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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental _in liaison with ISQ__also take part in_the work_1SQO collaborates r‘lncpl\ll wit!

the
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting. \Publication 2

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

rawn to the possibility that some of the elements of this document may be the subject of
hall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 147, Water quality, Subcommittee SC 2, Phy
biochemical methods.
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Introduction

It should be noted whether and to what extent particular problems will require the specification of additional
boundary conditions.

This International Standard describes a gas-chromatographic/organotin specific determination of organotin

compounds after derivatization with sodium fnfrnnfhyl borate and qunidlliqnid extraction

The pser should be aware that particular problems could require the specification of additignal marginal
condftions.

© 1SO 2004 - All rights reserved \
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INTERNATIONAL STANDARD ISO 17353:2004(E)

Water quality — Determination of selected organotin
compounds — Gas chromatographic method

WARNING — Persons using this International Standard should be familiar with normal laboratory

practice. This International Standard does not purport to address all of the safety problems, if any,

assogiated with its use. It is the responsibility of the user to establish appropriate safet)
practices and to ensure compliance with any national regulatory conditions.

y and health

IMPQRTANT — It is absolutely essential that tests conducted according to this ‘International Standard

be carried out by suitably trained staff.

1 $cope

This [nternational Standard specifies a method for the identification and quantification of organotin compounds

and/ pr cations as mentioned in Table 1 in drinking water, surface)water and wastewater contain

ing not more

than 2 g/l of suspended material. The working range is 10 ng/ito 1 000 ng/l. The respective afions are not

deterfmined.

This method can also be applicable to other compounds.such as R=methyl, n=11to 2 and R=
to 2. [This International Standard is also applicable to-marine water.

Table 1 — Organotinicompounds and cations determined
using-this International Standard

phenyl, n =1

R,Sn(4-k R n Name Acronym
BuSn3+ Butyl 1 Monobutyltin cation MBT
Bu,Sn?* Butyl 2 Dibutyltin cation DBT
BuzSn* Butyl 3 Tributyltin cation TBT
Bu,Sn Butyl 4 Tetrabutyltin TTBT
OcSn3+ Octyl 1 Monooctyltin cation MOT
Oc,Sn?* Octyl 2 Dioctyltin cation DOT
Ph,Sn* Phenyl 3 Triphenyltin cation TPhT
Cy,;Sn* Cyclohexyl | 3 Tricyclohexyltin cation TCyT

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

document (including any amendments) applies.

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods

© 1SO 2004 - All rights reserved
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ISO 5667-1,

ISO 5667-2,

2004(E)

Water quality — Sampling — Part 1: Guidance on the design on sampling programmes

Water quality — Sampling — Part 2: Guidance on sampling techniques

ISO 5667-3, Water quality — Sampling — Part 3: Guidance on the preservation and handling of water

samples

3 Terms

and definitions

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

3.1

organotin compound

OoTC
substance wi
NOTE Th

3.2

organotin cation

ocC
part of the or

NOTE In
organotin. OC

4 Principle

Organotin cq
extract can b
chromatogra
photometric

the total prog

5 Interfe

The reagent
blanks (see /

6 Reage

th at least one Sn-C bond

e number of Sn-C bonds is a measure of the degree of substitution.

ganotin compound that contains all Sn-C bonds (and which is-formally loaded)

this International Standard, the abbreviation OC is also uséd for the non-dissociated tetrasubs!
therefore comprises the cations MBT, DBT, TBT, TTBT, MQT, DOT, TCyT, and TPhT.

mpounds in water are alkylated with sodium tetraethylborate and extracted with hexane
e cleaned with silica. After concentratioh, the tetrasubstituted OTC are separated by capillar
bhy and detected with a suitablessystem such as MS (mass spectrometry), FPD (
Hetection), AED (atomic emission detection). The concentration is determined by calibratic
edure using an internal standard mixture.

rences

5 sometimes contain impurities of organotin compounds. It is absolutely essential to verif
\.4.6).

hts

ituted

The

V gas
flame

n for

y the

Use reagents of highest purity.

6.1
Grade 1.
6.2 Nitric
6.3

6.4 Sodiu
6.5 Sodiu
2

acid, p(HNO3) = 1,4 g/ml.

Acetic acid, CH;COOH, glacial.

m hydroxide solution, ¢(NaOH) = 1 mol/l.

m acetate, CH;COONa, anhydrous.

Water, free of substances causing interference with this method and complying with 1ISO 3696:1987,

© ISO 2004 — All rights reserved
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6.6

6.7

6.8

6.9

6.10

6.11

Sodium sulfate, Na,SO,, anhydrous.

Silica, grain size 0,2 mm to 0,063 mm (200 mesh to 63 mesh).

Tetrahydrofurane, C,HgO, free of peroxides and water.
Acetone, (propanone) (CH3),CO.

Methanol, CH;OH.

ISO 17353:2004(E)

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

6.25

Sincd
seve

HexaneCgH1

Sodium tetraethylborate, NaB(C,H;),.
Monobutyltin trichloride, MBTCI, C,HgSnCls.
Dibutyltin dichloride, DBTCI, (C4Hg),SnCl,.
Tributyltin chloride, TBTCI, (C4Hg)3SnCl.
Tetrabutyltin, TTBT, (C4Hg),Sn.

Monooctyltin trichloride, MOTCI, CgH,,SnCl;.
Dioctyltin dichloride, DOTCI, (CgH47),SnCl,.
Triphenyltin chloride, TPhTCI, (CgH5)3SnCl:

Tricyclohexyltin chloride, TCyTCl, (€gH,4)3SnCl.

Monoheptyltin trichloride, MHTCI, C;H,5SnClj; (internal standard).

Diheptyltin dichloride, DHTCI, (C;H,5),SnCl,; (internal standard).
Tripropyltin chloride;”TPTCI, (C3H;)3SnCl; (internal standard).
Tetrapropyltin, )TTPT, (C3H;),Sn; (internal standard).

