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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

Explosives and related compounds are frequently encountered in groundwater areas near to soil sites
contaminated by armaments waste and may also be found in drinking water taken from nearby catchment
areas. The range of pollutants will depend on the waste concerned, but will not, as a rule, include all the
compounds listed in Table 1. Instead, samples of groundwater containing such pollutants may contain
numerous other substances such as nitro- and dinitrobenzoic acid, nitrophenols and aromatic amines. The
compounds listed in Table 1 are frequently used for exploratory examinations of armaments waste.

When using this International Standard, it may be necessary in some cases to determine ‘whethef and to what
extert particular problems will require the specification of additional conditions.

© I1SO 2006 — All rights reserved \4
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INTERNATIONAL STANDARD 1ISO 22478:2006(E)

Water quality — Determination of certain explosives and related
compounds — Method using high-performance liquid
chromatography (HPLC) with UV detection

WARNING — Persons using this International Standard should be familiar with norimal laboratory
practice. This standard does not purport to address all of the safety problems, if any; asspciated with
its use. It is the responsibility of the user to establish appropriate safety and health pragtices and to
ensure compliance with any national regulatory conditions.

IMPORTANT — It is absolutely essential that tests conducted in accordance with this International
Stangdard be carried out by suitably trained staff.

1 $cope

This [ International Standard specifies a method for determination of certain explosives, |[in particular
nitrotpluenes, nitroamines and nitrate esters, and related compounds (by-products and degradatipn products),
suchlas those listed in Table 1, in drinking water, groundwaterand surface water.

Depgnding on the type of sample and the compound.to be analysed, the lower limit of the working range for
nitrogromatics and nitramines can be assumed to bebetween 0,1 ug/l and 0,5 ug/l (in some cases, the lower
limit may be extended down to 0,05 ug/l). The fewer limit of the working range for nitrate egters may be
assumed to be higher (0,5 ug/l or more).

Similar compounds, in particular other“nitroaromatics, may also be determined by this method, but its
appli¢ability will have to be checked in each individual case.

2 Normative references
The following referenced-documents are indispensable for the application of this document. For dated
refergnces, only the~édition cited applies. For undated references, the latest edition of the¢ referenced
document (including.any amendments) applies.

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

ISO %667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling programmes

ISO 5667-2, 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 Principle

The substances in the water sample are concentrated by solid-phase extraction using a
polystyrene/divinylbenzene-based adsorbent. After elution with a solvent mixture, the eluate is concentrated
and the substances are separated by high-performance liquid chromatography (HPLC) and analysed using a
UV photodiode array (UV-PDA) detector.

© I1SO 2006 — All rights reserved 1
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Table 1 — Explosives and related compounds determined by this method (the compounds listed here
are particularly likely to be encountered in water samples containing armaments waste)

b Chemical

\bstracts Service:

Molar Reference No./
mass letter in example
Name Abbreviation@ | Other name | CASP No. chromatograms
in Clause

g/mol | A1 | A2 | A3 | B1
2,4 ,6-Trinitrophenol PA Picric acid 88-89-1 2291 1 2 1 a
1,3,5,7-Tetranitro-octahydro-1,3,5,7- HMX Octogen 2691-41-0 | 296,2 2 1 2 b
tetrazocine
1,3,5-Trinitro-hexahydro-1,3,5-triazine RDX Hexogen 121-82-4 2221 3 3 4 d
2,2',4,4' 6,6'-Hexanitrodiphenylamine — Hexyl 131-73-7 439,2 4 19 3 c
Ethylene glycpl dinitrate EGDN — 628-96-6 1521 5 4 5 e
Diethylene glycol dinitrate DEGN — 693-21-0 | 196,1 6 5 6 f
1,3,5-Trinitrolpenzene 1,3,5-TNB — 99-35-4 2134 7 6 7 g
1,3-Dinitrobemnzene 1,3-DNB — 99-65-0 1681 8 7 9 i
N-Methyl-N-2}4,6-tetranitroaniline CE Tetryl 479-45-8 287,2 9 8 8 h
Glycerol trinitfate NG Nitroglycerine 55-63+0 2271 10 9 10 j
2,4,6-Trinitrotpluene 2,4,6-TNT TNT 118-96-7 | 227,1 | 11 10 | 11 k
4-Amino-2,6-1iinitrotoluene 4-A-2,6-DNT — 19406-51-6 | 197,1 | 12 | 11 | 12 I
2-Amino-4,6-Jiinitrotoluene 2-A-4,6-DNT — 35572-78-2| 1971 | 13 | 12 | 13 || m
2,6-Dinitrotolyene 2,6-DNT o= 606-20-2 | 182,11 | 14 [ 13 | 14 n
2,4-Dinitrotolyene 2,4-DNT — 121-14-2 | 1821 | 156 | 14 | 15 o
2-Nitrotolueng 2-NT — 88-72-2 1371 | 16 | 15 | 17 q
Pentaerythritgl tetranitrate PETN Nitropenta 78-11-5 316,2 | 17 18 | 16 p
4-Nitrotolueng 4=NT — 99-99-0 1371 | 18 | 16 | 18 r
3-Nitrotolueng 3-NT — 99-08-1 1371 | 19 | 17 | 19 s
Diphenylamine DPA — 122-39-4 (169,24 20 | — | — || —
@8  Standard gbbreviations, some of.-Anglo-Saxon origin.

