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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
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Introduction

Methods using flow analysis are automating wet chemical procedures and are therefore particularly suitable
for the processing of large sample series at a high analysis frequency (up to 100 samples per hour).

It is differentiated between flow injection analysis (FIA)['}:[2] and continuous flow analysis (CFA)[3l. Both methods
i i i i i ich the sample
analytes react with the reagent solutions on their way through the manifold. The sample prepargtion may be
ated into the manifold. The reaction product is measured in a flow detector.

The pser should be aware that particular problems could require the specificatiop,' of ‘additignal marginal
condjtions.

© I1SO 2005 — All rights reserved \"


https://standardsiso.com/api/?name=cb4c569d541b990c474f2497c5b4dfe9



https://standardsiso.com/api/?name=cb4c569d541b990c474f2497c5b4dfe9

INTERNATIONAL STANDARD ISO 11732:2005(E)

Water quality — Determination of ammonium nitrogen —
Method by flow analysis (CFA and FIA) and spectrometric
detection

WARINING— Persons using this International Standard should be familiar with normil laboratory
practice. This International Standard does not purport to address all of the safety (problems, if any,
assoiated with its use. It is the responsibility of the user to establish appropriate |safety and health
practices and to ensure compliance with any national regulatory conditions.

IMPQRTANT — It is absolutely essential that tests conducted according to this standard be carried
out hy suitably trained staff.

1 $cope

This |nternational Standard specifies methods suitable for the determination of ammonium nitrogen in various
typeq of waters (such as ground, drinking, surface, and waste.waters) in mass concentrations franging from
0,1 mg/l to 10 mg/l (in the undiluted sample), applying either-FIA (Clause 3) or CFA (Clause 4)/| In particular
cases, the range of application may be adapted by varying the operating conditions.

2 ormative references

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

ISO 3696:1987, Water for analyticaklaboratory use — Specification and test methods
ISO %667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling programmes
ISO $667-2, Water quality.~— Sampling — Part 2: Guidance on sampling techniques

ISO $667-3, Water qlality — Sampling — Part 3: Guidance on the preservation and handling of water
samples

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

3 Determination-a

spectrometric detection
3.1 Principle

The sample containing ammonium is injected into a continuous carrier stream by means of an injection valve
and is mixed with a continuously streaming flow of an alkaline solution. The ammonia formed is separated in a
diffusion cell from the solution over a hydrophobic semipermeable membrane and taken up by a streaming
recipient flow containing a pH indicator. Due to the resulting pH shift, the indicator solution will change its
colour which is measured continuously in the flow photometer. Additional information about this analytical
technique is given in references [4], [5], [6], [7] and [8].

NOTE Equipment following this principle using CFA instead of FIA is commercially available, however it has not been
validated.

© 1SO 2005 — All rights reserved 1
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3.2 Interferences

Volatile amines, if present, diffuse through the membrane and lead to a pH shift. If the concentrations of the
volatile amines (e.g. methylamine or ethylamine) are equal to those of the ammonium, higher results may then
be expected [12]. Significant concentrations of volatile amines can be reduced by distilling the sample adjusted
to pH 5,8 prior to the analysis.

In rare cases, it may be possible that the sample does not reach a pH of 12 after the addition of the alkaline
reagent solution, thus leading to a loss of ammonium because it will not be converted quantitatively into
ammonia. This may particularly occur with strong acidic or buffered samples. In these cases, the pH of the
sample shall be adjusted to the range of 3 to 5 by the addition of sodium hydroxide solution (3.3.2 or 3.3.3).

A high concgntration of metal ions that can precipitate as hydroxides will give poorly reproducible resulfg. The
addition of a[suitable complexing agent, such as ethylenedinitrilotetraacetic acid (EDTA), disodium(salt, {o the
alkaline reacfion solution (3.3.17) in sufficiently large concentration will prevent the interference .by|Cu, Zp, Fe,
Ca, Mg, and Al. A concentration of 30 g/l of ethylenedinitrilotetraacetic acid, disodiumsalt (3.3.4), in
solution R1 (B.3.17) is adequate for metal concentrations up to 0,2 mg/l each.
In the case of samples containing particulate matter, see 3.5 (last paragraph).

Samples with a total salt concentration of > 10 g/l shall be diluted prior to the measurement.