Multicomponent solutions and prepared reagents.

stability of multicomponent standard solutions is a matter of concern, it is recommendgd to prepare
alSolutions containing solely organotin compounds with the same degree of alkylation/arylation (e.g. four

solutions respectively for mono-, di-, tri-, and tetrasubstituted compounds). Stability can be assessed by the
absence of degradation products.

6.25.1 Multicomponent-standard solution in methanol, Stock solution A.

For the preparation of 1 mg/ml of organotin cation stock solution, weigh, to the nearest 0,1 mg, the amounts of
organotin compounds specified in Table 2 into a 100 ml volumetric flask. Dissolve these compounds in a small

amount of methanol (6.10). Then make up to volume with methanol and mix well.

If stored at 4 °C in the dark, the solution is stable for up to one year.

© IS0

2004 — All rights reserved
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6.25.2 Solution of the internal standards in methanol, Stock solution B.
Weigh, to the nearest 0,1 mg, into a 100 ml volumetric flask, about:

— 120 mg of diheptyltin dichloride,

— 150 mg of monoheptyltin trichloride,

— 115 mg of tripropyltin chloride, and

— 100 mg of tetrapropyltin

and dissolvelin a small amount of methanol (6.10). Make up to volume with methanol and mix well.
For the prepgration of exactly 1 mg/ml of OC as specified in Table 2, weigh exactly 122,4 mg.of diheptyltin
dichloride, 148,8 mg of monoheptyltin trichloride, 114,3 mg of tripropyltin chloride and 100 mg obtetrapropyltin
into the 100 Ml volumetric flask and prepare as described above.

The solution |is stable for three months when stored in the dark at 4 °C.

Taple 2 — Amounts of organotin compounds and weighing factors for recalculation
to organotin cations (for 100 % purity of the substances)

Substance Weighing factor? MassP Solution®
mg

Mlonobutyltin trichloride 0,623 160,5 A
Dibutyltin dichloride 0,767 130,4 A
Tributyltin chloride 0,891 112,2 A
Tetrabutyltin 15000 100,0 A
Mlonooctyltin trichloride 0,686 145,8 A
Dioctyltin dichloride 0,830 120,5 A
Triphenyltin chloride 0,908 110,1 A
Tricyclohexyltin chloride 0,912 109,6 A
Mlonoheptyltin trichloride 0,672 148,8 B
Diheptyltin dichloride 0,817 122,4 B
Tripropyltin chloride 0,875 114,3 B
Tetrapropyltin 1,000 100,0 B
] Weighing factor = molar mass (OC)/molar mass (OTC).
k o e cighed ooundisdif] .
to calculate the actual concentration of the OTC.
¢ A for multicomponent standard solution in methanol.

B for the solution of the internal standards in methanol.

6.25.3 Multicomponent spiking solutions for reference solutions.

Prepare the spiking solutions as specified in Table 3 using pipettes. Pipette the respective starting volume
specified in Table 3 of the (stock) solution into a 100 ml volumetric flask. Make up to volume with methanol
and mix well. The final mass concentration of the resulting spiking solution shall be between 10 ng/ml and
1 000 ng/ml of organotin cations in methanol. Dilutions steps greater than 1:100 are not allowed.

4 © ISO 2004 — All rights reserved
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Table 3 — Example for the dilution series for preparation of the spiked solutions

Starting | Concentration of OC Volume of Final volume | Final concentration| Designation of final
solution | in starting solution |starting solution of OC solution
ng/ml ml ml ng/mi

A 1 000 000 10 100 100 000 A1
A1 100 000 10 100 10 000 A2
A1 100 000 15 100 15 000 A3
A2 10 000 20 50 4 000 A4
A2 10 000 5 100 500 AS
A2 + A3 10 000/15 000 1+6 100 1000 AH6
A2 + A3 10 000/15 000 1+5 100 850 AH5
A2 1 A3 10 000/15 000 1+4 100 700 AH4
A2 + A3 10 000/15 000 1+3 100 550 AH3
A2 1 A3 10 000/15 000 1+2 100 400 AH2
A2 1 A3 10 000/15 000 1+1 100 250 AH1
A4 4 000 6 100 240 AM6
A4 4 000 5 100 200 AM5
A4 4000 4 100 160 AM4
A4 4 000 3 100 120 AM3
A4 4000 2 100 80 AM2
A4 4 000 1 100 40 AM1
A5 500 7 100 35 \L6
A5 500 6 100 30 A\L5
A5 500 5 100 25 \L4
A5 500 4 100 20 \L3
A5 500 3 100 15 \L2
A5 500 2 100 10 AL 1

Solufions AH1 to AH6'are used for calibration AH (higher working range).

Solufions AM1 to AMG6 are used for calibration AM (medium working range).

Solufions AL4-te"AL6 are used for calibration AL (lower working range).

Solufions’AH1 to AH6 are prepared from two Stock solutions A2 and A3.

6.25.4 Spiking solutions containing internal standards.

Dilution steps greater than 1:100 are not allowed.

Pipette 1 ml of Stock solution B (see Table 4) into a 100 ml volumetric flask. Make up to volume with methanol

(6.10) and mix well (Solution B1).

Pipette 1 ml of Solution B1 into a 100 ml volumetric flask. Make up to volume with methanol and mix well
(Solution B2).

Use Solution B2 for all samples. The mass concentration of Solution B2 is about 100 ng/ml of organotin cation
in methanol, depending on the original mass weighed according to 6.25.1 (Table 2).

© 1SO 2004 - All rights reserved
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Table 4 — Example of a dilution series for the preparation
of the spiking solutions of the internal standards

Starting | Concentration of OC Volume of Final volume | Final concentration| Designation of final
solution | in starting solution | starting solution of OC solution
ng/mi ml ml ng/mi
B 1 000 000 1 100 10 000 B1
B1 10 000 1 100 100 B2
6.25.5 Blank solution, consisting of 1 | of water (6.1) put into a 1 000 ml sampling bottle.
6.25.6 Refdrence solutions (aqueous multicomponent reference solution).

