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National foreword

This British Standard has been prepared by Subcommittee EH/3/2 and is the
English language version of EN ISO 13395:1996 Water quality — Determination
of nitrite nitrogen and nitrate nitrogen and the sum of both by flow analysis (CFA
and FIA) and spectrometric detection published by the European Committee for
Standardization (CEN). It is identical with ISO 13395:1996 published by the
International Organization for Standardization (ISO).

NOTE The tests described in this British Standard should only be carried out by suitably qualified
persons with an appropriate level of chemical expertise. Standard chemical procedures should be
followed throughout.

Cross-references

Publication referred to Corresponding British Standard

IS0 3696:1987 BS EN ISO 3696:1995 Water for analytical laboratory
use. Specification and test methods
BS EN 25667 Water quality. Sampling

ISO 5667-1:1980 Part 1:1994 Guidance on the design of sampling
programmes

ISO 5667-2:1991 Part 2:1993 Guidance on sampling techniques

ISO 5667-3:1994 BS 6068 Water quality

Part 6 Sampling
Section 6.3:1996 Guidance on the preservation and
handling of samples

ISO 6777:1984 BS EN 26777:1993 Water quality. Physical, chemical
and biochemical methods. Determination of nitrite:
molecular absorption spectrometric method

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages 1 and ii,
the EN title page, pages 2 to 18, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on
the inside front cover.

ii
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Foreword

The text of the International Standard

ISO 13395:1996 has been prepared by Technical
Committee ISO/TC 147, Water quality, in
collaboration with Technical Commaittee
CEN/TC 230, Water analysis, the secretariat of
which is held by DIN.

This European Standard shall be given the status of
a national standard, either by publication of an
identical text or by endorsement, at the latest by
January 1997 and conflicting national standards
shall be withdrawn at the latest by January 1997.

According to the CEN/CENELEC Internal
Regulations, the national standards organizations
of the following countries are bound to implement
this European Standard: Austria, Belgium,
Denmark, Finland, France, Germany, Greece,
Iceland, Ireland, Italy, Luxembourg, Netherlands,
Norway, Portugal, Spain, Sweden, Switzerland and
United Kingdom.
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1 Scope

This International Standard specifies a method for
the determination of nitrite(N) (see note 2),
nitrate(N) or the sum of both [nitrite/nitrate(N)], in
various types of waters (such as ground, drinking,
surface, and waste waters) in mass concentrations
ranging from 0,01 mg/l to 1 mg/l for nitrite(N) and
from 0,2 mg/l to 20 mg/1 for nitrite/nitrate(N), both
in the undiluted sample. The range of application

can be changed by varying the operating conditions.

NOTE 1 Seawater may be analysed with changes in respect to
sensitivity and adaptation of the carrier solution and calibration
solutions to the salinity of the samples.

NOTE 2 The following concise terms are used in the text of this
International Standard:

nitrite(N): (mass concentration of) nitrite,
expressed as nitrogen
nitrate(N): (mass concentration of) nitrate,

expressed as nitrogen
nitrite(N)/nitrate(N): (mass concentration of) the sum

of nitrite(N) and nitrate(N)

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of
publication, the editions indicated were valid. All
standards are subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of
applying the most recent editions of the standards
indicated below. Members of IEC and ISO maintain

registers of currently valid International Standards.

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

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

IS0 5667-2:1991, Water quality — Sampling —
Part 2: Guidance on sampling techniques.

ISO 5667-3:1994, Water quality — Sampling —
Part 3: Guidance on the preservation and handling
of samples.

ISO 6777:1984, Water quality — Determination of
nitrite — Molecular absorption spectromeiric
method.

3 Principle

3.1 Sum of nitrite(N) and nitrate(N),
nitrite/nitrate(N)

With flow injection analysis (FIA), the sample is fed
into a continuously flowing buffer solution (carrier
stream) by means of an injection valve, or, with
continuous flow analysis (CFA) being applied, it is
continuously mixed with this buffer solution.
Nitrate in the sample is reduced with metallic
cadmium to nitrite!*!. Then, a phosphoric acid
reagent solution that is also flowing continuously is
admixed. Nitrite that is initially present and nitrite
resulting from the reduction of nitrate will diazotize
sulfanilamide in acid solution to the diazonium salt
which is then coupled with
N-(1-naphthyl)ethylenediamine to form a red

dye [ [6})[7].

Waste containing cadmium in liquid or solid form
shall be removed appropriately.

3.2 Nitrite(N)

Nitrite(N) is determined, omitting the cadmium
reduction, directly by the above-mentioned
diazotization and coupling reaction!®l. The chemical
reactions of the nitrite are identical with those in
the manual procedure (see ISO 6777).

3.3 Nitrate(N)

The mass concentration of nitrate(N) is given by the
difference: nitrite/nitrate(N) — nitrite(N).

4 Reagents

If not stated otherwise, only reagents of recognized
analytical grade and water according to grade 1 of
ISO 3696 shall be used. The blank value of the
reagents shall be checked regularly (see 9.3).