3.3 Reagénts
Apart from the reagents dealt with in the 3.3.6 and 3.3.7, use only reagents of “analytical grade quality for the
determination of nitrogen”, or, if not available, those of recognized>;analytical grade quality”. The ammg@nium
content of th¢ blank shall regularly be checked (3.6.3).

3.3.1  Water, of grade 1 as specified in ISO 3696:1987.

3.3.2 Sodium hydroxide solution I, ¢((NaOH) = 5 mol/l.

3.3.3 Sodium hydroxide solution Il, ¢((NaOH),= 0,01 mol/l.

3.3.4 Ethyflenedinitrilotetraacetic acid(EDTA)"), disodium salt, monohydrate, C4yH14N,Na,Og-H,0.
3.3.5 Bromocresol purple, C,,H,gBr,05S.

3.3.6 Bromothymol blue, C;7H,gBr,O5S.

3.3.7 Credol red, C,;H{gO%S.

3.3.8 Ammonium chloride, NH,CI, dried at 105 °C + 2 °C to constant mass.

3.3.9 Pot1ssium chloride, KCI.

3.3.10 Boric acid, H3BO;.

3.3.11 Hydrochloric acid solution I, ¢(HCI) = 0,01 mol/l.
3.3.12 Hydrochloric acid solution Il, ¢(HCI) = 0,1 mol/l.
3.3.13 Hydrochloric acid solution Ill, ¢(HCI) = 1,0 mol/l.

3.3.14 Sulfuric acid, p(H,SO,) = 1,84 g/ml.

1) Commonly known as ethylenediaminetetraacetic acid.

2 © 1SO 2005 — Al rights reserved
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5 Mixed indicator.

In a mortar prepare a dry mixture consisting of 10 g of bromocresol purple (3.3.5), 5 g of bromothymol blue
(3.3.6), 2,5 g of cresol red (3.3.7), and 45 g of potassium chloride (3.3.9).

The given quantities can be reduced (e.g. by one tenth).

3.31

6 Carrier solution, C (see Figure A.1).

Use water according to 3.3.1, degassed e.g. by reduced pressure.

3.31

Dissqlve in a graduated flask, nominal capacity 1 000 ml, 30 g of ethylenedinitrilotetraacetic’a

salt (

Add
wate

Dega

The
temp

3.31

Dissq
hydrg

The g
Filter|
This

3.31

Dilutg¢ 10 ml of the indicator’solution (3.3.18) with approximately 480 ml of water (3.3.1).

The
(3.3.3
wave

Degd
stand

H H b vt 24/ | A4\
F—Atkatinereactionsotutiom; Rt{seeFigure A-1)-

B.3.4) in approximately 800 ml of water (3.3.1), and add 12,4 g of boric acid (3.3.10).

100 ml of sodium hydroxide solution | (3.3.2) dropwise to the suspension and ‘make up to
(3.3.1).

s the solution by filtering it through the membrane filter assembly (3.4:2).

erature, it will be stable for one month.

B Indicator solution.

xide solution Il (3.3.3). Make up to volume with water (3.3.1).

olution should have a dark reddish colour.

off any undissolved particles.

solution may be stored at room temperature for three months in an amber glass bottle.

D Ammonia recipient solation, R2 (see Figure A.1).

bbsorbance of the~solution should be 0,3 to 0,5. Otherwise, add dropwise sodium hydroxi
) or hydrochleric/acid solution Il (3.3.13) until an absorbance value of 0,3 to 0,5 (path le
ength 590 nm) is obtained. Make up to 500 ml with water (3.3.1).

s and_purify the solution by the membrane filter assembly (3.4.2), fill it into the reagent reser
foratleast 2 h.

bid, disodium

volume with

pH of the solution will be approximately 13. Being stored in/a plastics bottle (polyethgne) at room

Ive in a 200 ml graduated flask 1 g of the mixed¢indicator (3.3.15) in a mixture of 50 ml of sodium

He solution I
ngth 10 mm,

voir and let it

Immediately before starting the measurement (3.6), Check the absorbance again and adjust, It need be, to the
absorbance range specified above by adding sodium hydroxide solution 1l (3.3.3) or hydrochloric acid I, 1l or IlI
(3.3.11 to 3.3.12) respectively.

This solution may be stored at room temperature for two weeks in a glass bottle.

3.3.20 Ammonium stock solution, po(N) = 1 000 mg/I.

Dissolve in a 1 000 ml graduated flask 3,819 g of ammonium chloride (3.3.8) in approximately 900 ml of water
(3.3.1), acidify to pH 2 by dropwise addition of sulfuric acid (3.3.14), and make up to volume with water (3.3.1).