For each wa
working rang

Add 1 000 m
pipette beloy
AMS6, or AL1
an additional

Depending o
in water:

medium

lower ra

6.25.7 Acefate buffer solution.

Dissolve abd
(6.1) into a 1
volume with
6.25.8 Deri

Weigh about
with water (6

This solution

higher range: 1 000 ng/l, 850 ng/l, 700 ng/l, 550 ng/l, 400 ng/lrand 250 ng/l;

rking range, prepare at least six reference solutions, distributed equidistantly).over the ch
e. The working range should not exceed one order of magnitude.

of water (6.1) to each of six 1 000 ml sampling bottles. Under vigorous.stirring, dip the tip
the surface of the water and add 1 ml of the respective spiking solution (AH1 to AH6, A

to AL6, see Table 3) ensuring that the spiking solution is distributéd ‘evenly in the water. S
20 min.

range: 240 ng/l, 200 ng/l, 160 ng/l, 120 ng/l, 80:ng/l and 40 ng/l; or

hge: 35 ng/l, 30 ng/l, 25 ng/l, 20 ng/l, 15ng/l, and 10 ng/l.

ut 1 mol of sodium acetate (€qual to 82 g of anhydrous sodium acetate) (6.5) in 500 ml of
000 ml volumetric flask. Add sufficient glacial acetic acid (6.3) to reach a pH of 4,5. Make
ater (6.1) and mix wellk

batization agent A (2% mass concentration in water).

200 mg of sedium tetraethylborate (6.12) into a 10 ml volumetric flask and make up to vqg

1).

is not\stable, and should be used immediately.

osen

bf the
V1 to
tir for

h the working range, the reference solutions shall contain the ‘following mass concentration ¢f OC

vater
up to

lume

6.25.9 Deri

eati B (20.5% . | F \

Weigh about 2 g of sodium tetraethylborate (6.12) into a 10 ml volumetric flask and make up to volume with

tetrahydrofur

ane (6.8).

This solution is stable for about three months if stored under an inert gas blanket. Its use is recommended for
large series of samples.

6.25.10 Drying agent.

Place about 250 g to 300 g of powdered sodium sulfate (6.6) onto a quartz plate and dry for at least 4 h at a
temperature of 180 °C. Add the dried sodium sulfate to a wide-necked bottle and allow to cool to room

temperature

in a desiccator. Remove the bottle from the desiccator and close tightly.

© ISO 2004 — All rights re;
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6.25.11 Silica for the clean-up column.

It is recommended to prepare batches of no more than 120 g per batch.

Heat silica (6.7) for at least 12 h at (500 + 20) °C on a quartz plate in a muffle furnace (the temperature should
not exceed 520 °C).

Allow the plate to cool in the oven to about 200 °C, transfer the silica to a wide-necked glass bottle and allow
to cool to room temperature in a desiccator. Add water to the cooled silica until a mass fraction of 3 % is
reached. Close the bottle and homogenize the contents for 2 h on a shaker.

Check the homogeneity and the moisture content of the prepared silica by determining the moistt
differpnt portions of the prepared silica. The moisture content shall not vary by more than 0,1 %:

6.25.

Ensure that the clean-up column is filled homogeneously, e.g. by using a hexane slurry-of silica.

Add
with

column bed.

The ¢olumn is then ready for use.

Com

6.25.

To epsure quantitative elution of all organotin from-the clean-up column, use a mixture of n
acetgne. Using an appropriate standard solution‘prior to applying the clean-up procedure, d
percentage of acetone to be added to the n-hexane and the volume of the resulting mixture 1
complete elution. Add the appropriate volume- of acetone (6.9) to a 100 ml volumetric flask.
volume with hexane (6.11) and mix well.

7 Apparatus

The glassware should be free, of contamination (see A.4.5).

71

7.2

7.3

7.4

re content of

12 Clean-up column.

hbout 5 g of silica (6.25.11) to the column (see 7.6), and add about 3 g ef.drying agent (6.1
B0 ml of hexane (6.11) and let the solvent pass through the column to the level of the upper s

mercially available pre-packed columns may be used.

13 Eluent for cleaning extract, acetone in hexane.

Volumetric flasks, of 10 ml, 50 ml, 100 ml and 1 000 ml capacities.

Microlitre syringes, of 10 yl and 250 pl capacities.

Sampling bottle, of 1 000 ml capacity, made of amber glass, with straight shoulders and

Pipettes, of Y ml, 2 ml, 3 ml, 4 ml, 5ml, 6 ml, 7 ml, 10 ml, 15 ml, 20 ml and 50 ml capacitie$

P5.10). Rinse
urface of the

thexane and
etermine the
ecessary for
Make up to

fitted with a

glassstopper:

7.5

7.6
cock

7.7

7.8

7.9

Separating funnel, 1 000 ml.

Glass column for clean up, for example of 15 cm length, 1 cm inner diameter, with a frit,
stop.

Beaker, of 150 ml and 5 | capacities.

Shaker.

but without a

Magnetic stirrer, for example with a stirring rate of 1 200 min~", and a magnetic bar, 60 mm x 4,5 mm,
coated with polytetrafluoroethene.

© 1SO 2004 - All rights reserved
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7.10 Round bottomed flasks, fitted with a ground glass joint, of 100 ml and 250 ml capacities.
7.11 Concentration apparatus, for example a rotary evaporator.