The structurd

| formulae of selected compounds are given in Figure 1.
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Figure 1 — Structural formulae of selected explosives
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4 Interfe

41 Samp

rence

ling

To avoid interference, collect samples as specified in Clause 7, observing the instructions given in ISO 5667-1,
ISO 5667-2 and ISO 5667-3.

4.2 Filtration

If the sample contams suspended matter flrst filter it through a borosmcate glass fibre filter to prevent

blockage of

4.3 Conc

Mononitrotol

4.4 Chron

Asymmetricd
overlapping

wavelength t
compare the

Interference

bntration by evaporation
lenes may be lost when the eluates are evaporated as specified in 8.2.
hatography

| peaks and peaks that are wider than normal may indicate incompletely resolved peaks or

peak

Hue to compounds with similar retention times and/or absorption_at the same or at a sjmilar

b those of the compounds being determined. To detect peak ovetlaps, check the peak purity

UV spectrum with that of a reference material.

Mmay also be caused by humic matter eluted in the sameirange as the analytes being determ

4.5 Exposure to light

Reference s
important in
be carried ou

4.6 Deter

When detern
nitroaromatia

5 Reage

The reagentg

If available, U
absorbing su

blutions, samples and sample extracts may decompose on exposure to light. This is partic
he case of tetryl (see Annex C). Thereforgla detailed investigation of the recovery of tetryl s
t.

mination of hexogen

hining small concentrations of hexogen, interference may be caused by high concentratio
S.

hts

shall not-have blank values that would interfere with the HPLC analysis.

se reagents of HPLC grade or residue grade. The solvents shall not contain any measurabl
bstances that interfere with the method.

and

ned.

ularly

hould

ns of

p UV-

5.1
quantities of

5.2

UV-absorbing substances that interfere with the determination.

concentrating the eluates.

53
used.

5.4

Water, complying with grade 1 as defined in 1ISO 3696. The water shall not contain any measurable

Nitrogen, purity not less than 99,996 % by volume, for drying the adsorbent and, if necessary, for

Helium, purity not less than 99,996 % by volume, for degassing the eluent if a vacuum degasser is not

Microporous polystyrene/divinylbenzene adsorbent, with a high specific surface area (e.g. greater

than 900 m2/g). Other adsorbents may be used provided that the recovery rate is greater than 85 % for
octogen (HMX) at a concentration of 1 pg/l in a 1 | sample.
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5.5 Methanol, CH;OH.

5.6 Acetonitrile, CH;CN.

5.7 Sodium chloride, NaCl.

5.8 Potassium dihydrogen phosphate solution, ¢(KH,PO,) = 0,025 mol/l (3,40 g/l).
5.9 Orthophosphoric acid, w(H;PO,) = 85 %.

5.10 Reference compounds, as listed in Table 1, some of which are obtainable only as commercial
solutions—with= apcbiﬂcu' mass-concentration:

5.11 | Solutions of reference compounds, prepared as follows:

Add methanol (5.5) to 100 mg of the reference compound in a 100 ml volumetric flask, dissolve the reference
compound and make up to volume with methanol.

