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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Nitrate plays an important role in nature and are naturally present in ecosystems. The main anthropic
sources are agriculture (fertilizers and manure) and industrial sources such as food, chemical, paper
companies, etc. and as a result of natural nitrification processes of reduced forms of nitrogen. In turn,
nitrate can be converted to nitrogen gas by denitrifying bacteria. This process takes on strategic
importance within biological water purification plants.

The presence of significant concentrations of nitrate in surface and bathing water, drinking water and
wastewater can pose a risk to human health and/or environment.
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Water quality — Determination of nitrate in water using
small-scale sealed tubes —

Part 1:
Dimethylphenol colour reaction

W,

NING — Persons using this document should be familiar with normal laborator

Thils document does not purport to address all of the safety problems, if any, associats

use

. It is the responsibility of the user to establish appropriate safety and health'pract

IMPORTANT — It is absolutely essential that tests conducted in accordance-with this

be ¢

1

Thi
suc
way
smg
req

The

rarried out by suitably qualified staff.

Scope

5 document specifies a method for the determination of nitrate-as NO3-N in water of var
h as natural water (including groundwater, surface water‘and bathing water), drinking
tewater, in a measuring range of concentration betweernfd,10 mg/I and 225 mg/1 of NO5-
ll-scale sealed tube method. Different measuring ranges of small-scale sealed tube metH
ired.

measuring ranges can vary depending on the type of the small-scale sealed tube method

manufacturers.

It is

to adapt samples with concentrations exceeding the measuring range of a test by preliminar

NOTI

E1 Theresults of a sealed-tube(test are most precise in the middle of the application range of

Manufacturers' small-scale sealed tube methods are based on dimethylphenol colou

dep

NOT
the

NO']
dev
nitr,
bein

ending on the typical opetating procedure of the small-scale sealed tube used, see Clausq

E2 Laws, regulationsor standards can require that the data is expressed as NO5- after cony
Etoichiometric convérsion factor 4,426 81 in Clause 11.

E3 In the habitual language, use of sewage treatment and on the displays of automated seal
ces, NO; without indication of the negative charge has become the common notation for the
hte and especially for the parameter nitrate-N. This notation is adopted in this document even
g quite.corfrect chemical nomenclature.

y practice.
pd with its
ices.

document

ious origin
water and
N using the
ods can be

Of different

up to the user to choose the small-scale-sealed tube test with the appropriate applicati¢n range or

y dilution.
the test.

I reaction
b O.

ersion with
bd-tube test

parameter
though not

2

Noarmative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

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

ISO

5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

ISO 5667-10, Water quality — Sampling — Part 10: Guidance on sampling of waste water

ISO 8466-1, Water quality — Calibration and evaluation of analytical methods — Part 1: Linear calibration
function
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[SO 8655-2

, Piston-operated volumetric apparatus — Part 2: Pipettes

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

3 Term

s and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO On
IEC Ele

3.1

small-scale sealed tube

glass tube
develop a d

4 Pringiple

Nitrate corj
4-nitro-din

The metho

5 Inter

Typical int

Examples ¢f maximum compatible concentrations @re listed in Table 1.

Every marn
above whi
sampled vd

line browsing platform: available at https: //www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

commercially available on the market, prefilled by the manufacturer with reagent(s]
olour to be read by a photometer or a spectrophotometer

tent of the sample to be analysed, reacts in acidic solution Wwith 2,6-dimethylphenol to
hethylphenol which is read at maximum absorption by a photometer or a spectrophotomg

d serves to obtain the concentration of nitrate presentiin the sample.

ferences

brfering substances are metals, chloride aihd organic load [chemical oxygen demand (CO

ufacturer of small-scale sealed tubes shall provide information about interference le

lume and pre-dosed reagents in the small-scale sealed tube.

Table 1 — Examples of interfering ions and organic load

, to

bive
ter.

D)].

vels

h the ion interferes. The concentration of interfering substances can depend on the ratio of

Stubstances Maximum tolerable concentration

mg/1

K* 500

Na* 500

Ccl™ 500

CcCoD 200

At 169
Caz* 50
Fe2+ 10
Cr(VI) 5

High concentrations of chloride require precipitation in form of silver chloride with silver sulfate or, if

applicable,

by dilution as described below in this subclause.