4.1 Phosphoric acid (HsPOy), p = 1,71 g/ml.

4.2 Sulfanilamide (4-aminobenzenesulfonamide,
CgHgN5055).

4.3 N-(I-naphthyl)ethylenediaminedihydrochloride
[N-(1-naphthyl)-1,2-
diaminoethanedihydrochloride), C;5H1gN5Cly].

4.4 Sodium nitrite (NaNOy), dried to constant mass
at, for example, 150 °C.

4.5 Potassium nitrate (KNOjy), dried to constant
mass at, for example, 150 °C.

4.6 Imidazole (CsH4Ny), for synthesis, or
alternatively ammonium chloride (NH,Cl), dried
to constant mass at 105 °C (see note 3).

4.7 Hydrochloric acid I (HCI) concentrated,
w =37 %.

© BSI 10-1998
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4.8 Hydrochloric acid II, c(HCI) = 1 mol/l.

4.9 Copper sulfate solution I,

p(CuS0O, 5H50) = 2,5 g/l; this solution is stable.
4.10 Copper sulfate solution II,

p(CuS0O, 5H50) = 20 g/l; this solution is stable.
4.11 Polyethyleneglycol dodecyl ether

[HO — (CHyCH;, - 0),, — C19Hgl,

surfactant, § = 33 °C to 41 °C, solution, w = 30 %.
The solution is stable for approximately 4 weeks.

4.12 Cadmium granulate (Cd), grain size, for
example 0,3 mm to 1,5 mm (a minimum reduction
capacity of 90 % shall be reached; see 5.1 and 5.2).

4.13 Imidazole stock solution, ¢ = 0,25 mol/l.

Dissolve, in a beaker of nominal

capacity 1 litre, 17,0 g of imidazole (4.6)

in approximately 900 ml of water.

While stirring with a magnetic stirrer, add
hydrochloric acid I (4.7) and adjust, with the help of
a pH electrode, the pH to 7.5.

Transfer to a volumetric flask, of nominal
capacity 1 000 ml, and dilute to volume with water.

The solution is stable for 4 weeks if kept in a brown
glass bottle at room temperature.

4.14 Buffer solution

Mix 100 ml of the imidazole stock solution (4.13)
with 100 pl of copper sulfate solution I (4.9).

Prepare the solution freshly before use.

NOTE 3 Alternatively an ammonium buffer solution can be
used, for example:

85 g of ammonium chloride (NH4CI) should be dissolved in water
and diluted to a volume of 1 000 ml, and the pH should be
adjusted to approximately 7,5.

4.15 Carrier or dilution solutions, C and B

in Figure A.1, Figure B.1 and Figure C.1.
Table 1 shows some well-known options for
preparing these solutions.

Prepare the solutions, containing the
surfactant (4.11), freshly before use.

Prior to use, solutions C and B for FIA shall be
degassed, for example by membrane filtration
(vacuum).

Table 1 — Options for preparing the solution C
and B in Figure A.1, Figure B.1 and Figure C.1

Method Parameter Content of Contents of
solution C solution B
(see Figure A.1, | (see Figure A.1,
Figure B.1 and | Figure B.1and
Figure C.1) Figure C.1)
FIA Nitrite Water Water? Buffer
(4.14)" No
solution B?
Nitrite/nitrate | Buffer Buffer (4.14)
(4.14)
CFA  |Nitrite “C”isnot  |Waterab
necessary |Buffer
(4.14)"
No
solution BP
Nitrite/nitrate|“C” is not Buffer (4.14)"
necessary

2 Three different alternatives.

bTf in the case of CFA, water or buffer (4.14) is used as solution
B and 1 ml of surfactant (4.11) per 1 litre of solution is added. If
solution B is omitted, the surfactant (4.11) has to be added to
the reagent solution R; (4.17, see Figure A.1, Figure B.1 and

Figure C.1).

4.16 Buffered copper sulphate solution

Mix 20 ml of the copper sulfate solution II (4.10)
and 20 ml of the imidazole stock solution (4.13) in a
beaker of nominal capacity 50 ml.

Prepare the solution freshly before use.

4.17 Reagent solution, Ry (in Figure A.1, Figure B.1
and Figure C.1).

Dissolve, in a volumetric flask of nominal
capacity 500 ml, 5 g of sulfanilamide (4.2), 0,5 g of
N-(1-naphthyl)ethylenediaminedihydrochloride
(4.3) in water, add 50 ml of phosphoric acid (4.1),
and dilute to volume.

Stored in a brown glass bottle, the solution is stable
for at least one week.

NOTE 4 For the preparation of this reagent solution,
hydrochloric acid (4.7, 4.8) may be used instead of phosphoric
acid, provided equivalent performance characteristics are
obtained. The solutions of sulfanilamide (4.2) and
N-(1-naphthyl)ethylenediaminedihydrochloride (4.3) can also be
made separately and dosed into the equipment by different lines.
Prior to use, solution Ry for FIA shall be degassed,
for example by membrane filtration (vacuum).

© BSI 10-1998
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4.18 Nitrite(N) stock solution,pn = 100 mg/l.

Dissolve 492,6 mg of sodium nitrite (4.4) in water, in
a volumetric flask of nominal capacity 1 000 ml, and
dilute to volume.

