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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
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
be represented on that committee. International organizations, governmental and non-governmental, in

the right to

liaison with 1SO, also take part in the work. 1ISO collaborates closely with the International Electret]

Commissig

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 3.

The main task of technical committees is to prepare International Standards. Draft International”Standards

by the tech

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

In other ci
committee

— anISO

working group and is accepted for publication if it is approved by mofe than 50 % of the members of th

commi

— an ISO

tee andl is accepted for publication if it is approved by 2/3 of the members of the committee casting a vot

An ISO/PAS or ISO/TS is reviewed every three years with & view to deciding whether it can be transformec

Internation

Attention i
patent righ

ISO/TS 11
chemical,

Annexes A

n (IEC) on all matters of electrotechnical standardization.

nical committees are circulated to the member bodies for voting. Publication as an‘International S

may decide to publish other types of hormative document:

Publicly Available Specification (ISO/PAS) represents an agreenient between technical experts i

tee casting a vote;

al Standard.

ts. ISO shall not be held responsible-far;identifying any or all such patent rights.

B70 was prepared by Technical-Committee ISO/TC 147, Water quality, Subcommittee SC 2, A
biochemical methods.

and B of this Technical Specification are for information only.

echnical

adopted

tandard

cumstances, particularly when there is an urgent market requirement_for’such documents, a technical

an ISO

b parent

Technical Specification (ISO/TS) represents an agreenient between the members of a technical commit-

e.

into an

drawn to the possibility that some of the*elements of this Technical Specification may be the slibject of

Physical,
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TECHNICAL SPECIFICATION

ISO/TS 11370:2000(E)

Water quality — Determination of selected organic plant-treatment
agents — Automated multiple development (AMD) technique

1 Scope
The method described in this Technical Specification is applicable to the determination of selected-plan-treatment
agents and some of their main degradation products (metabolites) in drinking water, with a validated reporting limit of
about >{ 0,05 pg/l (see examples in Table 1). The method may be extended to include additional substances and
ground \vater, provided the method is validated for each individual case.
The selgction of the plant-treatment agents and main degradation products in Table 1 and Table A.2 has heen made
according to the knowledge at the time of the interlaboratory trial (1992). Data for sgme’other substances are given
in annex A.
Table 1 — Plant-treatment agents determinable by this method
Name Nflglﬁqcljlaar CAS No.? MOlg/rng)?Ss 1 2 Pezk in F;gure ':Q 6 7
Alachlof” C;4H,0CINO, 015972-60-8 269.8 6 6
Atrazing CgH14CINg 001912-24-9 215,7 2 4
Chlorfemvinphosb C1oH14Cl304P 000470-90-6 359,6 5 3
Chlortoluron® C1oH13CIN,O 015545-48-9 212,7 1
Cyanaz[neP CoH3CINg 0217252462 240,7 1 4
2,4-D CgHgCl,03 000094-75-7 221,0 4 1
MCPAP CgH ¢ClOg 000094-74-6 200,6 2 | 2
Metazag¢hlor C14H16CINZO 067129-08-2 2778 3 5
Metobrgmuron CgH11BrN,O» 003060-89-7 259,1 5 6
Metolachlor” C15H2,CINO; 051218-45-2 283,8 4 7
Metoxufon C10H13CIN,O, 019937-59-8 228,7 1 1
Monuroh® CyH7,CIN,O 000150-68-5 198,7 2 2
Parathign® C10H14NOsPS 000056-38-2 291,3 7 7
Pendimgthalin C13H19N304 040487-42-1 281,3 6 6
Propazi heP CgH1CINg 000139-40-2 229,7 3 5
Sebuthylazire? CgH16CINg 007286-69-3 229,7 2 3
Simazine C;H1,CINg 000122-34-9 201,7 1 2
2,4,5-T° CgHsCl304 000093-76-5 255,5 4 1
Terbutylazineb CgH15CINg 005915-41-3 229,7 3 4
Trifluralin® C13H16F3N30, 001582-09-8 335,3 8 8
Vinclozoline® C1,HgCl,NO5 050471-44-8 286,1 5 5
8 CAS No.: Chemical abstracts system.
b Not included in the precision data (Table A.2).
© 1SO 2000 — All rights reserved 1
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2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this Technical Specification. For dated references, subsequent amendments to, or revisions of, any of these publica-
tions do not apply. However, parties to agreements based on this Technical Specification are encouraged to investi-
gate the possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain reg-
isters of currently valid International Standards.

