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Introduction

Methods using flow analysis enable wet chemistryyprogedures to be
automatized and are particularly suitable for the'‘procegsing of many
analytes in water in large series of samples at-a’high analysis frequency
(up to 100 samples per hour).

A differentiation is made between flow_injection analysis|(FIA) [1l[2] and
continuous flow analysis (CFA)[3]. Both\mlethods share thg feature of an
automatic dosage of the sample intoNa-flow system (mani{old) where the
analytes in the sample will react with the reagent solutior]s on their way
through the manifold. The sample preparation may be infegrated in the
manifold. The reaction produ€t)is measured in a flow det¢ctor (e.g. flow
photometer).

i
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Water quality — Determination of nitrite nitrogen and
nitrate nitrogen and the sum of both by flow analysis

(CFA and FIA) and spectrometric detection

1 Scope

This Intgrnational Standard specifies a method for the
determiphation of nitrite(N) (see note 2), nitrate(N) or
the sump of both [nitrite/nitrate(N)], in various types
of watgrs (such as ground, drinking, surface, and
waste \vaters) in mass concentrations ranging from
0.01 mg/! to 1 mg/l for nitrite(N) and from 0,2 mg/! to
20 mg/lf for nitrite/nitrate(N), both in the undiluted
sample| The range of application can be changed by
varying [the operating conditions.

NOTES
1 Seawater may be analysed with changesn respect to
sensitivily and adaptation of the carrier solution and cali-

bration Jolutions to the salinity of the samples.

2 The following concise terms are(used in the text of this
Internatipnal Standard:

nitritelN):
nitratefN):

nitrite[nitrate(N):

(mass\-toncentration of) nitrite,
expressed as nitrogen

(avass concentration of) nitrate,
expressed as nitrogen

(mass concentration of) the sum
of nitrite(N) and nitrate(N)

ISO 3696:1987, Water for analytical laporatory use —
e a

ISO 5667-11980, Water quality —| Sampling —
Part 1: -Guidance on the design of| sampling pro-
grammeés.

1SO"5667-2:1991, Water quality —| Sampling —
Part 2: Guidance on sampling techniqlies.

ISO 6667-3:1994, Water quality —| Sampling —
Part 3: Guidance on the preservation gnd handling of
samples.

ISO 6777:1984, Water quality — Determination of ni-
trite — Molecular absorption spectrometric method.

3 Principle

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

With flow injection analysis (FIA), thgd sample is fed
into a continuously flowing buffer dolution (carrier
stream) by means of an injection valve, or, with con-

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, 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 re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

tinuous flow analysis (CFA) being applied, it is con-
tinuously mixed with this buffer solution. Nitrate in the
sample is reduced with metallic cadmium to
nitrite [41. 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
[5] [6](7],

Waste containing cadmium in liquid or solid form shall
be removed appropriately.
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3.2 Nitrite(N)

Nitrite(N) is determined, omitting the cadmium re-
duction, directly by the above-mentioned diazotization
and coupling reaction[8l. The chemical reactions of
the nitrite are identical with those in the manual pro-
cedure (see ISO 6777).

3.3 Nitrate(N)

© |SO

411 Polyethyleneglycol dodecyl ether
[HO - (CHZCH2 - O)n - C12H2‘l]'
6 =33 °C to 41 °C, solution, w = 30 %.

surfactant,

The solution is stable for approximately 4 weeks.

412 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).

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

4 Reagents
If not stated ptherwise, only reagents of recognized
analytical gragle and water according to grade 1 of

ISO 3696 shdll be used. The blank value of the re-
agents shall be checked regularly (see 9.3).

4.1 Phosphoric acid (H;PO,), p = 1,71 g/ml.

4.2 Sulfanilamide
CgHgN,O,S).

(4-aminobenzenesulfonamide,

4.3 N-(1-naphthyl)ethylenediaminedihydrochloride
[N-(1-naphthy})-1,2-diaminoethanedihydrochloride),
Cy2H16NoCl 1.

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

4.5 Potassiym nitrate (KNOQ3)."dried to constant
mass at, for gxample, 150 °C.

4.6 lmidaz¢1|e (CsHaNy), for synthesis, or alterna-
tively ammonium chloride (NH,Cl), dried to constant
mass at 105 {C-{see note 3).

