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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.
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Introduction

Ammonium nitrogen is one of the possible forms of nitrogen present in water. It can come directly from
industrial or public waste, from fertilizers or can be generated by the microbial breakdown of urea
and proteins under anaerobic conditions. Ammonium nitrogen can also be found naturally in water in
aquifers with low flow velocities, which are confined and contain organic matter.
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INTERNATIONAL STANDARD ISO 23695:2023(E)

Water quality — Determination of ammonium nitrogen in
water — Small-scale sealed tube method

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices.

is document

1 $cope

This|{document specifies a method for the determination of ammonium nitnogen (NH,-N)|in drinking
watelr, groundwater, surface water, wastewater, bathing water and mineralywater using thg small-scale
sealgd tube method. The result can be expressed as NH, or NH,-N or NH3 0r NH3-N.

NOTHE 1 In the habitual language use of sewage treatment and on the displays of automated segled-tube test
photgmeters or spectrophotometers, NH, without indication of the-positive charge has become|the common
notatfion for the parameter ammonium. This notation is adopted ifvthis document even though nat being quite
correct chemical nomenclature.

Thismethod is applicable to (NH,-N) concentration ranges from 0,01 mg/1 to 1 800 mg/l of NH,-N. The
meaguring ranges of concentration can vary depending on the type of small-scale sealed fjube method
of different manufacturers. Concentrations even slightly higher than the upper limit indicated in the
mantyifacturers manual relating to the small-secale sealed tube method used, cannot be [reported as
accufrate results. It is up to the user to chopse the small-scale sealed tube test with the [appropriate
application range or to adapt samples with concentrations exceeding the measuring rangg of a test by
preliminary dilution.

NOTE 2  The results of a small-scale:sealed tube are most precise in the middle of the application range of the
test.

All manufacturers’ methods are based on the Berthelot reaction and its modificationgy to develop
indophenol blue colour. Réagents mixtures can differ slightly based on manufacturers| small-scale
sealdd tube method, seeZClause 9. This method is applicable to non-preserved samples by psing small-
scalg sealed tubes forthe determination of drinking water, groundwater, surface water, wastewater and
to prieserved samples. The method is applicable to samples with suspended materials if these materials
are removable By-filtration.

2 Normative 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.

[SO 5664, Water quality — Determination of ammonium — Distillation and titration method

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

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

©1S0 2023 - All rights reserved 1
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ISO/IEC 170

3 Terms

2023(E)

25, General requirements for the competence of testing and calibration laboratories

and definitions

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

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

— ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

31

small-scale
glass tube ¢
develop a cg

4 Princi

sealed tube
pmmercially available on the market prefilled by different manufacturers with reagent
lour to be read by a photometer or spectrophotometer

ple

(s) to

This method is based on the principle of Berthelot reaction and its modification to develop indophenol

blue colour.
ions or chlo

promotes the development of the blue colour. Small-scale sealed ‘tube is read on a photomet

spectrophof
The method

5 Interfq

Typical inte}
values are |
high concen

Every many
above which
sampled vol

In strongly alkaline solution, ammonia reacts with dichleroisocyanurate and salic
rophenol ions, forming blue indophenol. The presence of sodium nitroprusside as caf]

ometer.

serves to obtain the concentration of ammoniumrititrogen present in the sample.

erences
'ferences are due to both cations and.anions. Examples for maximum tolerable concentr

trations and to those applicable @tlow concentrations of NH,-N.

facturer of small-scale sealed tubes shall provide information about interference 1
| the ion interferes. Theconcentration of interfering substances can depend on the ra
ume and predosed reagerits, in the small-scale sealed tube.