This solution may be stored in a refrigerator for at most three months.

©1SO
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3.3.21 Ammonium standard solution I, po(N) = 100 mg/I.

Pipette 10 ml of the ammonium stock solution (3.3.20) into a 100 ml graduated flask, add approximately 80 ml
of water (3.3.1), acidify by dropwise addition of sulfuric acid (3.3.14), and make up to volume with water

(3.3.1).

This solution may be stored in a refrigerator for at most one week.

3.3.22 Ammonium standard solution II, o(N) = 10 mgl/I.

Pipette 1 ml of the ammonium stock solution (3.3.20) or 10 ml of the ammonium standard solution | (3.3.21)

into a 100
sulfuric acid

This solution|may be stored in a refrigerator for at most one week.

3.3.23 Calibration solutions

Prepare calibbration solutions by diluting the ammonium standard solutions | or Il (3.8.21 or .3.3.22). At
five calibratign standards per working range are recommended. As an example, if'six standards are ap

proceed for the working ranges | or Il respectively, as follows:

a) Working range I (1 mg/l to 10 mg/l):

— Pipette

ammonipm standard solution | (3.3.21), and make up to volumg with water (3.3.1).

— Thema
2 mg/l, 4 mg/l, 6 mg/l, 8 mg/l and 10 mgl/l.

b) Working range Il (0,1 mg/l to 1,0 mg/l):

— Pipette

ammonipm standard solution Il (3.3.22), and’make up to volume with water (3.3.1).

— The mags concentrations of ammonium, expressed as nitrogen, in these calibration solutions are 0,1
0,2 mg/l} 0,4 mg/l, 0,6 mg/l, 0,8 mg/l and 1,0 mg/l.

Prepare all calibration solutions freshly before use.

3.4 Apparatus

3.41 Flo

In general, thie flow injection system consists of the following components (see Figure A.1).

3.4141

3.41.2

3.413

3.41.4

1 <l tadl £l l alal + tal Q0 1 £ ry HAH 4 4 LL D L <l + PUPAHH
I yraudatCuTTasSN, aulu apPpPrUATITAteTy —OU 1T UT- wWatcT, aCluity  tU pPrT 2 Uy UTOpPgwisST auutt

3.3.14), and make up to volume with water (3.3.1).

into a series of 100 ml graduated flasks, 1 ml, 2 ml, 4 m], 6:ml, 8 ml and 10 ml respectively,

bS concentrations of ammonium, expressed as nitrogen, in these calibration solutions are 1

into a series of 100 ml graduated flasks; 1 ml, 2 ml, 4 ml, 6 ml, 8 ml and 10 ml respectively,

injection.system.

n of

least
plied,

bf the

mgl/l,

bf the

mgl/l,

Reagent reservoirs.
Low pulsation pump.
Suitable pump tubes, if required.

Injection valve with a suitable injection volume.

For working range |, an injection volume of 40 ul, for working range Il, a volume of e.g. 360 pl or 400 pl is
recommended.

© 1SO 2005 — Al rights reserved
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3.41.5 Diffusion cell with hydrophobic semipermeable membrane (e.g. made from
polytetrafluoroethene, PTFE).

EXAMPLES
thickness of membranes: 150 pym to 200 ym;
pore size: 0,5umto 2,0 ym;
porosity: 75 %.
3.41.6 Transport tubes and reaction coils, having an internal diameter of 0,5 mm to 0,8 mm, tube

connections and T-connections of inert plastic and with minimum dead volumes.

3.4.17 Photometric detector with flow cell, having a normal path length of 10 mm#0-40 mm and a
wavellength range 580 nm to 600 nm.

3.4.1|8 Recording unit (e.g. strip chart recorder, integrator or printer/plotter);” generdlly used for
evaldation of peak height signals.

3.4.1)9 Autosampler, if required.

3.4.2| Additional apparatus.

Usud| laboratory apparatus and the following.

3.4.2/1 Graduated flasks, of 100 ml, 200 ml and 1 000 mhcapacities.
3.4.2|12 Graduated pipettes, of 1 ml to 10 ml capacities.

3.4.2{3 Membrane filter assembly with membrane filters, having a pore size of 0,45 ym.

3.5 | Sampling and sample pretreatment

Take|samples in accordance with ISO 5667-1, ISO 5667-2 and ISO 5667-3.

