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Foreword

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

The user should be aware that particular problems could require the specifications of additional marginal
conditions.

© 1SO 2009 — All rights reserved \"
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INTERNATIONAL STANDARD

ISO 24293:2009(E)

Water quality — Determination of individual isomers of
nonylphenol — Method using solid phase extraction (SPE)
and gas chromatography/mass spectrometry (GC/MS)

WARNING — Persons using this International Standard should be familiar with normJI laboratory
practice. This standard does not purport to address all of the safety problems, if any;.ass

its use. It is the responsibility of the user to establish appropriate safety and health, prac

ensure compliance with any national regulatory conditions.

IMPC
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RTANT — It is absolutely essential that tests conducted in accordance with this
Hard be carried out by suitably qualified staff.

Bcope

International Standard specifies a method for the determination of selected individua
phenol in non-filtered samples of drinking water, wasteswater, ground water and surfac
bd is applicable in concentrations between 0,001 ug/*and 0,1 pg/l for individual isome
g/l to 0,2 ug/l for the sum of 4-nonylphenol (mixture(efiisomers). Depending on the matrix, {

also gapplicable to waste water in concentrations between™0,1 pg/l and 50 ug/I.

2

The

Normative references

following referenced documents (@rge" indispensable for the application of this documen

refergnces, only the edition cited applies. For undated references, the latest edition of th

docu

ISO

ISO !
samf

ment (including any amendments) applies.

3696, Water for analyticalNaboratory use — Specification and test methods

667-1, Water qualify/— Sampling — Part 1. Guidance on the design of sampling prog
ling techniques

ISO 8466-1, Water-quality — Calibration and evaluation of analytical methods and estimation of

chard

cteristics’— Part 1: Statistical evaluation of the linear calibration function

pciated with
tices and to

nternational

| isomers of
e water. The
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3 Principle

Extraction of the analytes listed in Table 1 from the acidified water sample by solid phase extraction, solvent
elution and determination by gas chromatography with mass spectrometric detection.

The thirteen isomers listed (eleven identified isomers and two isomers with tentative identification) constitute
more than 90 % of the 4-nonylphenol isomers that are detectable in technical products and in environmental
samples in general. Water samples containing more than 500 mg/l of suspended matter and waste water
samples are extracted by passing 100 ml of the sample through the solid phase extraction cartridge (5.2).

Table 1 — Analytes determinable by this method

Analyte Formula Abbreviation
4-(2,4-Dimethylheptan-4-yl)phenol C,5H,40 NP1
4-(2,4-Dimethylheptan-2-yl)phenol Cy5H,0 NP2
4-(3,6-Dimethylheptan-3-yl)phenol C,5H,40 NR3
4-(3,5-Dimethylheptan-3-yl)phenol C,5H,40 NpP4a
4-(2,5-Dimethylheptan-2-yl)phenol C,5H,40 NP5
4-(3,5-Dimethylheptan-3-yl)phenol Cy5H240 NP6 2@
4-(3-Ethyl-2-methylhexan-2-yl)phenol C,5H45,0 NP7
4-(3,4-Dimethylheptan-4-yl)phenolP CisH,, 0 NP8°
4-(3,4-Dimethylheptan-3-yl)phenol Cy5H,0 NP9e
4-(3,4-Dimethylheptan-4-yl)phenol Cy5H,0 NP10°
4-(2,3-Dimethylheptan-2-yl)phenol C,5H,40 NP11
4-(3-Methyloctan-3-yl)phenol C,5H,40 NP12
4-(3,4-Dimethylheptan-3-yl)phenold C,5H,40 NP13¢€
a8  Possible enantiomer.

b Information from MAKINO et al. [l
¢ Possible enantiomer.
d  Information from KATASE &t-al. [f]
€ Possible enantiomér:

ts

Use reagents

mpared with the concentratigns to
be determin '

with-negligible

s of interest co

4.1 Water, grade 1, as specified in ISO 3696.

4.2 Acid, e.g. hydrochloric acid, w(HCI) = 37 %, or sulfuric acid, ¢c(H,SO,4) = 1 mol/l.
4.3 Acetone, C3HgO.

4.4 Methanol, CH;OH.

4.5 Hexane, CgH,y.

4.6 Sodium sulfate, anhydrous, Na,SO,, powdered.

2 © 1SO 2009 - All rights reserved
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4.7 Internal standard solution, 4-n-Nonylphenol (ring-13Cg), CqH4g-'3CgH,4-OH solution, p =1 ng/pl.
Weigh 10 mg of 4-n-nonylphenol in a 100 ml measuring flask and bring to volume with methanol (4.4). Dilute
this solution with methanol in the ratio of 1:100. Acetone is not suitable for preparation of standard solution in
this method. Alternative internal standards [e.g. 4-n-nonylphenol (deuterium label)] may be used if internal
standard requirements can be met.