ISO 5667-1:1980, Water quality — Sampling — Part 1: Guidance on the design of sampling programmes.

ISO 5667-P:1991, Water quality — Sampling — Part 2: Guidance on sampling techniques.
ISO 5667-8:1994, Water quality — Sampling — Part 3: Guidance on the preservation and handling-of samples.

ISO 8466-1:1990, Water quality — Calibration and evaluation of analytical methods and estimation of performance
characterigtics — Part 1: Statistical evaluation of the linear calibration function.

ISO 8466-P:1993, Water quality — Calibration and evaluation of analytical methods and estimation of performance
characterigtics — Part 2: Calibration strategy for non-linear second order calibratiomfunctions.

ISO/TR 13b30:1997, Water quality — Guide to analytical quality control for vater analysis.

3 Interferences

3.1 Interferences with the extraction

The commercially available RP-C18 materials are often\of varying quality. Considerable batch-to-batch differences
regarding quality and selectivity of this material, even from one manufacturer, are possible. The recovery may vary
with the cohcentration. Co-extractants eluated from(thé sorbent material can affect the blank and the recovery. There-
fore the cdlibration and analysis shall be performéd on exactly the same batch of sorbent. Also any UV-absorbing
material o¢curring in the water which passes.through the procedure and has a similar migration distance tp that of
the refererjce standard will interfere. Suspended matter in the water sample may clog the packing. In this ¢ase the
water sample shall be filtered through a-.glass fibre filter prior to the extraction.

If the wate[ sample has been acidified to pH 2, humic substances will also be extracted. They may interfere|with the
determinatjon.

3.2 |Interferences with'the HPTLC measurement

A contamipated laboratory atmosphere may lead to interferences due to an uncontrolled contaminatiop of the
HPTLC-layer. Extremely concentrated solutions may crystallize during sample application, leading to incorrect quan-
tification. Hailure of the AMD vacuum will result in poor resolution.

Substances which absorb at the wavelengths of detection and have migration distances similar to those of the
compounds to be investigated will interfere with the determination. This shall be taken into account especially when
examining samples other than ground- and drinking water.

4 Principle

The substances in the water sample are extracted by solid-liquid extraction on RP-C18 material (RP = reversed
phase), eluated with a solvent and then separated by high performance thin layer chromatography (HPTLC), using
the Automated Multiple Development (AMD) technique. The detection and determination is performed by diffuse in-
situ reflection measurement at different UV-wavelengths.

2 © 1SO 2000 — All rights reserved
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5 Reagents

Water, solvents and reagents shall be of sufficient purity (e.g. residue grade, HPLC grade or AMD grade) and as far
as possible shall not contain any measurable UV-absorbing substances which could interfere with the compounds of

interest.

5.1 Hydrochloric acid , ¢(HCI) = 1 mol/l (for example).

5.2 Sodium hydroxide solution , ¢(NaOH) = 1 mol/l (for example).

53 A

54 G4

nitrogen.

55 Fo

5.6 So
CeH120

WARNIN

5.7 RH

NOTE (

ses, for drying, conditioning of the HPTLC plate in the AMD system and for evaporation; e:g.

rmic acid , w(HCOOH) = 98 % to 100 %.

Ivents , e.g. acetone, C3HgO; acetonitrile, CH3CN; dichloromethane, CH,Cls; 3,3-dimethyl-2-
ethyl acetate, C4HgO,; hexane, CgH14; methanol, CH3OH; 2-propanol, C3KHgO.

NG — These solvents are toxic agents. Caution shall be exercised whén-handling.

-C18 sorbent , for solid-phase extraction. For quality and selectivity of the material, see 3.1.

suitable according to 3.1.