Containers of glass, polyalkenes and ‘polytetrafluoroethene (PTFE) are suitable for sample collectjon. Clean all
contginers coming in contact with.the sample thoroughly with hydrochloric acid solutions I, 1l or[lll (3.3.11 to
3.3.1B) and rinse several times'with water.

Analyse the samples immediately after collection. For preservation times up to 24 h, add sulfuric a¢id (3.3.14) to
adjust to a pH of approximately 2 and store at 2 °C to 5 °C in the dark.

In exteptional cases, the sample may be stored up to two weeks, provided the sample has beep membrane-
filterdd after_acidification. The applicability of this preservation procedure shall be checked for each individual
case |of examination.

If the s prior to measurement

3.6 Procedure

3.6.1 Instrument set-up

Prior to measurement, continuously run the reagent solutions C, R1, and R2 for approximately 10 min through
the flow injection system, record and zero the baseline.

The system is operational when the baseline does not show any drift. A satisfactory signal-to-noise relation

should be obtained. Check the reagent blank and the operation of the membrane in accordance with 3.6.3.
The system is calibrated as described in 3.6.4.

© 1SO 2005 — All rights reserved 5
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3.6.2

Instrument performance check

In the analytical system, prepared according to 3.6.1, a calibration solution (3.3.23) having a concentration of
0,5 mg/l in working range Il (0,1 mg/l to 1,0 mg/l) or a concentration of 5,0 mg/l in working range | (1,0 mg/l to
10 mg/l) shall show an absorbance of at least 0,040 absorbance units per 10 mm path length. Otherwise, the

flow system i

s not suitable and it shall be replaced by a system which fulfils this requirement.

If the photometric detector does not give any absorbance readings, the absorbance may be determined by
comparing with an external absorbance-measuring spectrometer.

3.6.3 Reag

Wait for the |

In place of t
Record the |

If the absorb
used or the 4
may be faulty

Then run rea

3.6.4 Calibration

Select worki
separate cali

Before starti
appropriate.

Calibrate the|
measuremer]
mass concel

Determine th
it is not in co

The following

ent blank check
aseline to stabilize.
ne alkaline reagent solution R1, run water through the system until a stable sigpal.iS obtgined.
hange in absorbance.
ance changes by more than 0,1 absorbance units per 10 mm path length, either the water peing
Ikaline reagent solution may be contaminated with ammonium, or the semipermeable membrane
. Appropriate measures shall then be taken to remedy the fault.
gent solutions again.
ng range | or Il and prepare the calibration solutionscfor the selected working range (3.3.43). A
bration with at least five calibration solutions shall be\used for each working range.
ng the analysis, set the baseline as recommended by the instrument manufacturer, pr as
analyser with the calibration solutions"and a blank. The test conditions for the calibration arld the
t of samples (3.6.5) are the same. The magnitude of the measuring signal is proportional {o the
tration of ammonium, expressed-as nitrogen.
e sample concentrations,using the procedure specified by the analyser manufacturer as lopg as
ntradiction with this International Standard.
The calibratipn curve is determined in accordance with ISO 8466-1.
Equation (1)js-used:
a (1)

y=bp+

where

y

b

is the measured value, in terms of instrument-related units;

(instrument-related units x I/mg);

nitrogen in the calibration solutions;

a

is the ordinate intercept of the calibration function, in terms of instrument-related units.

Proceed as described in 3.6.5.

is the slope of the calibration function, expressed in instrument-related units x litres per milligrams

is the mass concentration, expressed in milligrams per litre (mg/l), of ammonium, expressed as

© 1SO 2005 — Al rights reserved
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3.6.5 Measurement
Analyse the samples in the same way as the calibration solutions using the flow injection system (3.4.1).

Dilute the sample or use another working range, if the mass concentrations exceed the validity range of the
selected working range.

Check the validity of the calibration function of the respective working range after each sample series, but at
the latest after the measurement of 10 to 20 samples, using one calibration solution each for the lower and
upper part of the respective working range. Perform a new calibration, if necessary.

4 DPetermination of ammonium nitrogen by continuous flow analysis (CFA) and
spectrometric detection

4.1 | Principle

In a ¢ontinuously flowing, gas-segmented carrier stream, ammonium present(in,the sample readts in alkaline
solution with hypochlorite (CIO™), which has previously been liberated from diehloroisocyanurate.