4.8 4-nonylphenol solution, p = 1 ng/pl (calibration standard).

Weigh 10 mg of 4-nonylphenol, C,5H,40O (technical mixture of isomers), CAS No 25154-52-3, in a 100 ml
measuring flask and bring to volume with hexane (4.5). Dilute this solution in the ratio of 1:100 with hexane if a
calibratien-over-the-totat-procedure-isappied——MmM8Mm —8F

4.9 | Solid phase material, on styrene-divinylbenzene polymer basis, e.g. commercially_ available packing
matefial (see Annex A).

4.10 [ Nitrogen, N,, purity > 99,996 % volume fraction, for drying of the sorbent packing pfter sample
extraftion and for concentration of extracts by evaporation.

4.11 | Sodium thiosulfate pentahydrate, Na,S,05 - 5 H,0.
4.12 | Ethyl acetate, C,HgO,.

4.13 | Diethyl ether, C4,H,,0.

4.14 | Corresponding internal standard solution for syringe spike, phenanthrene (d;g), C14Dq solution,
CAS|No 85-01-8, p= 0,1 ng/ul. Weigh 10 mg of phenanthrene (d,g) in a 100 ml measuring flask and bring to
volume with hexane (4.5). Dilute this solution with hexane’in the ratio of 1:1 000.

5 Apparatus

Equipment or parts which may come inte* contact with the water sample or the extract should |be free from
interfering compounds.

Clea:l: all glasswares by rinsing-with acetone (4.3). Avoid detergents when using a labware washing machine.
Alterpatively, heat all glasswareyexcept volumetric wares, to at least 400 °C for at least 2 h prior fp use.

5.1 | Narrow-neck flat-bottomed glass bottles, conical shoulders, preferably brown glass| of capacity
1 000 ml, with glass.stoppers or with PTFE-lined screw caps (PTFE = polytetrafluoroethene).

Keep samples-away from light if brown glass bottles are not available. The bottle and cap Ilner or glass
stopger shouldbe rinsed with acetone (4.3) and dried before use in order to minimize contamination.

5.2 | Solid phase extraction cartridges, inert non-leaching plastic, e.g. polypropene or glass.

The cartridges should be packed with a minimum of 200 mg of sorbent (4.9). The commercially available disk
type may be used provided there is enough information available concerning the sample volume and the
required quantity of elution solvent. These cartridges are used for extraction.

5.3 Vacuum or pressure assembly, for the extraction step.

5.4 Volumetric flasks, with inert stopper.

5.5 Quartz wool, rinsed with acetone (4.3).

5.6 Muffle furnace, capable of being maintained at a temperature of 400 °C.

5.7 Evaporation assembly, e.g. rotary evaporator with vacuum stabilizer and water bath.

© 1SO 2009 — All rights reserved 3
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brown glass with PTFE-lined septa, capacity e.g. 1,5 ml, according to the autosampler.

Gas chromatograph/mass spectrometer. The gas chromatograph shall be temperature-programmable,

with all required accessories including gases, capillary columns, capillary injector and mass spectrometric

detector.