Prepare solutions of hexyl and octogen using acetonitrile (5.6) because of theit poor solubility in methanol.
Storg the solutions at a maximum of 6 °C, protected from light; their shelf-life is limited (six monthg at most).
5.12 | Stock solutions, prepared as follows:

Trangfer 1 ml of each of the solutions of reference compounds.(5.11) to a separate 100 ml volumetric flask
and make up to volume with methanol (5.5).

Storg the solutions at a maximum of 6 °C, protected from light; the solutions are stable for up to s{x months.
5.13 | Reference solutions for multipoint calibration, prepared as follows:

Prior(to each calibration, prepare at least\five dilutions of each of the stock solutions prepared in 5.12,
preferably using a methanol/water mixture (50 + 50 parts by volume) as solvent.

Storg the reference solutions at a maximum of 6 °C, protected from light; check their concentratipns regularly
as their stability is limited.

5.14 | Buffer solution, to improve gradient elution of hexyl and picric acid, prepared by adjusting the pH of a
0,028 mol/l solution of potassium dihydrogen phosphate (5.8) to 3,2 using orthophosphoric acid (%.9).

6 Apparatus

Thosg parts,of the apparatus that come into contact with the sample or the extract shall be free of compounds
that may produce blank values. The apparatus shall be made of materials that do not adsorb thj compounds
undel _investigation and that provide protection from light, e.g. brown glass, stainless steel or gerfluorinated
plastics.

6.1 Brown-glass narrow-necked flat-bottomed flasks, 1 000 ml.
6.2 Vacuum or pressure equipment, for sample enrichment.

6.3 Glass fibre filter, diameter of fibres 0,75 ym to 1,5 ym, of borosilicate glass containing an inorganic
binder.

6.4 Solvent-resistant micromembrane filter, e.g. polyamide or cellulose membrane, pore size of 0,2 ym
to 0,45 um, for filtration of HPLC extracts.

6.5 Glass or polypropene cartridges, packed with a polystyrene/divinylbenzene-based adsorbent (5.4).

© I1SO 2006 — All rights reserved 5
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6.6

6.7

6.8

6.9

Glass

Gradu

volumetric flasks, 1 ml, 10 ml and 100 ml.

ated cylinder, 100 ml.

pH-meter, with electrodes.

Equipment for concentrating the eluates by evaporation, e.g. a rotary evaporator, regulatable for
constant vacuum and with a temperature-controlled water bath, or stripping equipment using nitrogen gas.

6.10 Glass vessels, for collecting and concentrating the eluates by evaporation (e.g. tapered flask with
cylindrical graduated extension).

6.11 Glass

6.12 High-performance liquid chromatograph, consisting of:

a) an analy
b) a manuas
c) adegas
d) acolum
e) a photog
f) adatae
g) an analy
7 Sampl
Fill carefully
immediately

Extract the s
related comg
keep the sanmple at about 4 °C in the dark.

Carry out the

8 Procedure

8.1

Cond

sample bottles, with inert closure (e.g. PTFE-coated septum), for storing the extracts.

tical pump system for isocratic or gradient elution;

| or automatic sample introduction device;

5ing device;

N thermostat;

iode array (PDA) detector with a wavelength range of e,g~200 nm to 400 nm;
valuation system;

tical column (examples of suitable column types;are given in Annex A).

ng

cleaned brown-glass flat-bottomed flasks with the water to be examined. Store the sar
bfter sampling and during transport at not more than 4 °C, protected from light (e.g. in a coo
ample, if possible, within_.three days after collection since the concentration of explosives
ounds is more stable in the organic eluates than in the samples. If storage cannot be avq

determination as'soon as possible after extraction.

hples
box).
5 and
ided,

tioning of adsorbent

Use not less than 0,2 g of polystyrene/divinylbenzene adsorbent (5.4) in a cartridge (6.5) for each 1 000 ml of
sample. Add 3 ml of methanol (5.5) over a period of 5 min and wash with 3 ml of acetonitrile (5.6) and then
with 10 ml of water. Ensure that the adsorbent does not run dry.

8.2 Concentration and elution

If necessary, filter the sample through a glass fibre filter (6.3) to remove suspended matter.