The ¢hloroamine formed reacts under catalysis of nitroprusside with salicylate at a temperaturg of 37 °C to

50 °Q to form a blue-green indophenol dye which is quantitatively measured in a flow photometer|at 640 nm to
660 nm.

Addijonal information concerning this analytical technique fiay be obtained from references [P], [10], [11],
and [[13].

NOTEH Equipment following this principle using FIA instead of CFA is commercially available, however it has not been
validgted.

4.2 |Interferences

Low-molecular amines react similarly te.ammonia and their presence will consequently lead tq erroneously
high fesults [12],

Interfrences may occur if, after,addition of all reagent solutions, the reaction mixture does not reach a pH of
at least 12,6. This primarily~happens with strong acidic and buffered samples, that are only gpproximately
neutrplized prior to analysis,

Meta] ions in high concentrations, which tend to precipitate as hydroxides, cause poor reproducibflity.

For g far-reaching removal of the interfering organic matrix (compounds with high molecular masses), the
sample can e dialyzed, e.g. by an on-line procedure.

Alternatively, the sample can be filtered through activated carbon, provided a change of th¢ ammonium
conc%mmmmmW' ' i i :

Particulate matter in the samples can clog the transport tubes and impede the spectrometric measurement. In
the case of larger particles (> 0,1 mm), it is necessary to filter the sample by membrane filtration, whereas
smaller particles can be removed by dialysis.

4.3 Reagents

In addition to the reagents listed in 3.3, with the exception of those described in 4.3.2 and 4.3.5, the following
reagents of “analytical quality grade” and those of "analytical quality grade for the determination of nitrogen"
shall be used.

4.3.1 Trisodium citrate dihydrate, NasCgH;0 - 2H,0.

© 1SO 2005 — All rights reserved 7
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4.3.2 Polyethylene glycol dodecyl ether, having a melting point of 33 °C to 41 °C, solution with mass
fraction of w = 30 %.

The solution is stable for approximately four weeks.
4.3.3 Sodium salicylate, NaC;H50;.
4.3.4 Sodium nitroprusside dihydrate [sodium nitrosopentacyanoferrate(ll)], Nay[Fe(CN)sNO] - 2H,0.

4.3.5 Sodium dichloroisocyanurate dihydrate (sodium 1,3-dichlorohexahydro-1,3,5-triazine-2,4,6-
trione), NaC;CI,N;05 - 2H,0.

4.3.6 Citrgte buffer solution, reagent solution R3 (see Figures A.2, A.3 and A.4).

In a 1000|ml graduated flask, dissolve 40 g of ftrisodium citrate dihydrate (4.3.1) ~and 1 ml of
polyethyleneglycol dodecyl ether (4.3.2) in water and make up to volume with water.

The solution fis stable for one week, if stored in a refrigerator in a brown-glass bottle.

4.3.7 Diluting solution, consisting of a buffer solution, such as citrate buffer solUtion (4.3.6), requirgd for
the applicatign with a dialyzer or a buffer solution or water may be used for the online dilution.

4.3.8 Sodjum salicylate solution, reagent solution R4 (see Figures A.2{A.3 and A.4).
In a 1000 ml graduated flask, dissolve 34 g of sodium salicylate {4:3.3), 0,4 g of sodium nitroprusside
dihydrate (4.3.4), and 1 ml of polyethyleneglycol dodecyl ether (4,3.2) in water and make up to volumg with
water.
The solution [may be stored in a refrigerator in a brown-glass:bottle for one week.

4.3.9 Sodijum dichloroisocyanurate solution, reagent solution R5 (see Figures A.2, A.3 and A.4).

In a 1000 nl graduated flask, dissolve 0,8 g, of:sodium dichloroisocyanurate (4.3.5) and 50 ml of sqdium
hydroxide sojution | (3.3.2) in water and make up‘to volume with water.

Prepare the solution fresh before use.

4.3.10 Segmentation gas (e.g. nitrogen), G (see Figures A.2, A3 and A.4).

4.4 Apparatus
4.41 Continuous flowsystem

In general the system comprises the following components (see Figures A.2, A.3 and A.4).

NOTE Figures A.2 and A.3 show flow systems with internal diameters of 2,2 mm. For Figure A.3, a device with on-
line dialysis is also applicable for the working range Il (0,1 mg/l to 1 mg/l ammonium, expressed as nitrogen). Figure A.4
shows a corresponding system with internal diameters of 1 mm.