The mass spectrometer should be capable of operating over the mass range of interest and it should be

equipped wit

5.10 Clean

h a data system capable of quantifying ions using selected m/z values.

up cartridge column, inert non-leaching plastic, e.g. polypropene or glass.

ne chanld ha ~anl anth mintoatnm ~Ff ONN v~ ~AF o ~rbh ANt (v Aran oo~ oilias
P o—SToarc—otT Tt T T

hese

The cartridg
cartridges ar

5.11 Flame

6 Sampl
Take sample

Use carefully
(approximate

thiosulfate pg¢ntahydrate (4.11). Other non-interfering substances may be‘used for dechlorination as wel

sodium sulfit

If necessary,
later than 2 V|

7 Procedures

7.1 Solid

711
In general, §

prior to analy
likely to occu

7.1.2 Cong

The following
with 200 mg

Gengdral

ad o
pPaCRCT—vvitT— o T T

b used for clean up.

ionization detector.

ng and sample pretreatment
s as specified in ISO 5667-1.

cleaned bottles for sampling (5.1). Fill each bottle only to its sheulder with water to be sar
ly 1 000 ml). In the presence of free chlorine, immediately add approximately 80 mg of sq

p). Acidify the samples with acid (4.2) to pH 3,5.

store the samples in a refrigerator (2 °C to 5 °C) and-analyse them as soon as possible, b
eeks after sampling.

phase extraction

amples are examined without pretreatment; in other words, suspended solids are not rem
sis. Before starting.the analysis, homogenize the samples. If blocking of the cartridge pack
Ir, use a filter aid, 'e7g. quartz wool (5.5).

itioning of the solid phase material

procedures are described for commercially available 6 ml polypropylene cartridges (5.2) pa
of’sorbent (4.9) sandwiched between two polyethylene frits. The manufacturer’s guidang

other materig

npled
dium
(e.g.

It not

oved
ng is

cked
e for

Is-of the SPE cartridge shall be preferred.

Rinse the cartridge with two 10 ml aliquots of acetone (4.3) and let the cartridge drain dry after the first rinsing.
Before the acetone level of the second aliquot falls below the top edge of the packing, add 10 ml of water (4.1),
acidified with acid (4.2) to pH 3,5, to the cartridge, and make sure that the sorbent packing in the cartridge
does not run dry. Retain the water in the cartridge (water level just above the packing) to keep the sorbent

activated.

7.1.3 Sample extraction

Start the extraction immediately after conditioning. Make sure that no air bubbles are trapped in the sorbent
bed when changing from conditioning to extraction. Maintain the sorbent material in the cartridge immersed in
water at all times.

© 1SO 2009 - All rights reserved
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Add the internal standard solution (4.7), in a known amount (e.g. 50 ul) dependent on the sample matrix, to
the water sample (e.g. 1 000 ml) in the sample bottle and mix thoroughly. Let this sample run through the
cartridge, conditioned as specified in 7.1.2, at a flow rate of 5 ml/min to 10 mI/min. Extract samples containing
more than 500 mg/l of suspended matter and waste water samples by passing a 100 ml sample through the
cartridge. Rinse the cartridge with 10 ml of water (4.1), acidified with acid (4.2) to pH 3,5.

Remove the residual water in the sorbent packing by passing nitrogen through the cartridge at a flow rate of

about 500 ml/min for about 1 h.

NOTE

Depending on the colour of the moist adsorbent, the end of the removal of water from the cartridge can be

recognized by the change of colour of sorbent material. The colour of the moist adsorbent is brown; the dry material is light

Rewgigh the empty sample bottle with its original cap or stopper and calculate the net weight

differ
volun
negli

71.4

Add
throu
the a

7.2

Cong
trans
follow
Add {

ence to the nearest 1 g. For an assumed density of 1 g/ml, this net weight (in grams) is equ
ne (in millilitres) of water extracted. The amount of the added volume of acid (4¢2)4o acidify
jible.

Elution

1 ml of acetone (4.3) to the completely dried cartridge, allow to ‘equilibrate for e.g. 10 n
gh the cartridge, followed by adding five 1 ml aliquots of acetone (4.3) to the cartridge, but
cetone to elute below the top of the sorbent packing during the €lution steps.

Clean up

entrate the eluate using a gentle stream of nitrogenh to almost dryness. Add 1 ml of hexa
fer all into a clean up cartridge column (5.10).¢in" general, 500 mg of silica in the cartridge
ing extraction procedure. Wash with 10 ml of-ethyl acetate (4.12) and subsequently with 15
he sample and immediately elute with 15ml of hexane followed by 10 ml of 30 % of diethyj

of the sorbent

pf sample by
valent to the
he sample is

in and elute
do not allow

ne (4.5) and
requires the
Im| of hexane.
ether (4.13)