This solution is stable for at least 2 weeks if kept in
a stoppered glass bottle at 4 °C.

4.19 Nitrite(N) solution I, pyy = 20 mg/l.

Pipette 20 ml of the stock solution (4.18) into a
volumetric flask of nominal capacity 100 ml, and
dilute to volume with water.

Prepare the solution freshly before use.

4.20 Nitrite(N) solution I, pyy = 1 mg/l.

Pipette 1 ml of the stock solution (4.18) into a

volumetric flask of nominal capacity 100 ml, and
dilute to volume with water.

Prepare the solution freshly before use.

4.21 Nitrate(N) solution I, piy = 200 mg/1.

Dissolve 144,4 mg of potassium nitrate (4.5) in
water, in a volumetric flask of nominal

capacity 100 ml, and dilute to volume.

The solution is stable for at least 1 month.

4.22 Nitrate(N) solution II, piy = 20 mg/l.

Pipette 10 ml of the nitrate solution I (4.21) into a
volumetric flask of nominal capacity 100 ml, and
dilute to volume with water.

Prepare the solution freshly before use.
4.23 Calibration solutions

The calibration solutions are prepared by diluting
the respective solutions described in 4.19 to 4.22.
These solutions may be used in any combination for
the preparation of calibration solutions for the
determination of nitrite(N), nitrite/nitrate(N) or
nitrate(N). At least five calibration standards per
working range are recommended.

The following working ranges are provided:

For nitrite(N): Working range II:
0,01 mg/l to 0,1 mg/l
Working range I:
0,1 mg/l to 1,0 mg/l
Working range II:
0,2 mg/l to 2 mg/l

Working range I: 2 mg/l
to 20 mg/l

For nitrite/nitrate(N):

Proceed, for example, as recommended in Table 2
and Table 3 (if 10 standards are used).

All calibration solutions shall be prepared
immediately before measurement.

Table 2 — Preparation of the calibration solutions for nitrite(N)

Volume; of nitrite(N) o Volume‘ of nitrite(N)
Nty comcomracion | G080 1| ety e 619
to 100 ml to 200 ml
mg/l ml mg/l ml

0,01 1 0,1 1
0,02 2 0,2 2
0,03 3 0,3 3
0,04 4 0,4 4
0,05 5 0,5 5
0,06 6 0,6 6
0,07 7 0,7 7
0,08 8 0,8 8
0,09 9 0,9 9
0,10 10 1,0 10

© BSI 10-1998
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Table 3 — Preparation of the calibration solutions for nitrite/nitrate(N)

Volume of nitrate(N) Volume of nitrate(N)
St cmcnenion | RGTAGE | N |
. :o 100 ml to 100 ml
mg/l ml mg/l ml
0,2 1 2 1
0,4 2 4 2
0,6 3 6 3
0,8 4 8 4
1,0 5 10 5
1,2 6 12 6
1,4 7 14 7
1,6 8 16 8
1,8 9 18 9
2,0 10 20 10
5 Apparatus 5.2 Continuous flow analysis (CFA), normally

Usual laboratory apparatus and

5.1 Flow injection system (FIA), normally
comprising the following components

(see Figure A.1).
— Reagent reservoirs.

— Low pulsation pump.

— Suitable pump tubing, if required.

— Sample injector with an injection volume

of 10 pl to 300 pl.

— If nitrite/nitrate(N) or nitrate(N) is to be

determined: cadmium reductor with a minimum
reduction efficiency of 90 %, e.g. packed cadmium

column with granulate (4.12), of internal
diameter 4,0 mm, for example, and minimum

length 5 cm.

— Transport tubes and reaction coils of internal

diameter 0,5 mm to 0,8 mm, with tube

connections and T-connections of chemically inert
plastics.

— Dialysis cell, if required, with, for example, a
cellulose membrane, suitable for the predilution
of the sample or the elimination of interfering
compounds.

NOTE 5 The dialysis cell should be placed after the injector
(see Figure A.1). The carrier solution C may serve as a donor
and also as a recipient solution. The flow rates of these two
streams should be equal.

— Photometric detector with flow cell,
wavelength range 520 nm to 560 nm.

— Recording unit (e.g. strip chart recorder,
integrator or printer/plotter). In general, peak
height signals are evaluated.

— Autosampler, if required.

comprising the following components
(see Figure B.1):

— Autosampler or any other device allowing a
reproducible application of the sample.

— Reagent reservoirs.

— Low pulsation pump with suitable, chemically
inert pump tubes.

— If mitrite/nitrate(N) or nitrate(N) is to be
determined: cadmium reductor with a minimum
reduction efficiency of 90 %, e.g. cadmium

tube [1% of internal diameter 1,1 mm or cadmium
column (see 5.1).

— Manifold with highly reproducible gas-bubble
feeding (nitrogen is recommended), sample and
reagent feeding, with appropriate transport
systems and connection assemblies of chemically
inert plastics or metal. The application of the
cadmium reductor requires oxygen-free gas.
Before entering the cadmium column the flow
stream has to be debubbled, if air is used for
segmenting the flow stream.