5.8 Rs

5.9 So

ference standards (see Table 1), of high purity or gertified material.

lutions of the individual reference standards

high-purity

bxabutane,

ther solid-phase adsorbents may be used, if the performance is.comparable to this material and if it has heen proved

Place, for example, 50 mg of the reference standards (5.8) in a 100 ml volumetric flask. Dissolve it in methanol or in

another
NOTE 9§
Store th
pound g
solution
The soll

5.10 S

As ane
make uf

solvent (5.6) and make up to volume with-the solvent.

imazine is poorly soluble in acetonitrile.

b solutions at about 4 °C, protected from light. They are stable for at least one month depending g
f interest. For longer use(check regularly by comparison with an independent, preferably certifie
tion of vinclozoline-shall be prepared freshly every second day.

tock solution

amplespipette 1 ml each of the solution of the individual standards (5.9) into a 100 ml volumetrid
to volime with methanol or another solvent (5.6).

n the com-
d standard

flask, and

Store th
pound o

L s b L a4 O~ - . 1L L. Lok s el J b lol £ al b ) L Lo
c SUIULUTIS al dDUUL & U, pIULCLLL‘:u ITOTrTI IIQIIL. 1 Ill;'y alt Sladuic Ul at IEedst Ulie 1110111 UU}JCIIUIIIQ
f interest.

5.11 Reference solution for the multipoint calibration

Prepare

the solution by an adequate dilution of the stock solution (5.10), e.g. p; = 10 ng/pl.

Store the solution at about 4 °C, protected from light. It is stable for at least one week.

5.12 Reference solutions for the determination of the recovery

Prepare

the solution by an adequate dilution of the stock solution (5.10), e.g. p; = 20 ng/ml to 200 ng/ml.

© 1SO 2000 — Al rights reserved
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Store the solution at about 4 °C, protected from light. It is stable for at least one week.

5.13 Precoated HPTLC plates , with silica gel 60, 20 cm X 10 cm, preferably 100 m layer thickness, with fluores-
cence indicator.

The plate shall be prewashed before use (see 8.5.2).

6 Apparatus

Equipmen
could cau
fluoroethe

e unacceptable interference in blanks. It is recommended to use glass, stainless steel or.p
e (PTFE) and, for cartridges, also polypropylene.

6.1 Flat-ottom flasks or bottles for sampling, preferably brown glass, e.g. 1 000 ml and 2 000\ml, stoppH

ground glal
6.2 Grad
6.3 Volun
6.4 pH M
6.5 Vacu

6.6 Cartr
mercially &

6.7 Glas
sampling v

6.8 Boro

5S stoppers or with polytetrafluoroethene-lined screw caps,

Lated cylinders , e.g. 500 ml and 1 000 ml.

netric flasks , e.g. 10 ml, 25 ml, 50 ml and 100 ml.

eter .

m- or overpressure assembly , for sample enrichment anddextract concentration.

dges , from polypropylene or glass, filled with RP-C18-(e.g. internal diameter 9 mm, length 8 cm)
vailable prefilled cartridges.

b vessels with stopper , for the collection and<vaporation of the eluates (e.g. 5 ml graduated {
essels with conical bottom).

Cilicate glass fibre filter , diameter 0,75 pm to 1,5 pm, with inorganic binding material.

6.9 Equipment for the evaporation of the éluates , e.g. a rotary evaporator with vacuum stabilizer and t

ture-contrg

6.10 Mic
ing the sol

6.11 TLCQ
6.12 Hes

A drying o

lled water bath, or equipmentifor the evaporation of solvent with nitrogen.

olitre syringes , e.g. X00.ful, 250 pl and 1 000 pl, for the preparation of the reference solution and
ent to redissolve thezresidue of the evaporated eluates.

chamber , to.wash the HPTLC plates.
ting device), suitable to dry the HPTLC plates, e.g. temperature-controlled hot plate.

en‘with forced air recirculation is not suitable for this purpose.

fdues that

olytetra-

red with

or com-

lasks or

Empera-

for add-

6.13 Desiccator , to store the pre-washed and dried HPTLC plates.

6.14 Applicator , for the band-shaped application of the solution onto the HPTLC plates.

6.15 AMD system , with vacuum pump.

6.16 UV scanner, for measurement and evaluation of thin-layer chromatograms, preferably computer-controlled
and interfaced to a multicolour plotter.