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

Dissolve, in a beaker of nomipal capacity 1 litre,
17,0 g of imidazole (4.6) in approximately 900 m! of
water.

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

Transfer texa 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 m! of the imidazole stock solution (4.13) with
100 pl of copper sulfate solution | (4.9).

Prepare the solution freshly before use.

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

85 g of ammonium chloride (NH,Cl) should be d|ssolved in
water and diluted to a volume of 1 000 ml, and the pH
should be adjusted to approximately 7,5.

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

4.8 Hydrochloric acid II, ¢(HCI) = 1 mol/l.

4.9 Copper sulfate solution |,
p(CuS0,-5H,0) = 2,5 g/l; this solution is stable.

410 Copper sulfate solution I,
p(CuS0,-5H,0) = 20 g/I; this solution is stable.

4.15 Carrier or dilution solutions, C and B in fig-
ures A.1, B.1 and 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 (vac-
uum).
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Table 1 — Options for preparing the solutions C
and B in figures A.1, B.1 and C.1

ISO 13395:1996(E)

also be made separately and dosed into the equipment by
different lines.

Prior to use, solution Rq for FIA shall be degassed, for

4,16 Buffered copper sulfate solution,

Mix 20 |ml of the copper sulfate selution Il (4.10) and
20 ml ¢f the imidazole stock ‘solution (4.13) in a
beaker pf nominal capacity 0-ml.

Prepard the solution freshly before use.

417 Reagent solution, Ry (in figures A.1, B.1 and
C.1).

Method | Parameter | Content of Content of example by membrane filtration (vacuum).
solution C solution B
ee figures (see figures L. i
}:1 B% and A1 B% and 4.18 Nitrite(N) stock solution, p,, = 100 mg/I.
CA CA1 . . . . .
) ) Dissolve 492,6 mg of sodium nitrite (4.4) in water, in
FIA Nitrite Water Water? a volumetric flask of nominal capacity 1 000 ml, and
Buffer (4 14)1) dilute to volume.
No solution BT This solution is stable for at least2:GiMeeks if kept in
Nitrite/nitrate| Buffer (4.14) | Buffer (4.14) a stoppered glass bottle at 4 °C,
CFA Nitrite “C"isnot | Water?,2 4.19 Nitrite(N) solution'}, 5y, = 20 rg/l.
necessary Buffer
(4.14),2) Pipette 20 ml of the stock solution[ (4.18) into a
No solution volumetric flask of'neminal capacity 100 ml, and dilute
B 2) to volume withewater.
“C Prepare théolution freshly before usg.
Nitritejnitrate|  C S "°U | Buffer (4.14)2 v
necessary
1) Three different alternatives. 4.20 Nitrite(N) solution Il, py =1 mp/!.
2) If, In the case of CFA, water or buffer (4.14) is_ used Pipette 1 ml of the stock solution| (4.18) into a
as solgtion B and 1 ml of surfactant (4.11) per 1 litre of volumetric flask of nominal capacity 10p ml, and dilute
solutioh is added. If solution B is omitted, the surfactant to volume with water.
(4.11) has to be added to the reagent solution Rq (4.17,
see figures A1, B.1 and C.1). Prepare the solution freshly before usg.

4.21 Nitrate(N) solution |, py, = 200|mg]/!.

Dissolve 144,4 mg of potassium nitrate (4.5) in water,
in a volumetric flask of nominal capacjty 100 ml, and
dilute to volume.

The solution is stable for at least 1 mqgnth.

4.22 Nitrate(N) solution Il, p, = 20 g/l

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

Dissolve, In a volumetric flask of nominal capacity
500 ml, 5¢g of sulfanilamide (4.2), 0,5g 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 charac-
teristics are obtained. The solutions of sulfanilamide (4.2)
and N-(1-naphthyl)ethylenediaminedihydrochloride (4.3) can

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 determi-
nation 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:
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For nitrite(N):

For nitrite/nitrate(N):

Working range Il
0,01 mg/l to 0,1 mgy/!