Take e.g. 1 000 ml of the sample to be examined and dissolve in it about 5 g of sodium chloride (5.7). Pass
the sample through the adsorbent conditioned as in 8.1 at a flow rate of up to 1 000 ml/h and then flush with
1 ml of water (5.1). Dry the adsorbent in a stream of nitrogen (5.2) for not less than 10 min.

© I1SO 2006 — All rights reserved
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Elute once with 2 ml of a methanol/acetonitrile solvent mixture (50 + 50 parts by volume) and then once with
3 ml of the same solvent mixture, each time allowing 5 min for the eluent to soak in. Collect the eluate in a
glass vessel (6.10) and add 0,5 ml of water as keeper. Carefully evaporate the eluate down to a final volume
of about 0,8 ml, e.g. in a stream of nitrogen or on a rotary evaporator (6.9) at reduced pressure (150 hPa to
200 hPa) at 40 °C. Great care is essential to avoid losses of the readily volatile mononitrotoluenes during
concentration by evaporation. Make up the concentrate to 1,0 ml with methanol/water mixture (50 + 50 parts
by volume). If necessary, filter the extract through a micromembrane filter (6.4), then use an aliquot for the
HPLC determination.

8.3 High-performance liquid chromatography (HPLC)

8.3.1| General

Pay due attention to the manufacturer's instructions when operating the HPLC system. Ocgasionally check the
systgm against the manufacturer's specifications relating to baseline noise and baseling, drift and, if they are
not met, follow the instructions in the operating manual for detecting and eliminating interference.

When setting up the method and regularly analysing reference solutions, ,echeck the performpance of the
analyftical column, observing the manufacturer’s instructions.

8.3.2] Chromatographic separation

Use fthermostatted columns packed with reversed-phase matefials to separate the compoupds listed in
Table 1.

If ne¢essary, for validation purposes, repeat the separatiorr,using a column with a different selectivity, e.g. a
cyanpphase column (see example in Annex A).

To improve gradient elution of hexyl and picric acid, dse an acid eluent with a pH of 3 to 4 (see 5.[14).

8.3.3| Detection

Use & photodiode array (PDA) detector with a wavelength range from 200 nm to 400 nm.

8.3.4| Blank determinations

Chedk by regular blank tests that the state of the apparatus and the purity of the reagents are satisfactory,
determining the backgroundevel for the laboratory at least once during a series of analyses. To do this,
procgss and analyse 1.000 ml of water (5.1) in the same way as the sample. If blank valugs are found,
determine the source of-contamination by systematic investigations and eliminate it.

8.3.5| Identification of compounds

Use [the retention times in the chromatograms of the sample to identify individual compopnds. As an
identffication criterion, the retention time of the compound shall not deviate by more than + 2 %, and in any
case|netymore than 10 s, from that of the reference compound measured under the same condi!ions. For the
purpose of this International Standard, a compound shall be deemed to have been identified if the absorption
spectrum of the compound coincides with that of the reference compound at the respective retention time in

the chromatogram of the reference solution (the explanations and instructions of the spectrometer
manufacturer shall be observed).

NOTE Compounds which absorb at the detection wavelengths and have a retention time similar to those of the
compounds to be investigated will interfere with the determination. This is more likely to occur when examining samples
other than ground water and drinking water. Depending on the quality of resolution, these interfering compounds may lead
to unresolved peaks, and these will affect the accuracy of the results. Additionally, unsymmetrical peaks and peaks
broader than those obtained with the reference compound are also an indication of interference. Information on the identity
and the chromatographic purity of a compound, deduced from its retention time, can be obtained from the absorption
spectrum of the compound. The identification can be validated by repeating the separation using a column packing
material of different polarity (see 8.3.2) or, for some compounds, by using a mass spectrometer as a detector.

© I1SO 2006 — All rights reserved 7


https://standardsiso.com/api/?name=24c847a38ab7bf8d108cd5e8ded3abfd

ISO 22478:2006(E)

9 Calibration

9.1 General

Correct calibration will require a knowledge of the retention times of the reference compounds. These shall be
determined with solutions of the reference compounds under the specified chromatographic conditions.