Measurements below A\ = 200 nm require an instrument equipped with a photomultiplier, specifically suitable for

measurem

ents at A = 190 nm. Flush the monochromator housing with nitrogen.

© 1SO 2000 - All rights reserved
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7 Sampling and samples
To avoid interferences collect samples as stated below and according to ISO 5667-1, ISO 5667-2 or ISO 5667-3.

Use thoroughly cleaned, preferably brown, flat-bottom flasks (6.1). Rinse the flasks with the water to be sampled;
treat the ground glass stoppers or the lined caps in the same way.

Fill the bottles to the brim with the water to be examined.

Transport the cooled sample, protected from light.

Extract $ubstances from the water samples as soon as possible after sample collection.

If storage is unavoidable, keep the water samples at about + 4 °C in the dark or freeze them in suitable|containers
to apprgximately —18 °C. Half-filled glass bottles, welded into polyethylene bags, have proved\to’be apprppriate.

NOTE I the samples are stored at about + 4 °C for longer than 3 days, analyte losses may occur:

8 Proredure

8.1 General requirements

The same conditions (e.g. amount of adsorbent, type of cartridge,{conditioning, sample volume and flpw, eluting
steps and volumes) shall be used for all samples within one batch;xincluding the procedure recovery samples.

Low recpvery rates can occur from an insufficient amount of RP-C18 sorbent or an insufficient volume of methanol

for the gonditioning or elution step. Before analysing, theserconditions should be checked and optimizgd in each
laboratory. For typical recoveries, see annex A.

8.2 Conditioning of the RP-C18 material

For a water sample of 1 000 ml, place 1 g t0 2'g of RP-C18 material (5.7) into a cartridge or glass column or use an
adequate commercial device.

NOTE Hor more polar substances, e.g. metabolites, bad recoveries arise when using 1 g of RP-C18 for a 1 000 ml gample.
Rinse the RP-C18 material in_the cartridge or glass column with five times its bed volume of eluting solvent (see 5.6).
Rewash|with water (see-clause 5) (five times its volume) and use the moist carrier material for the extractjon.

The sorbent shall remain moist.

8.3 EXxtraction

If necessary remove suspended matfter by filiration through a glass fibre filter and record this in the final report.

If filtration is carried out, use spiked samples in order to verify that the recovery is not influenced by this additional
step.

Measure the water sample to be examined, e.g. 1 000 ml, adjust the pH from 6 to 8 with either hydrochloric acid (5.1)
or sodium hydroxide solution (5.2).

If acidic compounds are to be determined, adjust the pH to between 1,5 and 2 with hydrochloric acid (5.1) immedi-
ately before the enrichment step.

NOTE Some plant-treatment agents may be destroyed by pH adjustment (e.g. vinclozoline, parathion).

© 1SO 2000 — All rights reserved 5
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Pass the water samples through 1 g of adsorbent at a flow rate of between 3 ml/min to 15 ml/min. If 2 g of adsorbent
are used, the flow rate should not exceed 25 ml/min. Regulate the flow rate by adjusting the vacuum or the overpres-

sure respe

ctively.

Dry the sorbent, for example in a stream of nitrogen or air (at least 45 min at a flow rate of 200 ml/min of nitrogen or

air at room

temperature).

The degree of dryness can strongly affect the recovery rate. Therefore the analyst shall optimize this drying step.

8.4 Eluti

nn and enrichment

Elute with
acetonitrile

Place half

conical boftom.

Add, after
Transfer th

Carefully g
evaporator

Dissolve th
treatment

If trifluralin
second elu
vessels, sq
ature, loss

8.5 High

8.5.1 Ger

Set up the
backgroun

8.5.2 Pur

Thoroughly

at least 1 1.