— Dialysis cell, if required, with, for example, a
cellulose membrane, suitable for the predilution
of the sample or the elimination of interfering
compounds.

— Photometric detector with flow cell,
wavelength range 520 nm to 560 nm.

— Recording unit (e.g. strip chart recorder,
integrator or printer/plotter). In general, peak
height signals are evaluated.

NOTE 6 Figure B.1 describes two flow systems with an
internal diameter of approximately 1 mm. Figure C.1 shows a

flow system (for the determination of nitrite/nitrate(N) with
an internal diameter of 2,2 mm.

© BSI 10-1998
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5.3 Volumetric flasks, of nominal
capacity 100 ml, 500 ml and 1 000 ml.

5.4 Pipettes, of nominal capacity 100 pl, 1 ml
to 10 ml, 20 ml, 50 ml and 100 ml.

5.5 Beakers, of nominal capacity 25 ml, 50 ml
and 1 litre.

5.6 Syringe, of nominal capacity 25 ml.

5.7 Membrane filter assembly, with membrane
filters of pore size 0,45 pm.

5.8 pH electrode

6 Checking the flow system

A calibration solution (4.23) with a nitrite(N)
concentration of 0,05 mg/l, or a nitrate(N)
concentration of 1 mg/l, measured in the system
(FIA or CFA, respectively) which is adjusted to the
lower working range, should give an absorbance of
at least 0,04 per 10 mm path length.

NOTE 7 Ifthe photometric detector (see 5.1 or 5.2) does not give
any absorbance readings, the absorbance may then be
determined by comparing with an external
absorbance-measuring photometer.

7 Sampling and sample preparation

Before use, all containers coming into contact with
the sample shall be cleaned thoroughly with water
and shall be rinsed several times with the samples.
(See ISO 5667-3.)

If only nitrite is to be determined, collect the sample
in a glass or polyethylene bottle and analyse it at
once. Proceed in the same way, if nitrate is to be
determined and if the nitrite(N) concentration is at
least in the same working range as the nitrate(N)
concentration.

If only nitrite/nitrate(N) is to be determined, or
nitrate(N) in samples with nitrite(N) concentrations
below the respective nitrite/nitrate(N) working
range, sample containers made of polyalkylene and
polytetrafluoroethylene (PTFE) are also suitable.
Acidify these samples with hydrochloric

acid (4.7 and 4.8) to approximately pH 2, store

at 2 °C to 5 °C and analyse within 24 h.

As an exception, the samples may be stored in the
freezer at approximately — 20 °C for 8 d, provided
the applicability of this preservation has previously
been checked.

Provided that significant loss of nitrate/nitrite is
excluded, filtration of the sample is necessary if it
contains particulate matter of a particle

size > 0,1 mm (risk of clogging the transport tubes).

8 Interferences

8.1 Interferences of a general nature

Nitrite cannot be stabilized and shall immediately
be analysed (see clause 7).

Particulate matter present in the sample may lead
to clogging of the transport tubes and will interfere
with the photometric measurement. Larger
particles (> 0,1 mm) can be removed by membrane
filtration, smaller particles can be removed suitably
by dialysis.

In order to remove an interfering organic matrix
(compounds with a higher molar mass), the sample
may be dialysed, if need be in an online process. As
an alternative, the sample may be filtered through
activated carbon, provided changes of the nitrite or
nitrate mass concentration in the sample can be
ruled out.

The self-absorption of the sample can be
compensated by measuring, in addition to the
sample signal (9.5), the signal of the sample without
the admixture of the reagents. In this case, the
difference of the two responses is used for the
evaluation (according to clause 10).

Prior to the measurement, dilute samples with a
total salt concentration of > 30 g/1.

8.2 Interference with the reduction of nitrate
to nitrite

Interferences may occur if the sample, after the
admixture of the buffer solution, does not reach a
pH of 6,5 to 7,5. This may happen with strongly acid,
basic or buffered samples. In this event, the sample
shall, prior to the measurement, be treated
appropriately with bases or acids so as to reach the
above mentioned pH in the solution streaming
through the cadmium reductor (see 5.1 and 5.2).

8.3 Interferences with the formation of the
azo dye

Surfactant concentrations > 10 mg/l may interfere
with the determination; this interference can be
prevented by a dialysis of the sample, if need be in
the online process. (See [9] in annex D.)

9 Procedure

9.1 Preparation, activation and checking of
the cadmium reductor

9.1.1 Cadmium column with granulate

Place a sufficient quantity of the cadmium
granulate (4.12) to fill the column (see 5.1) in a
beaker (5.5) of nominal capacity 25 ml. Stir with
hydrochloric acid IT (4.8) until the surface of the
granulates shows a metallic shine.

Remove the acid by washing with water.
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Decant the water and stir the granulate twice for
approximately 2 min with copper sulfate

solution II (4.10). The surface of the granulate will
turn black.

Decant and carefully wash with water.

Fill the column with the granulate, avoiding air
bubbles and large cavities, and stopper the ends of
the column (e.g. with glass wool).