Working range I: 0,1 mg/I
to 1,0 mg/l

Working range Il
0,2 mg/l to 2 mg/l

Working range I: 2 mg/l to

© 1SO

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

All calibration solutions shall be prepared immediately
before measurement.

20 mg/l

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

Volume of nitrite(N) Volume of nitrite(IN)
to 100 ml to 200, ml

mgy/! 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

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

Volume of nitrate(N) Volume of
o) concngin | o182 || Nl | et sltn
to 100 ml , water to 100 mli

mg/l mli mg/! mi
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
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5 Apparatus

Usual laboratory apparatus and

5.1 Flow injection system (FIA), normally compris-
ing the following components (see figure A.1).

— Reagent reservoirs.

ISO 13395:1996(E)

— If nitrite/nitrate(N) or nitrate(N) is to be determined:
cadmium reductor with a minimum reduction ef-
ficiency of 90 %, e.g. cadmium tube [10] 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 sys-
tems and connection assemblies of chemically
inert plastics or metal. The application of the cad-
mium reductor requires oxygen-free gas. Before

— Low pu:aatiuu ISjcinnIvR
— Suitgable pump tubing, if required.

— Sample injector with an injection volume of 10 pli
to 300 pl.

— If nitrite/nitrate(N) or nitrate(N) is to be determined:
cadrhium reductor with a minimum reduction ef-
ficiepcy of 90 %, e.g. packed cadmium column
with| granulate (4.12), of internal diameter
4,0 jmm, for example, and minimum length 5 cm.

— Tranlsport tubes and reaction coils of internal di-
ameter 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
cellylose membrane, suitable for the predilution
of the sample or the elimination of interfering
compounds.

NOTE 5 The dialysis cell should be placed after the
injedtor (see figure A.1). The carrier solution C may serve
as al donor and also as a recipientysolution. The flow
rateg of these two streams shodld be equal.

— Photometric detector mith”flow cell, wavelength
rande 520 nm to 560CAMm.

— Recprding unit {€:9. strip chart recorder, integrator
or drinter/plofter). In general, peak height signals
are pvaluated:

— Autpsampler, if required.

entering the cadmium column the_flow stream has
to be debubbled, if air is used$or'$egmenting the
flow stream.

— Dialysis cell, if required, with, fpr example, a
cellulose membrane, “suitable for [the predilution
of the sample jor the eliminatior] of interfering
compounds.

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

— Recording unit (e.g. strip chart recqrder, integrator
o¥ printer/plotter). In general, peal height signals
are evaluated.

NOTE 6 Figure B.1 describes two flpw systems with
an internal diameter of approximately [| mm. Figure C.1

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

5.3 Volumetric flasks, of nominal capacity 100 ml,
500 ml and 1 000 ml.

5.4 Pipettes, of nominal capacity [00 ul, 1T ml to
10 ml, 20 ml, 50 ml and 100 ml.

5.5 Beakers, of nominal capacity 28 ml, 50 ml and
1 litre.

5.6 Syringe, of nominal capacity 25 |ml.

5.7 Membrane filter assembly, with membrane fil-

5.2 Continuous flow analysis (CFA), normally
comprising the following components (see
figure B.1):

— Autosampler or any other device allowing a repro-
ducible application of the sample.

— Reagent reservoirs.

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

ters of pore size 0,45 um.

5.8 pH electrode.

6 Checking the flow system

A calibration solution (4.23) with a nitrite(N) concen-
tration 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.
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NOTE 7  If the 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.

© I1SO

nitrate mass concentration in the sample can be ruled
out.

The self-absorption of the sample can be compen-
sated 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

(See ISO 56671-3.)

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 de-
termined and |f the nitrite(N) concentration is at least
in the same working range as the nitrate(N) concen-
tration.

If only nitritg/nitrate(N) is to be determined, or
nitrate(N) in $amples with nitrite(N) concentrations
below the respective nitrite/nitrate(N) working range,
sample contajners made of polyalkylene and poly-
tetrafluoroethylene (PTFE) are also suitable. Acidify

these sample
approximately
within 24 h.

As an except
freezer at app
applicability o
checked.

