material used to provide a high-quality finish on the
visible surface of a fibre-reinforced composite material. The most common gel-
coats are based on epoxy or unsaturated polyester resin chemistry. Gelcoats are
modified resins which are applied to moulds in the liquid state. They are cured to-
form crosslinked polymers and are subsequently backed with composite polymer
matrices, often mixtures of polyester resin and fiberglass or epoxy resin with glass.
An example of a material which ca be used as a boat hull material comprises an
outer 4 mm layer of gelcoat, a 14 mm porous intermediary layer and an inner 3

mm layer of gelcoat.

The calibration curve is based on the adjusted intensity of Ka signals, i.e. the in-
tensity rates have been adjusted for air background, peak overlap and elemental
interference from other elements in the sample that have peak energies close to
the element of interest. To correct for matrix effects, Compton normalization is per-
formed, i.e. each elements adjusted rate were divided by the scatter produced in
the light element (LE) region of the sample. A regression analysis (for each ele-
ment to be detected) is performed to calculate the slope and the intercept of the

calibration curve.

According to a further preferred embodiment of the third object of the invention,
the method comprises the steps of:
a. Calibrating with calibration standards comprising the steps of:
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Scanning each of the calibration standards for tin compounds
when placed on a respective piece of a boat hull material, and
Scanning each of the calibration standards for copper or zinc
compounds when placed on each of the calibration standards
of tin compounds in step i1, and
Scanning each of the calibration standard for copper or zinc
compounds when placed on each combination of calibration
standards in step i2, and
Scanning the calibration standards for copper or zinc com-
pounds when placed on each combination of calibration stand-
ards in step i3, and
Scanning the calibration standards for copper or zinc com-
pounds when placed on each combination of calibration stand-
ards in step i4, and
— repeating previous steps i1-i5 by
— exchanging calibration standards for copper or zinc
compounds n step i1 with calibration standards for
tin, and
— exchanging calibration standards for copper or zinc
compounds in step i1 and i2 with calibration stand-
ards for tin, and
— exchanging calibration standards for copper or zinc
compounds in steps i1- i3 with calibration standards
for tin, and
— exchanging calibration standards for copper or zinc
compounds in steps i1-i4 with calibration standards
for tin, and
— exchanging calibration standards for copper or zinc
compounds in steps i1-i5 with calibration standards

for tin, and
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Scanning each of the calibration standards for copper com-
pounds when placed on a respective piece of a boat hull mate-
rial, and

Scanning each of the calibration standards for copper or zinc
compounds when placed on each of the calibration standards
of copper compounds in step ii1, and

Scanning each of the calibration standard for copper or zinc
compounds when placed on each combination of calibration
standards in step ii2, and

Scanning the calibration standards for copper or zinc com-
pounds when placed on each combination of calibration stand-
ards in step ii3, and

Scanning the calibration standards for copper or zinc com-
pounds when placed on each combination of calibration stand-
ards in step ii4, and

Scanning each of the calibration standards for zinc compounds
when placed on a respective piece of a boat hull material, and
Scanning each of the calibration standards for copper or zinc
compounds when placed on each of the calibration standards
of zinc compounds in step iii1, and

Scanning each of the calibration standard for copper or zinc
compounds when placed on each combination of calibration
standards in step iii2, and

Scanning the calibration standards for copper or zinc com-
pounds when placed on each combination of calibration stand-
ards in step iii3, and

Scanning the calibration standards for copper or zinc com-
pounds when placed on each combination of calibration stand-
ards in step iii4.

b. Providing calibration curves of tin, copper and zinc compounds by

plotting (log) Ka-Compton adjusted intensities of Sn, Cu and Zn and
(log) chemically measured concentrations (ug/cm?) of Sn, Cu and Zn
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in the standards, respectively, and optionally storing said calibration

curves in the memory of said XRF-instrument,

c. Aiming a handheld and handheld XRF analyzer on the boat hull to be

analyzed,

d. Scanning Ka-lines of Sn, Cu and Zn wherein scanning is preferably
for 5, 10, 15, 20, 30, 60 and 120 seconds, more preferably for 30

seconds,

e. Quantifying the concentration of tin, copper and zinc compounds by

relating the detected Ka lines of Sn, Cu and Zn in the boat hull to the

calibration curves of tin, copper and zinc compounds.

In a preferred embodiment, a scan doesn’t have to be made in each of the above

disclosed steps 1-5 in the above preferred embodiment.

According to a further preferred embodiment of the third object of the invention,

the method comprises the steps of:

a. Calibrating with calibration standards comprising the steps of:

Placing each of the calibration standards for tin com-
pounds comprising 1%, 1%, 4%, 8%, 8% and 32% tin
compounds on a respective piece of boat hull material,
wherein the resulting single layer of standard is referred
to as layer 3, and

Placing each of the calibration standards for tin com-
pounds comprising 1%, 2%, 4%, 8%, 16% and 32% tin
compounds on top of the previous standards compris-
ing 1%, 1%, 4%, 8%, 8% and 32%, respectively, where-
in the resulting single layer of standard is referred to as
layer 2, and

Placing each of the calibration standard for tin com-
pounds comprising 1%, 2%, 4%, 8%, 16% and 32 % tin
compounds on top of the previous standards compris-
ing 1%, 2%, 4%, 8%, 16% and 32% tin compounds, re-
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spectively, wherein the resulting single layer of standard
is referred to as layer 1, and

Performing a scan of each of the resulting 6 combina-
tions of layers by aiming the handheld XRF instrument
on each layer 1, and

Placing each of the calibration standards for tin com-
pounds comprising 1%, 16%, 8% and 16% tin com-
pounds on a respective piece of a boat hull material,
wherein the resulting single layer of standard is referred
to as layer 3, and

Placing each of the calibration standard for copper
compounds comprising 2%, 2%, 8% and 8% copper
compounds on top of the previous standards compris-
ing 1%, 16%, 8% and 16% tin compounds, respectively,
wherein the resulting single layer of standard is referred
to as layer 2, and

Placing each of the calibration standard for copper
compounds comprising 2%, 2%, 8% and 8% copper
compounds on top of the previous standards compris-
ing 2%, 2%, 8% and 8% copper compounds, respec-
tively, wherein the resulting single layer of standard is
referred to as layer 1, and

Performing a scan of each of the resulting 4 combina-
tions of layers by aiming the handheld XRF instrument
on each layer 1, and

Placing each of the calibration standards for tin com-
pounds comprising 8%, 4%, 1%, 16% tin compounds

on a respective piece of a boat hull material, wherein
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the resulting single layer of standard is referred to as
layer 3, and

Placing each of the calibration standard for zinc com-
pounds comprising 2%, 4%, 8% and 16% zinc com-
pounds on top of the previous standards comprising
8%, 4%, 1%, 16% tin compounds, respectively, wherein
the resulting single layer of standard is referred to as
layer 2, and

Placing each of the calibration standard for zinc com-
pounds comprising 2%, 4%, 8% and 16% zinc com-
pounds on top of the previous standards comprising
2%, 4%, 8% and 16% zinc compounds, respectively,
wherein the resulting single layer of standard is referred
to as layer 1, and

Performing a scan of each of the resulting 4 combina-
tions by aiming the handheld XRF instrument on each

layer 1, and

Placing each of the calibration standards for tin com-
pounds comprising 8%, 4%, 1% and 16% tin com-
pounds on a respective piece of a boat hull material,
wherein the resulting single layer of standard is referred
to as layer 3, and

Placing each of the calibration standards for zinc com-
pounds comprising 4%, 2%, 8% and 16% zinc com-
pounds on top of the previous standards comprising
8%, 4%, 1% and 16% tin compounds, respectively,
wherein the resulting single layer of standard is referred
to as layer 2, and

Placing each of the calibration standard for copper
compounds comprising 2%, 4% 16% and 18 % copper

compounds on top of the previous standards compris-
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ing 4%, 2%, 8% and 16 % zinc compounds, respective-
ly, wherein the resulting single layer of standard is re-
ferred to as layer 1, and

— Performing a scan of all of the resulting 4 combinations
by aiming the handheld XRF instrument on each layer
1, and

Scanning each of the calibration standards for tin compounds
comprising 1% and 32% tin compounds when placed on a re-

spective piece of a boat hull material, and

Scanning a calibration standard for tin compounds comprising
32% tin compounds when placed on a piece of a boat hull ma-
terial, and then placing a calibration standard for tin com-
pounds comprising 32% tin compounds on top of the previous
standard placed on the piece of boat hull, and then performing
a scan, and

Scanning a calibration standard for tin compounds comprising

4% tin compounds and 32% zinc compounds, and

Scanning a calibration standard free of tin, copper and zinc
compounds, and

- Placing each of the calibration standards for copper
compounds comprising 2%, 4%, 8%, 16%, 32% and 32
% copper compounds on a respective piece of a boat
hull material, wherein the resulting single layer of
standard is referred to as layer 3, and

— Placing the calibration standard for copper compounds
comprising 2%, 4%, 8%, 16%, 32% and 32 % copper
compounds on top of the previous standards compris-
ing 2%, 4%, 8%, 16%, 32% and 32% copper com-
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pounds, respectively, wherein the resulting single layer
of standard is referred to as layer 2, and

Placing the calibration standard for copper compounds
comprising 2%, 4%, 8%, 16%, 32% and 16 % copper
compounds on top of the previous standards compris-
ing 2%, 4%, 8%, 16%, 32% and 32% copper com-
pounds, respectively, wherein the resulting single layer
of standard is referred to as layer 1, and

Performing a scan of all of the resulting 6 combinations
of layers by aiming the handheld XRF instrument on
each layer 1, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on a
piece of a boat hull material, wherein the resulting sin-
gle layer of standard is referred to as layer 4, and
Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on
top of the previous standard comprising 32% copper
compounds, wherein the resulting single layer of stand-
ard is referred to as layer 3, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on
top of the previous standard comprising 32% copper
compounds, wherein the resulting single layer of stand-
ard is referred to as layer 2, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on
top of the previous standard comprising 32% copper
compounds, wherein the resulting single layer of stand-

ard is referred to as layer 1, and
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Placing a calibration standard comprising 4% copper
compounds and 8% zinc compounds on a piece of a
boat hull material, wherein the resulting single layer of
standard is referred to as layer 3, and

Placing a calibration standard comprising 4% copper
compounds and 8% zinc compounds on top of the pre-
vious standard comprising 4% copper compounds and
8 % zinc compounds, wherein the resulting single layer
of standard is referred to as layer 2, and

Placing a calibration standard comprising 8% copper
and 8% zinc compounds on top of the previous stand-
ard comprising 4% copper compounds and 8% zinc
compounds, wherein the resulting single layer of stand-
ard is referred to as layer 1, and

Performing a scan by aiming the handheld XRF instru-
ment on each layer 1, and

Placing a calibration standard for copper compounds
comprising 4% copper compounds and 4% zinc com-
pounds on a piece of a boat hull material, wherein the
resulting single layer of standard is referred to as layer
3, and

Placing a calibration standard comprising 1% copper
compounds and 2% zinc compounds on top of the pre-
vious standard comprising 4% copper compounds and
4% zinc compounds, wherein the resulting single layer
of standard is referred to as layer 2, and

Placing a calibration standard comprising 0% copper,
0% zinc and 0% tin compounds on top of the previous
standard comprising 1% copper compounds and 2%
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zinc compounds, wherein the resulting single layer of
standard is referred to as layer 1, and
— Performing a scan by aiming the handheld XRF instru-

ment on each layer 1, and

Scanning each of the calibration standards comprising 2%,
4%, 8%, 16% and 32 % copper compounds when placed on a

respective piece of a boat hull material, and

Scanning each of the calibration standards comprising 1%,
4%, 4%, 8% and 2 % copper compounds and 4%, 8%, 8%,
8% and 4% zinc compounds, respectively, when placed on a

respective piece of a boat hull material, and

— Placing each of the calibration standards for zinc com-
pounds comprising 2%, 4%, 8%, 16% and 32 % zinc
compounds on a respective piece of a boat hull materi-
al, wherein the resulting single layer of standard is re-
ferred to as layer 3, and

— Placing each of the calibration standard for zinc com-
pounds comprising 2%, 4%, 8%, 16% and 32 % zinc
compounds on top of the previous standards compris-
ing 2%, 4%, 8%, 16% and 32 % zinc compounds, re-
spectively, wherein the resulting single layer of standard
is referred to as layer 2, and

— Placing the calibration standard for zinc compounds
comprising 2%, 4%, 8%, 16% and 32 % zinc com-
pounds on top of the previous standards comprising
2%, 4%, 8%, 16% and 32% zinc compounds, respec-
tively, wherein the resulting single layer of standard is

referred to as layer 1, and



WO 2016/003347

5 XVi.
10
15
20
25
30
XVii.

PCT/SE2015/000044
30

Performing a scan of all of the resulting 5 combinations
of layers by aiming the handheld XRF instrument on

each layer 1, and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on a
piece of a boat hull material, wherein the resulting sin-
gle layer of standard is referred to as layer 5, and
Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
wherein the resulting single layer of standard is referred
to as layer 4, and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
wherein the resulting single layer of standard is referred
to as layer 3, and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
wherein the resulting single layer of standard is referred
to as layer 2, and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
wherein the resulting single layer of standard is referred

to as layer 1, and

Scanning each of the calibration standards for zinc comprising
8%, 16% and 32% zinc compounds when placed on a respec-
tive piece of a boat hull material, and
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b. Providing calibration curves of tin, copper and zinc compounds by plot-
ting (log) Ka-Compton adjusted intensities of Sn, Cu and Zn and (log)
chemically measured concentrations (ug/cm?) of Sn, Cu and Zn in the
standards, respectively, and optionally storing said calibration curves in

the memory of said XRF-instrument,

wherein said method for calibration is used in a method of quantifying the
concentration of tin copper and zinc compounds in anti-fouling paints with a
handheld XRF instrument.