Assemble the column in the flow system, and
activate the reductor by applying nitrate(IN)
solution I (4.21) or II (4.22) three times.

Repeatedly measure the calibration solution (4.23)
which has, for the respective working range, the
highest permissible nitrite/nitrate(N) concentration
(2 mg/l or 20 mg/l, respectively), until stable results
are obtained.

NOTE 8 The cadmium column can be stored, free from air

bubbles, in the imidazole stock solution (4.13). Prior to re-use, the
column should be stabilized and activated as described above.

9.1.2 Cadmium tube

Using the syringe (5.6), aspirate approximately 5 ml
of the buffered copper sulfate solution (4.16) into the
cadmium tube (see 5.2) and allow to react for 5 min.
Repeat the procedure, avoiding air bubbles.

Using the syringe, aspirate approximately 20 ml of
imidazole stock solution (4.13) through the tube and
allow to react, avoiding air bubbles.

Assemble the column in the flow system, activate
and stabilize as described in 9.1.1.

NOTE9 The cadmium tube can be stored, free from air bubbles,
in the imidazole stock solution (4.13). Prior to measurement,
stabilize or treat, if required, (see 9.1.3) with buffered copper
sulfate solution (4.16).

9.1.3 Checking the reduction capacity [applies
to the nitrate(N) or the nitrite/nitrate(N)
determination only]

Sequentially analyse a nitrate(N) and a nitrite(N)
solution with a nitrogen mass concentration

of 2 mg/l each for the nitrite/nitrate(N) working
range II, or of 20 mg/1 each for the nitrite/nitrate(IN)
working range I, and compare the measured values
obtained.

Transport reagent solutions (4.17) through the flow
system with a built-in cadmium reductor and allow
the baseline to stabilize.

For example, to check the nitrite/nitrate(N) working
range I, use the nitrite(N) solution I (4.19) and the
nitrate(N) solution II (4.22).

If the measured value for nitrate(N) is less

than 90 % of the measured nitrite(N) value,
appropriate measures according to 9.1.1 and 9.1.2
shall be taken to obtain a reduction capacity of at
least 90 %.

Check the reduction capacity again, prior to the
analysis of each series of samples.

9.2 Preparation for measurement

Assemble the flow system according to the method
of determination desired (FIA or CFA,
determination of nitrite/nitrate(N) or nitrite(N);
see Figure A.1, Figure B.1 and Figure C.1).

Prior to measurement of nitrite, continuously run
the reagent solutions for approximately 10 min
through the flow system. For the determination of
nitrite/nitrate(N), run the reagent solutions through
the system for approximately 10 min without the Cd
reductor and after that for approximately 10 min
with the Cd reductor. Record and zero the base
absorbance.

The system is ready when the baseline no longer
shows any drift. A satisfactory signal-noise relation
should be obtained. Then perform the reaction steps
in the sequence of 9.3 to 9.5.

9.3 Monitoring the blank of the reagents

Allow the baseline to stabilize.

Instead of the buffer solution B (4.15) and the
reagent solution R, (4.17) transport water for 2 min
and record changes in the measuring signal.

If the absorbance changes by more

than 0,015 per 10 mm path length, either the water
being used or the reagent solutions may be
contamined. Take appropriate measures to
eliminate the interference.

Then transport the reagent solutions again.
9.4 Calibration

Select the respective working range for nitrite(N) or
nitrite/nitrate(N) and prepare the calibration
solutions (4.23) for the selected working range. Each
working range requires its own calibration.

Calibrate by sequentially adding the calibration
solutions and the blank solution.

Prior to the calibration, zero the instrument, if
necessary following the manufacturer’s
instructions.

Determine the measured values from the
calibration solutions used while following the
manufacturer’s instructions, as long as they do not
contradict the specifications of this International
Standard.

The test conditions for the calibration and the
measurement of samples (9.5) are the same. The
magnitude of the measuring signal is proportional
to the mass concentration of nitrite(N) or
nitrite/nitrate(N). Establish the regression line for
the measuring series obtained.

The following general equation is satisfied:
y=boyta ..(1)
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where

y 1s the measured value, in terms of
instrument-related units (e.g. peak height in
millimetres or millivolts);

b 1is the slope of the calibration function, in
instrument-related units litre per milligram;

ox 1s the mass concentration, in milligrams per
litre, of nitrite(N) or nitrite/nitrate(N);

a 1s the ordinate intercept of the calibration
function, in terms of instrument-related
units.

9.5 Sample measurement

Analyse the samples, pretreated according to
clause 7, in the same manner as the calibration
solutions (4.23), with the flow system (FIA, see 5.1
and Figure A.1; CFA, see 5.2 and Figure B.1

and Figure C.1).

If the mass concentrations to be determined exceed
the validity range of the selected working range,
dilute the sample or analyse it using the other
working range.

Check the validity of the calibration function in 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 third of the respective
working range. Check the reduction capacity (9.1.3)
again or make a new calibration (9.4), if necessary.

After measurement, store the cadmium reductor
in an imidazole solution that is free from oxygen
(see notes 8 or 9).

10 Evaluation

Determine the mass concentration of the
determinand in the measuring solution using the
measured value obtained as described in 9.5, from
the calibration function [equation (1), 9.4].