At least 2 ml of solvent per gram of sorbent. For example, the following solvents may be used: m
, ethyl acetate, n-hexane. Elute in the following way.

of the respective quantity of the eluant onto the column or cartridge and elute intoa glass veq

hbout 15 min, the remainder of the eluant and collect the eluate in the same glass vessel as befo

oncentrate the eluate, for example by evaporation in a nitrogern'stream at about 35 °C, or with
under reduced pressure at about 30 °C. As an alternative, evaporate just to dryness.

e residue and make up to a defined volume, e.g. with 200 pl of methanol or another solvent. U
vill help to redissolve the substances.

is to be determined, the dried cartridge shall firstibe eluted with n-hexane as described. Subseq
tion is made, e.g. with methanol. The n-hexane~and methanol eluates are collected in two differsg
parately evaporated to a small volume and-analysed. Because n-hexane has a lower evaporating
ps of trifluralin can thus be minimized.

-performance thin-layer chromatography (HPTLC-AMD)

eral requirements

instrument in accordance with the manufacturer’s instructions before starting the analysis. Ensure
H and baseline driftare sufficiently low.

fication of the plates

ethanol,

sel with

e.

b residual solvent remaining on the sorbent by means of vacuum or overpressure into the receiving vessel.

a rotary

trasonic

uently a
nt glass
temper-

that the

wash’the HPTLC plates (5.13) before use, for example by completely immersing them in 2-propanol for

Dry at approximately 100 °C for at least 30 min, and keep the plates in a closed chamber until use, covered with a
clean glass plate (desiccator).

8.5.3 Application of the eluate

Apply 20 pl to 150 pl of the concentrated eluate (see 8.4) onto the HPTLC plate, preferably as bands with a length of
7 mm. The distance from the lower plate edge shall be 8 mm. The distance between the tracks shall be 3 mm. The
distance from the left and the right plate edge should be at least 20 mm.

Carefully d

ry the application zones, e.g. in a stream of ambient air.

© 1SO 2000 - All rights reserved
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It is advantageous to apply more diluted solutions. To avoid overloading effects, the eluates may be sprayed in por-
tions of, for example, three bands, parallel to each other with a distance apart of 2 mm.

8.5.4 Chromatography

Place the HPTLC plate in the separation chamber and start the run programme, e.g. focus ten times for 0,8 min, then
perform 23 runs, empty the mixer after run 15. The development time of the subsequent runs is: 1,1; 1,4; 1,9; 2,4;
3,0; 3,6; 4,1; 5,1; 5,8; 6,6; 7,4; 8,3; 9,3; 10,3; 11,2; 12,2; 13,3; 14,4; 15,4; 16,6; 17,6; 18,5; 22,2. As drying time
between the individual runs, choose 1 min to 4 min, depending on the layer thickness of the HPTLC plate and the
quality of the vacuum. A longer drying time may be necessary for the last run, e.g. 10 min for 3,3-dimethyl-2-

oxabutafpe, 10 avoid zone spreading. Before each run the Tayer 1S conditioned with €.g. nitrogen.

One of the gradients given in Table 2 may be chosen. If confirmation of the results is necessary, each gtadient can
confirm the other one.

NOTE By means of an alkaline development during the first runs, the interfering matrix, e.g. humic agids) is fixed at the start. The
acidic development during the later runs permits chromatography of the phenoxyalkane carboxylie acids without efution of the
humic adds.

Table 2 — Example of gradient programmes
Gradient | (see Figures 1 to 4)

Bottle Np. 1 2 3 4 5 6

Run 1to 10 11to 15 16 to 20 21to 25 26 to 30 31to 33
Drying time, min 3 3 3 3 3 3

Empty the mixer aftekiun 15

Solvent pomponents (volume portions)

Acetonitrile 30 - - - - -
Dichlorgmethane 70 100 100 100 - -
Hexane - - - - 100 100
Ammonia solution 0,1 - — - - -
Formic acid - - 0,1 0,1 - -

Gradient Il (see Figures 5 to 7)

Bottle Np. 1 2 3 4 5 6

Run 1to 10 11to 14 15 16 to 20 21to0 30 31 to 33
Drying tjme, min 3 3 3 3 3 3

Empty the mixer after run 14

Solvent components (volume portions)

ii?g;;]ti?r)illleZ(ggfkl)gtg\;iom me) 100 50 50 25 B B
Hexane - 50 50 75 100 100
Ammonia¢solution 0,2 - — - - -
Formic acid - = 0,5 0,5 - -