Design the method of determination such that the measured signal is a linear function of the concentration for
every compound to be determined. Match the calibration range to the actual requirements. For example, when
examining groundwater, choose a calibration range of 0,5 ug/l to 5 ug/l for the reference compounds.

There are twp different procedures for plotting the calibration graphs:

a) calibratipn of part of the method using external standards (see 9.2);

b) calibratipn of the complete method using external standards (see 9.3).
For both progedures, prepare the calibration graphs using at least five different concentrations distributed as
evenly as p¢ssible over the calibration range, if possible carrying out the analyses-for all the compqunds
mentioned in Table 1 in one operation. The calibration graph prepared for a particular compound applieg only
to the conceptration range covered and shall be checked regularly by analysing reference solutions or ¢heck
samples, depending whether the results are calculated as in 10.1 or 10.2, respectively.

Table 2 give$ a key to the subscripts used in the text below.

Table 2 — Key to subscripts used

Subscript Meaning
i Compound
e Quantity measured in calibration
g Complete method

9.2 Calibration of part of the-method using external standards

This calibration applies solely-to the HPLC step and shall always be performed since it is needdd for
determining {he recovery rate (See 9.4) of individual compounds in the sample preparation steps and, possibly,
for carrying qut the method!

To calibrate part of<the”’method using external standards, plot a calibration graph for every compound fo be
determined byy injecting reference solutions of various concentrations (at least five), taking care to inje¢t the
same volumg for, calibration as for measurement To draw the graph, plot the measured values, y,, (peak area
or peak heigh or—each—eompouns v e s—and-the—asseciated—mass—eoeneen atior—p,,, in
micrograms per litre, on the horlzontal axis. Use the series of measured values thus obtalned to establlsh the
linear regression function (1) as follows:

Vie=m; Pio+b; (1)
where

v, isthe measured response for compound i at concentration p;, (the units will depend on the method of
evaluation, e.g. area units);

m; is the slope of the best-fit straight line for compound i (equivalent to the response factor for the
particular compound), e.g. in area units x litres per microgram (I/ug);

8 © I1SO 2006 — All rights reserved
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Pi. is the mass concentration of substance i in the working reference solution, in micrograms per litre
(Hgh);

b, is the intercept of the best-fit straight line for substance i on the vertical axis, in units which will

depend on the method of evaluation, e.g. area units.

When analysing samples, check the validity of this calibration regularly by analysing reference solutions
during a series of measurements. Retention times can also be updated during this operation. If the measured
values deviate from the associated nominal values by no more than 10 %, the original calibration is still valid
and can still be used. However, if any of the measured values are greater, it may be necessary to prepare
fresh reference solutions and, if the result is confirmed, recalibration will be necessary.

NOTIi Under the specified chromatographic conditions, calibration using an external standard usually remains valid
over a fairly long period of time. Variations are frequently due to changes in the concentrations of the teference solutions
or majfunctioning of the HPLC equipment.

9.3 [ Calibration of the complete method using external standards

Before carrying out calibration of the complete method, determine and, if necéssary, optimize the mean
recoVery rate of each compound in the sample (see 9.4).

To calibrate the complete method, spike at least five samples of water,(5.1) with different concentrations of the
compound to be determined, e.g. add 1 ml of the reference solutions\(6.13) concerned to 1 | of wpater. Analyse
the spiked water as specified in Clause 8.

Draw a calibration graph for each compound to be determined by plotting the measured valusgs, Vieg (peak
area por peak height), for each compound i on the vertical axis and the associated mass concentgation, Piegs in
micrqgrams per millilitre, on the horizontal axis and detefmine the best-fit straight line from the p4irs of values,
Vieg apd Piegs by linear regression using Equation (2):

ieg = Mig " Pieg +big )

wher

W

Yieg is the measured responsé\for substance i at concentration Pieg (the units will depend op the method
of calculation, e.g. area units);

Mig is the slope of the best-fit straight line for substance i, e.g. in area units x litres per micrpgram (I/ug);

Pieg is the mass Concentration of substance i in the spiked water, in micrograms per litre (ug/l);
b. is the dntercept of the best-fit straight line for substance i on the vertical axis, in unjts which will
depénd on the method of calculation, e.g. area units.

Chedk the ‘complete method regularly or as in the determination of the recovery rate (see 9.4) |by analysing
test $amples during a series of analyses, particularly if changes occur in sample processing, p.g. if a new
batchof adsorbentis used.