For the evaluation use the appropriate function. Do
not extrapolate beyond the working range selected.

Calculate py using equation (2):

oy =1 )

where

oN 1s the mass concentration, in milligrams
per litre, of nitrite(N) or nitrite/nitrate(N)
in the sample;

y, a and b are as defined in equation (1).

11 Expression of results

Report the results to a maximum of two significant
figures.

EXAMPLES
Nitrite(N): 2,9x 107 ! mg/l
Nitrate(N): 3,0 mg/l
Nitrite/nitrate(N) 4,1 mg/l

12 Precision

The statistical data in Table 4 to Table 7 were
established in an interlaboratory trial, carried out
in November 1991111
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Table 4 — Statistical data for the determination of nitrite(N) with flow injection
analysis (FIA)

Sample Type l n 0 Xeorr x RR Sy VC, Sg VCpr
No. of matrix
% mg/l mg/l % mg/l % mg/l %
1 15 |55 |0 0,030 |0,030 |101 0,000 8 [2,67 [0,0016 |5,41
2 15 (49 |11 [0,090 |0,089 (99,1 |0,0008 |0,90 [0,0015 |1,73
Potable water2h
3 15 |54 |5,3 [0,300 |0,301 |[100 0,0041 (1,36 |0,0150 |4,98
4 15 |49 |11 {0,900 [0,898 |99,8 |0,0065 |0,72 |0,033 8 |3,76
5 15 |55 |0 0,030 |0,033 |[109 0,0020 |[6,06 |0,004 4 |13,6
6 Industrial waste 15 |54 |1,8 [0,090 |0,092 |[102 0,0030 |[3,26 |0,0054 |5,88
7 water® 15 |53 |3,6 [0,300 [0,296 |98,8 |0,0052 |1,76 |0,0251 |8,48
8 15 |53 |3,6 [0,900 |0,912 |101 0,0061 [0,67 |0,0846 |9,28
9 15 |50 |9,1 |0,030 |0,030 |101 0,0006 [2,00 |0,0012 |3,92
10 Standard 15 |55 |3,5 [0,090 [0,091 |102 0,0016 [1,76 [0,004 3 |4,73
11 solutions® 15 |55 [3,5 [0,300 |0,302 |101 |0,0041 |1,36 |0,0140 |4,65
12 15 |48 |13 [0,900 |0,900 |[100 0,0072 |0,80 |0,0281 |3,13

[ 1s the number of laboratory sets

n is the number of outlier-free individual analytical values
o is the relative portion of the outliers

Xeorr 18 the correct value, by convention

X 1is the total mean

RR is the recovery rate

s, is the repeatability standard deviation

VC, is the repeatability coefficient of variation

sg is the reproducibility standard deviation

VCp, is the reproducibility coefficient of variation

4 Drinking water, spiked with nitrite or nitrate solution.

b Drinking water, waste water, as well as the spiked solutions, were stabilized with 2 ml/l each of chloroform and were
shipped in separate bottles to the participants of the interlaboratory trial.

¢ Industrial waste water, spiked with nitrite or nitrate solution in the participant’s laboratory. In addition, the waste water
contained 14 g/l of chloride and a COD of 1 400 mg/l.

dWater as in 2), spiked with nitrite or nitrate solution in the participant’s laboratory.
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Table 5 — Statistical data for the determination of nitrite(N) with continuous flow
analysis (CFA)

Sample Type l n 0 Xeorr x RR s VC, Sp VCp
No. of matrix
% mg/l mg/l % mg/l % mg/l %
1 11 (42 |0 0,030 10,031 |102 0,001 7 |5,48 [0,0026 |8,43
2 11 [42 [0 0,090 [0,092 |102 [0,0023 |2,50 [0,0056 |6,12
Potable water?
3 11 [39 |25 10,300 (0,307 |102 [0,0055 |1,79 |0,0354 |11,6
4 11 (30 |25 |0,900 |0,910 |101 0,006 4 (0,70 (0,017 3 |1,90
5 11 (33 |21 |0,030 |0,035 |117 |0,0015 |429 |0,0038 |10,8
6 Industrial waste 11 41 0 0,090 0,104 115 0,008 9 8,56 0,014 2 13,7
7 water® 11 (36 |10 |0,300 (0,327 |109 0,0051 |1,66 |0,0234 |7,16
8 11 [40 [0 0,900 [0,969 |108 [0,0144 |1,49 [0,0940 |9,70
9 11 (39 |7,1 0,030 |0,031 |102 |0,0018 |5,81 |0,0025 |8,21
10 Standard 11 (42 |0 0,090 10,090 |100 0,0050 |5,566 [0,007 6 |8,46
11 solutions® 11 [40 [0 ]0,300 [0,307 |102 [0,0040 |1,30 [0,0298 |9,73
12 11 [36 [10 0,900 [0,907 |101 [0,0143 |1,58 [0,0550 |6,07

[ is the number of laboratory sets

n is the number of outlier-free individual analytical values
o0 is the relative portion of the outliers

Xeopr 18 the correct value, by convention

X1is the total mean

RR is the recovery rate

s, is the repeatability standard deviation

V., is the repeatability coefficient of variation

sg 1s the reproducibility standard deviation

Vp is the reproducibility coefficient of variation

8 Drinking water, spiked with nitrite or nitrate solution.

b Drinking water, waste water, as well as the spiked solutions, were stabilized with 2 ml/l each of chloroform and were
shipped in separate bottles to the participants of the interlaboratory trial.