Provided that
cluded, filtrati
tains particul
(risk of cloggi

with hydrochloric acid (4.7 and 4.8) to
pH 2, store at 2 °C to 5 °C and analyse

on, the samples may be stored in the
roximately — 20 °C for 8 d, provided the
this preservation has previously beén

significant loss of nitrate/nitrite is ex-
bn of the sample is necessary if it con-
e matter of a particle_size > 0,1 mm
g the transport tubes):

8 Interferences

8.1 Interferences of a general nature

Nitrite cannot
analysed (see

salt concentration of > 30 g/l.

8.2 Interference with the reduction of nitrate
to nitrite

Interferences may occur if the-sample, aftef the ad-
mixture of the buffer soldtion, does not redch a pH
of 6,5 to 7,5. This may~happen with strongly acid,
basic or buffered samiples. In this event, thg sample
shall, prior to the/measurement, be treated pppropri-
ately with bases)or acids so as to reach the above
mentioned pH<{in the solution streaming thrpugh 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 cafg be pre-
vented 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 beakgr (5.5) of
nominal capacity 25 ml. Stir with hydrochlotfic acid Il

[ P R M | | baoll o gt ol =N
VTS auniZCU dimta Siiair T nTeUrattTy uT

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

(4.8) until the surface of the granulates shows a met-
allic shine.

Remove the acid by washing with water.

Decant the water and stir the granulate twice for ap-
proximately 2 min with copper sulfate solution |l
(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).
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Assemble the column in the flow system, and activate
the reductor by applying nitrate(N) solution | (4.21) or
Il (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

ISO 13395:1996(E)

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 figures A.1, B.1

S

ana . ).
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

air bubb €S, T the Tmidazotestock sotation (-: LS TL TTOTO
re-use, the column should be stabilized and activated as
describefl above.

9.1.2 Cadmium tube

Using the syringe (5.6), aspirate approximately 5 ml
of the Quffered 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
imidazoje stock solution (4.13) through the tube and
allow tq react, avoiding air bubbles.

Assemble the column in the flow system, activate and
stabiliz4 as described in 9.1.1.

NOTE 9| The cadmium tube can be stored, free from_ air
bubbles| in the imidazole stock solution (4.13). Prior’ to
measurdment, 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 nitrpte(N) or the nitrite/nitrate(l\)’determination
only]

Sequerttially analyse a nitrate(N) and a nitrite(N) sol-
ution wyith a nitrogenmass concentration of 2 mg|l
each fdr the nitrite/nitrate(N) working range Il, or of
20 mgj| each fof the nitrite/nitrate(N) working range
I, and dompatréthe measured values obtained.

Transpgrt-reagent solutions (4.17) through the flow

system for approximately 10 min~without the Cd
reductor and after that for approxitatgly 10 min with
the Cd reductor. Record and z¢ro the base
absorbance.

The system is ready when the basgline no longer
shows any drift. A _satisfactory signgl-noise relation
should be obtained:~Then perform thg reaction steps

in the sequence 0f9.3 to 9.5.

9.3 Monitoring the blank of the reagents
Allowsthe baseline to stabilize.

Instead of the buffer solution B (4.15) &nd the reagent
solution Rq (4.17) transport water for 2|min and record
changes in the measuring signal.

If the absorbance changes by more fthan 0,015 per
10 mm path length, either the water| being used or
the reagent solutions may be contanpined. Take ap-
propriate measures to eliminate the interference.

Then transport the reagent solutions dgain.

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 rangg. Each working
range requires its own calibration.

Calibrate by sequentially adding the|calibration sol-

system with a bullt-in cadmium reductor and allow the
baseline to stabilize.

For example, to check the nitrite/nitrate(N) working
range |, use the nitrite(N) solution | (4.19) and the
nitrate(N) solution 1l (4.22).

If the measured value for nitrate(N) is less than 90 %
of the measured nitrite(N) value, appropriate meas-
ures 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.

utions and the Dlank 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 in-
structions, 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
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nitrite/nitrate(N). Establish the regression line for the
measuring series obtained.