Steps i-xvii in the above preferred embodiment is representative of the variations
of paint layers that can be found in boat hulls. Hence, this preferred embodiment
takes into consideration that boat hulls can have 1-5 layers of anti-fouling paints

that each layer can comprise one or more of tin, copper and zinc compounds.

Step i represents a boat hull comprising three layers of anti-fouling paint compris-
ing tin compounds in each layer.

Step ii represents tin compounds in the paint layer closest to the boat hull and

copper compounds in the next two layers of anti-fouling paint.

Step iii represents tin compounds in the paint layer closest to the boat hull and

zinc compounds in the next two layers of anti-fouling paint.

Step iv represents tin compounds in the paint layer closest to the boat hull, zinc
compounds in the next layer of anti-fouling paint and copper compounds in the

layer after.

Step v represents a boat hull coated with a singie layer of anti-fouling paint com-

prising of tin compounds.

Step vi represents a boat hull coated with two layers of anti-fouling paint compris-

ing of tin compounds.
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Step vii represents a boat hull coated with a layer of anti-fouling paint comprising

tin and zinc.

Step ix represents a boat hull comprising three layers of anti-fouling paint compris-

ing copper compounds in each layer.

Step x represents a boat hull comprising one to four layers of anti-fouling paint

comprising copper compounds in each layer.

Step xi represents a boat hull comprising three layers of anti-fouling paint compris-

ing copper and zinc compounds in each layer.

Step xii represents a boat hull comprising three layers of anti-fouling paint com-
prising copper and zinc compounds in the two first layers closest to the boat hull
and wherein the third layer comprising only anti-fouling paint without any tin, cop-

per and zinc compounds.

Step xiii represents a boat hull coated with a single layer of anti-fouling paint com-

prising of copper compounds.

Step xiv represents a boat hull coated with a single layer of anti-fouling paint com-

prising of copper and zinc compounds.

Step xv represents a boat hull comprising three layers of anti-fouling paint com-

prising zinc compounds in each layer.

Step xvi represents a boat hull comprising one to four layers of anti-fouling paint

comprising zinc compounds in each layer.

Step xvii represents a boat hull coated with a single layer of anti-fouling paint

comprising of zinc compounds.
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Anti-fouling paints comprising tin compounds such as organotin compounds (such
as TBTO) were developed and used in the 1960s and 1970s. It can therefore be
assumed that the oldest layers of anti-fouling paint on boat hulls comprise tin
compounds such as organotin compounds. Hence, calibration standards for tin
compounds are not placed on top of calibration standards of copper and zinc
compounds.

According to a further preferred embodiment for said method for calibration, the
said calibration curves are stored in the handheld XRF-instrument. Hence, the
handheld XRF-instrument can be pre-calibrated by the manufacturer using the
method for calibration and set of calibration standards disclosed in the present in-
vention. This consequently allows for instant quantification of real samples, i.e. in-
stant quantification of tin, copper and zinc compounds on boat hulls of leisure

boats at the site where said leisure boats are harbored, stored, anchored etc.

According to a further preferred embodiment for the method for calibration, said

piece of boat hull material is of non-metallic material and free of anti-fouling paint.

According to a further preferred embodiment for the method for calibration, steps a
and b optionally comprise the steps of calibrating and providing calibration curves
also of further compounds. Said further compound is selected from one or more of
organic mercury, inorganic mercury, inorganic lead, organic lead, arsenic, cadmi-
um, chromium, barium and iron compounds. Mercury, lead, arsenic, cadmium and
chromium compounds as well as other toxic compounds have in the past been
added to anti-fouling paints. Hence, in this preferred embodiment one or more of
these compounds are also subjected to the method calibration so that they can al-

so be quantified in the fourth and fifth objects of the invention.

According to further embodiments, the fourth object of the invention relating to
the use of the set of calibration standards according to the above mentioned pre-
ferred embodiments (of the first and second objects) in a method of quantifying the
concentration of tin, copper and zinc compounds in anti-fouling paints with a
handheld XRF instrument, is attained by the following steps:

a. Calibrating according to the third object of the invention, and
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Providing calibration curves of tin, copper and zinc compounds by
plotting (log) Ka-Compton adjusted intensities of Sn, Cu and Zn and
(log) chemically measured concentrations (ug/cm?) of Sn, Cu and Zn
in the standards, respectively, and optionally storing said calibration
curves in the memory of said XRF-instrument, and

Aiming a handheld XRF analyzer on the boat hull to be analyzed,
and

Scanning Kq-lines of Sn, Cu and Zn wherein scanning is preferably
for 5, 10, 15, 20, 30, 60 and 120 seconds, more preferably for 30
seconds, and

Quantifying the concentration of tin, copper and zinc compounds by
relating the detected Ka lines of Sn, Cu and Zn in the boat hull to the

calibration curves of tin, copper and zinc compounds.

According to further embodiments, the fifth object of the invention relating to a

method of quantifying the concentration of tin, copper and zinc compounds in anti-

fouling paints with a handheld XRF instrument, by using the set of calibration

standards according to the above mentioned preferred embodiments (of the first

and second objects), comprising the steps of:

a.
b.

Calibrating according to the third object of the invention, and
Providing calibration curves of tin, copper and zinc compounds by
plotting (log) Ka-Compton adjusted intensities of Sn, Cu and Zn and
(log) chemically measured concentrations (g/cm?) of Sn, Cu and Zn
in the standards, respectively, and optionally storing said calibration
curves in the memory of said XRF-instrument, and

Aiming a handheld XRF analyzer on the boat hull to be analyzed,
and

Scanning Kq-lines of Sn, Cu and Zn wherein scanning is preferably
for 5, 10, 15, 20, 30, 60 and 120 seconds, more preferably for 30
seconds, and

Quantifying the concentration of tin, copper and zinc compounds by
relating the detected Ka lines of Sn, Cu and Zn in the boat hull to the
calibration curves of tin, copper and zinc compounds.
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Thus, the fourth and fifth object of the invention is attained by using preferred em-
bodiments of above mentioned set of calibration standards (of the first and second
objects of the invention) and method for calibration (of the third object of the inven-
tion). Consequently, the use of the preferred embodiments of the set of calibration
standards and method for calibration, in said preferred embodiments of the fourth
and fifth objects, resulits in the technical effects and advantages described in the
above mentioned preferred embodiments of the set of calibration standards and
method for calibration. Hence, these technical effects and advantages will not be

repeated here once again.

According to a further preferred embodiment for the fourth and fifth objects of the

invention, said calibration curves are stored in the handheld XRF-instrument.

According to a further preferred embodiment for the fourth and fifth objects of the
invention, steps a-e comprise the steps of calibrating, providing calibration curves,
scanning and quantifying also further compounds. Said further compound is se-
lected from one or more of organic mercury, inorganic mercury, inorganic lead, or-

ganic lead, arsenic, cadmium, chromium, barium and iron compounds.

The technical effects and advantages of the preferred embodiment for the fourth
and fifth objects have already been disclosed in above described preferred em-
bodiment for the third object of the invention. Hence, these technical effects and

advantages will not be repeated here once again.

FIGURES

Figure 1. Regression (calibration curve) for tin. The X-axis shows the log value of
the chemically analyzed concentration of tin while the y-axis displays the log value
of Ke-Compton adjusted intensity.

Figure 2. Regression (calibration curve) for copper. The X-axis shows the log val-
ue of the chemically analyzed concentration of copper while the y-axis displays the

log value of Ko-Compton adjusted intensity.
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Figure 3. Regression (calibration curve) for zinc. The X-axis shows the log value of
the chemically analyzed concentration of zinc while the y-axis displays the log val-

ue of Ko-Compton adjusted intensity.

Figure 4. Log (Ln) XRF-analyzed (predicted) tin concentration plotted as a function

of log (Ln) chemically analyzed (True) tin concentration (k=1).

Figure 5. Log (Ln) XRF-analyzed (predicted) copper concentration plotted as a
function of log (Ln) chemically analyzed (True) copper concentration (k=1).

Figure 6. Log (Ln) XRF-analyzed (predicted) zinc concentration plotted as a func-

tion of log (Ln) chemically analyzed (True) zinc concentration (k=1).

Figure 7. Validation study on how well the XRF anti-fouling module predicts true
(chemically analyzed) concentrations of tin in different anti-fouling paints holding a
dry paint thickness between 250 — 500 pm.

Figure 8. Validation study on how well the XRF anti-fouling module predicts true
(chemically analyzed) concentrations of copper in different anti-fouling paints hold-
ing a dry paint thickness between 250 - 500 ym.

Figure 9. Validation study on how well the XRF anti-fouling module predicts true
(chemically analyzed) concentrations of zinc in different anti-fouling paints holding
a dry paint thickness between 250 — 500 pm.

DETAILED DESCRIPTION

The present invention relates to a set of calibration standards for use in a method
of quantifying the concentration of tin, copper and zinc compounds in anti-fouling
paints with a portable XRF instrument. Further disclosed is a method for manufac-
turing the set of calibration standards as well as their use in a method of quantify-
ing the concentration of tin, copper and zinc compounds in anti-fouling paints with

a portable XRF instrument.
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While the present invention has been described with reference to the below specif-
ic Example 1, which is intended to be illustrative only and not to be limiting of the
disclosure, it is noted that changes, additions and/or deletions may be made to the
disclosed example without departing from the spirit and scope of the disclosure.
The scope of the disclosure is therefore not covered the specific example, but ra-
ther by the patent claims.

EXAMPLE 1

Test design

A handheld XRF analyzer was used for the purpose to build up an empirical model
able to analyze the concentration of Sn, Cu and Zn in anti-fouling paints coated on
boat hulls. The XRF analyzer (DELTA-50) was manufactured by Olympus and is
powered with a 4W, 50kV x-ray tube, which has the advantage to excite and de-
tect heavy elements such as the K-lines of Sn. In addition, the analyzer is
equipped with a software that enables the setup of own empirical models for quan-
tification of elements in different matrixes. In the laboratory, calibration experi-
ments for each of the element of interest (Sn, Cu and Zn) were performed. Ka net
intensity spectral peak were used since this electron transition, i.e. from L-shell to
K-shell, is easiest to detect. Compton normalization was used to account for pos-
sible matrix effects. The calibration curves were used in our own empirical model

and tested in field on boat hulls coated with anti-fouling paints.

Development of standards

Three different commercial biocide-free anti-fouling paints were used in the devel-
opment of standards. Increasing amount of Sn (as TBTO, Sigma-Aldrich, 96%),
Cu (as Cu20 Alfa Aeser, 99% ) and Zn (as ZnO Alfa Aeser, 98%) was added to
the paints (both separately and in combination) to yield a concentration interval be-
tween 0-32% (weight:weight). After a thorough mixing, the paints were applied on
a 6 ym thick Mylar film with a Quadruplex film applicator (VF2170, TQC), to obtain
a wet layer of paint with thickness of 100 um. After a drying period for at least 12

h, 25 mm @ pieces were punched out and used as standards.

Empirical model development



WO 2016/003347 PCT/SE2015/000044

10

15

20

25

30

38

The standards were analyzed under controlled conditions in the XRF work station
by applying the standards on the X-ray tube/detector. To simulate actual field con-
ditions, i.e. boat hulls coated with anti-fouling paints, a plastic piece from a boat
hull was allocated behind the standards during the analysis. The standards were
scanned with the 50kV beam. Since leisure boats usually have several layer of
coatings applied on their hull, the standards were analyzed both individually and
together by applying two, three, four or five standards on top of each other (see
tables 1-3). The calibration was done on the adjusted intensity of Kq signals, i.e.
the intensity rates have been adjusted for air background, peak overlap and ele-
mental interference from other elements in the sample that have peak energies
close to the element of interest. To correct for matrix effects, Compton normaliza-
tion were performed, i.e. each elements adjusted rate were divided by the scatter
produced in the light element (LE) region of the sample. To assess the effect of
analytical scan time on precision, a series of standards were scanned with the
50kV beam for 5, 10, 15, 20, 30, 60 and 120 seconds, respectively. The results
showed that the scan time had no impact on the intensities of Sn, Cu and Zn.
Based on this result we chose to use a scanning time of 30 seconds for the anal-

yses of standards and build-up of calibration curves.

After being thoroughly analyzed with XRF, the standards were chemically ana-
lyzed for total concentration of Sn, Cu and Zn. The (chemically analyzed) total
concentration of Sn, Cu and Zn, the weight and area of the standards allowed us
to calculate the total concentration per area, expressed as pg/cm?. (see the tables
1-3)

The standards were used to examine the relationship between measured Comp-
ton adjusted Ka intensities of Sn, Cu and Zn, respectively, and known concentra-
tions of Sn, Cu and Zn in the standards. A regression analysis (for each element)
was performed to calculate the slope and the intercept of the calibration curve (see

Figures 1-3).

Detection limit
For each of the element of interest, i.e. Sn, Cu and Zn, at least ten blank samples

(paint standard without the analyte of interest) were analyzed and mean blank val-
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ue and SD were calculated. The LOD was determined as the mean blank value
plus 3 SDs. The limit of quantification (LOQ) was determined as the mean blank
value plus 10 SDs (12).

Validation of the empirical module

A blind test was conducted to assess how well our anti-fouling paint application
analysis Sn, Cu and Zn concentration in paint coatings with varying paint thick-
ness/layers correlated. The blind test was conducted by allowing coworkers to ap-
ply anti-fouling paints on Mylar films with brushes. The coworkers had five different
unlabeled anti-fouling paints (three commercially available containing Cu and Zn
and two own-made TBT-paints) to choose between and were instructed to use at
least two of them. In total 20 different anti-fouling paint treatments, with painted
layers varying between two and four (corresponds to a dry thickness between 250-
500 pm), were produced. From all treatments, 25 mm diameter discs were
punched out and analyzed for Sn, Cu and Zn concentrations with our (Compton
adjusted) anti-fouling paint module. The analysis was performed as described in
section “Development of standards”, i.e. the discs were put directly on the X-ray
tube/detector with a plastic piece from a boat hull allocated behind and scanned
with a 50kV beam for 30s. Thereafter, the paint discs were sent to a commercially

laboratory to be chemically analyzed for Sn, Cu and Zn concentrations.