in hekane.
To cgnfirm elution profiles of 4-nonylphenol, carry out a separation test using 4-nonylphenol for ¢ach batch of
cartriiges before analysis. Evaporate’ the cleaned extract using the evaporation device, concentrate the

extra

Ct to a volume of approximately 2 ml and spike 50 ul to 100 pl of corresponding inter

subsfance for syringe spike (@.14) into the extract, then subsequently concentrate the extrac

hal standard
further to a

volume of 50 ul to 100 ul using-a gentle flow of nitrogen. Transfer the extract to a suitable vial.
7.3 | GC/MS operating conditions
Optimize the opegrating conditions of the GC/MS system in electron ionization mode in accorflance to the

manu
durin
Ane

facturer's. instructions. Determine the appropriate GC oven temperature programme e
j method development and validation. For the sake of sensitivity, selected ions (Table 2)
ample of operating conditions is given in Annex C.

kKperimentally
hre detected.

7.4

Blank determination

Treat the blank in exactly the same way as the sample, but replace the sample by the appropriate amount of
pure water (4.1).

7.5

Identification

Identify the sample component by matching both the retention times and relative intensities of the diagnostic
ions (Table 2) of sample components and calibration standard (4.8). It is a critical issue to identify individual
isomers in order to obtain a similar chromatogram to Annex C that enables accurate identification. Old column
material and inadequate temperature control may result in shifting of retention time between isomers. Reliable
measurements of the thirteen peaks can be enabled by using isomer-specific single ion monitoring. Because

© 1SO 2009 — All rights reserved
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of the absence of all of the fragment ions, 4-n-NP is not suitable. Major ions obtained from 4-n-NP are 107
and 220; detectable ions are obtained for 121, 135 and 149. It is difficult to use 4-n-NP to obtain ions 163 and
191. It is necessary to use a specific pair of ions (target M4 and qualifier M, in Table 2) for the quantification of
each resolved peak.

The target compound is present (identified) in the sampile if:

— the relative or the absolute sample component retention time measured in the selected ion current
chromatogram matches the relative or absolute retention time of the authentic compound within + 0,2 %
(or a maximum of + 6 s) in the chromatogram of the latest calibration standard, measured under identical

conditions;

— the selegted diagnostic ions (see Table 2) are present at the substance specific retention time;

— the relatjve intensities of all selected diagnostic ions measured in the sample do not deviate byymorg than
1+ (0,1 Q[+ 10) % from the relative intensities determined in the external standard sofution. (Q ip the
relative intensity of the diagnostic ion in the external standard solution.)

Table 2 — Selected diagnostic ions for identification and quantification
Selected diagnostic ions
No Analyte Abbreviation Target Qualifier
M, @ M, @
1 |4-(2,4-D|methylheptan-4-yl)phenol NP1 121 163
2 |4-(2,4-D|methylheptan-2-yl)phenol NP2 135 220
3 |4-(3,6-D|methylheptan-3-yl)phenol NR3 135 107 or 12
4 | 4-(3,5-D|methylheptan-3-yl)phenol NP4 b 149 191
5 |4-(2,5-D|methylheptan-2-yl)phenol NP5 135 163
6 |4-(3,5-D|methylheptan-3-yl)phenol NP6 b 149 191
7 | 4-(3-Ethyl-2-methylhexan-2-yl)phenol NP7 135 220
8 |[4-(3,4-D|methylheptan-4-yl)phenol® NPgd 163 121
9 |4-(3,4-D|methylheptan-3-yl)phenol NPof 149 107
10 | 4-(3,4-D|methylheptan-4-yl)phenol NP10d 163 121
11 | 4-(2,3-D|methylheptan-2-yl)phenol NP11 135 220
12 | 4-(3-Methyloctan-3-yl)phenol NP12 191 163
13 | 4-(3,4-D|methylheptan-3-yl)phenol® NP13f 135 107
4-n-Nonylphenol{ring-'3Cg) — 113 —
a8 M, is used for-quantification; M, may be used for identification.
b Possible enantiomer.
¢ Information from MAKINO et al. (6]
d  Possible enantiomer.
€ Information from KATASE et al. [%]
f Possible enantiomer.

© 1SO 2009 - All rights reserved
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8 Calibration

8.1

General requirements

For practical reasons, the calibration is based on a solution containing the calibration standard (4.8).

Ensu

re that there is a linear dependence between signal and concentration.