The recovery rate, 4;, is used in conjunction with the basic calibration and shall be checked regularly. If the
measured recovery rates agree with the mean recovery rate, 4;, to within the within-laboratory variance, the
calibration can be assumed to be stable and 4, can be used. If this is not the case, redetermine 4; (see 9.4).

9.4 Determination of recovery rates

Reliable recovery rate values are obtained if the recovery rate is determined at various concentration levels
evenly distributed over the working range, these levels preferably being the same as in the calibration of part

of the method using external standards. The value determined for the mean recovery rate, A4;, of a compound
can be used for calibration of the complete method.

© I1SO 2006 — All rights reserved 9
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To determine the mean recovery rate of a compound, spike samples of water (5.1) with the compound in
question by adding e.g. 1 ml of the appropriate reference solution to 1 | of water and analysing the solution as
specified in Clause 8.

Drinking water which does not give a blank value may be used instead of grade 1 water (5.1) to determine the
recovery rate.

Using the calibration graph prepared in 9.2, calculate the recovery rate at each concentration from
Equation (3) and then the mean recovery rate, 4;, from Equation (4):

_ PiNrec
AiNdef

4; N (3)

4;n s the recovery rate of compound i at concentration N;

5 the recovered mass concentration of compound i at concentration?N,” calculated psing
Equation (1), in micrograms per litre (ug/l);

Pi Nrec

P ndef 1B the given mass concentration of compound i at concentration N, in‘micrograms per litre (ug/

Z,’ zAi,N

)-

- (4)
where

A4; is the mean recovery rate of compound 7;

4;y  ipasin Equation (3);

n is the number of individual measured values of 4.
NOTE Wijth the ratio of the mass of adsorbent to sample volume specified in 8.1, a high recovery rate is ysually

obtained for the extraction step. Low or variable ‘values for the recovery rate indicate effects due to differences |in the
sample matrix] and/or difficulties in sample progessing, particularly in concentrating the extracts by evaporation (sge 4.2,
4.3 and 8.2).

10 Evaludtion

10.1 Calculation of individual results using the basic calibration

Calculate the mass_‘concentration, p,, of compound i, in micrograms per litre, in the water sample using
Equation (5) |(having-run both the sample and the reference solutions under the same conditions):

pi:(n):i _V:\%Z) ©)
where

Vi is the measured value for compound i in the water sample, e.g. in area units;

m;, b; see Equation (1);

Vo is the volume of the sample extract, in millilitres;

Ve is the volume of the extracted water sample, in millilitres;

A, see Equation (4).

10 © IS0 2006 — All rights reserved
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10.2 Calculation of individual results by calibration with external standards covering the
complete procedure

Calculate the mass concentration, Pig: of substance i, in micrograms per litre, in the water sample using
Equation (6):

pig:

(yig _big)

where

(6)

11

The

taker
unce
routin
accrg
combh
multi

ia is the measured value of substance i in the water sample, e.g. in area units;

b;

¢ See Equation (2).

ig?

xpression of results

nalytical results obtained with this International Standard are subject to-an-uncertainty which
into account when interpreting the results. Methods have been elaborated for the eval

needs to be
Lation of the

tainty, allowing the estimation of uncertainty from validation data obtained within a particul

ined standard uncertainty — expressed as the standard ‘deviation or the variation co
blied by an extension factor of 2. This corresponds to a cenfidence level of about 95 %.

The dincertainty is estimated using the repeatability standard coefficient (CV;) (see Annex D), m

The ¢
the u

NOTH
the m

For 4

(e.q.
unce

erived extended uncertainty, U, of the method serves as an guide, but it cannot replace the
hcertainty from intralaboratory data.

The uncertainty is concentration- and matrix-dependent, and its value increases when the wo
ethod is decreased.

different concentration range, the-uncertainty can be estimated from laboratory quality as
range control cards for duplicate determinations). Another method is interlaboratory
tainty of measurement may vary considerably with the type of sample.