Field survey

The aim of the present invention is to develop a XRF model that has the ability to
quantify the total concentration of Sn, Cu and Zn on boat hulls. Today, the anti-
fouling paint market for leisure boats is dominating by copper (I) oxide-based anti-
fouling paints (often in combination with zinc (l) oxide). Thus, the XRF-result for
copper and zinc can be interpreted to arise primarily from copper (l) oxide and zinc
(1) oxide, respectively. For Sn, the story is a bit more complex. Tin, has to our
knowledge, been added to paint formulation as organotin compounds only (primar-
ily TBT). However, organotin compounds can be degraded in several stages and
as a final step form non-toxic inorganic Sn. Thus, we wanted to study to what ex-
tent the XRF-analyzed tin concentration can explain the concentration of organotin
compounds. Therefore, the present invention was used on leisure boats in order to

quantify the amount of Sn present on the boats’ hull. If Sn was present, the paint
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was scraped off and collected in clean plastic bottles. In total paint scrapes from
31 boats were collected. The paint flakes were then send to a commercial labora-
tory (ALS Scandinavia), homogenized and analyzed for total tin and organotin
compounds (see “Chemical analysis”) in order to determine the proportion of TBT

and other organotin compounds on leisure boat hulls.

Chemical analysis

Sample digestion and chemical analyze were performed by a commercial labora-
tory (ALS Scandinavia). The standards were digested in a solution containing 5mL
concentrated HNO3 and 5 mL concentrated HCl on a hotplate for 1 h. The samples
were diluted with Milli Q water and analyzed for total Sn, Cu and Zn concentrations
by inductively coupled plasma-sector field mass spectrometry (ICP-SFMS).

Statistical analyze
The correlation between XRF analyzed concentrations was assumed to be propor-
tional to the “true” chemically analyzed concentration with multiplicative log nor-
mally distributed random error through the formula:

Y =c* x*€E
where ¥is the XRF analyzed concentration, x is the chemically analyzed concen-
tration and € is the random error. Log transformation of the formula gives us;

logY¥ = a * logx *€
where € is the normally distributed random error, @ = logc is a parameter to be es-

timated as well as the standard deviation () of €. ¢ and a where calculated

1w -
RLsi—g

A——l—-i— d, - dy’
G—n-l =(d; —d)

i=1

through the formulas:

Where d; = logy, — logx;
A 90% prediction interval of the forecasted value logy, for logx,was calculated
with the formula:

i+ logxytt cFrf1+1/n

where t is the distribution critical value
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Results

Empirical model

The calibration curves of Sn, Cu and Zn are shown in figures 1-3. Sn showed the
best relationship between (log) Ko-Compton adjusted intensities and (log) chemi-
cally measured concentrations (R?=0.99). For Cu and Zn the corresponding R?
values were 0.97 and 0.98, respectively. The LOD and LOQ for Sn were deter-
mined to 2.9 and 9.4 ug/cm?, respectively. The LOD and LOQ for Cu were deter-
mined to 13.3 and 35.9 ug/cm?, respectively. For Zn, the LOD and LOQ were
quantified to 23.0 and 73.0 pg/cm?, respectively.

In Figure 4-6, the correlation between predicted (XRF-analyzed) log concentration
and true (chemically analyzed) log concentration are shown. Based on these re-
gression data 90-percent confidence intervals (90% Cl) were calculated for XRF-
measured Sn, Cu and Zn concentrations. For Sn the 90% CI were determined to
be between 0.78 — 1.28, i.e. with 90% certainty the true Sn concentration is be-
tween 78% and 128% of the XRF-analyzed concentration. For Cu and Zn the 90%
Cl were calculated to 0.50 — 2.02 and 0.64 — 1.58, respectively.

Empirical model validation

A blind test was performed to study how well our anti-fouling paint application pre-
dicts Sn, Cu and Zn concentration in paint coatings with varying paint thick-
ness/layers. The regression analysis between XRF-measured concentrations and
true (chemically analyzed) concentrations is shown in figures 7-9. The true (chem-
ically analyzed) concentration was in most cases within the 90% CI of the predict-
ed (XRF-measured) concentration for all metals, indicating that the module’s pre-
diction of true metal concentrations in anti-fouling paints is adequate at least when
the paint thickness is <500 pm.

Tin (Sn)

The resuits from the linear regression analysis of Sn, i.e. the relationship between
(log) Sn concentration and (log) Ke-Compton adjusted intensity, showed the model
to work adequately. The R2-value of the regression analysis was 0.99 and the 90%
Cl was determined to be between 0.78-1.28. A blind test was performed to study

how well the model predicted Sn, Cu and Zn concentrations under conditions were
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several different paints have been applied on a boat hull (simulated with a piece of
plastic from a boat hull added behind the paints). The results showed most of the
data points’ 90% CI to overlap the K=1 line, indicating the model to work well in
predicting the “true” (chemically analyzed) Sn concentration despite that the (dry)
paint thickness varied between 250 and 500 ym.

Copper (Cu) and Zinc (Zn)

The linear regression for Cu and Zn, i.e. the relationship between (log) concentra-
tion and (log) Ke-Compton adjusted intensity, showed the model to work adequate-
ly yielding a R2-value of 0.97 and 0.98, respectively. However, compared to Sn,
the 90% Cl was considerable wider, i.e. between 0.5 — 2.02 (Cu) and 0.64 — 1.58
(Zn). The disparity in confidence interval can be explained by the ability of fluores-
cent X-rays to penetrate through the sample matrix and reach the detector. Since
Sn, as compared to Cu and Zn, has much more energetic X-rays and can hence
travel through a larger distance within the sample, the effect of paint thickness is
not that apparent. For Cu and Zn, which have less energetic X-rays, the effect of
paint thickness is larger.

FURTHER EXAMPLES

The embodiment in Example 1 is modified by also including calibration standards
for further compounds that might be toxic for the environment, such as one or
more of organic mercury, inorganic mercury, inorganic lead, organic lead, arsenic,
cadmium, chromium, iron and barium compounds in order to also quantify the
concentrations of organic mercury, inorganic mercury, inorganic lead, organic
lead, arsenic, cadmium, chromium, iron and/or barium compounds in anti-fouling

paints on boat hulls.

The calibration standard for the above described further compounds is prepared
by
i.  Applying increasing amounts of further compound to anti-
fouling paints both separately and in combination with tin,
copper and zinc compounds to yield a concentration interval
between 0-64 %, preferably 0-32%, for each of further, tin,
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copper and zinc compounds, wherein said anti-fouling paint
in step di) does not comprise any of further, tin, copper and
zinc compounds, and

ii.  mixing the paints with respective compounds, and

iii. applying paints on a thin film to obtain a wet layer of paint,
and

iv. drying the paint,

Consequently, the method of quantifying the concentration of tin, copper, zinc in

anti-fouling paints with a handheld XRF instrument comprises the steps of:

a.

Calibrating with calibration standards comprising the steps of:
Scanning the calibration standards of tin, copper, zinc and further
compounds, both individually and together by applying two, three,
four or five standards on top of each other and wherein a piece of a
boat hull material is placed behind the standards during the scan-
ning,

Providing calibration curves of tin, copper, zinc and further com-
pounds by plotting (log) Ka-Compton adjusted intensities of Sn, Cu,
Zn and further compounds and (log) chemically measured concen-
trations (ug/cm?) of Sn, Cu, Zn and further compounds in the stand-
ards, respectively, and optionally storing said calibration curves in
the memory of said XRF-instrument,

Aiming a handheld XRF analyzer on the boat hull to be analyzed,

d. Scanning Kq-lines of Sn, Cu, Zn and further compounds wherein

scanning is preferably for 5,10, 15, 20, 30, 60 and 120 seconds,
more preferably for 30 seconds,

Quantifying the concentration of tin, copper, zinc and further com-
pounds by relating the detected Ka lines of Sn, Cu, Zn and further
compounds in the boat hull to the calibration curves of tin, copper

and zinc compounds.



PCT/SE2015/000044

WO 2016/003347

44

(0181 %0) nD (0191 %0) ND (01g1%0) N | € 900°0- 0 T

(0191 %0) N | T 0000 0 €

(0181%0) D | T ¥00°0- 0 e

(0181%0) N | T G00°0- 0 12

(0181 %0) N |t 9000~ 0 0t

(0181 %0) N | T 900°0- 0 6T

(0191 %0) uzpuen) | T #00°0- 0 1

(0181 %8)uS | T 'l 0S€ €T

(0191 %zE) us | T €62°0T SYLT 4

(0181 %8) uS | T LE8'T 8€S 1T

(0181 %T)us | T 0990 ST 01
{0181 %9T) uS | T G99‘s vseT 6
(0191 %v) uzpueus | T 6€6°0 66T 8
(0191 %CE) us (0191 %z€) us (OLaL %CE) US | € 98Ty 96SS L
(0191 %8) us (0191 %9T) us (0191 %9T) US| € 0LT'ST v0zZ€ 9
(0191 %8) us (0191 %8) us (0191 %8) us | € 1Tty 9S0T S
(0191 %) us (0191 %t) us (0181 %b) us | € ovL's 983 v
(0181 %T) us (0191 %2) us (O1g1%2)us | € 9Tyt 62€ €
(0191 %T) us (0191 %T) us (0181 %T) us | € 650 LTT z
(0191 %0) uz ue n) (0191 %0) uz pue nJ | (0191 %0) @344 uz pue n) ‘us | ¢ Z00°0- 0 T

siohej /3 Anuapti
JaAe| yujed payi J9Ae| Juied puodas JaAe| juted 3s414 | JO JAqUINN dwo) | us uess

‘SpJepueg)s uone.qi|es Jo Jes ples buumoejnuew 1o} poyidw ayy ur wiiy ayy o} padde 0191 10 Jake| 1om Jo (Jyblamybiom) UoORBUBDUOD BU) Sjussal

-day sisayjuaied ui anjea 0191 % 8yl ‘|eusiew |iny 1eoq jo a%aid ay) Yyim JOBJUOD Ul SI Jake| Wojoq Jsow ay| “ Jake} juled paiyL, se 0} pasejal si kel Juied
puooes, ayj uleaulspun piepuels/iakel suo ay) pue Jahe| juied puodsg, Se 0} paussjal S| yyeausapun piepuejs/iafe] ay] ‘pawiopad si ueos e pue Jake| juied
18414, 8Y) splemo) pajulod sijuswnisul 44X Playpuey ay) '8’ ‘juswnisul- 43X auj 0} 1SaSO|O pJepuE]ls uoneIqIied au) sajedipul Jake| juled 3sii4, uwinjod ay |
Juswinasul-44 X plsypuey ay) Aq psuueos ale yolym siahe] Jo saquinu ay) "'l ‘[eusiew |jny yeoq jo adaid ay) uo paoeld spJepuB)sS UoeIqIeD JO Jaquinu ay}
sejeolpul siake| J0 JaqWINN,, UWN|0d 3y "SaNISuajuI-DY JYHX paziiewlou uojdwoy) pajoslap au sejedtpul dwod [, UWNJOD 8y "POUUEdS SJE Jey) SPJepue)s
3y} Ul UG JO uonesuUa2UOD eale pazhjeue A|[eoiwayo B0} 3y} SISO|IsIp Wwo/6r us, P} UWNIOD By "SWI) SWES 3y} Je PaUUBDS SJE UZ PUB NY ‘ug '9'l ‘ueds
Bwes ay} sl ¢-| sa|ge] Ul 08 ¢ 'Z ‘| Uedg Jey aasesqo ases|d ‘spiepue)s Jo Jahe| e ay) uo pswuopad ueds e sajedipul  Ajuspl UBdg, UWN(OD By ‘| d|gel




PCT/SE2015/000044

WO 2016/003347

45

(0181%0)uz | T €00°0- 0 €S

(0191%0) Uz | T €10°0- 0 Zs

(0191 %0) @344 uZ pue n) ‘us | T 000 0 IS

(OLdL %ZE)US | T £98'S vSeT 0S

(0191 %zE) us (oLdL%ze) us | T 871'1¢ 9/9€ 6V

(OL9L %TE)US | T €02°0T1 ¥181 8y

(0181 %9T) us (0181 %0) uz (019L%0) "D | € 610°S vSTT LY
(0191 %T) us (0181 %0) vz (019L%0) ND | € 66T°0 18 9t
(0191 %¥) us (0191 %0) uz (0181 %0)nD | € ¥9Z'T LOE St
(0191 %8) us (0181 %0) uz (01891 %0) nD | € 66€°T 0S€ vt
(01891 %9T) us (0181 %0) uz (0191 %0) vz | € £80°S €0ET 3%
(0141 %T) us (0191 %0) vz (0191 %0) vz | € 00Z°0 15 47
(0191 %¥) us (0181 %0) uz (0191L%0) uz | € L0T'T t0€ 1R
(0191 %8) us (0191 %0) uz (0181 %0) Uz | € 8€9C 8¢S oY
(0191 %0) uz {0191 %0) uz (0191 %0) Uz | € 1000 0 6€
(0191 %0) uz (0191 %0) uz (0191 %0) vz | € L00°0- 0 8¢
(0191 %0) uz (0141 %0) uz (0181 %0) Uz | € 900°0- 0 LE
(0191 %0) uz (0191 %0) uz (0191%0) Uz | € S00°0- 0 9¢
(0191 %0) uz (0181 %0) uz (0191 %0) uz | € S00°0- 0 GE
(0191 %9T) us (0181 %0) D (0181%0) nD | € 06%'S €0€T 23
(0191 %8) us (0181 %0) D (o181 %0) "D | € 2E8C €'L¥9 €€
(0191 %9T) usS (0181 %0) N2 (0181%0)ND | € €50°S ¥SCT 143
(0181 %T) us (0181 %0) nD (0191 %0) "D | € 7€7°0 9'0S 1€
(0191 %0) D {0191 %0) D (0181 %0) ND | € €000 0 8T
(01891 %0) nD (0191 %0) D (0191 %0) N | € zoo‘o- 0 LT
(0191 %0) N (0181 %0) nD (0181%0)nD | € £00°0- 0 Y4
(0191 %0) D (0191 %0) nD (019L%0) ND | € 0000 0 14