Determine the linear working range using at least five measurements at different concentrations (see
ISO 8466-1).

The
calib
routir]

For r
conc
proce

Tablg

8.2

When using the internal standard (4.7), the determination of the concentration is independen

error:

pretrgatment or the difficult/ adjustment for a (low) sample volume can be avoided. Add

conc
the s

Prior
wate

For @

;

alibration function for a substance is valid only for the measured concentration range. Ad
tion function depends on the condition of the gas chromatograph and shall be checked

pntration, derivatisation and GC/MS-steps) shall be applied. As the calibration|is"performed
dure with internal standard, determination of the recoveries is not necessary.

3 gives an explanation of the subscripts used in the equations and in the following text.

Table 3 — Explanation of subscripts

Subscript Meaning
i Identity of the substance
e Calibration step
| Identity of internal standard
g Overall procedure

Calibration over the total procedure with internal standard

5 made during injection. Apart from this, errors caused by sample losses during distinct ste

pntration determination is independent from matrix effects in the sample, provided that the
Ibstances analysed and the corresponding internal standard are approximately the same.

to analysis,\add the internal standard (4.7), in a known amount dependent on the sample
sample:The mass concentration o, should be the same for calibration and sample measur

alibration over the whole procedure, add aliquots of calibration solutions (4.8) to each wate

100

m}) and add the internal standard (4.7) always in the same concentration to each water

4

e analysis, a check of the calibration function by means of a two-point calibration is sufficien

butine analysis, only a calibration over the total procedure with internal standards (includir

itionally, the
gularly. For
.

g extraction,
bver the total

t of possible
ps of sample
itionally, the
recoveries of

matrix, to the
bment.

 sample (i.e.
sample (i.e.

1,000 ml).

Pretreat and analyse the samples as specified in Clause 7.

Use the same solvent composition and internal standard concentrations for the working standard solutions
and the extracts.

Plot the values of the ratio yjeq / yje
ordinate and the associated ratio o

©I1SO

(peak areas, peak heights or integration units) for each subst
the mass concentration pey / pjgq ON the abscissa.

i
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Establish the linear regression function using the corresponding pairs of values Yieg /ylegand Pieg /Pleg of the
measured series in accordance with Equation (1):

Vie Pie
=4 =2+ by (1
Yieg Pleg
where
YVieg is the dependent variable corresponding to the measured response, expressed in units depending

on the analytical method, e.g. area value, for a given Pieg of substance i in the calibration;
Vieg is [he dependent variable corresponding to the measured response, expressed in units depehding
on|the analytical method, e.g. area value, for a given Pleg of the internal standard 7 in the calibration;
Pieg is the independent variable corresponding to the mass concentration, expressed in-micrograms per
litrp, of substance i in the calibration solution;
Pleg is the independent variable corresponding to the mass concentration, in micfegrams per litre, ¢f the
internal standard 7;
aig is the slope of the calibration curve from yje4/yieq @s a function of ‘the mass concentrationf ratio
Pidg/Pleg: Often called the response factor;
big s the ordinate intercept of the calibration.
9 Calculgtion
9.1 Calcujation of contribution of individual isomers of nonylphenol in technical mixture
It is necessary to confirm the composition ratio of(the respective isomers of 4-nonylphenol standard prpduct
because isomer composition in technical mixture may be variable. Use 4-nonylphenol solution (48) to
calculate the| composition of individual isomers in the technical mixture. Inject 1 ul of the standard solutjon to
GC-flame ionization detector (FID) (5.11)sand obtain a chromatogram of each peak according to Annjex D.
Identify thirteen isomers according to the_method described in Annex D. Calculate the contribution percentage,
w, of individual isomers in accordance‘with Equation (2).
wi = 4; | 4; -100 (2)
where
w; s the contribution percentage (%) of individual isomers;
Ay is thersum of area count of thirteen isomers;
A; is the area count of individual isomers.

9.2 Calcu

lation of relative response factor of individual isomers of nonylphenol

Prepare a calibration curve encompassing the concentration range for each of the isomers to be determined.
Plot the relative response factor (FR) (13C-4-nonylphenol to individual isomers) versus concentration in
standard solutions or compute using a linear regression. Determine the relative response in accordance with
Equation (3). Employ at least five calibration points.
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Fr =(dgt I4is) - mig | (mg - w;) 3)
where

w; is the contribution percentage (%) of individual isomers;

Ag s the area count of individual isomers;

Ajs s the area count of 13C-4-nonylphenol;

m;. is the mass of 13C-4-nonylphenol, in micrograms, ug;

is the mass of 4-nonylphenol, in micrograms, ug.