7.12 Muffle furnace, capable of maintaining a temperature of 500 °C + 20 °C.

7.13 Drying oven, capable of heating up to 180 °C.

7.14 Quartz plate, having a 12 cm diameter.

7.15 Desiccator.

7.16 SeparLtor, for example a Schultze separator, see Figure 1.

7.17 Gas chromatograph, with suitable detector device (see 7.19).

7.18 Injector, split or splitless, preferably with automated sampling device.

7.19 Detectors, equipped with a suitable data processing system for acquisition and\.data evaluation.
7.19.1 Flame photometric detector (FPD), equipped with a cut-off filter of 590-nm or an interference filter of
610 nm or pulsed flame photometric detector equipped with a large bandpass filter working at 610 nm or
390 nm with fime-selective acquisition.

7.19.2 Mass spectrometer for electron impact (EI) mode, with sufficient sensitivity.

7.19.3 Atomic emission detector.

8 Procedure

8.1 Sampling and sample storage
Carry out sampling in accordance with ISO §667-1, ISO 5667-2, and ISO 5667-3.

For sampling of drinking water, surfagé water and wastewater, use 1 000 ml sampling bottles (7.4). Carfy out
all the following steps including thesextraction (see 8.2.1) in the sampling bottle.

Mark a 1 000 ml sampling bottle*with a 1 | mark. Fill the bottle to the mark. Keep cool and in the dark and
pretreat within 24 h (see 8.2),

It is also appfopriate to"weigh prior to and after filling.

8.2 Derithization and extraction

8.2.1 General

In cases where the concentration of organotin compounds in surface and wastewater exceeds the working
range, the samples need the following further treatment.

Dilute surface water and wastewater samples with water (6.1) to meet the working range (10 ng/l to
1 000 ng/l). If necessary, carry out a screening procedure in order to determine the approximate concentration
of organotin in the sample. Mark a 1 | sampling bottle with a 1 | mark. Add the appropriate amount of surface
water or wastewater, respectively. Make up with water to the mark. Note the surface water and wastewater
volume, respectively, used for analysis in order to calculate the final result.

8 © ISO 2004 — All rights reserved
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Dimensions in millimetres (approximate)

L5
036 ?36
| T
A R 310
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I
! 1
®22
/
28 .

350
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90

@3

115

Key

1 stopcock
2 ground glass joint

Figure 1 — Schultze separator
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Pretreat samples of drinking water, surface water and wastewater and aqueous reference samples (6.25.6)
and blanks (6.25.5) as follows.

Add 10 ml of acetate buffer solution (6.25.7) and shake for about 1 min. Check the pH and, if necessary,
adjust to pH 4,5 using glacial acetic acid (6.3) or sodium hydroxide solution (6.4).

While stirring the samples using a magnetic stirrer (about 1 200 min—1) with a bar (7.9), dip the tip of the
pipette below the surface of the water sample and add 1 ml of the spiking Solution B2 (6.25.4) to it. Stir for a
further 20 min.

The volume of the sample for screening may be reduced; in which case the added volumes will need to be

reduced to meetthe-same-analysis-conditions:

It is recommended to carry out analyses in duplicate.

8.2.2 Derivatization and extraction procedure

To the buffefed solution (8.2.1), add 5 ml of the Derivatization agent A (6.25.8) or 0,5 ml*of the Derivatization
agent B (6.2p.9). Add 20 ml of hexane (6.11) and shake for about 1 min. Check the pH and, if necegsary,
adjust to pH|4.5 using glacial acetic acid (6.3) or sodium hydroxide solution (6.4)ZStir for 20 min or ghake
vigorously, ehsure that the phases are well mixed.

Allow the phpses to separate using a separator (7.16) by adding water (6.1)." Transfer the hexane layef to a
100 ml flask pnd dry with 2 g of sodium sulfate (6.6).

Reduce the Molume of the organic phase to about 1 ml using a suitable apparatus (7.11), but take care to
avoid reductipn to dryness.

For evaporatjon of the solvent to the final volume of 1 ml, thezéxtract may be transferred to a smaller flask.
When using |a rotary evaporator, it is recommended to.adjust the water bath to about 40 °C to 50 °C and to
allow for a cqnstant pressure of about 30 kPa to 45 kPRa.

It may be adyisable to check the efficiency of the/ethylate solutions. This may be done, for example by afiding
triethyltin to [the standard solutions contaifting mono-, di- and trisubstituted tin compounds and by aflding
tetraethyltin {o the standard solutions centaining the tetrasubstituted tin. By this procedure, the derivatization
yield may be|determined for (at least) one’compound and a proper limit value may be set.

8.3 Clean|up of the extract

In the case ¢f low polluted.samples, the clean-up step may be omitted. Treat the reference solutions in the
same way ag the samples:

Transfer the|concentrated extract to the clean-up column (6.25.12). After the extract has reached the [silica
surface, add|cadtiously 1 ml of eluent (6.25.13) onto the column. After penetration of the eluent, elute with the
appropriate gmount of eluent (6.25.13 ), and collect the eluate in a 100 ml round-bottomed flask.

Reduce the volume of the eluate to about 1 ml, using a suitable apparatus (7.11), but take care to avoid
reduction to dryness.

For evaporation of the solvent to the final volume of 1 ml, the extract may be transferred to a smaller flask.

When using a rotary evaporator, it is recommended to adjust the water bath to about 40 °C to 50 °C and to
allow for a constant pressure of about 30 kPa to 45 kPa.

It may be advisable to check the efficiency of the ethylate solutions. This may be done, for example by adding
triethyltin to the standard solutions containing mono-, di- and trisubstituted tin compounds and by adding
tetraethyltin to the standard solutions containing the tetrasubstituted tin. By this procedure, the derivatization
yield may be determined for (at least) one compound and a proper limit value may be set.
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8.4 Measurement

Optimize the instrument according to the manufacturer’s instructions. Quantify the gas chromatographic
signals either as peak areas or as peak heights. In the case of non-continuous detection (e.g. mass
spectrometry), the evaluation using peak areas is recommended.

NOTE In this International Standard, only the evaluation using peak areas is described as an example.