PCT/SE2015/000044

WO 2016/003347

46

(0181 %T)US | T €020 T'/€ 65
(0191 %T)uS | T (444 3°0s 8S
(0l9L%T)uS | T €120 2'6¢ LS
(019L%T)us | T A4 Ty as
(0191%0)uz | T 600°0- 0 sS
(0181 %0) Uz | T 010°0- 0 S




PCT/SE2015/000044

WO 2016/003347

47

(Ouz % 8)uzpuen) | T LTTT 19¢L 91
(ouz% g)uzpuen) | T 658t 0607 qT
(Ouz %v)uzpuen)d | T 1€9°T LSY 2
(ouz%0) us | T 1500 0 €1
(Ouz%0) us | T 7500 0 T
(Quz%o)us | T 8500 0 0T
(Ouz%o)us | T 7500 0 6
(ouz 1 8.0°8T 1R 8
%CE) uz pue us
(Ouz %0) us (Ouz %0) us (Ouz%0) us | € 6000 0 L
(Ouz %0) us (Ouz %0) us (Quz%0) us | € 9000 0 9
(Ouz %0) us (0YZ %0) us (Ouz %0) us | € ¥00°0 0 S
(Ouz %0) us (Ouz %0) us (Ouz%o) us | € 9000 0 ¥
(Ouz %0) us (Ouz %0) us (Ouz %0) us | € L000 0 €
(ouz %0) us (Ouz %0) us (Ouz %0) us | € 000 0 z
(ouz (ouz (ouz %0) | € 8/9'T 889 1
,x..vv uz uen) .X.NV uz pue n) o094} UZ pue n) Em
J9he| J9Ae| J9Ae| siohe| jo qw/8n Ayauapi
uted yyi4 juted yjio4 | t9he) jured payl jured puodas 19Ae] jured 35414 JRquinN dwod ) uz uess

"SpJEPUE)S UONEIqI[Bd JO }3S ples bulmoejnuew Joy poall auy Ul wiy sy} o} paidde QuZ jo Jake| 19m j0 (Jyblem:ybiam) UORENUSIUOD By} Sjuasaidal
sisayjuased ul anjeAa QUZ 9% ayL ‘Jeualew |ny Jeoq jo aoaid ay} ylim 1o 3uod Ul si Jake| wopoq ysow ay] -o1e Jake| juied piiy, Se 0} paissal si Jake| Juled
puooag, 3y} yieausapun psepuels/iafe] sauo ay) pue Jafe| jured puodag, se 0} paliajal S| Yieausapun plepuels/iahel ay] "pauopad s ueoss e pue Jahe| juied
18414, U} spJemo} pajuiod S| Juswinisul 44X pleypuey ay) ‘9’1 ‘Juswinysul-4HX 8y} 0} 1S9S0|9 pJepuBls uonelqgied ay) selealpul Jake| uled 1sii4, UWN[OD Sy L
Juswnysul-4Y X playpuey ay3 Ag pauuess ale yolym sidhe| Jo saquinu ay) ‘9’ ‘|eusjew [ny jeoq Jo 89ald ay} uo pade|d spiepue)s uoleIqIed Jo Jaquinu ay)
sajedipul S19Ae] JO Jaquuinp, UWNIOD 8| "S8ISUs)UI-DY JHX paziiewisou ucydwo?) pajos}ap au sajedipul dwo) |, UWN|0? 8y "POUUEDS SJE Jey) Spiepue)s
8Yj U1 UZ JO UONEJJUBOUOD Bale pazAjeue Ajlediwayd |ejo} 8y} SSSOOSIP Lwo/Brl uz, Pajl UWNIod By ‘Swil SWEeS Sy} Je PSUUBDS 3Je U7 PuUe N ‘ug "a'l ‘uess
awes ay} sl g-1S9Ige L Ul "0} € ‘7 ‘| UedS jey) aAlasqo asea|d 'spiepuels JO JoAe] e ay) uo pauwiopad ueds e sajedipul  Auapl Ueog, UWNios 8yl 'z aiqel

01



PCT/SE2015/000044

WO 2016/003347

48

(ouz %ze) uz (ouz%ze)uz | T 68781 0Z.S 79

(ouz%ze)uz | T 9SHvTT 9982 19

(ouz%9t)uz [T 1433 GGST 09

(Quz%ot)uz [ T €8€°S T/ST €6

(Ouz%8)uz i T 815C S16 s

(ouz %0) us (Ouz %9T) uz (ouz%0) N | € LOLY L6YT Ly
(Ouz %0) us (ouz %8) uz (ouz%0)nd | € 1S9'T L9S 9t
(Ouz %0) us (ouz %2) uz (ouz%0)nd | € LIE0 00T Sy
(OuzZ %0) us (Ouz %t) uz (ouz%0)nd | € 990 6SC vt
{Ouz %0) us (OuzZ %9T1) Uz (Ouz %9T)uZ | € 78501 7S0€ 137
(Ouz %0) us (ouz %8) uz (ouz%8)uz | € 620V 40141 4%
(Ouz %0) us (ouz %) uz (ouz%¥)uz | € T78T 9'CTS 1t
(Ouz %0) us (ouz %z) uz (ouzwz)uz | € €€L°0 007 ov
(Ouz %ze) uz (ouz %ze) vz (ouz %ee)uz | € ¥S8EC 06€8 6€
(Ouz %9T1) uz (Ouz %91) uz (ouz%9T)uzZ | € v8v T €297 8¢
(Ouz %8) uz (ouz %3) uz (ouz%g)uz | € LST'S 89/1 LE
(ouz %) uz (Ouz %) uz (ouz%v)uz | € TLTC v'TLL 9¢
(Ouz %) uz (Ouz %) uz (ouz%e)uz | ¢ ¥06'0 €862 g
(ouz %0) us (ouz %0) D (OUZ%0) N | € SY00 0 143
(Ouz %0) us (0uz %0) N (ouz%0) nd | € 1¥0'0 0 1€
(ouz%z)m | T 612'T 434 ¥4

(ouzwz)m | T 0860 T€C 44

(Ouz%0)nd | 1 ovTo e 12

(Ouz%0)nd | T 6¥1°0 0z 0z

(Ouz%0)nd | T z12'0 St 61

(ouz %) uzpuend |1 6€9'T ZEY 8T

(Quz%g)uzpuend | 1 £V6°C €021 LT




PCT/SE2015/000044

WO 2016/003347

49

(Ouz%0) us | T 600 0 65

(Ouz%o)us | 1T 1500 0 8%

{ouz%o) us | T 8500 0 LS

(Ouz%0) us | T G600 0 95

(ouz%o)us | T LS00 0 69

(Quz%0) us | T 0500 0 89

(OUZ%o)us | T 1500 0 L9

(Ouz%0) us | T €500 0 99

(ouz %ze) vz | (0uzZ %eeE) uz (Ouz %ze) uz (ouz %ze) uz (ouzwezg)uz | s tv6'CE O€SET S9
(Ouz %ee) uz (ouz %ee) uz (ouz %ze) vz (ouz %ze)uz | v £9€°62 SI0TT 9
(ouz %ze) vz (Ouz %ze) uz (ouz%ze) uz | € ¥66'€C 06€8 €9




PCT/SE2015/000044

WO 2016/003347

50

(ony%z)uzpuen) | T 208°T 199 8T
(on %g)uzpuend | T €V6‘T | €SLT LT
(oD %) uzpuend | T 6T 8101 91
(OnD %¥) uzpuen) | T 10T | S90T ST
(On> %t)uzpuen) | T 7680 So€ vI
us i1t £90°0 (013 €1
us 1 0900 LT [4)
us | 1 €00 [43 1T
us |t 1900 8¢ o1
us us us | € 60T°0 4] L
us us Uusi € 01T'o 6 9
us us us | € €010 66 S
us us us . ¢ 6600 G6 12
us us us | ¢ ¥60°0 v6 €
us us us | ¢ 9600 0T 4
(OnD %v) uz ue ny (OnD %1) puend 934y uz puen) ‘us | € 0SS'T 1111 1
EYEY
jo w/8rl | Auapt
Jahe| jured yrio4 JoAej uled paiylL J2Ae| jJuied puodag JoAe| juted 1su14 | Jaquiny | dwod | n) uess

"SpJepue]s uoneiqied Jo 19S pies buunioenueLl Joj poyiau ayy ul wiy ayy o} paiidde ono jo 1ake| 1am jo (ublamiy
sisaujualed Ul 8NiBA QN % 8y ‘[eualew [Ny 1eoq Jo adaid 3y} ypm JORjUOD Ul ) Jake| woyog Jsow ay | 0)e Jahe| juled paiyj, Se 0} pawsyal st Jake| juled
puo2ag, au} yieaulapun piepuejs/iafel auo ay) pue Jake| juled puooag, Se 0) paliajal S| ylesusapun plepuels/ake] ay| ‘pawlopad si ueds e pue Jake| juied
15414, 8y} SpJemo) pajulod S| JUSWNASUI 44X PIBUPUBY 8y} ‘@'l ‘JusINSUI-JYX Y} O} 1S8S0|0 pJepue)ls uonelqi|ed ay} sajedipul Jakey juled 3sii4, Uwnjod sy
‘usWNAsUI- 44X Pidypuey sy} Aq psuuess ale yoiym siaAe| JO Jaquinu ay) 'a' ‘jelajew |iny jeoq jo adald ay) uo pade|d SpJepue)s Uoljeiqi|ed JO Jaquinu ay)
sajedipul Siake] J0 JaquinN, UWN|OD 8y "SORISUSUI-DY 4HX Pazijewlou uoidwo) pajoslap ay) sajesipul ,dwod |, UWN|OD 8Y] "PSUUBDS SJ. JBy} SPIEPUE)S
8y} Ul no jJo uoneUBIUOD Bale pazAjeue Aj[eoiusyo [B10} 8y} S8s0|asIp wo/Brl nY, Pajil UWINOD BY L "SI} SWES JU} Je PAUUBDS aJe UZ PUe nY ‘ug "'l ‘ueds
awes ay) sI £-1S9|qel Ul "0}d € ‘2 ‘| UBDS Jey} aA19sqo aseald ‘Spiepuels JO Jahe| e sy} uo pauuouad ueds e sajedipul Ajpuspl Uedg, Uwniod ayy ‘¢ siqe)

19M) UOHENUAUOD B} sjuasaidal

01



PCT/SE2015/000044

WO 2016/003347

51

(OnD %0) us (OnD %0) uz (OND %9T) N | € ) LTT2 ot
(OnD %0) us (OnD %0) uz (oM %¥)nD | € €91'T z0S St
(0N %0) us (Ond %0) uz (O %z)nd | € 0040 64T v
(Ond %0) us (Oond %0) uz (O %o)uz | € 8200 0€ 3%
(OnD %0) us (OND %0) uz (O %0)uz | € 8700 e 4%
(OnD %0) us (Ond %0) uz (O %0)uz | € 0200 43 iR
(0N %0) us (ond %0) uz (O %o)uz | € €200 zZ€ oY
(Ond %0) uz (On) %0) uz (0N %0)uz | € €000 0 8¢
{OnD %0) uz {OnD %0) uz (o> %0)uz | € L000- |0 LE
(OnD %0) uz (OnD %0) uz (O %0)uz | € 1100- |0 9¢
(0N %0) uz (OnJ %0) uz (on%0)uz | € 1T00- |0 GE
(OnD %0) us (Ond %8) ND (onD%g)nd | € 56 G681 vE
(Ond %0) us (on2 %8) nd (o> %8) N2 | € ETLY 6S8T €€
{OnD %0) us (0N %T) N (oM %)M | € 1211 19¢ €
(OnD %0) us (on3 %) D (onD %) D | € 850°T voLY 1€
(ond %ze) D (OnD %ze) nd (oM %9T)ND | € 708'8T | 9€60T | Of
(ond %ze) D (Ond %zg) nd (on> wze)nd | € vL1'ST | ELEET | 6C
(ON3 %9T) ND {OnD %91) ND (o %9T) N3 | € 9ySTT | ¥ET9 8¢
(OnD %8) N (Ond %8) N (oD %8) D | € 96t'S TELT LT
(OnD %) nD (ond %) nd (om%yInd | € 81T G'00€T | 92
(oD %z) N (o) %z) N (o %z)n | € S9T‘T LL ST
(onD %z) D (ond %z) M (OnD%Z) N | € 8vZ'T £'999 ¥
(o wzelnd | T 97’6 2T0S €T

(o %v)nd | T v08‘T 908 w

(on%g)nd | T vLET €807 12

(o %9t)nd [ T LSE‘S €802 0z

(ond%ze)no | 1 IST'ET | €99t 61




PCT/SE2015/000044

WO 2016/003347

52

(OnJ %0) uz 9000 0 QG
(0N %0) uz 900'0- | O s
(OnD %0) uz 1000- |0 €9
(Ond %0) uz 2000- |0 s
(om 9000- |0 16
9%0) 3344 uz pue n) ‘ug
(0N %t) uz pue n) (OnD %v) uz pue n) (OnD %8) uzpuen) | ¢ 10'v 998¢ 8L
(o %Z)nd | T L£90 9¥¢ LL
(ond %ze) D (Ond %ze) D (OnD %zE) ND (onD> %ee) nd | v ¥9'0€ 8v/8T |9L
(OnD %zE) N (onJ %zE) N (ond %zE) N | € 6629 | 290vT [ SL
(onD %zE) N (onD%ze) N | T I¥8°'0C | G966 L
(ond%eze) N | 1T L1171 | TSP €L
(om%p)nd | T Tv2'T 19t 42
(0N %9T)ND | 1 0L2's €807 1L
(ond%ee)n | 1T ¢ST'ET | €99 oL
{OnD %0) us (OnD %0) uz (onD>%8) N | € G80°€E (43 LY




WO 2016/003347 PCT/SE2015/000044

10

15

20

25

30

53

REFERENCES

1.