When calcium concentrations are greater than those indicated as an example in Table 1, the reaction
can produce turbidity.
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In case that in the sample, the concentration of interfering ion exceeds the maximum compatible
concentration, the user can dilute the sample and proceed with the appropriate measuring range of the
small-scale sealed tube method.

In case of turbid samples, preliminary filtration is necessary using filters with 0,45 pm porosity. Before
filtering, the filter shall be washed with water with the same pH as the sample. Generally, it can be done
with the sample itself by discarding the first millilitres of sample, already filtered.

For

a)

coloured sample interference, the sample can be handled as follows:

add sample to the small-scale sealed tube without adding any additional reagents and measure;

b)

‘)

It ig
con|

For
ISO

bel
is nj

Dus
to fi

7

71
med

7.2
pot

7.3
det

7.3

measure the concentration value of the coloured solution with the addition of reagents;
subtract the value obtained in a) from the value in b).

the laboratory’s responsibility to identify interferences by, for example, spiking with|
faining known concentration of nitrogen to the sample containing the suspected ion, see
Sampling and sample preparation

methods of sampling and storing samples before analysis(proceed according to I
5667-3 and ISO 5667-10.

SarIples should be analysed as soon as possible. For longerstorage periods, it is recommendg

w -18 °C as prescribed in ISO 5667-3. For nitrate in wastewater and surface water, on-sit
andatory.

to the differences in small-scale sealed tube used, between all the manufacturers, itis rec
bllow manufacturers' manuals.

Reagents and standard solutiens

Water, the concentration of nitrogen in the used water shall be below 25 % of]
isurement range of the usedisealed tube.

Potassium nitrate; KNO;, salt previously dried at (105 + 5) °C for 2 h; commerciall
hssium nitrate solufions of known concentrations can also be used as reference material

Reagents/provided by the manufacturers for the small-scale sealed tube method a
ermine NO3:=N'with the dimethylphenol colour reactions (see Clause 9).

{1 2,6:Dimethylphenol, CgH,,0.

standards
Clause 10.

SO 5667-1,

d to freeze
e filtration

bmmended

the lower

y available

nd used to

7.3.

7.3.

8

Z—_sulfuric acid, H,50,.

3 Phosphoric acid, H;PO,.

Apparatus

Usual laboratory apparatus and, in particular, the following.

8.1 Small-scale sealed tubes, for different measuring ranges of NO;-N concentrations: low, medium
and high.

8.2

©IS

Photometer or spectrophotometer, for measuring cuvettes.

02023 - All rights reserved
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NOTE

memory and can also record new ones.

8.3 Calibrated pipettes and micropipettes of various volumes, according to ISO 8655-2.

8.4 Drying oven, able to maintain the temperature at (105 £ 5) °C to dry reference material.

9 Procedure

Usually, an automated instrument has the calibration curves required for routine use stored in the

9.1 Rea¢tion conditions for the colour reaction
It is important to keep in mind that the colour development that occurs in the small-scale sealed tube
method is Influenced by the temperature and pH of the sample. In order to obtain reproducible datj, it
is generally recommended that the temperature of the sample and reagents is between @5 °C and 2p °C
when the reaction takes place. Sample pH should be between 3 and 10.
9.2 Dimlethylphenol based colour reaction
The reagepts in the small-scale sealed tubes given as mass fractionkincluding sample, for [the
dimethylphenol colour reaction is given in Table 2.
Nitrate iorls react in acidic solution with 2,6-dimethylphenol (731} to give 4-nitrodimethylphé¢nol
in a small-scale sealed tube, which is read at maximum) absorption by a photometer| or
spectrophdtometer (8.2) at a wavelength of (340 + 5) nm, (350*¢5) nm or (365 £+ 5) nm.
Table 2 — Reagents in the small-scale sealed tubes given as mass fraction including sample, [for
the dimethylphenol ¢olour reaction
Reagent name Mass fraction range percentage
2,6-dimethylphenol (7.3.1) 0,007 to 1
Sulfuric acid (7.3.2) 30to 50
Phosphoric acid (73.3) 25to 50
10 Quality control
10.1 Verification of the'calibration
In general| the photenieter or spectrophotometer (8.2) for reading the small-scale sealed tubg is
calibrated |py the mdanufacturer and the corresponding curves are saved. In addition, the instrunjent
has a progiram for*calculating the concentration of the analyte from the absorbance measurement offthe
sample beipg dnalysed through the parameters of the stored calibration curve