© 1SO 2000 — Al rights reserved
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[mV]

NOTE Fof peak allocation, see Table 1. ’\\.0

Figure 1 — Thin-layer chromatogram, %@A gel 60 WRF254 s, extra thin layer
Example 1: Gradient I: stan{@ solution 1; 100 ng/component

N
.\0

8 © 1SO 2000 - All rights reserved
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[mV]

A30(
A28(
A28(
A24(
A22(
A20(
1
100
(mm]
NOTE [For peak allocation, see Table 1. $\\'Q
Figure 2 — Thin-layer chromatograrm\gfica gel 60 WRF254 s, extra thin layer
Example 2: Gradient I sga\gsiard solution 2; 100 ng/component
O
N\
O
OC)
o
S

© 1SO 2000 — Al rights reserved 9
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30 —
[mV]
20 — 5
\
A300 i
A280
azs0 | 10 7
A240
A220 3
A200
19 0 s T |

NOTE Fof peak allocation, see Table 1.

Figure 3 — Thin-layer chromatogram, silica gel 60 WRF254 s, extra thin layer

Example 3: Gradient I: standard solution 3; 100 ng/component

100
[mm]

10

© 1SO 2000 - All rights reserved
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30 —
[mV]
20 —
| 2
ABOO
AP8O
a0 107
AP40
AP20 7
AP0O
A 0 e P
0

NOTE [For peak allocation, see Table 1.

Figure 4 — Thin-layer chromatogram;' silica gel 60 WRF254 s, extra thin layer
Example 4: Gradient I; standard solution 4; 100 ng/component

© 1SO 2000 — Al rights reserved
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A300
A280
A260
A240
A220
A200

A190

[mV]

NOTE Fof peak allocation, see Table 1.

12

Figure 5 — Thin-layer chromatogram, %x
Example 5: Gradient II: stand@’
b\

&
C)\\O

N

u@a gel 60 WRF254 s, extra thin layer

solution 1; 100 ng/component

100
[mm]
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30 —
[mV]
20 — 2
|
Z

A30
A28(
A6
A24
A22
A20

NOTE [For peak allocation, see Table 1.

Figure 6 — Thin-layer chromatogramy'silica gel 60 WRF254 s, extra thin layer
Example 6: Gradient II: standard solution 2; 100 ng/component

© 1SO 2000 — Al rights reserved
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NOTE Fof peak allocation, see Table 1.
Figure 7 — Thin-layer chromatogram, silica gel 60 WRF254 s, extra thin layer
Example 7: Gradient II: standard solution 3; 100 ng/component

8.5.5 Detgction
Record th¢ chromatograms with a UVy'scanner (6.16), for example at the following wavelengths: A\ = [190 nm,
220 nm, 240 nm, 280 nm and 300 nm.
It is recommended to superimpese the individual scans at the various wavelengths on a multicolour plotter fpr visual
evaluation
If necessaly, measurethe UV spectra in the range of 190 nm to 400 nm for identification or purity tests.
8.6 Blank monitoring
For qualityc pment to the

HPTLC chromatograms by analysing the same volume of water (see clause 5) corresponding to the sample
and following the analytical procedure in all steps (8.1 to 8.5). If interfering peaks are detected in the blank (typically
greater than 10 % of the lowest measured value), carry out systematic investigations to detect and eliminate the
source of contamination.

14
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8.7 Confirmation and identification of substances

NOTE Substances which absorb at the wavelengths of detection and have a migration distance 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- and drinking water. Depending on the quality of resolution, these interferences 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
standard are also an indication of interferences. Information on the identity and chromatographic purity of a compound allocated
by its migration distance may be obtained from the absorption spectra of the signals (see 8.5.5). In borderline cases, an independ-
ent method should additionally be used.

Characterize an individual compound in the chromatogram by comparing its migration distance with the migration

distancgofthereference—standard—Foracorrectassignment,thedifferencebetween-thecompared-migration dis-

tances ghould be less than 5 %.