The injection sequence is as follows:

— hexane;

— tLIank extract;

— ¢xtracts of the reference solutions in ascending mass concentration (calibration solutions);
— hexane;

— gample extracts.

For grocedure control, it is advantageous to analyse a blank extract and a reference solution| extract after
abouf every six injections (recalibration). If the control value for theéblank does not match with the original

blanK value or the recalibration does not allow values within the\precision data, repeat the lpst series of
meagurements. If necessary, check the procedure.

9 Identification

9.1 | Minimum requirement for identification
Indegendent from the detection system, identify the analytes by comparison of the retention timeg$ for samples

and feferences. Minimum requirement-for-identification are retention times within + 0,05 min,| respectively
relatiye retention times within £ 0,2 % over the total run of a chromatogram.

9.2 | Identity check

9.2.1 General
The identity is checked in several steps.

If thg retention~times or the relative retention times for samples and references, respectively, from one
capillary columi’are in agreement, the identity in respect to a specific detection is probable.

NOTE In this International Standard only specific detections are described.

The identity is regarded as confirmed, if on a second capillary column of different polarity, the retention times
or the relative retention times, respectively, for samples and references are also in agreement. Furthermore,
the identity is confirmed if the retention times or the relative retention times, respectively, from one column
matches sufficiently (see 9.2.2) with the mass spectrum of a reference substance, or, if in case of single ion
monitoring, the characteristic masses of the isotope clusters occur and the following criteria are met.

9.2.2 Special criteria for the mass spectrometric identification

The ratios of peak areas of the respective isotope clusters of a compound may be mass-portion dependent
and may differ due to the parameter setting and type of the mass spectrometric system used. From the
chromatograms of the extracts of the reference solutions and the sample extracts, the peak areas of the
chosen four masses from Table 6 (4pn1, Apn2: A1 @nd Ap2)-
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The ratios F}, (higher cluster) and F; (lower cluster) are determined.

A
£ — At
Amn2
A
Fo- Amn
Amiz
where

(1)

(2)

Fy is[the ratio of the peak areas of the higher isotope cluster (subscript h) in the chromatograms;
F is|the ratio of the peak areas of the lower isotope cluster (subscript I) in the chromatograms;
Amnq is|the peak area of the higher mass (subscript 1) in the higher isotope cluster (subscript h);
Amno is|the peak area of the lower mass (subscript 2) in the higher isotope cluster (subscript h);
Apiq  is|the peak area of the higher mass (subscript 1) in the lower isotope eluster (subscript I);

Api2  is|the peak area of the lower mass (subscript 2) in the lower isgtope cluster (subscript I).

Table 5 — Characteristic masses for identification and evaluation

Sjubstance Cluster a1/ a2 Cluster b1/ b2 Cluster c1/c2
Monobutyltriethyltin 235,1/233,0 179,0/177,0 151,0/149,0
Dibutyldiethyltin 263,1 k261,1 179,0/177,0 151,0/149,0
Tributylmonoethyltin 2911/ 289,1 263,1/261,1 179,0/177,0
Tetrabutyltin 291,1/289,1 235,1/233,0 179,0/177,0
Monooctyltriethyltin 291,1/289,1 179,0/177,0 151,0/149,0
Dioctyldiethyltin 375,2/373,2 263,1/261,1 151,0/149,0
Triphenylmonoethyltin 351,0/349,0 197,0/195,0 —
Tricyclohexylmonoethyitin 233,0/231,0 315,1/313,1 369,2/367,2
Monoheptyltriethyltin 277,11275,1 179,0/177,0 151,0/149,0
Diheptyldiethyltin 347,21 345,2 249,1/ 2471 151,0/149,0
Tripropylmonoethyltin 249,1/ 247 1 235,1/233,0 193,0/191,0
Tetrapropyltin 249,1 /2471 165,0/163,0 207,0/205,0
If two clusters of masses (from a, b, c) have been chosen, use the following nomenclature:

—  Mhn = cluster of the higher masses, n = 1st or 2nd mass in the cluster;

—  MiIn = cluster of the lower masses, n = 1st or 2nd mass in the cluster.

12
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Assuming that the cluster ions in the chromatograms of the extracts from the reference solutions are not
affected by interferences, the peak area ratios are calculated (F,; and F.) and compared with the respective
peak area ratios (Fj,g and Fg) from the chromatograms of the sample extracts. The identity of an analyte is
confirmed if one of the following criteria (3), (4), or (5) is met:

Fre 10044 and He 100+ (3)
FhS FIS
Fre _1004¢ and Ll _1,00+0 (4)
FhS FIS
Fhe _400+q and e —100+4 ®)
FhS Fls

wherge

Fhe Fc I8 the peak area ratio of the higher (subscript h), respectively lower (subscript 1), isptope cluster
in the chromatograms of the reference solutions (subscript c);

I'ns: Fis 18 the peak area ratio of the higher (subscript h) , respectively lower (subscript |) isptope cluster
in the chromatograms of the sample extracts (subscript(s);

4, b, c, d are the mass portion and matrix dependent tolerances of the peak area ratios (see [Table 6).

fulfilled, the lower cluster is regarded as not undergoing-interference. If criterion (5) is fulfilledl, the higher
clustér is regarded as not undergoing interference. In othér cases, both clusters undergo interference and the
identfty is not confirmed.

If cri¥rion (3) is fulfilled, both isotope clusters are regarded as not undergoing interference. If griterion (4) is

Calcylate the apparatus and possibly mass portion dependent ratios (F,, and F|;) by injection of the reference
solution extract which is the nearest to the expected mass ratio of the sample.