WHOI! (Woods Hole Oceanographic Institution). 1952. Marine fouling and its
prevention. US Naval Institute, Annapolis, Maryland.
http://hdl.handle.net/1912/191.

Almeida, E., Diamantino, T.C., de Sousa, O., 2007. Marine paints: the par-
ticular case of anti-fouling paints. Prog. Org. Coat. 59, 2-20.

Yebra D.M,, Kiil, S., Dam-Johansen K., 2004. Anti-fouling technology—
past, present and future steps towards efficient and environmentally friendly
anti-fouling coatings. Prog. Org. Coat. 50, 75-104

Alzieu, C.L., 1991. Environmental Problems caused by TBT in France: As-
sessment, regulations, Prospects. Mar. environ. Research. 32, 7-17.
Alzieu, C.L., 2000 Environmental impact of TBT: the French experience.
Sci. Total. Environ. 258, 99-102.

. Alzieu, C.L., Sanjuan, J., Deltreil, J. P., Borel, M., 1986. Tin contamination

in Arcachon Bay: Effects on Oyster Shell Anomalies. Mar. Poll. Bull. 17,
494-498.

. Champ, M.A., 2000. A review of organotin regulatory strategies, pending

actions, related costs and benefits. Sci. Total. Environ. 258, 21-71.
Garaventa, F., Faimali, M., Terlizzi, A., 2006. Imposex in pre-pollution
times. Is TBT to blame?, Mar. Poll. Bull. 52, 696-718.

. Eklund, B., Elfstrém, M., Borg, H. (2008). TBT originates from pleasure

boats in Sweden in spite of firm restrictions. Open Environmental Sciences,
2, 124-132.

10.Eklund, B., Eklund, D. (2014) Pleasure boat yard soils are often highly con-

taminated. Environmental management. Volume 53, Issue 5 (2014), Page
930-946.

11. http://www.olympus-ims.com/en/xrf-xrd/delta-handheld/delta-mining/
12. Armbruster, D.A., Tillman, M.D., Hubbs, L.M. 2004 Limit of detection

(LQD)/limit of quantitation (LOQ): comparison of the empirical and the sta-
tistical methods exemplified with GC-MS assays of abused drugs. Clinical
chemistry. 40. 1233-1238



WO 2016/003347 o PCT/SE2015/000044
CLAIMS

1. A method for manufacturing a set of calibration standards for use in a method
of quantifying the concentration of tin, copper and zinc compounds in anti-
fouling paints with a handheld XRF instrument, wherein said method for
manufacturing comprises the steps of:

a. Manufacturing calibration standards for tin compounds comprising the
steps of:

i. Applying increasing amounts of tin compounds to anti-fouling
paints both separately and in combination with copper
compounds and/or zinc compounds to yield a concentration
interval between 0-64% for each of tin, copper and zinc
compounds, wherein said anti-fouling paint to be used in step ai)
does not comprise tin, copper and zinc compounds, and

ii. mixing the paints with respective compounds, and

iii. applying paints on a thin film to obtain a wet layer of paint, and
iv. drying the paint, and
. b. Manufacturing calibration standards for copper compounds comprising
the steps of:

i. Applying increasing amounts of copper compounds to anti-
fouling paints both separately and in combination with zinc
compounds to yield a concentration interval between 0-64% for
each of copper and zinc compounds, wherein said anti-fouling
paint to be used in step bi) does not comprise tin, copper and
zinc compounds, and

ii. mixing the paints with respective compounds, and

iii. applying paints on a thin film to obtain a wet layer of paint, and
iv. drying the paint, and
¢. Manufacturing calibration standards for zinc compounds comprising the
steps of:

i. Applying increasing amounts of zinc compounds to anti-fouling
paints to yield a concentration interval between 0-64% for zinc
compounds, wherein said anti-fouling paint to be used in step ci)
does not comprise tin, copper and zinc compounds, and

ii. mixing the paints with respective compounds, and
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iii. applying paints on a thin film to obtain a wet layer of paint, and,
iv. drying the paint,
and optionally

d. Manufacturing calibration standards for further compounds comprising
the steps of:

i.  Applying increasing amounts of further compound to anti-fouling
paints both separately and in combination with tin, copper and
zinc compounds to yield a concentration interval between 0-64 %,
preferably 0-32%, for each of tin, copper and zinc compounds,
wherein said anti-fouling paint in step di) does not comprise any
of tin, copper and zinc compounds, and

ii. mixing the paints with respective compounds, and

iii. applying paints on a thin film to obtain a wet layer of paint, and
iv.  drying the paint,
and wherein said further compounds is selected from one or more of organic
mercury, inorganic mercury, inorganic lead, organic lead, arsenic, cadmium,

chromium, iron and barium compounds.

2. A method according to claim 1, wherein said film is plastic film, preferably
polyester film or polyethylene film, more preferably polyester film, and even
more preferably Mylar® film, and wherein said film has thickness of 2-10 ym,
preferably a thickness of 2.5 ym, 3.6 pm or 6.3 pym, and more preferably a
thickness of 6.3 pm.

3. Method according to any one of claims 1 or 2, wherein the wet layer of paint
has a thickness of about 10-500 um, preferably 50, 100, 150 and 200 ym, and
more preferably 100 pm.

4. Method according to any one of claims 1-3, wherein the wet layer of paint has
a thickness of 100 ym, and a concentration interval 0-32% of wet layer of tin,
copper and zinc compounds applied to the film, wherein said 0-32%
corresponds to an area concentration of dry tin, copper and zinc compounds
of 0-1800 pg/cm? Sn, 0-4700 pug/cm? Cu and 0-2800 pg/cm? Zn.
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5. Method according to any one of claims 1-4, wherein the concentration for each

of tin, copper and zinc compounds applied on the film is 0-32 %, more -
preferably, 0%, 1%, 2%, 4%, 8%, 16% and/or 32%.

6. Method according to any one of claims 1-5, comprising the steps of:

a. Manufacturing calibration standards for tin compounds comprising the

steps of:

Preparing calibration standards comprising tin compounds,
wherein said concentrations of tin compounds is between 0-32%,
preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%, and

. Preparing calibration standards comprising both tin and copper

compounds, wherein said concentrations of each of tin and
copper compounds is between 0-32 %, preferably 0%, 1%, 2%,
4%, 8%, 16% and/or 32%, and

Preparing calibration standards comprising both tin and zinc
compounds, wherein said concentrations of each compound is
between 0-32%, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or
32%, and,

. Preparing calibration standards comprising tin, copper and zinc

compounds, wherein said concentrations of each compound is
between 0-32 %, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or
32%, and,

b. Manufacturing calibration standards for copper compounds comprising

the steps of:

Preparing calibration standards comprising copper compounds,
wherein said concentrations of copper compounds is between 0-
32%, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%, and

i. Preparing calibration standards comprising both copper

compounds and zinc compounds , wherein said concentrations
of each of copper and zinc compounds is between 0-32%,
preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%, and,

¢. Manufacturing calibration standards for zinc compounds comprising the

steps of:
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i. Preparing calibration standards comprising zinc compounds,
wherein said concentrations of zinc compounds is between 0-
32%, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%.

7. Method according to any one of claims 1-6, comprising the steps of:
a. Manufacturing calibration standards for tin compounds comprising the
steps of:
i. Preparing calibration standards comprising 1%, 2%, 4%, 8%,
16% and 32% tin compounds, and
ii. Preparing calibration standards comprising both tin and zinc
compounds, wherein the concentration of tin compounds is 4%
and the concentration of zinc compounds is 32%, and
b. Manufacturing calibration standards for copper compounds comprising
the steps of:
i. Preparing calibration standards comprising 1%, 2%, 4%, 8%,
16% and 32% copper compounds, and
ii. Preparing calibration standards comprising both copper
compounds and zinc compounds, wherein the concentrations of
copper and zinc compounds are:
— 1% and 4% copper and zinc compounds respectively
— 4% and 8% copper and zinc compounds respectively
— 8% and 8% copper and zinc compounds respectively
— 2% and 4% copper and zinc compounds respectively
— 4% and 4% copper and zinc compounds respectively
- 1% and 2% copper and zinc compounds respectively
and,
c. Manufacturing calibration standards for zinc compounds comprising
the steps of:
i. Preparing calibration standards comprising 2%, 4%, 8%, 16%
and 32% zinc compounds, and
d. Manufacturing calibration standards free of tin, copper and zinc

compounds.
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8. A method according to any one of claims 1-7, wherein said tin compounds is
tir metal powder, inorganic tin or one or more organotin compounds, wherein
said organotin compounds is preferably selected from one or more of,
tributyltin, triphenyltin and dibutyltin compounds, wherein said tributyltin and
triphenyltin compounds are preferably selected from tributyltin oxide, tributyltin
hydride, tributyltin adipate, tributyltin dodecenyl succinate, tributyltin sulfide,
tributyltin acetate, tributyltin acrylate, tributyltin fluoride, tributyltin
methacrylate, tributyltin resinate, triphenyltin oxide, triphenyltin hydride,
triphenyltin hydroxide, triphenyltin chloride and triphenyitin acetate, and
wherein said copper compounds is inorganic copper, preferably selected from
Cu20, CuSCN and copper metal powder, and wherein said zinc compounds is

inorganic zinc, preferably selected from zinc metal powder, ZnO and ZnSOa.

9. Method according to any one of claims 1-8, wherein said tin compounds is the
tributyltin compound tributyltin oxide, and wherein said copper compounds is

Cu20, and wherein said zinc compounds is ZnO.

10. A set of calibration standards for use in a method of quantifying the
concentration of tin, copper and zinc compounds in anti-fouling paints with a
handheld XRF instrument, comprising,

a. Calibration standards for tin compounds comprising a thin film coated
by a layer of anti-fouling paint comprising tin compounds both
separately or in combination with copper compounds and/or zinc
compounds with a concentration interval between 0-64% for each of tin,
copper and zinc compounds, and

b. Calibration standards for copper compounds comprising a thin film
coated by a layer of anti-fouling paint comprising copper compounds
both separately and in combination with zinc compounds with a
concentration interval between 0-64% for each of copper and zinc
compounds, and

c. Calibration standards for zinc compounds comprising a thin film coated
by a layer of anti-fouling paint comprising zinc compounds with a
concentration interval between 0-64% for each of tin, copper and zinc

compounds, and
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wherein said concentration interval 0-64% represents the concentration of
wet layer of tin, copper and zinc compounds applied to the film in the method

for manufacturing said set of calibration standards,
and optionally the set of calibration standards comprises,

d. Calibration standards for further compounds comprising a thin film
coated by a layer of anti-fouling paint comprising further compounds
both separately and in combination with tin, copper and zinc
compounds with a concentration interval between 0-64% for each of
tin, zinc and copper compounds, and

wherein said further compounds is selected from one or more of organic
mercury, inorganic mercury, inorganic lead, organic lead, arsenic, cadmium,

chromium, iron and barium compounds

11.A set of calibration standards according to claim 10, wherein the said film is
plastic, preferably polyester film, more preferably Mylar® film, and wherein
said film has thickness of 2-10 um, or preferably 2.5 ym, 3.6 pm or 6.3 ym, or
more preferably 6.3 um.

12.A set of calibration standards according to any one of claims 10 or 11, wherein
the wet layer of paint has a thickness of about 10-500 ym, preferably 50, 100,
150 and 200 pym, more preferably 100 um.

13.A set of calibration standards according to any one of claims 10-12, wherein
the concentration for each of tin, copper and zinc compounds applied on the
film is 0-32%, more preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%.

14.A set of calibration standards according to any one of claims 10-13, wherein
said wet layer of paint has a thickness of 100 ym, and a concentration interval
0-32% of wet layer of tin, copper and zinc compounds applied to the film
corresponding to an area concentration of dry tin, copper and zinc compounds
of 0-1800 pg/cm? Sn, 0-4700 pg/cm? Cu and 0-2800 ug/cm? Zn.
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15.A set of calibration standards according to any one of claims 10-14,
comprising:
a. Calibration standards for tin compounds comprising:

i. Calibration standards comprising tin compounds, wherein said
concentrations of tin compounds is between 0-32 %, preferably
0%, 1%, 2%, 4%, 8%, 16% and/or 32%, and

ii. Calibration standards comprising both tin and copper
compounds, wherein said concentrations of each of tin and
copper compounds is between 0-32%, preferably 0%, 1%, 2%,
4%, 8%, 16% and/or 32%, and

iii. Calibration standards comprising both tin and zinc compounds,
wherein said concentrations of each is between 0-32%,
preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%, and

iv. Calibration standards comprising tin, copper and zinc
compounds, wherein said concentrations of each compound is
between 0-32%, preferably 0%, 1%, 2%, 4%, 8%, 16% and/or
32%, and

b. Calibration standards for copper compounds comprising:

i. Calibration standards comprising copper compounds, wherein
said concentrations of copper compounds is between 0-32 %,
preferably 0%, 1%, 2%, 4%, 8%, 16% and/or 32%, and

ii. Calibration standards comprising both copper and zinc
compounds, wherein said concentrations of each of copper and
zinc compounds is between 0-32%, preferably chosen from the
concentrations 0%, 1%, 2%, 4%, 8%, 16% and/or 32%, and

c. Calibration standards for zinc compounds comprising:

i. Calibration standards comprising zinc compounds, wherein said
concentrations of zinc compounds is between 0-32%, preferably
0%, 1%, 2%, 4%, 8%, 16% and/or 32%.