NOTE To check the stability of the migration distances it is helpful to add an appropriate UV-absorbing substance ag a reference
peak to the final extract. For this purpose N-benzoylaniline (benzanilide) may be used.

If there Is no peak at the characteristic migration distance and the chromatogram is normal in all other regpects, the
substange is regarded as not being present.

If a peak corresponds to a reference standard, the presence of the substance_iS possible; the identity pf the sub-
stance ghall be confirmed by further analysis.

If the repponse of the measuring signals at different wavelengths for the’ sample and the reference starjdard (both
measur¢éments at similar concentration) agree to within << 10 % deviation)(related to the smaller value) the qualitative
result is|probable, in the case of drinking water it is very probable. Alternatively, the results, calculated indgpendently
(see clapse 9 to 10.2) at two (normally the most intense) different wavelengths, shall not differ by more thian 10 %.

A substéance being assigned by the migration distance may_be‘eonsidered as identified if the absorption gpectrum is
in agregment with that of the reference standard (explanations and instructions of spectrometer manufacfurers shall
be obsefved).

NOTE An additional confirmation is obtained if the quantitative results of two different gradients (Table 2) deviate by less than
10 %. Arother possibility is the confirmation by post-chromatographic derivatization reactions; furthermore the limit [of detection
may be Ipwered in this way. An alternative confirmation is obtained by the application of another procedure (e.g. gas chroma-
tography|GC, GC-mass spectrometry, or high-pérformance liquid chromatography HPLC).

9 Callbration

9.1 Gegneral requirements

Initially, |t is necessary-to determine the recovery rate. This recovery rate is obtained by the two following|calibration
steps:
a) calihration of\the HPTLC step by direct application of the reference solutions (9.2);

b) calirationtof the overall procedure (9.3) using water samples, spiked and extracted.

Both methods deliver information on the type of calibration function, migration distances and relative responses of
determinands.

The data obtained from the chromatograms (9.3) are compared with the previous (9.2) in order to calculate the
recovery rate (9.4) of each determinand.

For routine calibration, the procedure according to 9.2 should preferably be applied, with calibration carried out on
each individual HPTLC plate. The calibration function achieved for one substance is valid only for the calibration
range applied.

Adapt the working range to the real requirements (see clause 1). At least five different calibrating points, uniformly
distributed over the entire working range, are necessary.
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The subscripts used in the following context are defined in Table 3.

NOTE A second-order polynominal regression is described in the following. Within a restricted measuring range, a first-order
function may be used for the evaluation.

9.2 Calil
Establish 3
tities, resp
lutions as

Knowledgé

Establish t
The applic

Display thd

Table 3 — Definition of subscripts

Subscript Meaning
1 Identity of the substance
e Calibration step
g Overall procedure
] Consecutive figure for pairs of values

ration of the HPTLC step (Calibration with external standard, not covering the overall'proced
calibration function for each determinand 7 using at least five different concentrations or absolu

pctively. It is appropriate to examine all compounds mentioned in Table 1, with@as few multicompo]
possible.

ne calibration function by application of different volumes of the reference solution (5.11).
ation volume should not be less than 20 pl.

calibration function graphically.

ure)

e quan-
nent so-

of the migration distance of the individual substance under investigatiob is prerequisite. These fata are
determined with the solutions of the individual standards (5.9).

Plot the measuring values y;¢j (peak areas or peak heights, ‘respectively) for each substance % on the ordinate and
the associgted mass concentration p;e on the abscissa:
Determine|the second order function using the paits. of values y;e¢; and p;e; of the measuring series.
2
Yie = i * Pie + Qi * Pie + by (1)
where
Yie is the measuring value of substance % obtained from the calibration, depending on p;e; the unit depends on
thg evaluation; e.g. peak.height value;
m; is the coefficient)of the quadratic term of the calibration function of substance 7 (e.g. in peak height
valpie)/(ng/band)?;
Pie is the mass.concentration of substance ¢ (external standard in the reference solution), in ng/band;
a; is [the) coefficient of the linear term in the calibration function of substance 7 (e.g. in peak height
value)/(ng/band);
b; is the coefficient of the linear term in the calibration function of substance 7 (e.g. in peak height

value)/(ng/band).