The mass concentration of the*analytes determined shall be reported in micrograms per litre to t

r laboratory,

e quality assurance data (range control charts or mean control/charts) as well as other vplidation and
ditation data. Preferably, the uncertainty is stated as the extenhded uncertainty. For this purpose, the

fficient — is

iltiplied by 2.
estimation of

rking range of

surance data
testing. The

Vo significant

figurgs, but to only one significant figure below a concentration of 1 ug/l.
EXAMPLES

2,4 ,64Trinitrotoldene 11 pgl/l

Hexogen 8,9 g/l

1,3,5-Frinitrobenzene 8-6-pro

12 Test report

The test report shal include at least the following information:

a) areference to this International Standard (ISO 22478);

b) all details necessary for complete identification of the water sample;

c) t

he results, expressed as specified in Clause 11;

d) if applicable, details of any circumstances that may have affected the results.

©I1SO
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Annex A
(informative)

Examples of HPLC chromatograms

A.1 Chromatography conditions for chromatograms shown in Figure A.1

Analytical cdlumn: LiChrospher 100 RP-18 ), 250 mm x 3 mm, 5 pm
Mobile phasg (flow rate 0,4 ml/min): A: Methanol (CH;0H), B: water
Gradient (lingar) 0 min to 10 min: 40 % to 50\%' A
10 min to 22 min: 50 %A
22 min to 32 min: 50% to 65 % A
32 min to 42 min: 65 % A
42 min to 43 min: 65 % to 100 % A
43 min to 53 min: 100 % A
53 min to 70 min: 40 % A
Column temperature: 30°C
Volume injegted: 25 pl
Detection: PDA detector
(wavelengths selected: 210 nm, 230 nm, 254 nm, 360 nm)
Peak identification: See Table 1

1) LiChrospher 100 RP-18 is an example of a suitable product 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 product.

12 © IS0 2006 — All rights reserved
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Figure A.1 — Set of example chromatograms No. 1
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A.2 Chromatography conditions for chromatograms shown in Figure A.2

Analytical cplumn:

Mobile phage

(flow rate 0,4 ml/min):

Gradient (linear):

d) Detection at 360 nm

Figure A.1 (Continued)

Purospher 2), 250 mm x 3-mm, 5 ym
A: acetonitrile (CH4CN)/methanol (CH3OH) = 20 + 80 parts by volume

B: 10 mmol/l sodium dihydrogen phosphate solution adjusted to a pH of 4,5
with orthophosphoric acid

Column te perature:
Volume injected:
Detection:

Peak identification:

0 min te28 min: 35%1t055 %A
28-min to 40 min: 55 % t0 85 % A
40 min to 50 min: 85 % A

50 min to 51 min: 85 %1035 %A
51 min to 71 min: 35%A

36—2€

10 pl

PDA detector (wavelengths selected: 210 nm, 235 nm, 278 nm, 378 nm)

See Table 1

2) Purospher is an example of a suitable product 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 product.

14
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Figure A.2 — Set of example chromatograms No. 2
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Figure A.2 (Continued)

A.3 Chromatography conditions for chromatograms shownjin Figure A.3

Analytical column: LiChrospher 100 RP-18 3), 250 mmx 3 mm, 5 ym

Mobile phasg A: methanol (CH;0H), B: watet

(flow rate 0,35 ml/min):

Isocratic elutjon: A/B (53 + 47 parts by valume)

Column temperature: 21°C

Volume injegted: 20 ul

Detection: PDA detecton(wavelengths selected: 210 nm, 230 nm, 254 nm, 360 hm)
Peak identifi¢ation: See Table 1

3) LiChrospher 100 RP-18 is an example of a suitable product 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 product.
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Figure A.3 — Set of example chromatograms No. 3
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d) Detection at 360 nm

Figure A.3 (Continued)
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(informative)

UV spectra of compounds from Table 1

See set of example chromatograms No. 3 (Clause A.3) for conditions.

Y Y
25|F 15
20(F 0E
15| g
10 — 5 —
5|E- -
E oo bova by by g 777 T "1'"1'|"|‘|'>
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a) Picric acid b) Octogen
Y Y
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6
5 15
IA 5
3 2,5
2 0
0 bl
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c) Hexyl d) Hexogen
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20[E5\ g b\
15 f 6F
SE 2F
0E 0E
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Y detector response
Figure B.1 — UV spectra of selected explosives from Table 1
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