16.A set of calibration standards according to any one of claims 10-15,
comprising:

a. Calibration standards for tin compounds comprising:
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i. Calibration standards comprising 1%, 2%, 4%, 8%, 16% and
32% tin compounds, and
ii. Calibration standards comprising both tin and zinc compounds,
wherein the concentration of tin compounds is 4 % and the
concentration of zinc compounds is 32 %, and
b. Calibration standards for copper compounds comprising:
i. Calibration standards comprising 1%, 2%, 4%, 8%, 16% and
32% copper compounds, and
ii. Calibration standards comprising both copper compounds and
zinc compounds, wherein the concentrations of copper and zinc
compounds are:
— 1% and 4% copper and zinc compounds respectively
— 4% and 8% copper and zinc compounds respectively
—~ 8% and 8% copper and zinc compounds respectively
~ 2% and 4% copper and zinc compounds respectively
— 4% and 4% copper and zinc compounds respectively
— 1% and 2% copper and zinc compounds respectively and,
c. Calibration standards for zinc compounds comprising:
i. Calibration standards comprising 2%, 4%, 8%, 16% and 32%
zinc compounds, and
d. Calibration standards free of tin, copper and zinc compounds.

17.A set of calibration standards according to any one of claims 10-16, wherein
said tin compounds is tin metal powder, inorganic tin or one or more organotin
compounds, wherein one or more organotin compounds is preferably selected
from, tributyltin, triphenyltin and dibutyltin compounds, wherein said tributyltin
and tributyltin compounds are preferably selected from tributyltin oxide,
tributyltin hydride, tributyltin adipate, tributyltin dodecenyl succinate, tributyltin
sulfide, tributyltin acetate, tributyltin acrylate, tributyltin fluoride, tributyltin
methacrylate, tributyltin resinate, triphenyltin oxide, triphenyitin hydride,
triphenyltin hydroxide, triphenyltin chloride and triphenyitin acetate, and

wherein said copper compounds is inorganic copper, preferably selected from
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Cu20, CuSCN and copper metal powder, and wherein said zinc compounds is

inorganic zinc, preferably selected from zinc metal powder, ZnO and ZnSOa.

18.A set of calibration standards according to any one of claims 10-17 wherein
said tin compounds is tributyltin oxide , and wherein said copper compounds is

Cu20, and wherein said zinc compounds is ZnO.

19. A kit for use in quantifying the concentration of tin, copper and zinc
compounds in anti-fouling paints with a handheld XRF instrument, comprising

said set of calibration standards according to claims 10-17.

20.Use of the set of calibration standards according to claims 1-19 in a method of
quantifying the concentration of tin, copper and zinc compounds in anti-fouling
paints with a handheld XRF instrument, comprising the steps of:

a. Calibrating with calibration standards comprising the steps of.
Scanning the calibration standards of tin, copper and zinc compounds,
both individually and together by applying two, three, four or five
standards on top of each other and wherein a piece of a boat hull
material is placed behind the standards during the scanning,

b. Providing calibration curves of tin, copper and zinc compounds by
plotting log Ka-Compton adjusted intensities of Sn, Cu and Zn and log
chemically measured concentrations in ug/cm? of Sn, Cu and Zn in the
standards, respectively, and optionally storing said calibration curves in
the memory of said XRF-instrument,

c. Aiming a handheld XRF analyzer on the boat hull to be analyzed,

d. Scanning Ka-lines of Sn, Cu and Zn, wherein scanning is preferably for
5, 10, 15, 20, 30, 60 and 120 seconds, more preferably for 30 seconds,

e. Quantifying the concentration of tin, copper and zinc compounds by
relating the detected K lines of Sn, Cu and Zn in the boat hull to the
calibration curves of tin, copper and zinc compounds,

wherein steps a-e optionally comprise the steps of calibrating, providing
calibration curves, scanning and quantifying also further compounds, wherein

said further compound is selected from one or more of organic mercury,
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inorganic mercury, inorganic lead, organic lead, arsenic, cadmium, chromium,

barium and iron compounds.

21.Use according to claim 20, comprising the steps of:

a. Calibrating with calibration standards comprising the steps of:

1)

2)

3)

4)

9)

Scanning each of the calibration standards for tin

compounds when placed on a respective piece of a boat

hull material, and

Scanning each of the calibration standards for copper or

zinc compounds when placed on each of the calibration

standards of tin compounds in step i1, and

Scanning each of the calibration standard for copper or

zinc compounds when placed on each combination of

calibration standards in step i2, and

Scanning the calibration standards for copper or zinc

compounds when placed on each combination of

calibration standards in step i3, and

Scanning the calibration standards for copper or zinc

compounds when placed on each combination of

calibration standards in step i4, and

repeating previous steps i1-i5 by

— exchanging calibration standards for copper or zinc
compounds in step i1 with calibration standards for tin,
and

— exchanging calibration standards for copper or zinc
compounds in step i1 and i2 with calibration standards
for tin, and

~ exchanging calibration standards for copper or zinc
compounds in steps i1- i3 with calibration standards
for tin, and
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— exchanging calibration standards for copper or zinc

compounds in steps i1-i4 with calibration standards for

tin, and

— exchanging calibration standards for copper or zinc
compounds in steps i1-i5 with calibration standards
for tin, and

Scanning each of the calibration standards for copper
compounds when placed on a respective piece of a boat
hull material, and

Scanning each of the calibration standards for copper or
zinc compounds when placed on each of the calibration
standards of copper compounds in step ii1, and
Scanning each of the calibration standard for copper or
zinc compounds when placed on each combination of
calibration standards in step ii2, and

Scanning the calibration standards for copper or zinc
compounds when placed on each combination of
calibration standards in step ii3, and

Scanning the calibration standards for copper or zinc
compounds when placed on each combination of

calibration standards in step ii4, and

Scanning each of the calibration standards for zinc
compounds when placed on a respective piece of a boat
hull material, and

Scanning each of the calibration standards for copper or
zinc compounds when placed on each of the calibration
standards of zinc compounds in step iii1, and

Scanning each of the calibration standard for copper or
zinc compounds when placed on each combination of

calibration standards in step iii2, and
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4) Scanning the calibration standards for copper or zinc
compounds when placed on each combination of
calibration standards in step iii3, and

5) Scanning the calibration standards for copper or zinc
compounds when placed on each combination of
calibration standards in step iii4.

b. Providing calibration curves of tin, copper and zinc compounds by
plotting log Ke-Compton adjusted intensities of Sn, Cu and Zn and log
chemically measured concentrations in pyg/cm? of Sn, Cu and Zn in the
standards, respectively, and optionally storing said calibration curves in
the memory of said XRF-instrument,

c. Aiming a handheld XRF analyzer on the boat hull to be analyzed,

d. Scanning Ko-lines of Sn, Cu and Zn wherein scanning is preferably for
5, 10, 15, 20, 30, 60 and 120 seconds, more preferably for 30 seconds,

e. Quantifying the concentration of tin, copper and zinc compounds by
relating the detected Ka lines of Sn, Cu and Zn in the boat hull to the
calibration curves of tin, copper and zinc compounds.

22.Use according to claim 21, comprising the steps of:
a. Calibrating with calibration standards comprising the steps of:
i.

~ Placing each of the calibration standards for tin
compounds comprising 1%, 1%, 4%, 8%, 8% and 32%
tin compounds on a respective piece of boat hull
material, and

—~ Placing each of the calibration standards for tin
compounds comprising 1%, 2%, 4%, 8%, 16% and 32%
tin compounds on top of the previous standards
comprising 1%, 1%, 4%, 8%, 8% and 32%, respectively,
and

— Placing each of the calibration standard for tin
compounds comprising 1%, 2%, 4%, 8%, 16% and 32%

tin compounds on top of the previous standards
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comprising 1%, 2%, 4%, 8%, 16% and 32 % tin
compounds, respectively, and
Performing a scan of each of the resulting 6

combinations of layers, and

Placing each of the calibration standards for tin
compounds comprising 1%, 16%, 8% and 16 % tin
compounds on a respective piece of a boat hull material,
and

Placing each of the calibration standard for copper
compounds comprising 2%, 2%, 8% and 8 % copper
compounds on top of the previous standards comprising
1%, 16%, 8% and 16 % tin compounds, respectively,
and

Placing each of the calibration standard for copper
compounds comprising 2%, 2%, 8% and 8% copper
compounds on top of the previous standards
comprising 2%, 2%, 8% and 8% copper compounds,
respectively, and

Performing a scan of each of the resulting 4
combinations of layers, and

Placing each of the calibration standards for tin
compounds comprising 8%, 4%, 1%, 16% tin
compounds on a respective piece of a boat hull material,
and

Placing each of the calibration standard for zinc
compounds comprising 2%, 4%, 8% and 16% zinc
compounds on top of the previous standards comprising

8%, 4%, 1% and 16 % tin compounds, respectively, and
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Placing each of the calibration standard for zinc
compounds comprising 2%, 4%, 8% and 16% zinc
compounds on top of the previous standards comprising
2%, 4%, 8% and 16% zinc compounds, respectively,
and

Performing a scan of each of the resulting 4

combinations of layers, and

Placing each of the calibration standards for tin
compounds comprising 8%, 4%, 1% and 16% tin
compounds on a respective piece of a boat hull material,
and

Placing each of the calibration standards for zinc
compounds comprising 4%, 2%, 8% and 16% zinc
compounds on top of the previous standards comprising
8%, 4%, 1% and 16% tin compounds, respectively, and
Placing each of the calibration standard for copper
compounds comprising 2%, 4% 16%, 18% copper
compounds on top of the previous standards comprising
4%, 2%, 8% and 16% zinc compounds, respectively,
and

Performing a scan of all of the resulting 4 combinations

of layers, and

Scanning each of the calibration standards for tin compounds
comprising 1%, 2%, 8%, 16% and 32% tin compounds when

placed on a respective piece of a boat hull material, and

Scanning a calibration standard for tin compounds comprising
32% tin compounds when placed on a piece of a boat hull
material, and then placing a calibration standard for tin

compounds comprising 32% tin compounds on top of the
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previous standard placed on the piece of boat hull, and then

performing a scan, and

vii.  Scanning a calibration standard for tin compounds comprising

4% tin compounds and 32% zinc compounds, and

viii.  Scanning a calibration standard free of tin, copper and zinc

compounds, and

- Placing each of the calibration standards for copper
compounds comprising 2%, 4%, 8%, 16%, 32% and
32% copper compounds on a respective piece of a boat
hull material, and

— Placing the calibration standards for copper compounds
comprising 2%, 4%, 8%, 16%, 32% and 32% copper
compounds on top of the previous standards comprising
2%, 4%, 8%, 16%, 32% and 32% copper compounds,
respectively, and

—  Placing the calibration standards for copper compounds
comprising 2%, 4%, 8%, 16%, 32% and 16% copper
compounds on top of the previous standards comprising
2%, 4%, 8%, 16%, 32% and 32% copper compounds,
respectively, and

— Performing a scan of all of the resulting 6 combinations

of layers, and

— Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on a
piece of a boat hull material, and

— Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on top
of the previous standard comprising 32% copper

compounds, and



WO 2016/003347

Xi.

Xii.

PCT/SE2015/000044
69

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on top
of the previous standard comprising 32% copper
compounds, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on top
of the previous standard comprising 32% copper

compounds, and

Placing a calibration standard comprising 4% copper
compounds and 8% zinc compounds on a piece of a
boat hull material, and

Placing a calibration standard comprising 4% copper
compounds and 8% zinc compounds on top of the
previous standard comprising 4% copper compounds
and 8% zinc compounds, and

Placing a calibration standard comprising 8% copper
and 8% zinc compounds on top of the previous standard
comprising 4% copper compounds and 8% zinc
compounds, and

Performing a scan, and

Placing a calibration standard for copper compounds
comprising 4% copper compounds and 4% zinc
compounds on a piece of a boat hull material, and
Placing a calibration standard comprising 1% copper
compounds and 2% zinc compounds on top of the
previous standard comprising 4% copper compounds
and 4% zinc compounds, and

Placing a calibration standard comprising 0% copper,
0% zinc and 0% tin compounds on top of the previous
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standard comprising 1% copper compounds and 2%
zinc compounds, and

— Performing a scan, and

Scanning each of the calibration standards comprising 2%, 4%,
8%, 16% and 32% copper compounds when placed on a

respective piece of a boat hull material, and

Scanning each of the calibration standards comprising 1%, 4%,
4%, 8% and 2% copper compounds and 4%, 8%, 8%, 8% and
4% zinc compounds, respectively, when placed on a respective

piece of a boat hull material, and

- Placing each of the calibration standards for zinc
compounds comprising 2%, 4%, 8%, 16% and 32% zinc
compounds on a respective piece of a boat hull material,
and

- Placing each of the calibration standard for zinc
compounds comprising 2%, 4%, 8%, 16% and 32% zinc
compounds on top of the previous standards comprising
2%, 4%, 8%, 16% and 32% zinc compounds,
respectively, and

— Placing the calibration standard for zinc compounds
comprising 2%, 4%, 8%, 16% and 32% zinc compounds
on top of the previous standards comprising 2%, 4%,
8%, 16% and 32% zinc compounds, respectively, and

~ Performing a scan of all of the resulting 5 combinations

of layers, and



WO 2016/003347

XVii.