The following general equation is satisfied:

© ISO

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

cSs C U

y=bpy+a .M 10 Evaluation
where Determine the mass concentration of the
determinand in the measuring solution using the
y is the measured value, in terms of measured value obtained as described in 9.5, from the
instrument-related units (e.g. peak height calibration function [equation (1), 9.4].
in rpitirretres—orraitivelisk
For the evaluation use the appropriate fungtion. Do
b is the slope of the calibration function, in not extrapolate beyond the working range’selected.
ins{frument-related units litre per milligram; v ' ‘
Calculate py using equation (2):
PN is the mass concentration, in milligrams y—a
per litre, of nitrite(N} or nitrite/nitrate(N); N=Tp (D
a is the ordinate intercept of the calibration here
funktion, in terms of instrument-related T
unis. pn  is the,mass concentration, in nfilligrams
per litre; of nitrite(N) or nitrite/nitrgte(N) in
thésample;

9.5 Samplg measurement

Analyse the | samples, pretreated according to
clause 7, in the same manner as the calibration sol-
utions (4.23), With the flow system (FIA, see 5.1 and
figure A.1; CFA, see 5.2 and figures B.1 and C.1).

If the mass cPncentrations to be determined exceéd
the validity range of the selected working range, dilute
the sample dr analyse it using the other, working
range.

Check the validity of the calibratiop~function in the
respective wqrking range after each”’sample series,
but at the latgst after the measdrement of 10 to 20
samples, using one calibration solution each for the
lower and uppjer third of thetespective working range.
Check the requction capacity (9.1.3) again or make a
new calibratioh (9.4),Sif*necessary.

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

11 Expression of results

Report the results to a maximum of two s|gnificant
figures.

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

12 Precision

The statistical data in tables 4 to 7 were established
in an interlaboratory trial, carried out in Npvember
19910111
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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 S, VC, Sk VCq
No. of matrix % mg/I mg]/l % mg/| % mg/! %
1 15 | 55 | 0O 0,030 | 0,030 101 0,0008 | 2,67 |0,0016 | 541
2 15 | 49 | 11 | 0,090 | 0,089 99,1 | 00008 | 09 |00015]| 1,73
Potable water1) 2)
3 15 | 54 | 53 | 0,300 | 0,301 100 | 00041 | 1,36 |00150]| 4,98
4 15 | 49 | 11 | 0,900 | 0,898 99,8 | 00065 | 072 |00338| 3,76
5 15 | 55 | 0O 0,030 | 0,033 109 | 00020 | 6,06 [®0044 | 136
6 industrial waste 15 | 54 | 1,8 | 0,090 | 0,092 102 | 0,0030 | 3,260,“0,0054 | 5,88
7 water3) 2) 15 | 53 | 3,6 | 0,300 | 0,296 988 | 00052 | 7,76 | 00251 | 848
8 15 | 53 | 3,6 | 0,900 | 0,912 101 0,006 1 H~0,67 | 00846 | 9,28
9 15 | 50 | 91 | 0,030 | 0,030 101 0,0006 ] 200 | 00012 | 3:92
10 Standard 15 | 55 | 35 | 0,090 | 0,091 102 |oQe16| 1,76 | 00043 | 473
11 solutions# 2) 15 | 55 | 35 | 0,300 | 0,302 101 0,0041 | 136 | 00140 | 465
12 15 | 48 | 13 | 0,900 | 0,900 100 7| 0,0072 | 080 |00281 | 313

[ is thg number of laboratory sets

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

Xorr 1S [the correct value, by convention

X is the total mean

RR is {he recovery rate

s, is the repeatability standard deviation

VC, is [the repeatability coefficient of variation

s is tHe reproducibility standard déviation

VC, is|the reproducibility coeffieient of variation

1) Difinking water, spiked-with nitrite or nitrate solution.

2) Dilinking water, Waste water, as well as the spiked solutions, were stabilized with 2 ml/l each of chlor¢form and were
shippgd in separate(bottles to the participants of the interlaboratory trial.

3) Influstrial waste water, spiked with nitrite or nitrate solution in the participant's laboratory. In addition, the waste water
contalnedd14/g/l of chloride and a COD of 1 400 mg/l.