Table 1 — Example of interfering ions

ylate
alyst
PT Or

htion

sted in Table 1. These values refer{to both small-scale sealed tube methods applicalyle at

evels
Fio of

Ion Maximum tolerable concentration
mg/1
Ccl™ 1000
S 0421_ 1000
K+ 500
NO; 250
Na* 500
_ 50
COo3
Ca2* 500
Cu?+* 50
Cr3+ 50
Co2+* 50
Zn?2+ 50
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Table 1 (continued)
Ion Maximum tolerable concentration
mg/1
Cr(VI) 50

Primary amines can react under analysis conditions and lead to overestimated NH,-N values. All
reducing substances interfere and lead to underestimated results. The presence of urea is tolerated up
to concentrations which are 10 000 times greater than those of the ammonia present in the sample to
be analysed.

Turb
spee

As specified in ISO 5667-3, preliminary filtration is necessary using filters with, 0,45 pm
ition has to be performed on-site. Filtration shall be carried out under pressure and not under
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For
ISO §

Pers

It sh{
can fi

dity, colour and high salinity Ievels can Interiere both in the INstrumental measureme
 of colour development.

Lim, to avoid ammonia leakage. Before filtering, the filter shall be washéd with wa
pH as the sample. Generally, it can be done with the sample itself by discarding the fir
ple, already filtered.

h measuring a reagent blank value, follow the normal procedure but use pure water
ple.

h measuring a blank value caused by a coloured sample; ddd the sample to a small-
but do not add further reagents. Then follow the normalprocedure.

me cases, interferences can be eliminated using-appropriate dilutions such that inte
elow the maximum tolerable concentration and NH,-N remains within the measuremg

the laboratory's responsibility to identify interferences by, for example, spiking wi

a solution of known concentration ofthe suspected ion.

ise of higher concentration of(interfering substances, highly coloured wastewatg
ension which cannot be easily filtered or diluted as described above, proceed with a d
fibed in [SO 5664. An altermative method for distillation is described in Annex A.

bampling and sample preparation

methods of samipling and storing samples before analysis, proceed according to
667-3 and 1S0.5667-10.

bns performing the analysis shall be aware of the risks associated with the method.

1l be noted that, in the case of acidification of unknown samples, toxic gases such as H
ptm. Work in a fume cupboard.

ht and in the

pore width.

fer with the
st millilitres

7.1) instead
scale sealed
rfering ions

tnt range.

h reference

rial containing known amounts of ammenium nitrogen to the sample containing the siispected ion

r or turbid
stillation as

ISO 5667-1,

[CN and H,S

Non-preserved samples shall be analysed as soon as possible, in accordance with ISO 5667-3. Longer
storage periods require stabilization by acidification with sulfuric acid to pH < 2; if the sample is
acidified, before proceeding with the determination, the pH shall be brought within the range indicated
in the procedure for the test being used. When stabilizing samples, make sure to use ammonium-free
reagents. Store samples in the refrigerator as described in ISO 5667-3.

Due to the differences in used small-scale sealed tube between all the manufacturers it is recommended
to follow manufacturers' manuals.
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7 Reagents

7.1 Water, the concentration of nitrogen in the used water shall be below 25 % of the lower
measurement range of the used sealed tube.

7.2 Ammonium chloride, NH,Cl, of analytical grade, previously dried at 105 °C for 2 h, to be used for
preparing suitable solutions to verify the calibration in the NH,-N concentration range. Commercially
available ammonium chloride solutions, with known concentration, can also be used as reference
material.

7.3 Reagénts provided by the manufacturers for the small-scale sealed tube method and psed
to determine NH,-N with colour reactions (see Clause 9).

7.3.1 Sodjum dichloroisocyanurate, C;CI,N;NaO,.

7.3.2 Sodjum salicylate, C;H;NaOs.

7.3.3 Sodjum nitroprusside, Na,[Fe(CN);NO].

7.3.4 Chlgrophenol, (CI)C;H,OH.

7.3.5 Sodjum hydroxide, NaOH.

7.3.6 Lithjium hydroxide, LiOH.

8 Apparptus

Usual labordtory apparatus and, in particular, thefollowing.

8.1 Smallrscale sealed tubes, for different measuring ranges of NH,-N concentrations: low, medium,
high and very high.

8.2 Photgmeter or spectropheotometer, for reading small-scale sealed tubes at a wavelgngth
according tq colour reactions given in 9.2 or 9.3.