PCT/SE2015/000044

71
Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on a
piece of a boat hull material, and
Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
and
Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
and
Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
and
Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,

and

Scanning each of the calibration standards for zinc comprising
8%, 16% and 32% zinc compounds when placed on a

respective piece of a boat hull material, and

b. Providing calibration curves of tin, copper and zinc compounds by

plotting log Ka-Compton adjusted intensities of Sn, Cu and Zn and log

chemically measured concentrations in ug/cm? of Sn, Cu and Zn in the

standards, respectively, and optionally storing said calibration curves in

the memory of said XRF-instrument,

c. Aiming a handheld XRF analyzer on the boat hull to be analyzed,

d. Scanning Ke-lines of Sn, Cu and Zn wherein scanning is preferably for
5,10, 15, 20, 30, 60 and 120 seconds, more preferably for 30 seconds,
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e. Quantifying the concentration of tin, copper and zinc compounds by
relating the detected Kq lines of Sn, Cu and Zn in the boat hull to the
calibration curves of tin, copper and zinc compounds.

23.Use according to any one of claims 20-22, wherein said piece of boat hull

material is of non-metallic material and free of anti-fouling paint.

24.Use according to any one of claims 20-23, wherein said tin compounds is tin
metal powder, inorganic tin or one or more organotin compounds, more
preferably said one or more organotin compounds is selected from tributyltin,
triphenyltin and dibutyltin compounds, wherein said tributyltin and triphenyltin
compounds are preferably selected from tributyltin oxide, tributyltin hydride,
tributyltin adipate, tributyltin dodecenyl succinate, tributyltin sulfide, tributyltin
acetate, tributyltin acrylate, tributyltin fluoride, tributyltin methacrylate,
tributyltin resinate, triphenyltin oxide ,triphenyltin hydride, triphenyltin
hydroxide, triphenyltin chloride and triphenyltin acetate, and wherein said
copper compounds is inorganic copper, preferably selected from Cu20,
CuSCN and copper metal powder, and wherein said zinc compounds is
inorganic zinc, preferably selected from selected from zinc metal powder, ZnO
and ZnSOa.

25.Use according to any one of claims 20-24, wherein said tin compounds is
tributyltin oxide, and wherein said copper compounds is Cu20, and wherein

said zinc compounds is ZnO.

26.Use according to any one of claims 20-25, wherein said calibration curves are
stored in said handheld XRF-instrument.

27.Method of quantifying the concentration of tin, copper and zinc compounds in
anti-fouling paints with a handheld XRF instrument, by using the set of
calibration standards according to claims 1-19, comprising the steps of:
a. Calibrating with calibration standards comprising the steps of:
Scanning the calibration standards of tin, copper and zinc compounds,
both individually and together by applying two, three, four or five
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standards on top of each other and wherein a piece of a boat hull
material is placed behind the standards during the scanning,

b. Providing calibration curves of tin, copper and zinc compounds by
plotting log Ka-Compton adjusted intensities of Sn, Cu and Zn and log
chemically measured concentrations in pg/cm? of Sn, Cu and Zn in the
standards, respectively, and optionally storing said calibration curves in
the memory of said XRF-instrument,

c. Aiming a handheld XRF analyzer on the boat hull to be analyzed,

d. Scanning Ke-lines of Sn, Cu and Zn wherein scanning is preferably for
5, 10, 15, 20, 30, 60 and 120 seconds, more preferably for 30 seconds,

e. Quantifying the concentration of tin, copper and zinc compounds by
relating the detected Kaq lines of Sn, Cu and Zn in the boat hull to the
calibration curves of tin, copper and zinc compounds, wherein steps a-e
optionally comprise the steps of calibrating, providing calibration curves,
scanning and quantifying also further compounds, wherein said further
compound is selected from one or more of organic mercury, inorganic
mercury, inorganic lead, organic lead, arsenic, cadmium, chromium,

barium and iron compounds.

28.Method according to claim 27, comprising the steps of:
a. Calibrating with calibration standards comprising the steps of:
i.

1) Scanning each of the calibration standards for tin compounds
when placed on a respective piece of a boat hull material, and

2) Scanning each of the calibration standards for copper or zinc
compounds when placed on each of the calibration standards of
tin compounds in step i1, and

3) Scanning each of the calibration standard for copper or zinc
compounds when placed on each combination of calibration
standards in step i2, and

4) Scanning the calibration standards for copper or zinc compounds
when placed on each combination of calibration standards in step
i3, and
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5) Scanning the calibration standards for copper or zinc compounds

when placed on each combination of calibration standards in step

i4, and

— repeating previous steps i1-i5 by

exchanging calibration standards for copper or zinc
compounds in step i1 with calibration standards for tin,
and

exchanging calibration standards for copper or zinc
compounds in step i1 and i2 with calibration standards
for tin, and

exchanging calibration standards for copper or zinc
compounds in steps i1- i3 with calibration standards
for tin, and

exchanging calibration standards for copper or zinc
compounds in steps i1-i4 with calibration standards for
tin, and

exchanging calibration standards for copper or zinc
compounds in steps i1-i5 with calibration standards for

tin, and

1) Scanning each of the calibration standards for copper compounds

2)

3)

4)

when placed on a respective piece of a boat hull material, and

Scanning each of the calibration standards for copper or zinc

compounds when placed on each of the calibration standards of

copper compounds in step i1, and

Scanning each of the calibration standard for copper or zinc

compounds when placed on each combination of calibration

standards in step ii2, and

Scanning the calibration standards for copper or zinc compounds

when placed on each combination of calibration standards in step

i3, and
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5) Scanning the calibration standards for copper or zinc compounds

2)

3)

4)

5)

when placed on each combination of calibration standards in step
ii4, and

Scanning each of the calibration standards for zinc compounds
when placed on a respective piece of a boat hull material, and
Scanning each of the calibration standards for copper or zinc
compounds when placed on each of the calibration standards of
zinc compounds in step iii1, and

Scanning each of the calibration standard for copper or zinc
compounds when placed on each combination of calibration
standards in step iii2, and

Scanning the calibration standards for copper or zinc compounds
when placed on each combination of calibration standards in step
iii3, and

Scanning the calibration standards for copper or zinc compounds
when placed on each combination of calibration standards in step
iii4.

b. Providing calibration curves of tin, copper and zinc compounds by

plotting log Ka-Compton adjusted intensities of Sn, Cu and Zn and log

chemically measured concentrations in pg/cm? of Sn, Cu and Zn in the

standards, respectively, and optionally storing said calibration curves in

the memory of said XRF-instrument,

c. Aiming a handheld XRF analyzer on the boat hull to be analyzed,

d. Scanning Ko-lines of Sn, Cu and Zn wherein scanning is preferably for
5, 10, 15, 20, 30, 60 and 120 seconds, more preferably for 30 seconds,

e. Quantifying the concentration of tin, copper and zinc compounds by
relating the detected Ka lines of Sn, Cu and Zn in the boat hull to the

calibration curves of tin, copper and zinc compounds.

29.Method according to claims 27 or 28, comprising the steps of:

a. Calibrating with calibration standards comprising the steps of:
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Placing each of the calibration standards for tin
compounds comprising 1%, 1%, 4%, 8%, 8% and 32%
tin compounds on a respective piece of boat hull
material, and
Placing each of the calibration standards for tin
compounds comprising 1%, 2%, 4%, 8%, 16% and 32%
tin compounds on top of the previous standards
comprising 1%, 1%, 4%, 8%, 8% and 32 %,
respectively, and
Placing each of the calibration standard for tin
compounds comprising 1%, 2%, 4%, 8%, 16% and 32%
tin compounds on top of the previous standards
comprising 1%, 2%, 4%, 8%, 16% and 32% tin
compounds, respectively, and
Performing a scan of each of the resulting 6

combinations of layers, and

Placing each of the calibration standards for tin
compounds comprising 1%, 16%, 8% and 16% tin
compounds on a respective piece of a boat hull material,
and

Placing each of the calibration standard for copper
compounds comprising 2%, 2%, 8% and 8% copper
compounds on top of the previous standards comprising
1%, 16%, 8% and 16% tin compounds, respectively,
and

Placing each of the calibration standard for copper
compounds comprising 2%, 2%, 8% and 8% copper
compounds on top of the previous standards comprising
2%, 2%, 8% and 8% copper compounds, respectively,
and
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Performing a scan of each of the resulting 4

combinations of layers, and

Placing each of the calibration standards for tin
compounds comprising 8%, 4%, 1%, 16% tin
compounds on a respective piece of a boat hull material,
and

Placing each of the calibration standard for zinc
compounds comprising 2%, 4%, 8% and 16% zinc
compounds on top of the previous standards comprising
8%, 4%, 1% and 16 % tin compounds, respectively, and
Placing each of the calibration standard for zinc
compounds comprising 2%, 4%, 8% and 16% zinc
compounds on top of the previous standards comprising
2%, 4%, 8% and 16% zinc compounds, respectively,
and

Performing a scan of each of the resulting 4

combinations of layers, and

Placing each of the calibration standards for tin
compounds comprising 8%, 4%, 1% and 16% tin
compounds on a respective piece of a boat hull material,
and

Placing each of the calibration standards for zinc
compounds comprising 4%, 2%, 8% and 16% zinc
compounds on top of the previous standards comprising
8%, 4%, 1% and 16% tin compounds, respectively, and
Placing each of the calibration standard for copper
compounds comprising 2%, 4% 16%, 18% copper
compounds on top of the previous standards comprising
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4%, 2%, 8% and 16 % zinc compounds, respectively,
and

— Performing a scan of all of the resulting 4 combinations
of layers, and

Scanning each of the calibration standards for tin compounds
comprising 1%, 2%, 8%, 16% and 32% tin compounds when

placed on a respective piece of a boat hull material, and

Scanning a calibration standard for tin compounds comprising
32% tin compounds when placed on a piece of a boat hull
material, and then placing a calibration standard for tin
compounds comprising 32% tin compounds on top of the
previous standard placed on the piece of boat hull, and then

performing a scan, and

Scanning a calibration standard for tin compounds comprising

4% tin compounds and 32% zinc compounds, and

Scanning a calibration standard free of tin, copper and zinc

compounds, and

— Placing each of the calibration standards for copper
compounds comprising 2%, 4%, 8%, 16%, 32% and 32
% copper compounds on a respective piece of a boat
hull material, and

— Placing the calibration standard for copper compounds
comprising 2%, 4%, 8%, 16%, 32% and 32% copper
compounds on top of the previous standards comprising
2%, 4%, 8%, 16%, 32% and 32% copper compounds,
respectively, and

- Placing the calibration standard for copper compounds
comprising 2%, 4%, 8%, 16%, 32% and 16% copper
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compounds on top of the previous standards comprising
2%, 4%, 8%, 16%, 32% and 32% copper compounds,
respectively, and
Performing a scan of all of the resulting 6 combinations

of layers, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on a
piece of a boat hull material, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on top
of the previous standard comprising 32% copper
compounds, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on top
of the previous standard comprising 32% copper
compounds, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on top
of the previous standard comprising 32% copper

compounds, and

Placing a calibration standard comprising 4% copper
compounds and 8% zinc compounds on a piece of a
boat hull material, and

Placing a calibration standard comprising 4% copper
compounds and 8% zinc compounds on top of the
previous standard comprising 4% copper compounds
and 8 % zinc compounds, and

Placing a calibration standard comprising 8% copper
and 8% zinc compounds on top of the previous standard
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comprising 4% copper compounds and 8% zinc
compounds, and

— Performing a scan, and

Xii.

— Placing a calibration standard for copper compounds
comprising 4% copper compounds and 4% zinc
compounds on a piece of a boat hull material, and

~ Placing a calibration standard comprising 1% copper
compounds and 2% zinc compounds on top of the
previous standard comprising 4% copper compounds
and 4% zinc compounds, and

— Placing a calibration standard comprising 0% copper,
0% zinc and 0% tin compounds on top of the previous
standard comprising 1% copper compounds and 2%
zinc compounds, and

— Performing a scan, and

xiii.  Scanning each of the calibration standards comprising 2%, 4%,
8%, 16% and 32% copper compounds when placed on a

respective piece of a boat hull material, and

xiv.  Scanning each of the calibration standards comprising 1%, 4%,
4%, 8% and 2% copper compounds and 4%, 8%, 8%, 8% and
4% zinc compounds, respectively, when placed on a respective

piece of a boat hull material, and

XV.
- Placing each of the calibration standards for zinc

compounds comprising 2%, 4%, 8%, 16% and 32% zinc

compounds on a respective piece of a boat hull material,

and
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Placing each of the calibration standard for zinc
compounds comprising 2%, 4%, 8%, 16% and 32% zinc
compounds on top of the previous standards comprising
2%, 4%, 8%, 16% and 32% zinc compounds,
respectively, and

Placing the calibration standard for zinc compounds
comprising 2%, 4%, 8%, 16% and 32% zinc compounds
on top of the previous standards comprising 2%, 4%,
8%, 16% and 32% zinc compounds, respectively, and
Performing a scan of all of the resulting 5 combinations
of layers, and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on a
piece of a boat hull material, and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,

and
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xvii.  Scanning each of the calibration standards for zinc comprising
8%, 16% and 32% zinc compounds when placed on a
respective piece of a boat hull material, and

b. Providing calibration curves of tin, copper and zinc compounds by
plotting log Ka-Compton adjusted intensities of Sn, Cu and Zn and log
chemically measured concentrations in pg/cm? of Sn, Cu and Zn in the
standards, respectively, and optionally storing said calibration curves in
the memory of said XRF-instrument,

c. Aiming a handheld XRF analyzer on the boat hull to be analyzed,

d. Scanning Ka-lines of Sn, Cu and Zn wherein scanning is preferably for
5, 10, 15, 20, 30, 60 and 120 seconds, more preferably for 30 seconds,

e. Quantifying the concentration of tin, copper and zinc compounds by
relating the detected Kq lines of Sn, Cu and Zn in the boat huli to the
calibration curves of tin, copper and zinc compounds.