¢ Industrial waste water, spiked with nitrite or nitrate solution in the participant’s laboratory. In addition, the waste water
contained 14 g/l of chloride and a COD of 1 400 mg/l.

dWater as in 2), spiked with nitrite or nitrate solution in the participant’s laboratory.
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Table 6 — Statistical data for the determination of nitrite/nitrate(N) with flow
injection analysis (FIA)

Sample Type l n 0 Xeorr x RR Sy VC, Sg VCpr
No. of matrix
% mg/l mg/l % mg/l % mg/l %
1 15 |56 |0 3,230 (3,295 |102 0,0391 [1,19 |0,1491 |4,52
2 15 |56 [1,8 [3,790 [3,888 |103 |0,0411 |1,06 |0,1447 |3,72
Potable water2h
3 15 |57 [0 |6,000 [6,155 |103 |0,0850 |1,38 |0,250 0 |4,06
4 15 |46 |15 12,60 |12,67 |101 0,1958 [1,55 [0,3361 |2,65
5 15 |52 |55 0,530 |0,5650 |104 |0,0169 |3,07 |0,050 0 |9,09
6 Industrial waste 15 |52 |5,5 |1,090 |1,107 |[102 0,015,3 (1,38 [0,0811 |7,33
7 watere® 15 |56 |1,8 |3,300 |3,261 |98,8 |0,0350 |1,07 [0,2552 |7,83
8 15 |50 [7,4 9,900 [10,04 |101 |0,1074 |1,07 |0,4659 |4,64
9 15 |48 |11 |0,530 |0,533 |101 |0,0066 |1,24 |0,023 5 |4,40
10 Standard 15 |52 |5,56 [1,090 [1,098 |101 0,0181 [1,65 [0,0357 |3,25
11 solutions® 15 |52 [8,8 [3,300 (3,261 |98,8 |0,0663 |2,03 |0,1819 |5,58
12 15 |41 |24 |9,900 [9,948 |101 |0,0716 |0,72 10,1917 |1,93

[ 1s the number of laboratory sets

n is the number of outlier-free individual analytical values
o is the relative portion of the outliers

Xeorr 18 the correct value, by convention

X 1s the total mean

RR is the recovery rate

s, is the repeatability standard deviation

VC, is the repeatability coefficient of variation

sg is the reproducibility standard deviation

VCp, is the reproducibility coefficient of variation

4 Drinking water, spiked with nitrite or nitrate solution.

b Drinking water, waste water, as well as the spiked solutions, were stabilized with 2 ml/l each of chloroform and were shipped in
separate bottles to the participants of the interlaboratory trial.

¢ Industrial waste water, spiked with nitrite or nitrate solution in the participant’s laboratory. In addition, the waste water
contained 14 g/l of chloride and a COD of 1 400 mg/l.

dWater as in 2), spiked with nitrite or nitrate solution in the participant’s laboratory.
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Table 7 — Statistical data for the determination of nitrite/nitrate(N) with continuous flow
analysis (CFA)

Sample Type l n 0 Xeorr x RR s VC, Sp VCp
No. of matrix
% mg/l mg/l % mg/l % mg/l %
1 10 (36 |0 3,230 (3,321 |103 0,082 2 (2,48 (0,133 5 |4,02
2 10 [36 [0 3,790 [3,945 |104 [0,0759 |1,92 [0,1650 |4,18
Potable water?
3 10 [36 [0 |6,000 |6,117 |102 [0,1655 |2,70 [0,385 3 |6,30
4 10 (30 |21 12,60 |12,94 |103 0,2295 (1,77 (0,344 8 | 2,66
5 10 |36 |0 0,530 |0,576 |109 |0,0426 |740 |0,1168 |20,3
6 Industrial waste 10 32 11 1,090 1,112 102 0,047 6 4,28 0,111 9 10,1
7 water® 10 (34 |5,6 |3,300 3,401 |103 0,0776 (2,28 (0,1395 |4,10
8 10 |34 [11 |9,900 [10,16 |103 [0,1670 |1,64 [0,6387 |6,29
9 10 |34 |56 |0,530 |0,521 |98,2 [0,0225 |4,32 |0,0456 |8,75
10 Standard 10 (30 |17 |1,090 |[1,060 (97,2 |0,0393 |3,71 |0,0534 |5,04
11 solutions® 10 |29 [19 (3,300 [3,222 |97,6 [0,0887 |2,75 0,099 2 |3,08
12 10 |26 [32 19,900 [10,00 |101 [0,1009 |1,01 [0,158 9 |1,59

[ is the number of laboratory sets

n is the number of outlier-free individual analytical values

o0 is the relative portion of the outliers
Xeopr 18 the correct value, by convention
X1is the total mean

RR is the recovery rate

s, is the repeatability standard deviation
VC, is the repeatability coefficient of variation
sg 1s the reproducibility standard deviation

VCp is the reproducibility coefficient of variation

8 Drinking water, spiked with nitrite or nitrate solution.

b Drinking water, waste water, as well as the spiked solutions, were stabilized with 2 ml/l each of chloroform and were shipped in

separate bottles to the participants of the interlaboratory trial.