4411 Sampler, or other appropriate devices which allow a reproducible sample introduction.
4.41.2 Reservoirs for carrier liquids and reagents.
4413 Low pulsating pump and suitable chemically inert pump tubes.

4414 Manifold with highly reproducible gas bubble feeding, sample and reagent feeding, with
appropriate transport systems and connection assemblies of e.g. glass, chemically inert plastic or metal.

8 © 1SO 2005 — Al rights reserved
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4415 Dialysis cell, made of a material that depends on the sample matrix, e.g. cellophane membrane,
if applicable.

In the lower part of Figure A.2, a device is shown with on-line dialysis that is also applicable for the working
range Il (0,1 mg/l to 1 mg/l ammonium, expressed as nitrogen).

Example of the separation size: maximum relative molecular mass for dialyzing molecules is between 5 000 to
14 000.

4.4.1.6 Continuous flow thermostat, controllable to about + 1 °C, suitable for maintaining constant
temperatures between 37 °C and 50 °C.

4.4.1(7 Spectrometric detector with continuous flow cell, having a path length maximum of 5 cm and
a wayelength range of 640 nm to 660 nm.

4.4.1(8 Recording unit, such as a strip chart recorder or a printer/plotter, generally dsed for|evaluation of
peak|height signals.

4.4.2| Additional apparatus.
See 3.4.2
4.4.3 Sampling and sample preparation.

See 3.5
4.5 (Procedure

4.51| Instrument set-up
Continuously run the reagent solutions for approximately 10 min through the system, and record the baseline.

The gystem is ready when the baseline will no longer show any drift. A satisfactory signal-to-fjoise relation
should be obtained.

4.5.2| Instrument performancecheck

In the analytical system({-prepared according to 4.4.1, a 0,5 mg/l calibration solution (3.3.23) in working
rangg¢ Il (0,1 mg/l to 1(0ymg/l) or a 5,0 mg/l calibration solution in working range | (1,0 mg/l to 10 mg/l) shall
exhilit an absorbange)of at least 0,10 per 10 mm path length. Otherwise, the flow system is nof suitable and
shall pe replaced.by a system that fulfils this requirement.

If thg photometric detector does not give any absorbance readings, the absorbance may be determined by
comparing 'with an external absorbance-measuring spectrometer.

4.5.3 Reagent blank check
Wait for a stable baseline.

Instead of reagent solutions, run water through the system until the signal is stable. Record the absorbance
change.

If the absorbance changes by more than 0,015 absorbance units per 10 mm path length, either the water
being used or the reagent solutions may be contaminated and shall be replaced.

Then run reagent solutions again.
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4.5.4 Calib

See 3.6.4.

ration

In addition, dose the calibration solutions into the manifold during a reproducible time period of at least 20 s by

means of an

appropriate device (e.g. with the aid of a sampler).

Before and after each calibration solution and during a likewise reproducible time period, the so-called
washing period, dose water.

Choose a sufficient washing time, so that the measured values of the calibration solutions do not show any
cross contanpiration:

4.5.5 Meagurement

See 3.3.5.

Analyse the

5 Calcul

Eamples, in the same way as the calibration solutions with the continuous flow-system (4.4.1).

ation

5.1 Evaluption

Determine th

e mass concentration of the determinand in the measuring solution using the measured

obtained as dlescribed in 3.6.5, from the calibration function [Equatioh (1), 3.6.4].

For the eval
selected. Ca

_ |
r b

where p is
nitrogen, in t

ation, use the appropriate calibration function.*Do not extrapolate beyond the working
culate p using Equation (2):

[

e sample.

See Equation (1) for the explanation of the other symbols.

In the calculd

tion, take into aecount all dilution steps.

5.2 Expression of results

Report result

s to tworsignificant figures at most.

value

ange

(@)

he mass concentration, expressed in milligrams per litre (mg/l), of ammonium expresse¢d as

EXAMPLE

Ammonium, expressed as nitrogen: 2,0 x 101 mg/l
9,2 mg/l
1,2 x 108 mg/l

6 Precision

Statistical performance data obtained by an interlaboratory trial are described in Annex B. It cannot be
excluded that the data are unsuitable for other matrices or concentration ranges.