9.3 [ Quantification of individual isomers of nonylphenol using relative response factor

Calcylate the concentration of individual isomers of nonylphenol in accordance with/Equation (4).

wherg

9.4 [ Calculation of internal(standard recovery

M13ca is the mass of 13C-4-nonylphenol, in micrograms, ug;

p = (As -m3c4) | (Ais - fr Ve) (4)

is the concentration of individual isomers, in micrograms per litre, pg/I;
is the area count of individual isomers;

is the area count of 13C-4-nonylphenol;

is the volume of water sample,inlitres, /;

is the response factor.

The fecovery ratio of internal standard shall be calculated from Equation (5) by using the ratio|between the
peak|area of internal standard against that of the corresponding internal standard for the syringe [spike and by

using the corresponding.relative response factor (F ). See Equation (6).

erec

wherge

= (A'ig=i"ris " 100) / (4'fig 'fR,rs' m'ss) (5)

ic tha narcantana Af intarnal ctandard racavary:
S—tHe-perceht S erar-Stanadtra

“‘rec

Val
TTgT T ™ LASAS A=A A~ X

is the area count of corresponding internal standard for syringe spike, phenantherene-d,;
is the mass of spiked internal standard, phenantherene-d,, in micrograms, ug;

is the mass of spiked corresponding internal standard for syringe spike, phenantherene-d,,, in
micrograms, JUg;

is the response factor of corresponding internal standard for syringe spike.
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fR,rs = (Aig/Ayig) * (myiglmg) (6)
where
Ayis is the area count of corresponding internal standard for syringe spike, phenantherene-d,;

mys is the mass of corresponding internal standard for syringe spike, phenantherene-d,, in micrograms,
Mg.

10 Expression of results

Report the results of compounds listed in Table 1 in micrograms per litre, ug/l, to two significant figures as
x,X ug/l. Reslilts of branched isomers may be reported, but shall be identified as such.

11 Test report

The test repqrt shall include at least the following information:

a) areferefce to this International Standard (ISO 24293);

b) identification of the sample;

c) the sample storage and pretreatment protocol;

d) the results obtained for the individual compounds, expressed-in accordance with Clause 10;

e) details df any deviation from the procedure specified\and of all circumstances that may have influgnced
the resulfts;

f)  the date|of the analysis.
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Annex A
(informative)

Sorbent example

Table A.1 provides information on a suitable sorbent for the solid phase extraction of analytes.

Sorbent Product name (supplier) 1) Amount of sarbent jin cartridge
Styrene-divinyl benzene copolymer SDB 1 (Mallinckrodt Baker) 200, mg or nmjore
SDB-RPS (disk type, Empore) 47 mm id or 90|mm id

Sorbénts of other suppliers may be applicable, but they have not been evaluated for these uses.

1) This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by ISO of this product.
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Annex B
(informative)

Suitable capillary column

The following capillary column is suitable:

(5 %-phenyl)-methylpolysiloxane phase, non-polar, bonded and cross-linked, low bleed (e.g. DB-5,
Agilent).

N
~

Other capilldry columns may be suitable, but they have not been evaluated for these uses.(Compdrable
separation of individual isomers, as presented in Figure C.1, is desirable.

2) DB-5 is the trade name of a product supplied by Agilent Technologies. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of the product named. Equivalent
products may be used if they can be shown to lead to the same results.
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Annex C
(informative)

Examples of chromatograms

GC conditions for Figures C.1 and C.2:

Injection: splitless

Injector temperature: 250 °C

Injection volume: 1 ulto 2 ul

Transfer line temperature: 280 °C

Flow(rate: 1 ml/min to 1,5 ml/min

Carrier gas: helium, pre-pressure 69 kPa (10 psi)

Capillary column: stationary phase: DB-5
length: 30m
inner diameter: 0,25 mm
film thickness: 0,25 um