¢ Industrial waste water, spiked with nitrite or nitrate solution in the participant’s laboratory. In addition, the waste water

contained 14 g/l of chloride and a COD of 1 400 mg/l.

dWater as in 2), spiked with nitrite or nitrate solution in the participant’s laboratory.

13 Test report
The test report shall contain the following
information:
a) a reference to this International Standard;
b) identity of the water sample;

¢) specification of the procedure applied
(CFA or FIA);

d) description of the sample pretreatment;

e) description of the type of instrument or of the
flow conditions;

f) expression of the results according to clause 11,

g) precision and trueness of the results, if
available;

h) any deviation from this method and all events
which may have influenced the result.
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Annex A (informative)

Examples of flow injection systems (5.1) for the determination of nitrite(N) and
nitrite/nitrate(N)

1

/ 2
C 2,0 3
4
R1 0.6 Waste

a) Determination of nitrite(N)

/ S

2.0;”

C [{os 6
3

0,8"

B [z0? 3
4
R1 0.6 Aaste
/

1) 0.2 mg/L to 2 mg/U nitrite/nitrate(N)
2) 2mg/L to 20 mg/\ nitrite/nitrate(N)

O~

b) Determination of nitrite/nitrate(N)

Key
B Buffer solution (4.14, 4.15) 4 Detector (1 cm )
C Carrier solution (4.15) 520 nm to 560 nm
R,  Reagent solution (4.17) 5 Injector
1 Pump (flow rate in ml/min) 10 pl to 40 ul [2 mg/l to 20 mg/! nitrite/nitrate(N)]
2 Injector 100 ul [0,2 mg/l to 2 mg/! nitrite/nitrate(N)]
100 pl [0,1 mg/! to 1,0 mg/! nitrite(N)] 6 Reaction coil
300 pl [0,01 mg/l to 0,1 mg/! nitrite(N)] 130 cm/@ int. 0.5 mm
3 Reaction coil 7 Cadmium reductor
190 cm/@ int. 0,5 mm e.g. Cd column

15 cm/@ int. 4 mm

Figure A.1
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Annex B (informative)
Examples of continuous flow systems (5.2) for the determination of nitrate(N)
and nitrite/nitrate(N)

ya ' Waste
G o
B o3
0,23"
S o
R, [o.23
0,48 Waste
1) 0,01 mg/L to 0,1mg/L nitrite(N)
2) 0,7mg/L to 1,0 mg/L nitrite(N)
a) Determination of nitrite(N)
ya
G |om /
B o2
013" 5 3
S 0’127’ Waste
G (o1
Cd A
B |oss
Ry |o.ms
A 0.39 Wastes
1) 0,2 mg/\ to 2 mg/L nitrite/nitrate(N)
2) 2 mg/l to 20 mg/L nitrite/nitrate(N)
b) Determination of nitrite/nitrate(N)
Key
A Reaction mixture, unsegmented leaning 4 Detector (1 cm)
the detector and going back to the pump 520 nm to 560 nm
B Buffer solution (4.14, 4.15) 5 Reaction coil
G Segmentation gas 120 cm/@ int. 1 mm
for nitrite/nitrogen: nitrogen 6 Dialyzer
R1 Reagent solution (4.17) 15 cm [0,2 mg/l to 2 mg/l nitrite/nitrate(N)]
S Sample 11 cm [2 mg/l to 20 mg/l nitrite/nitrate(N)]
1 Pump (flow rate in ml/min) 7 Cadmium reductor
2 Reaction coil e.g. Cd tube
140 cm/@ int. 1 mm @int. 1,1 mm
3 Reaction coil
1100 cm/@ int.1 mm
Figure B.1
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Annex C (informative)

Example of a continuous flow system (so-called “macroflow”) (5.2) for the

determination of 0,2 mg/l to 2 mg/l

nitrite/nitrate(N)

G oz /

5 Jow O

_ 2" 5
1)
S 0.23 // Waste
4
\ /
G |ous2
Cd
B |10 \
6
0.60 \ Debubbte
Resegmentation” Waste"
G Joso
Ry o2
| Waste

Key
B Buffer solution (4.14, 4.15)
G Segmentation gas
R, Reagent solution (4.17)
S Sample
1 Pump (tiow rate in mi/min)
2 Reaction coll
120 cm/@ int. 2,2 mm
3 Dialyzer

1) Canbe left out, if nitrogen is used as the segmentation gas

4 Cadmium reductor

e.g. Cd tube

@ int. 1,1 mm
Reaction coil

1100 cm/@ int. 2,2 mm
Detector

520 nm to 560 nm

o

o]

Figure C.1
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Annex D (informative)
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