4) teDas 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 5, VC, g VCyg
No. of matrix % mg/! mg/! % mg/! % mg/l %
1 1 42 0,030 0,031 102 0,001 7 5,48 0,002 6 8,43
2 11 42 0,090 0,092 102 0,002 3 2,50 0,005 6 6,12
Potable waterV 2)
3 1 39 2,5 0,300 0,307 102 0,005 5 1,79 0,035 4 11,6
4 M 30 25 0,900 0,910 101 0,006 4 0,70 0,017 3 1,90
5 1M 33 21 0,030 0,035 17 0,001 5 4,29 0,003 8 10,8
6 Industrial waste 1| 4 0 | 0090 | 0104 115 | 0,0089 | 856 | 001420 |137
7 water3) 2) i 36 10 0,300 0,327 109 0,005 1 1,56 0,023 4 7,16
8 1M 40 0 0,900 0,969 108 0,014 4 1,49 0,094 0 9,70
9 1 39 7.1 0,030 0,031 102 0,001 8 5,81 0,002 5 8,21
10 Standard 1 | 42 0,090 | 0,090 100 | 0,005 04 \556 | 0,0076 | |846
11 splutions#) 2) 11 | 40 0,300 | 0,307 102 | 0,0040% 1,30 |0,0298 | |9,73
12 ih 36 10 0,900 0,907 101 0/014°3 1,58 0,055 0 6,07

[ is the number
n is the numbe
o is the relativg
Xeorr 1S the corré
X is the total m
RR is the reco
s, is the repeat]

V, is the repea

sg Is the reprog

of laboratory sets

portion of the outliers
ct value, by convention
ean

ery rate

hbility standard deviation

ability coefficient of variation
ucibility standard deviation

V, is the reproflucibility coefficient ofvatiation

- of outlier-free individual analytical values

shipped in seqf]

contained 14 ¢

1) Drinking water, spiked withnitfite or nitrate solution.

2) Drinking water, waste wéter, as well as the spiked solutions, were stabilized with 2 mi/l each of chloroform anfd were
arate bottles\to' the participants of the interlaboratory trial.

3) Industrial Waste water! spiked with nitrite or nitrate solution in the participant's laboratory. In addition, the wast¢ water
/I of chtoride and a COD of 1 400 mg/l.

4) Water as ih @)) spiked with nitrite or nitrate solution in the participant's laboratory.

10
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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 Xoorr X RR S, VC, Sk VCy
No. of matrix % mg/l mgy/l % mgy/! % mg/! %
1 15 | 56 | 0O 3,230 | 3,295 102 00391 | 1,19 | 01491 | 4,52
2 15 | 56 | 1,8 | 3,790 | 3,888 103 {00411 1,06 |071447 | 3,72
Potable water? 2)
3 15 | 67 | 0O 6,000 | 6,155 103 | 00850 | 1,38 | 02500 | 4,06
4 15 | 46 | 15 | 12,60 | 12,67 101 | 01958 | 155 | 03361 | 265
5 15 | 52 | 55 | 0530 | 0,550 104 | 0,0169 | 3,07 o,tso 0| 909
6 Industrial waste 15 | 52 | 55 | 1,090 | 1,107 102 | 0,0153 | 1,38 00811 | 7,33
7 water3) 2) 15 | 56 | 1,8 | 3,300 | 3,261 98,8 | 00350 |,.4907 |0%552 | 7.83
8 15 | 50 | 7.4 | 9,900 | 10,04 101 | 0,107 451,07 | 04659 | 464
9 15 | 48 | 11 | 0,530 | 0,533 101 | 00066 | 1,24 | 00235 | 4,40
10 Standard 15 | 52 | 55 | 1,090 | 1,008 101 {90181 | 165 | 00357 | 325
11 solutions4) 2) 15 | 52 | 88 | 3,300 | 3,261 98,8~ 00663 | 203 |0,819 | 5,58
12 15 | 41 | 24 | 9900 | 9,948 fon |o00716| 072 |of917 | 1.93

lis thd number of laboratory sets

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

Xeorr 1S the correct value, by convention

X is th¢ total mean

RR is fhe recovery rate

s, is the repeatability standard deviation

VC, is he repeatability coefficient of mafiation

sz is the reproducibility standard dewiation

VCy; is|the reproducibility cogfficient of variation

1) Drjnking water, spiked with nitrite or nitrate solution.