Table 6 — Mass portion and matrix dependent tolerances (q, b, ¢, d) of the peak area ratios

Working range
Tolerances
10-ng/l to 35 ng/I 40 ng/l to 240 ngl/l 250 ng/l to 1 000 ng/
a 0,3 0,1 0,05
b 0,3 0,1 0,05
c 0,5 0,25 0,15
d 0,5 0,25 0,15

10 Calibration

Calibrate with the internal reference standard over the total procedure using a calibration curve. To establish a
calibration curve, measure the extracts of at least six reference solutions (6.25.6). For quantification of the
monoalkylated compounds, use monoheptyltin trichloride (MHTCI) as internal standard, for quantification of
dialkylated compounds, use diheptyltin dichloride (DHTCI) as internal standard, for quantification of trialkylated
compounds, use tripropyltin chloride (TPTCI) as internal standard, and for the quantification of the
tetralkylated compounds, use tetrapropyltin (TTPT) as internal standard.

The specific, intralaboratory relative responses, related to an internal reference standard (subscript /), e.g.
diheptyltin (DHT) are determined using three additional internal standards (subscript k) of different degrees of
alkylation. They are taken from the extract chromatograms of the reference solution. The mean is compared to
the relative response calculated from the chromatograms of sample extracts.

© ISO 2004 — Al rights reserved 13
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If diheptyltin (DHT) is chosen as internal reference standard (subscript 1), use subscript £ subsequently for
each of the other three internal standards monoheptyltin (MHT); tripropyltin (TPT) and tetrapropyltin (TTPT) in
Equation (6).

Calculate the relative response as follows:

R ey =

where

R ks

A]cj

My

Akcj

My

Derive the t)a

mean value

R f.lkc =

where

R e

Rs ikej

Ajpi X my;
Icj kcj (6)

Ak X Mgy

step J;

s the relative response of the internal standard k, in relation to the internal reference standard 7/
n the calibration ¢, mass portion step j;

s the peak area of the internal reference standard [/ in the calibration ¢, mass portion step j;

s the mass, expressed in nanograms, of the internal standard £ in the calibration ¢, mass pprtion

s the peak area of the internal standard & in the calibration ¢, mass portion step j;

s the mass, expressed in nanograms, of the internal reference’standard 7 in the calibratfon ¢,
mass portion step j;

pical, specific intralaboratory relative response for the déegree of alkylation by calculation ¢f the
rom all mass portion steps:

J
: Z R fiej (7)
=

~. =

s the mean relative response of the“internal standard £, related to the internal reference stapdard
/ in the calibration ¢ over all mass portion steps j;

s the relative response of the internal standard & related to the internal reference standard 7 in
the calibration ¢ for mass portion step ;.

Calculate the standard deviation® of the typical, specific intralaboratory relative response for the degree of

alkylation as

X 2
_\/Z(Rf,lkc R ey ) ®)

SR f lkc

where

SRE jhe
R ke

Rs 1kej

14

follows:

Jj-1

is the standard deviation of the mean relative response of the internal standard & related to the
internal reference standard 7 in the calibration ¢ over all mass portion steps j;

is the mean relative response of the internal standards & related to the internal reference
standard 7 in the calibration ¢ over all mass portion steps j;

is the relative response of the internal standard & related to the internal reference standard 7 in
the calibration ¢, of the mass portion step j;

is the mass portion step.
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and successively the relative standard deviation S,

SR
Srel = —% %100 9)
R ke
where
S.e is the relative standard deviation, expressed in percent, of the mean relative response of the

The

internal standard k related to the internal reference standard 7 in the calibration ¢ over all mass

portion steps j;

Re ke is the standard deviation of the mean relative response of the internal standard-~41
" internal standard 7 in the calibration ¢ over all mass portion steps j;

Ks e is the mean relative response of the internal standard £ related to the internatreferen
in the calibration ¢ over all mass portion steps ;.

relative standard deviation, S..;, shall not exceed 10 %.

rel

When using a mass spectrometer, the detection may be based either on(the peak area for the ms
intengity (base peak) from a cluster without interference (9.2.2; preferably the higher cluster) of
the sym of the peak areas for this cluster (4,4 + Apno respectively’ Ay, 4 + Ay2)- Derive one o

from

elated to the

ce standard /

ss of highest
OTC i or on
these sums

the chromatograms by integration of the peak areas 4.0f the OTC i and for the inter

standard 7 and for each OTC i. Calculate a calibration curve according to Equation (7) for each w

wher

Calc

=aqx+ap

W

¥ is the mass of OTC i in a calibration,of-one working range;

441 is the slope of calibration curve;

X is the value calculated from peak area and mass of internal reference standard (suf
peak area of OTC i;

9o s the intercept of calibration curve.

ulate the coefficients of Equation (10) according to Equations (11) and (12).

D= )y =)

al reference
rking range.

(10)

script 1) and

(11 = = (11)
2wy —xi)?
where
g d
Xi :—Z)Cl],
j]:1
— 1<
Vi _—,Z)’,’j;
]j=1
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is

is

the slope of calibration curve;

the intercept of calibration curve;

(12)

is

is

is

the mass of OTC i in a calibration ¢ of one working range, mass portion step j (= Mm;c;);

the peak area of internal reference standard I in a calibration ¢ of one warking range, for
rtion step j;

the peak area of OC i in a calibration ¢ of one working range, mass‘portion step j;

the mass, expressed in nanograms, of internal reference<standard 7 in a calibration ¢ 0
brking range;

the mean of all X in a calibration of one working rangefor one OTC ;;

the mean of all Vij in a calibration of one working’range for one OTC i.

Derive from the chromatograms by integration of the peak areas 4 of the OTC i and for the internal refe

standard I ar

R =1

where

RMq
Ahj

mjc

A.

icj

mye

d for each OTC i the mass portion dependant response factors Ry ;.

4hyx’"m

icj ¥ m e
the response factor for the OC i during calibration ¢, mass portion step j;
the peakearea for the internal reference standard 7 in the calibration ¢, mass portion step j;

thedmass, expressed in nanograms, of the OC i in the calibration ¢;

the value calculated from peak area and mass of internal reference standard {subscript 1) and
pegak area of OTC i in a calibration ¢ of one working range, for mass portion step,¥;

nass

f one

ence

(13)

is

is

the peak area for the OTC i In the calibration ¢, for mass portion step j;

the mass, expressed in nanograms, of the internal reference standard 7/ in the calibration c.