NOTE Ugually, an autemated instrument has calibration curves required for routine use stored ip the
memory and fcan also recerd new ones.

8.3 Calibratedpipettes and micropipettes of various volumes, accuracy class A.

8.4 Dryin . +5})°

9 Reaction conditions for the colour reaction

9.1 General

Determination is performed on non-preserved sample in a pH range specified in the following method.
On preserved sample adjust pH as described in Clause 5 to reach the pH range of the following method.

Two different reactions are available to gain both blue indophenol colour (9.2 and 9.3).

4 © IS0 2023 - All rights reserved
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9.2 Salicylate based reaction

In strongly alkaline solution, adjusted to pH > 12 with sodium hydroxide (7.3.5) or lithium hydroxide
(7.3.6), ammonia reacts with dichloroisocyanurate and salicylate ions, present in the reagent, forming
blue indophenol. The presence of sodium nitroprusside as catalyst promotes the development of the
blue colour in the small-scale sealed tube (see Table 2 for the mass fraction percentage range).

Sample pH should be between 4 and 9.

The intensity of the colour is measured at absorption maximum. The absorption spectrum has
two peaks and can be red at a wavelength of (694 * 10) nm or (550 * 10) nm or (585 * 10) nm or
(65010} nm-dependingonthe concentrationrange SHEE arsanualsk

Table 2 — Reagents in the small-scale sealed tubes given as mass fraction including sample, for
the salicylate-based reaction

Reagent name Mass fraction percentage range
Sodium dichloroisocyanurate (7.3.1) 0,004 to.0,05
Sodium salicylate (7.3.2) 0,Lto05
Sodium nitroprusside (7.3.3) 0;01to 0,2

9.3 | Chlorophenol based reaction

In stfongly alkaline solution, adjusted to pH > 12 with sodjum hydroxide (7.3.5) or lithium hydroxide
(7.3.¢), ammonia reacts with dichloroisocyanurate and"chlorophenol ions, present in the reagent,
formling blue indophenol. The presence of sodium nitfoprusside as catalyst promotes the development
of the blue colour in the small-scale sealed tube (see\Table 3 for the mass fraction percentage range).

Samjple pH should be between 4 and 13.

The Intensity of the colour is measured at-absorption maximum, at a wavelength of (660 [+ 10) nm or
(690]* 10) nm.

Table 3 — Reagents in the small-scale sealed tubes given as mass fraction including sample, for
phenol substitute-based reaction

Reagent name Mass fraction percentage range
Sodium-dichloroisocyanurate (7.3.1) 0,008 to 0,05
Chlorophenol (7.3.4) 0,01to 0,1
Sodium nitroprusside (7.3.3) 0,05to 0,5

It is importaht to keep in mind that the colour development that occurs in the reactions is heavily
influpncéd(by the temperature.

1 L ot Lioldle Jdo+. o1 1 3 .1 u 1 lod o1 o1l 1
In order—to—obtain—reliable tata, e Ssampre—ana tne—Simarr-scarc—searct—tupesS—Ssnat o between a

temperature of 15 °C and 25 °C, at the time when the reaction takes place.

10 Quality control

10.1 Verification of the calibration and acceptability criteria

In general, the photometer or spectrophotometer (8.2) for reading the small-scale sealed tubes are
calibrated by the manufacturer and the corresponding curves are saved. In addition, the instrument
has a program for calculating the concentration of the analyte from the absorbance measurement of the
sample being analysed through the parameters of the stored calibration curve.

© IS0 2023 - All rights reserved 5
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Verify the curve parameters when the instrumentation is set up. For this purpose, the acceptance
of the calibration curve shall be evaluated using reference material as quality control solution 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 users establish their own reference material levels (diluted from 7.2) and acceptance criteria
in accordance with the statistical variability provided by the photometer or spectrophotometer
manufacturer, or in accordance with current standards or their specific requirements. If the data are
acceptable, the photometer or spectrophotometer can be used. Otherwise, recalibration or appropriate
maintenancf and recalibration are necessary.