9.3 Calibration with external standard, covering the overall procedure

Calibrate the overall procedure by fortification of control water samples (see clause 5) (e.g. 1 000 ml) with 1 ml of a
range (minimum 5) of reference solutions (5.12).

Extract, enrich and analyse these solutions following the analytical procedure.

16
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Display the calibration function graphically, using the pairs of values y;eg; and p;eq; as described in 9.2.

Determine the second-order function using the pairs of values y;eg and p;eq; Of the measuring series:

Yieg

where

—_ . 2 .. . .
= Myg * Pieg T Qig * Pieg T big

)

Yieg is the measuring value of substance ¢, obtained from the calibration as a function of p;eq; the unit depends on

Pieg

mig

aig

big

9.4 Dsd

Reliable
different
cific rec

Add to, 1
ceed in

Calculate with the aid of the calibration procedure according to 9.2 the substance-specific mean recovery

substan
A;
where 1)
Ain

where

N
£ Ai/N
N=1

ha aovaliiatinn a o naal hainaht valiia:
he-evaluation—e-g—peak-height-value;
s the mass concentration of substance ¢ in the spiked control water sample, in ng/l;

s the coefficient of the quadratic term in the calibration function of substance 7 \(€.g. in p
alue)/(ng/l)%;

s the coefficient of the linear term in the calibration function of substance 7 (€.g+~in peak height v3

s the ordinate intercept of the calibration line of substance ¢ (e.g. in peakheight values).

termination of the procedural recovery values

recovery data are obtained from analysis of water and-fortified control water samples (see ¢
concentration levels, equidistantly spread over the working range. From these individual results a
pvery A; is calculated.

or example, 1 000 ml of water (see clause 5) 1 ml'each of the respective reference solutions (5.1
he same way as described for a natural sample.

ce 4 with equations (3) and (4). A;/has to be calculated for a typical water.

/ is the number ofindividual measuring values A;.

_ Pinfd f

Pin, nom

bak height

lue)/(ng/l);

ause 5) at
mean spe-

P) and pro-

A, for the

@)

(4)

Ain

Pinfd

Pin, nom

f

is the recovery of substance ¢ at the concentration level n;

is the found mass concentration of the substance ¢ at the concentration level n, calculated with e
in 9.3, in ng/l;

is the given (nominal) mass concentration of the substance ¢ at the concentration level n, in ng/l;

is a factor, here 100.

quation (2)

NOTE With the extraction procedure described in clause 8, high recoveries (see Table A.1 in annex A) will normally be achieved.

Low and

diverging recoveries indicate matrix effects and/or problems with the extraction (e.g. insufficient drying).

© 1SO 2000 — Al rights reserved
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10 Evaluation

10.1 Calculation of the individual result using external standard calibration

Calculate, with equation (5), the mass concentration p; of substance % in the water sample:

Pi =

ai ai  bi—y Vo

_ _ (3

2m; 4m? m; Vo-Va-A;- f

where
Ps
Yi

a;, b;, m;

10.2 Cal
overall pr

is the mass concentration of the determinand 7 in the water sample, in ng/l;

is the measuring value of the determinand 2 in the measuring solution, e.g. peak height value;
see equation (1);

is the volume of the measuring solution from which the applied sample-is taken, in ml;

is the volume of the extracted water sample, in ml;

is the volume applied of the measuring solution, in ml;

is the conversion factor, here f = 105;

see equation (3).

culation of the individual results for the'calibration with external standard, covering the
pcedure

Calculate the mass concentration p;q of the-substance ¢ in the water sample with equation (6):

Pig =

where

Pig

Yig

2
Qig Aig~ big~ Yig

Zmig 4mi92 Mg

is theandss concentration of the determinand ¢ in the water sample, in ng/l;

is isthe measuring value of the determinand ¢ in the water sample, e.g. peak height value;

Qig, big, Mig SE€E equation (2).

11 Expression of results

®)

(6)

The mass concentration of the individual plant-treatment agents are reported in micrograms per litre to not more than
two significant figures.

EXAMPLES

Chlorotoluron 0,08 pg/l

Atrazine 0,12 pg/l

18
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