11 Calculation

11.1 Mass concentrations

Calculate from the chromatograms of the calibration solutions the specific, intralaboratory relative response for
the degree of alkylation [Equation (7)] of the internal standards related to the internal reference standard, e.g.
diheptyltin (DHT) and its response and the respective standard deviation [Equation (8)]. Calculate the relative

16
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response of the internal standards related to the reference standard [Equation (6)] from the chromatograms of
the sample extracts and compare it to the specific, intralaboratory relative response for the degree of
alkylation. Depending on the degree of alkylation and the sample, state the relative response in the calibration
including the respective standard deviation and the relative response in the test report.

Calculate the mass m; of OTC i in the sample extract using Equation (14):

A
m; = aqx i +ag (14)
Ap
where
m; is the mass, expressed in nanograms, of the OC i in the pretreated sample extract;

is the peak area of OTC i in the sample measurement;

i is the mass, expressed in nanograms, of the internal reference standard 7 in the pretreated
extract as OC;

4, is the peak area for the internal reference standard / in the samplé measurement;
41, ag are the coefficients calculated from Equation (10).

If the|]OC i is to be quantified by the “adjusted-single-reference-calibration”, use as a basis the regponse factor
R; ;.; for the mass portion step j, which is nearest to the peak area 4, for the measured value 4,.

Calcylate the mass m; of the OC i in the pretreated sample extract according to Equation (15):

B Rf‘icj X A;xmy

i 1 (15)
wherg
m; is the mass, expressed in.nanograms, of the OC i in the pretreated sample extract;
Rs; is the mean response factor OC i at the mass portion step ;;

is the peak area-OTC i in the sample measurement;

m; is the mass) expressed in nanograms, of the internal reference standard 7 in the pretrpated extract
as OG;

4, is-the” peak area for the internal reference standard 7 in the sample measurement.

The rpass concentration w; of the OC i in the water sample is calculated according to Equation (16).
m;
o =i (16)
1 VS
where
0 is the mass concentration, expressed in nanograms per litre, for the OC i in the water sample;
m; is the mass, expressed in nanograms, of the OC i in the pretreated sample portion;

Vs is the volume, expressed in litres (8.1), of the water sample used for analysis.
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11.2 Expression of results

Report the mass concentration in nanograms of OC per litre (ng/l) without decimals and to two significant
digits.

Report the mass concentration higher than 1 000 ng/l in micrograms of OC per litre (ug/l) to two significant
digits.

12 Precision

Precision dafa from an interlaboratory study are given in Annex B.

13 Test re

The test repq

a)
b)
c)
d)

e)

18

port

rt shall contain the following information:

reference to this International Standard (1ISO 17353:2004);

identity ¢f the water sample;

informat

on on sampling and sample pretreatment (transport and stofage);

detailed|description of the procedure (e.g. extract cleaning, type ‘ef"detector);

procedufe during identification and quantification of the single components (statement of calibration and
calculatipn mode);

statemenpt of results as specified in 11.2;

any deviation from the procedure and statement of all circumstances that may have influenced the rgsult;

relative

esponse from the calibration and the sample solutions.
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Annex A
(informative)

Gas chromatographic conditions

A.1 Examples of common gas chromatographic conditions

A.1.1 Example 1
Injection conditions: split/splitless
Injecfion temperature: 250 °C
Carrier: helium
flowrate: 0,61 ml/min at 60 °C
flowrate: 0,42 ml/min at 160 °C
Capillary column: length 25 m
0,22 mm inner diameter
film thickness 0,11 ym
phase OV11) (methyl silicong)
Over] temperature programme: 60 °C — 4 °C/min — 240.°C.— 6 °C/min — 270 °C
A.1.2 Example 2
Injection conditions: cold injection system
120 s splitless
split 30-ml/min
Injection temperature programme: 60 °C_ —»"0 °C/s - 300 °C
Carrigr: helium
pre-pressure 70 kPa
flowrate about 1 ml/min
Capillary column: length 25 m
0,25 mm inner diameter
film thickness 0,4 um
phase CP-Sil 8 CB")
Over]| temperature programme: 60 °C —» 15 °C/min — 260 °C — 16,7 min — 260 °C
A.1.3 Example 3
Injectfion congditions: cold injection system, split 4 ml/min
Injectiondemperature programme: 50 °C — 10 °C/s — 290 °C
Carrier: helium
flowrate—tmifmmin
Capillary column: length 25 m

Oven temperature programme:

0,25 mm inner diameter

film thickness 0,33 ym

phase HP-11)

140 °C — 5 °C/min — 220 °C — 11 °C/min — 290 °C — 2 min — 290 °C

1) OV1, CP-Sil 8 CB and HP-1 are examples of suitable phases available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this/these products.
Equivalent products may be used if they can be shown to lead to the same results.

© IS0

2004 — All rights reserved
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A.1.4 Example 4

Injection con

Injection temperature programme:

Carrier:

ditions:

Capillary column:

Oven temperature programme:

A.2 Exam

A.2.1 Flame photometric detection, FPD

large volume system, 25 pl
15°C -5 2°C/s » 25 °C - 12 °C/s — 260 °C held for 60 s
helium
column head pressure 130 kPa
length 25 m
0,32 mm inner diameter
film thickness 0,17 ym
phase HP-12)
45 °C — held for 2 min — 20 °C/min — 280 °C — held for 1 min

ples of common detection conditions

A.21.1 Coantinuous flame
Detector temperature: 180 °C, detector base 300 °C
Gases: flame gases: H,, synthetic air
carrier gas: for example N,, He
Filter: cut-off filter 590 nm or interference filter 610 nm
The flame skould be as rich in hydrogen as possible in order to allow the formation of Sn-H* species| The
synthetic air [should be kept as scarce as possible in order to aveid a high background; however, it shall be
sufficient to gvoid the extinction of the flame when passing the solvent peak.
Where interferences are suspected, use filters. Cut-off fillers shall cut the range below 590 nm. Interfefence

filters should

A21.2 Pu

Ised flame

Detector temperature:

Gases:

Filter:
Combustor:

A.2.2 Mass spectrometric detection, MSD

Transfer line
Electron imp
Electron mul
Selected ion

act:
iplier:

mr\nifnring

be transmissible in the range (610 £ 5) nm.