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

It is also pogsible to create a calibration curve starting from a standard (7.2) and diluteitto achievie the
desired calibration points (at least five shall be prescribed in accordance with ISO 8466-1), and a hlank
in the measyiring range. Proceed to read the small-scale sealed tubes as given in(9.1. It is recommejnded
to store the|calibration curves on the photometer or spectrophotometer.

10.2 System and interferences checks

It is recommended, because of potential variability in manufagturers practices of photomet¢r or
spectrophotometer, method followed, reagents used, that the useryshould verify the small-scale s¢aled
tubes befor¢ use, by using a diluted reference material (from 72) to accept the chosen range.

To check mdjin potential interference substances, it is recommended to run spiked known concentrption
of referenc¢ material or known concentration of interference ion on sample. To check amnponia
recovery, it |s recommended to run a number of samples representative of laboratory activity in terms
of repetitions and levels.

It is up to the laboratory to define the criteria-Concerning quality control frequency. The acceptance
criteria selected by the laboratory shall be.compatible with the declared uncertainty.
11 Calculation

The concenfration of NH,-N or &1, or NH; or NH3-N in the test sample is calculated using Formulale (1),

(2), (3) and [4):

Cnny—NfFP X d 63)

Cnpy, = f0 % @ (2)

CNp, = P X d (3)

CNpg-N = p X d (4)
where

Cnus-n 1S the concentration of ammonium nitrogen, expressed in mg/I;
Cnysa s the concentration of ammonium in the sample, expressed in mg/I;

Cnyz  is the concentration of ammonia in the sample, expressed in mg/1;

6 © IS0 2023 - All rights reserved
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Cnys.n 1S the concentration of ammonia nitrogen in the sample, expressed in mg/1;

p
d

the method’s scope of application and any addition for pH correction.

is the concentration read on the photometer or spectrophotometer and expressed in mg/l;

is the dilution factor, which takes into account both the need to bring the concentration within

If the analysis is performed with a commercially available automated instrument, the concentration p
of NH,-N or NH, or NH3 or NH;3-N is provided by the same instrument by setting the dilution factor.

Concentrations p even slightly higher than the upper limit of the application range indicated in the

man
resu

Ifiti

Lot 2 1€ 4+ 11 1 lod .1 Lod claall PR ) £
HIAULTUTITT S IIdITUdl TUT T SIITAIfrmstditc STAITU TUUT dppPIITtu STIdIT TTUT DT USTU TUTL Tdg

ts or be reported as such.

5 necessary to convert data, use the following conversion factors of Table 4.

Table 4 — Conversion of read values

Iculation of

Readings CNH4-N Crna Cnifz Chnz-n
mg/1 mg/I mg/1 mg/l
1 mg/INH,-N 1 1,288 1,216 1
1 mg/INH, 0,776 1 0,944 0,776
1 mg/1 NH, 0,822 1,059 1 g,822
1 mg/1 NH;-N 1 1,288 1,216 1
12 Expression of results

The
that

Resullts shall be reported to a maximuiiof 3 significant figures.

EXAN

CNH4—
CNH4—

CNHal

13
The {

Test report

hinalysis results obtained when applying this document are subject to a measurement
s to be considered in the interpretationief the results.

IPLE

v = 0,125 mg/1

N = 1,36 mg/1
=12,3mg/]

estaeport shall contain at least the following information:

uncertainty

a)

hetest method ncpd’ fngpfhpr with a reference to this dnr‘nmﬂnf’ ie ISO 7'260':-70')'—2;

b) i

dentity of the sample;

c) expression of the results according to Clause 12;

d) description of the used colour reaction (9.2 and 9.3);

e) any deviation from this method;

f) report of all circumstances that can have affected the results;

g) date of the test.

The method performance of this document is presented in Annex B.
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Annex A
(informative)

Principle of alternative distillation

A.1 General

High concenltration of chloride, colour or high turbidity can interfere with the colorimetric reaction.

following m
by distillati

The method
protective ¢

Inspect the

Ammonia, a
samples ger
(A.2.4 or A.Z

Distil the sa
acid solutio

colour obtained following the directions given in Clause 9.