2) Drjnking watergwaste water, as well as the spiked solutions, were stabilized with 2 ml/l each of chlorqform and were
shippdd in sepafate'bottles to the participants of the interlaboratory trial.

3) Indlustrialywvaste water, spiked with nitrite or nitrate solution in the participant's laboratory. In addition, the waste water
contaihed 14'g/l of chloride and a COD of 1 400 mgj/!.

4) Whetertasin2) spikedwith nitrite or nitrate solution in the particinant's laboratony
T o ™ ™ T

1
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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, Sg VCq
No. of matrix % mgy/! mag/! % mg/l % mag/! %
1 10 | 36 0 3,230 | 3,321 103 | 00822 | 248 0,133 5 4,02
2 Potable watern | 10 | 36 | 0 3,790 | 3,945 104 | 00759 | 1,92 0,165 0 4,18
3 2 10 | 36 0 6,000 | 6,117 102 | 01655 | 2,70 0,385 3 6,30
4 10 | 30 | 21 12,60 | 12,94 103 10,2295 | 1,77 0,344 8 2,66
5 10 | 36 0 0,530 | 0576 109 | 00426 | 740 0,116 8 20,3
6 Industrial waste | 10 | 32 | 1 1,090 | 1,112 102 | 00476 | 4,28 0,111© 10,1
7 water3) 2) 10 | 34 | 56 | 3300 | 3,401 103 | 00776 | 2,28 0039 5 4,10
8 10 | 34 | 11 | 9900 | 1016 103 | 01670 | 164 0638 7 6,29
9 10 | 34 | 56 | 0530 | 0,521 98,2 | 00225 | 432 0,045 6 8,75
10 Stahdard sol- 10 | 30 | 17 | 1,090 | 1,060 97,2 |0,0393 | G371 0,053 4 5,04
11 ufions# 2 10 | 29 | 19 | 3300 | 3,222 97,6 | 0,088 7} 2,75 0,099 2 3,08
12 10 | 26 | 32 | 9900 | 10,00 101 0,109 | 1,01 0,158 9 1,59

! is the number of laboratory sets

n is the numbel of outlier-free individual analytical values
o0 is the relativd portion of the outliers

X IS the corrgct value, by convention

v)? is the total mean

RR is the recoyery rate

5, is the repeathbility standard deviation

VC, is the repgatability coefficient of variation

sz is the reproducibility standard deviation

VC, is the reproducibility coefficient bfvariation

1) Drinking Water, spiked with\nitrite or nitrate solution.

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

3) Industrial Jvaste water, spiked with nitrite or nitrate solution in the participant's laboratory. In addition, the wastg water
contained 14 ¢/l.6hchloride and a COD of 1 400 mg/l.

4) Water as ih-2r-spiked-with-nitrite-ornitrate solution in the participant's laboratory

12
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13 Test report

The test report shall contain the following information:
a) a reference to this International Standard;

b) identity of the water sample;

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

d)

e)

f)

h)

ISO 13395:1996(E)

description of the sample pretreatment;

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

expression of the results according to clause 11;
precision and trueness of the results, if available;

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

13
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Annex A
(informative)

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

/ h

1

3
/
1/ 4
R1 0.6 /<\Maste
/

a) Determination of nitrite(N)

6
7
0.8"
B 202 3
v 4
R1 0.6 4/<Wasfe
-/

1) 0,2 mg/L to 2 mg/L nitrite/nitrate(N)
Z2) Zmg/TTo Z0mg/T A ITE/ M atreiity

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
R4 Reagent solution (4.17) 5 Injector
1 Pump (flow rate in mi/min) 10 ul 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/l to 1,0 mg/! nitrite(N)] 6 Reaction coil
300 ul [0,01 mg/! 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

5 cm/@ int. 4 mm

Figure A.1

14
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Annex B
(informative)

Examples of continuous flow systems (5.2) for the determination of
nitrate(N) and nitrite/nitrate(N)

15
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