The acceptar ' o) T CUT ' [ [Tg Teferernce mater ntrol
solutions (diluted from 7.2) of different concentrations within the calibration range and a blank. This
shall be repeated whenever the manufacturer modifies the stored curve (information about calibration
changes shall be communicated by manufacturers) and/or the analyte concentration calculation
program or as described in ISO/IEC 17025.

The user establishes its own reference materials levels and acceptability criteria in accordance
with the statistical variability provided by the photometer or spectrophotometer manufacturer, or
according to current standards, or according to its specific requirements. If the data are acceptable, the
photometer or spectrophotometer can be used. Otherwise, recalibration or appropriate maintenance
and recalibration is necessary.

Each laboratory is responsible for system check including used reference material, frequency and
chosen concentration levels of reference material.

4 © IS0 2023 - All rights reserved
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It is also possible to create an own calibration curve starting from reference solution (7.2) and diluting
to achieve the desired calibration points (at least five shall be prescribed in accordance with ISO 8466-1)
and a blank in the measuring range. Proceed to read the small-scale sealed tubes with the photometer
or spectrophotometer (8.2). Itis recommended to store these own calibration curves on the photometer

ors

10.

pectrophotometer.

2 System and interferences checks

It is recommended to check the system using a reference material (7.2), because of potential variability
in manufacturers practices of photometer or spectrophotometer, method followed, reagents used.

It i
(sed
con
nun

at least necessary to check the main potential interferences that can be present.in
Clause 5). It is recommended to run spiked known concentration of reference materia

ber of samples representative of laboratory activity in terms of repetitions and levels.

the matrix
or known

centration of interference ion on sample. To check nitrate recovery, it is recommenddd to run a

It ifup to the laboratory to define the criteria concerning quality control frequercy.

The acceptance criteria selected by the laboratory shall be compatible with the declared undertainty.
11|Calculation

Thq concentration of NO5-N in the sample being analysed is galculated using Formula (1):

CnoyN =P X d (1)

whgre

Cnos-n 1s the concentration of nitrate-N imthe sample, expressed in mg/1;
is the concentration read onthe photometer or spectrophotometer, expressed i mg/};

d is the dilution factor, which takes into account both the potential need to bring t{he concen-
tration within the method’s scope of application and the potential addition of akid or base
for pH correction:

If the analysis was performed with a commercially available automated photpmeter or
speftrophotometer, N@3:N is provided by the same instrument by setting the dilution factor

If the data are expressed as nitrate (NO3 ), the NO5-N concentration value has to be multiflied by the
conpersion facter 4,426 81.

Concentrations p even slightly higher than the upper limit of the application range indicated in the
manufacturer’s manual for the small-scale sealed tube method applied shall not be used for palculation

of results or be reported as such.

12

Expression of results

The analysis results obtained when applying this document are subject to a measurement uncertainty
thatis to be considered in the interpretation of the results.

Results shall be reported to a maximum of 3 significant figures.

EXAMPLE

Cnoz-y = 0,125 mg/1

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=9eb76ef25c01be790b6783cbadf8eaf5

IS0 23696-1:2023(E)

Cnos-n = 12,3 mg/l

13 Test report

The test report shall contain at least the following information:

a) the test method used, together with a reference to this document, i.e. ISO 23696-1:2023;

b) identity of the sample;

c) expression of the results nr‘(‘nrding to Clause 12-

d) any deyiation from this method;

e) report|ofall circumstances that can have affected the results;

f) any unusual features observed;

g) the date of the test.

The performance method of this document is presented in Annex A.
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