30.Method according to any one of claims 27-29, wherein said piece of boat hull

material is of non-metallic material and free of anti-fouling paint.

31.Method according to any one of claims 27-30, wherein said tin compounds is
tin metal powder, inorganic tin or one or more organotin compounds, wherein
said one or more organotin compounds is preferably selected from tributyltin,
triphenyltin and dibutyltin compounds, wherein said tributyltin and triphenyltin
compounds are preferably selected from tributyltin oxide, tributyltin hydride,
tributyltin adipate, tributyitin dodeceny! succinate, tributyltin sulfide, tributyitin
acetate, tributyltin acrylate, tributyltin fluoride, tributyltin methacrylate,
tributyltin resinate, triphenyltin oxide, triphenyltin hydride, triphenyltin
hydroxide, triphenyltin chloride and triphenyltin acetate, and wherein said
copper compounds is inorganic copper, preferably selected from Cu20,
CuSCN and copper metal powder, and wherein said zinc compounds is
inorganic zinc, preferably selected from zinc metal powder, ZnO and ZnSOa.
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32.Method according to any one of claims 27-31, wherein said tin compounds is
tributyltin oxide, and wherein said copper compounds is Cu20, and wherein
said zinc compounds is ZnO.

33.Method according to any one of claims 27-32, wherein said calibration curves
are stored in said handheld XRF-instrument.

34.A method for calibration with a set of calibration standards according to claims
1-19, said method comprising the steps of:
a. Calibrating with calibration standards comprising the steps of:
Scanning the calibration standards of tin, copper and zinc compounds
both individually and together by applying two, three, four or five
standards on top of each other and wherein a piece of a boat hull material
is placed behind the standards during the scanning, and

b. Providing calibration curves of tin, copper and zinc compounds by plotting
log Ka-Compton adjusted intensities of Sn, Cu and Zn and log chemically
measured concentrations in pg/cm? of Sn, Cu and Zn in the standards,
respectively, and optionally storing said calibration curves in the memory
of said XRF-instrument, and

wherein said method for calibration is used in a method of quantifying the
concentration of tin, copper and zinc compounds in anti-fouling paints with a
handheld XRF instrument,

and optionally steps a and b comprise the steps of calibrating and providing
calibration curves also of further compounds, wherein said further compound
is selected from one or more of organic mercury, inorganic mercury, inorganic

lead, organic lead, arsenic, cadmium, chromium, barium and iron compounds.

35.Method according to claim 34, comprising the steps of:
a. Calibrating with calibration standards comprising the steps of:
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Scanning each of the calibration standards for tin compounds
when placed on a respective piece of a boat hull material, and -
Scanning each of the calibration standards for copper or zinc
compounds when placed on each of the calibration standards of
tin compounds in step i1, and
Scanning each of the calibration standard for copper or zinc
compounds when placed on each combination of calibration
standards in step i2, and
Scanning the calibration standards for copper or zinc compounds
when placed on each combination of calibration standards in step
i3, and
Scanning the calibration standards for copper or zinc compounds
when placed on each combination of calibration standards in step
i4, and
— repeating previous steps i1-i5 by
— exchanging calibration standards for copper or zinc
compounds in step i1 with calibration standards for
tin, and
— exchanging calibration standards for copper or zinc
compounds in step i1 and i2 with calibration
standards for tin, and
— exchanging calibration standards for copper or zinc
compounds in steps i1- i3 with calibration standards
for tin, and
— exchanging calibration standards for copper or zinc
compounds in steps i1-i4 with calibration standards
for tin, and
— exchanging calibration standards for copper or zinc
compounds in steps i1-i5 with calibration standards

for tin, and
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1) Scanning each of the calibration standards for copper

2)

3)

4)

9)

1)

2)

3)

4)

5)

compounds when placed on a respective piece of a boat hull
material, and

Scanning each of the calibration standards for copper or zinc
compounds when placed on each of the calibration standards of
copper compounds in step ii1, and

Scanning each of the calibration standard for copper or zinc
compounds when placed on each combination of calibration
standards in step ii2, and

Scanning the calibration standards for copper or zinc compounds
when placed on each combination of calibration standards in step
ii3, and

Scanning the calibration standards for copper or zinc compounds
when placed on each combination of calibration standards in step
ii4, and

Scanning each of the calibration standards for zinc compounds
when placed on a respective piece of a boat hull material, and
Scanning each of the calibration standards for copper or zinc
compounds when placed on each of the calibration standards of
zinc compounds in step iii1, and

Scanning each of the calibration standard for copper or zinc
compounds when placed on each combination of calibration
standards in step iii2, and

Scanning the calibration standards for copper or zinc compounds
when placed on each combination of calibration standards in step
iii3, and

Scanning the calibration standards for copper or zinc compounds

when placed on each combination of calibration standards in step
iii4,

b. Providing calibration curves of tin, copper and zinc compounds by

plotting log Ke-Compton adjusted intensities of Sn, Cu and Zn and log

chemically measured concentrations in pg/cm? of Sn, Cu and Zn in the
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standards, respectively, and optionally storing said calibration curves in

the memory of said XRF-instrument.

36.A method according to claim 34 or 35, said method comprising the steps of:

a. Calibrating with calibration standards comprising the steps of:

Placing each of the calibration standards for tin
compounds comprising 1%, 1%, 4%, 8%, 8% and 32%
tin compounds on a respective piece of boat hull
material, and

Placing each of the calibration standards for tin
compounds comprising 1%, 2%, 4%, 8%, 16% and 32%
tin compounds on top of the previous standards
comprising 1%, 1%, 4%, 8%, 8% and 32%, respectively,
and

Placing each of the calibration standard for tin
compounds comprising 1%, 2%, 4%, 8%, 16% and 32%
tin compounds on top of the previous standards
comprising 1%, 2%, 4%, 8%, 16% and 32% tin
compounds, respectively, and

Performing a scan of each of the resulting 6

combinations of layers, and

Placing each of the calibration standards for tin
compounds comprising 1%, 16%, 8% and 16% tin
compounds on a respective piece of a boat hull material,
and

Placing each of the calibration standard for copper
compounds comprising 2%, 2%, 8% and 8% copper
compounds on top of the previous standards comprising
1%, 16%, 8% and 16% tin compounds, respectively,

and
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Placing each of the calibration standard for copper
compounds comprising 2%, 2%, 8% and 8% copper
compounds on top of the previous standards comprising
2%, 2%, 8% and 8% copper compounds, respectively,
and

Performing a scan of each of the resulting 4

combinations of layers, and

Placing each of the calibration standards for tin
compounds comprising 8%, 4%, 1% and 16% tin
compounds on a respective piece of a boat hull material,
and

Placing each of the calibration standard for zinc
compounds comprising 2%, 4%, 8% and 16% zinc
compounds on top of the previous standards comprising
8%, 4%, 1%, 16% tin compounds, respectively, and
Placing each of the calibration standard for zinc
compounds comprising 2%, 4%, 8% and 16% zinc
compounds on top of the previous standards comprising
2%, 4%, 8% and 16% zinc compounds, respectively,
and

Performing a scan of each of the resulting 4

combinations of layers, and

Placing each of the calibration standards for tin
compounds comprising 8%, 4%, 1% and 16% tin
compounds on a respective piece of a boat hull material,
and

Placing each of the calibration standards for zinc

compounds comprising 4%, 2%, 8% and 16% zinc
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compounds on top of the previous standards comprising
8%, 4%, 1% and 16% tin compounds, respectively, and

-~ Placing each of the calibration standard for copper
compounds comprising 2%, 4% 16%, 18% copper
compounds on top of the previous standards comprising
4%, 2%, 8% and 16% zinc compounds, respectively,
and

— Performing a scan of all of the resulting 4 combinations

of layers, and

Scanning each of the calibration standards for tin compounds
comprising 1%, 2%, 8%, 16% and 32% tin compounds when

placed on a respective piece of a boat hull material, and

Scanning a calibration standard for tin compounds comprising
32% tin compounds when placed on a piece of a boat hull
material, and then placing a calibration standard for tin
compounds comprising 32% tin compounds on top of the
previous standard placed on the piece of boat hull, and then
performing a scan, and

Scanning a calibration standard for tin compounds comprising
4% tin compounds and 32% zinc compounds, and

Scanning a calibration standard free of tin, copper and zinc

compounds, and

— Placing each of the calibration standards for copper
compounds comprising 2%, 4%, 8%, 16%, 32% and
32% copper compounds on a respective piece of a boat
hull material, and

— Placing the calibration standard for copper compounds
comprising 2%, 4%, 8%, 16%, 32% and 32% copper
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compounds on top of the previous standards

comprising 2%, 4%, 8%, 16%, 32% and 32% copper
compounds, respectively, and

Placing the calibration standard for copper compounds
comprising 2%, 4%, 8%, 16%, 32% and 16% copper
compounds on top of the previous standards comprising
2%, 4%, 8%, 16%, 32% and 32% copper compounds,
respectively, and

Performing a scan of all of the resulting 6 combinations
of layers, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on a
piece of a boat hull material, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on top
of the previous standard comprising 32% copper
compounds, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on top
of the previous standard comprising 32% copper
compounds, and

Scanning a calibration standard for copper compounds
comprising 32% copper compounds when placed on top
of the previous standard comprising 32% copper
compounds, and

Placing a calibration standard comprising 4% copper
compounds and 8% zinc compounds on a piece of a

boat hull material, and
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— Placing a calibration standard comprising 4% copper
compounds and 8% zinc compounds on top of the
previous standard comprising 4 % copper compounds
and 8 % zinc compounds, and

- Placing a calibration standard comprising 8% copper
and 9 % zinc compounds on top of the previous
standard comprising 4% copper compounds and 8%
zinc compounds, and

— Performing a scan, and

— Placing a calibration standard for copper compounds
comprising 4% copper compounds and 4% zinc
compounds on a piece of a boat hull material, and

— Placing a calibration standard comprising 1% copper
compounds and 2% zinc compounds on top of the
previous standard comprising 4% copper compounds
and 4% zinc compounds, and

~ Placing a calibration standard comprising 0% copper,
0% zinc and 0% tin compounds on top of the previous
standard comprising 1% copper compounds and 2%
zinc compounds, and

— Performing a scan, and

Scanning each of the calibration standards comprising 2%, 4%,
8%, 16% and 32% copper compounds when placed on a

respective piece of a boat hull material, and

Scanning each of the calibration standards comprising 1%, 4%,
4%, 8% and 2% copper compounds and 4%, 8%, 8%, 8% and
4% zinc compounds, respectively, when placed on a respective

piece of a boat hull material, and
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Placing each of the calibration standards for zinc
compounds comprising 2%, 4%, 8%, 16% and 32% zinc
compounds on a respective piece of a boat hull material,
and

Placing each of the calibration standard for zinc
compounds comprising 2%, 4%, 8%, 16% and 32% zinc
compounds on top of the previous standards comprising
2%, 4%, 8%, 16% and 32% zinc compounds,
respectively, and

Placing the calibration standard for zinc compounds
comprising 2%, 4%, 8%, 16% and 32% zinc compounds
on top of the previous standards comprising 2%, 4%,
8%, 16% and 32% zinc compounds, respectively, and
Performing a scan of all of the resulting 5 combinations

of layers, and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on a
piece of a boat hull material, and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
and

Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,

and
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-~ Scanning a calibration standard for zinc compounds
comprising 32% zinc compounds when placed on top of
the previous standard comprising 32% zinc compounds,
and

xvii.  Scanning each of the calibration standards for zinc comprising
8%, 16% and 32% zinc compounds when placed on a

respective piece of a boat hull material, and

b. Providing calibration curves of tin, copper and zinc compounds by
plotting log Ke-Compton adjusted intensities of Sn, Cu and Zn and log
chemically measured concentrations in pug/cm? of Sn, Cu and Zn in the
standards, respectively, and optionally storing said calibration curves in

the memory of said XRF-instrument,

wherein said method for calibration is used in a method of quantifying the
concentration of tin, copper and zinc compounds in anti-fouling paints with a
handheld XRF instrument.

37.A method according to any one of claims 34-36, wherein said piece of boat

hull material is of non-metallic material and free of anti-fouling paint.

38.Method according to any one of claims 34-37, wherein said tin compounds is
tin metal powder, inorganic tin or one or more organotin compounds, wherein
said one or more organotin compounds is preferably selected from tributyltin,
triphenyltin and DBT (dibutyltin) compounds, wherein said tributyltin and
triphenyltin compounds are preferably selected from tributyltin oxide, tributyltin
hydride, triphenyltin hydride, triphenyltin hydroxide, tributyltin adipate,
tributyltin dodecenyl succinate, tributyltin sulfide, tributyitin acetate, tributyltin
acrylate, tributyltin fluoride, tributyltin methacrylate, tributyltin resinate,
triphenyltin oxide, triphenyltin chloride and triphenyltin acetate, and wherein
said copper compounds is inorganic copper, preferably selected from Cu20,
CuSCN and copper metal powder, and wherein said zinc compounds is

inorganic zinc, preferably selected from zinc metal powder, ZnO and ZnSOa.
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39.Method according to any one of claims 34-38, wherein said tin compounds is
tributyltin oxide, and wherein said copper compounds is Cu20, and wherein

said zinc compounds is ZnO.

40.A method according to any one of claims 34-39, wherein said calibration
curves are stored in said handheld XRF-instrument.
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