Temperature programme: at 50 °C for 4 min, then t0.280 °C at 8 °C/min, 5 min

MS cgonditions for Figures C.1 and C.2:

Type quadrupole

lonization: ElI 70 eV

Modg: SIM

Temperatures: MS. source: 230 °C
MS quadrupole: 150 °C

© 1SO 2009 — All rights reserved
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Figure C.1 — Chromatogram of a calibration standard and identification of individual isomers
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Figure C.2 — Total ion chromatogram of calibration, river water extract and cartridge blank
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Annex D

(informative)

Example of FID chromatogram and composition ratio (%)

of isomers in 4-nonylphenol standard

It is necessary to confirm the composition ratio of the respective isomers of 4-nonylphenol standard product

because the

D.1 Gasc

Optimize the
accordance

determined ¢
given below.

hromatograph.

icaomar caomnosition-in diffarant tachnical mixtures mav bha variabla
SOMRe-coMmpoSHHoRR-aHHereRtteerricarhadre S y-oeYaraore-

D.1.1 Detector, Hydrogen Flame lonization Detector (FID).

D.1.2 Carr

er gas, Helium, 99,999 9% or more of volume fraction, linear yelocity: 20 cm/s to 40 cm/s.

operating conditions of the GC system with Hydrogen Flame lonization Detector (FID) in
with the manufacturer’s instructions. The appropriate GC oven temperature~programme is
xperimentally during method development and validation. An example of operating conditigns is

D.1.3 Sample injection and injection port temperature, splitless. (non-dividing introduction method);

temperature

D.1.4 Detéctor, temperature 300 °C.

at the sample introduction point: 260 °C.

D.1.5 Temperature programme, 50 °C to 280 °C.

50 °C 4 min

— 170 °C at

170 °C 10 mji

— 280 °C at

280 °C 5 mi

8 °C/min

In

20 °C/min

.

D.1.6 Caplillary column

Stationary phase: DB-5

Length: 30m

Inner diameter: 0,25 mm

Film thickness: 0,25 um
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Figure D.1 — Example of FID chromatogram of4-nonylphenol standard (500 ng)

Tlable D.1 — Isomer compositions (%) of nonylphenol in seven different nonylphenol sfandards
from several suppliers

Parameter Stan1dard Stanzdard Stan3dard Stan4dard Stansdard Stanedard Stan7dard ? cv
%
NP1 53 5,5 3,9 4,8 6,2 5,6 5,1 5,1 15
NP2 12,7 12,4 1651 12,4 10,7 11,7 12,0 12,6 13
NP3 14,2 17,5 18,6 18,4 13,7 16,4 19,4 16,9 13
NP4 7,0 66 6.8 6,5 6.9 6.9 6.6 6,8 2,8
NP5 6,1 5 9,3 7,5 5,8 7,2 7,9 7,3 16
NP6 6,9 6,9 6,9 6,6 6,8 6,8 6,5 6,8 2,4
NP7 65 6,7 5,8 6,8 7,2 6,7 7,3 6,7 7.4
NP8 45 3,6 2,1 34 47 4,0 3,1 3,6 24
NP9 9,3 7,8 55 7,6 9,2 8,3 6,7 7,7 17
NP1 A,R A’n Q’n ’2’0 R,') /1,/1 ’2,7 /1,1 18
NP11 13,4 12,3 14,8 12,4 13,7 12,8 11,9 13,0 7,7
NP12 29 54 3,8 4,0 2,7 3,0 4,4 3,7 26
NP13 6,5 3,8 3,5 57 7,2 6,2 5,5 5,5 25
? is the mean of values;
Ccv is the coefficient of variation.
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Annex E
(informative)

Method performance data
An international interlaboratory trial was performed in August 2008. Seventeen laboratories from three

countries took part (China: 1; Japan: 15; the United States of America: 1). Individual isomers of nonylphenol
were analysed in

— two cong¢entrations matrix river water (sample 1, sample 2),

— two cong¢entrations matrix waste water (sample 3, sample 4), and

— standard in hexane solution (sample 5).

The performance data are summarized in Tables E.1 to E.5.