350 °C, detectorbase 300 °C
flame gases: H,, synthetic air
carrier gas: for example N,, He
large bandpass filter working at 610 nm or 390 nm with a time selective acquisifion
3 mm

290 °C
70 eV
2000V

The isotope cluster of the organotin compounds is formed by 10 natural tin isotopes (see Table A.1).

In case of analysis with GC/MS, each fragment ion containing tin will be split in an isotope cluster referring to
tin. Choose two of the most intensive non-interfered fragment ions (9.2.1) with preferably high mass. Ensure
to record two of the most intensive cluster ions of each fragment (see Table 5).

2) HP-1is an example of a suitable phase available commercially. This information is given for the convenience of users
of this International Standard and does not constitute an endorsement by ISO of this/these products. Equivalent products
may be used if they can be shown to lead to the same results.

20
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Table A.1 — Masses and abundance of natural tin isotopes

ISO 17353:2004(E)

Mass Abundance Relative abundance
amu % %
112 0,95 2,88
114 0,65 1,97
115 0,34 1,03
116 @ 14,24 43,19
117 7’1-'\7 ’)’)’QR
118 @ 24,01 72,82
119 8,58 26,02
120 @ 32,97 100,00
122 4,71 14,29
124 5,98 18,14

NOTE See Reference [1].

@  These isotopes are preferred for mass spectrométric detection.

A.2.3 Atomic emission spectrometric detection, AES

Trangfer line:
Cavity temperature:
He flpwrate:
Wavelength:

H,
O,

280 °C
280 °C

240 ml/min (measured at the cavity vent)

303,419 Nm)y(270,651 nm)

350 kPa
500 kPa

A.2.4 Atomic absorption spectrometric detection AAS

Although not used in the interlaboratory trial, AAS has been successfully applied to the analysiq of organotin
compounds;-Fypical instrument settings are:

Transferiline-

250 °C

Quartz furnace:

Gases:

Excitation:

Wavelength:
Slit:

© 1SO 2004 - All rights reserved

constant temperature > 650 °C, e.g. 750 °C

H,, flowrate 145 mi/min
air, flowrate 15 ml/min

Sn-lamp, for example electrodeless discharge lamp (EDL) or hollow cathode

lamp (HCL)

286,3 nm (224,6 nm, 235,5 nm)

0,7 nm
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A.3 Examples of analyses

A.3.1 Identity check (see 9.2) and calculation (see Clause 11)

Table A.2 — Identity check (ascertained identity with mass spectrometry)

Measured peak areas in arbitrary units
Extract analysed

AMn1 Amh2 Amit Ami2
Calibration extract 1 000 ng/I 2825 1965 2 054 1436
Calibration extract 550 ng/I 565 393 411 287
Sample extraft 1st sample 1392 962 998 728
Sample extraft 2nd sample 1392 1089 998 728
Sample extrapt 3rd sample 1392 962 1193 728
Sample extraft 4th sample 1531 817 1098 622

When calculating according to the method of the “adjusted-single-reference-calibration” use data of calibfation

extract 550 n

The identity ¢f the samples is checked by making the calculations given in Table A.4.

g/l (see Table A.3).

Table A.3 — Calculation of peak arearatios
for calibration extract;

Extract analysed

ic Flc

Calibration extract 550 ng/I

1,44 1,43

Table A.4 — Calculation of peak area ratios for sample extracts

Sample Calculation )
extract Conclusion
Fhs Fis ic/Fhs Flc/FIs
Criterion (3) is met; identity is
1st sample 1,45 1,37 1,00=1,00+0,05 | 1,04 =1,00+0,05 |confirmed, no interference occuirs in
either cluster.
Criterion (4) is met; identity is
2nd sample 1,28 1,37 1,13=1,00+0,15 | 1,04 = 1,00 £ 0,05 |confirmed, no interference occuirs in
the lower cluster.
Criterion (5) is met; identity is
3rd sample 1,45 1,64 1,00=1,00+0,05 | 0,87 =1,00 +0,15 |confirmed, no interference occurs in
the higher cluster.
Criteria are not met; identity is not
4th sample 1,87 1,77 0,77 0,81 confirmed, both clusters undergo
interference.

22
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A.3.2 Typical chromatogram
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Operating conditions

Injectfon: Open hot split, 3 pl, split 1,5 ml to 2 m|
Carrigr: Helium, pre-pressure 90 kPa, about yI"ml/min
Capillary column: CP-SIL 8 CB-MS, 5 % phenyl-95.% dimethylpolysiloxane, length 24 m,
0,32 mm inner diameter, film_thickness 0,25 um
Column temperature programme: 50 °C, 1 min - 12 °C/mif;~ 150 °C — 8 °C/min — 300 °C — 7 mip
Detedtion: FPD, 200 °C, Range 2
Gases: 22 ml/min helium
95 ml/min air
180 ml/minchydrogen
Intern@l standards: MHT, DHT, TPT, TTPT: 100 ng/l
OthenlOC: 100 ng/l
Figure A.1 — Example®of'an FPD chromatogram of ethylated organotin compoungds
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A.3.3 Mass spectra
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Figure A.2 — Example of mass spectrum of tributylethyltin
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