10

© 1SO 2005 — Al rights reserved


https://standardsiso.com/api/?name=cb4c569d541b990c474f2497c5b4dfe9

ISO 11732:2005(E)

7 Testreport

The test report shall include the following information:

a) reference to this International Standard (ISO 11732:2004);

b) identity of the water sample;

c) specification of the procedure applied, in accordance with Clause 3 or Clause 4, respectively;

d) description of the sample pretreatment;

e) (I!escription of the type of instrument or of the flow conditions;
f)  éxpression of results in accordance with 5.2;
g) precision and trueness of the results, if available;

h) any deviation from this method and all events which may have influenced'the result.

© 1SO 2005 — All rights reserved 11


https://standardsiso.com/api/?name=cb4c569d541b990c474f2497c5b4dfe9

ISO 11732:2005(E)

Annex A
(informative)

Examples of flow analysis systems

1 2 3
A A

B N O T AVAV A :

R1 0,8

R2 2,0

J

Key
1 pump, flowrates in ml/min
2 injector [for introducing samples; sample volume:

— 40 (Il for working range | (1 mg/l to 10 mg/l)

— 360 [ul for working range Il (0,1 mg/l to 1,0 mg/l)
3 reactior] coil, internal diameter 0,5 mm to 0,8 mm, length 30°cm
4 gas difflision cell with PTFE membrane
5 detectof, wavelength = 580 nm to 600 nm
6 waste
C carrier dolution (3.3.16); flowrate: 2,0 ml/min
R1  alkaline|reaction solution (3.3.17)xflowrate: 0,8 ml/min
R2  ammonia recipient solution (3.3719); flowrate: 2,0 ml/min
Typical injection time: 20 st0.25 s
Typical overall retentionitime: 45 s

Higufe'A.1 — Example of a flow injection system (FIA) for working ranges | and Il
[~(N): 0,1 mg/l NH,—N to 10 mg/l NH,—N]
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G| 032
2

S| 0,32
-

R3| 0,23

R4| 0,32

R5| 0,32

Al 0,60

Key
1 pump, flowrates in ml/min

reaction coil, internal diameter 2,2 mm, length 25 cm

reaction coil, internal diameter 2,2 mm, length 50 cm

reaction coil, internal diameter 2,2 mm, length 100-cm, maintained at 37 °C to 50 °C
detector, wavelength = 640 nm to 660 nm

waste 1: gaseous waste (gas bubbles)

waste 2: aqueous (= debubbled) waste

© N o g B~ W N

Il
>

unsegmented reaction mixture, coming out of the detector; flowrate: 0,60 ml/min

®

segmentation gas (e.g. nitragen); flowrate: 0,32 ml/min
sample; flowrate 0,32,ml/min

R3 citrate buffer solution_(4.3.6); flowrate: 0,23 ml/min

R4 sodium salicylate ‘solution (4.3.8); flowrate: 0,32 ml/min

R5 sodium diehleroisocyanurate solution (2.5.9); flowrate: 0,32 ml/min

Typidal overatlretention time: 6 min

Figure A.2 — Example of a continuous flow system (CFA, macroflow) for working range |
[AN):0,Tmg/TNH,—Nto 1,0 mg/T NH,—N]
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1
G1| 0,16 ) 6
R3[| 0,42
8
S| 0,23
e 7
G2| 0,32
2 2 L
R3[| 0,42
®_> 9

R4| 0,32

R5| 0,32

Al 0,60

8

Key
1 pump} flowrates in ml/min
2 reactipn coil, internal diameter 2,2 mm, length 25 cm
4 reactipn coil, internal diameter 2,2 mm, length 100:cm, thermostatted at 37 °C to 50 °C
5 detector, wavelength = 640 nm to 660 nm
6 dialyzer
7 wastg 1: gaseous waste (gas bubbles)
8 wastg 2: aqueous (debubbled)waste
9=A unsegmented reaction mixture, coming out of the detector; flowrate: 0,60 ml/min
G1 segmentation gas (e(g--hitrogen); flowrate: 0,16 ml/min
G2 segmgntation gas\(e.g. nitrogen); flowrate: 0,32 ml/min
S sampl|e; flowrate: 0,23 ml/min
R3 citratg buffer solution (4.3.6); flowrate: 0,42 ml/min
R4 sodium salicylate solution (4.3.8); flowrate: 0,32 ml/min
R5 sodium dichloroisocyanurate solution (4.3.9); flowrate: 0,32 ml/min

Typical overall retention time: 6 min

Figure A.3 — Example of a continuous flow system (CFA, macroflow) for working range |
[o(N): 1,0 mg/l NH,—N to 10 mg/l NH,—N]
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