Table E.1 — Performance data for river water with low concentration native standard spiked
(sample 1)
barameter ! I n ny X Se CcV, s, cy,
% pg/l Ha/l % pg/l %

NP1 14 6 24 43 0,031 0 0,003 9 12,7 0,002 3 71
NP2 15 6 27 40 0,0771 0,023 6 30,6 0,005 9 8J0
NP3 15 6 27 40 0,090 8 0,023 9 26,3 0,010 4 10,7
NP4 14 6 24 43 0,042 1 0,009 8 23,2 0,004 6 10,5
NP5 15 6 27 40 0,033 9 0,008 8 26,0 0,002 9 I
NP6 14 6 24 43 0,045 5 0,009 7 21,4 0,007 7 14,8
NP7 14 6 24 43 0,033 9 0,008 3 24,4 0,003 9 11,9
NP8 14 6 24 43 0,024 3 0,006 0 24,8 0,001 9 714
NP9 15 6 27 40 0,054 9 0,017 2 31,2 0,004 6 85
NP10 14 6 24 43 0,028 0 0,006 7 23,8 0,003 0 10,2
NP11 15 6 27 40 0,086 0 0,025 5 29,7 0,005 8 643
NP12 11 4 21 32 0,017 0 0,000 6 35,4 0,002 2 11,1
NP13 14 6 24 43 0,037 7 0,005 3 14,2 0,006 3 14,3
Explanation efsymbels
/ is the number of laboratories
ly is the number of outlier laboratories
n is the number of analytical values
ng is the percentage of outlier analytical values
; is the mean of values after outlier rejection

Sp is the reproducibility standard deviation
CV, is the reproducibility coefficient of variation

s, is the repeatability standard deviation
Cv, is the repeatability coefficient of variation
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Table E.2 — Performance data for river water with high concentration native standard spiked

(sample 2)
Parameter / Iy n ngy } Sp CV, s, Cv,
% pg/l pg/l % pg/l %
NP1 15 4 33 27 0,133 0,037 27,4 0,010 7,8
NP2 15 4 33 27 0,328 0,103 31,5 0,024 7,8
NP3 15 4 33 27 0,398 0,101 25,4 0,035 8,9
NP4 15 4 33 27 0,187 0,041 221 0,023 12,6
NP5 15 4 33 27 0,150 0,035 23,3 0,012 8,2
NP6 15 4 33 27 0,187 0,049 25,9 0,019 10,1
NP7 15 4 33 27 0,158 0,053 33,7 0,012 8,8
NP8 15 4 33 27 0,116 0,070 60,2 0,010 9,9
NP9 15 4 33 27 0,236 0,077 32,6 0,023 10,0
NP1( 15 4 33 27 0,134 0,046 34,4 0,012 9,6
NP11 15 4 33 27 0,356 0,085 23,9 0,029 8,2
NP13 12 2 30 17 0,073 0,029 39,3 0,012 19,7
NP13 13 3 30 23 0,177 0,032 18,1 0,020 11,8
For gn explanation of the symbols, see Table E.1.
Table E.3 — Performance data for waste water with low concentration native standard| spiked
(sample 3)
park ctor ! I n ng X Sk CV, s, Ccv,
% ug/l ug/l % pg/l %
NP1 14 5 27 36 0,1373 | 0,0486 354 0,010 1 6,1
NP2 14 5 27 36 0,3827 0,174 2 45,5 0,054 3 10,2
NP3 14 5 27 36 0,4057 | 0,2129 52,5 0,043 40 8,4
NP4 14 5 26 37 0,185 1 0,135 61,3 0,035 3 10,8
NP5 14 5 27 36 0,1522 | 0,077 3 50,8 0,010 3 4,7
NP6 14 5 27 36 0,1865 | 0,0887 47,6 0,022 4 8,2
NP7 13 5 24 38 0,181 2 0,093 2 51,5 0,016 5 6,9
NP8 14 5 27 34 0,1910 0,286 6 1501 0,033 5 9,4
NP9 14 5 27 36 0,2350 0,103 1 43,9 0,0123 4,4
NP10 13 5 24 38 0,152 5 0,090 4 59,3 0,019 8 8,3
NP11 13 5 24 38 0,3874 | 0,167 1 43,1 0,034 2 6,9
NP12 10 3 21 30 0,217 3 0,278 4 128,1 0,076 9 21,6
NP13 12 4 24 33 0,2325 | 0,1256 54,0 0,038 8 17,3

For an explanation of the symbols, see Table E.1.
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