A.2 Reag

Use the reag
A.2.1 Con

A.2.2 Abs

Pipette 0,91
and make uj

A.2.3 Sod

Dissolve (4,
leave to coo

bthod describes an alternative procedure to separate ammonia from interfering-substg
n as described in ISO 5664.

involves handling concentrated sulfuric acid and distillation of the aquedus matrix. )
othing, gloves and glasses. Work in a well-ventilated area, preferably in @ fume cupbod

Histillation system before use to check for any cracks or defects.

volatile weak base, can be separated from water by distillation‘at a pH of around 9,5. A
erally present different acidity and buffer properties, a liiffer solution containing b
.5) is added in order to maintain the required pH during.the distillation process.

mples in an alkaline environment as described in A.4.¥. The distilled ammonia is held
1 by sulfuric acid. The determination is carried.elit after neutralization by measurin

ents and standard solutions

ents given in 7.1 and 7.2, and in addition:
centrated sulfuric acid, with a‘mass fraction of 96 %, py,504 = 1,84 g/ml.

prbent for ammonia diluted sulfuric acid, cy;504 = 0,016 mol/L.

0 of concentrated.sulfuric acid (A.2.1) into a 1 000 ml graduated flask containing water
b to the mark.

um hydroxide solution, ¢y, = 0,1 mol/l.

+ 0,1).g of sodium hydroxide in a 1 000 ml graduated flask containing water (7.1). Mix
aridumake up to the mark.

The
nces

Wear
ird.

s the
brate

in an
o the

(2.1)

well,

A.2.4 Sodium borate, cy,75407 = 0,011 mol/1.

Dissolve (2,17 + 0,01) g of sodium borate (Na,B,0,) in a 1 000 ml flask containing water (7.1). Add
36 ml of sodium hydroxide solution 0,1 mol/I (A.2.3). Mix well, leave to cool and make up to the mark.

Dissolve (4,93 # 0,01) g of sodium borate (Na,B,0,) in a 1 000 ml flask containing water (7.1). Add
88 ml of sodium hydroxide solution 0,1 mol/1 (A.2.3). Mix well, leave to cool and make up to the mark.

A.3 Apparatus

Use the apparatus given in Clause 8 and in addition:

8
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A.3.1 Distillation system
Figure A.1 shows an example of a commercial device for performing distillation as per this method.

It consists of a heating block (not shown in figure) which can maintain a temperature of (125 = 5) °C and
has multiple positions to handle multiple samples for each work cycle.

The part related to distillation and distillate collection, shown in Figure A.1, consists of a polyethylene
sample tube, a collector tube D and a measurement end M.

Key

1 1embrane 7  stopring

2 dap 8 sample tube

3 lhreakaway 9 sample

4  gollector tube 10 distillation end

5 (distillate D collector tube

6 1nembrane M  measurement end
Figure A.1 — Distillation and collection apparatus

A.4 Method

A.4.1 Distillation

Follow the manufacturer's instructions and recommendations in the instrumentation operating
manual.

If the device in Figure A.1 is used, proceed as follows.

©1S0 2023 - All rights reserved 9
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Set the temperature to (125 * 5) °C on the heating block (A.3.1) and leave it to heat to this temperature
(about 20 min). Place the distillation and collection device on the appropriate holder with section M
facing upwards. From the open end of section M, add 1,0 ml of sulfuric acid solution 0,016 mol/1 (A.2.2)
and position a suitable gas permeable filter at the centre of the opening. Seal the device with a suitable
cap applying gentle and continuous pressure. If mounted correctly, the filter should fold sideways.

Add 6,0 ml of the sample to the sample tube and add 1,00 ml of borate buffer 0,025 mol/1 (A.2.5) if the
sample has been treated with sulfuric acid or 0,75 ml of sodium borate 0,011 mol/l (A.2.4) if the sample
has not been acidified.

Immediately and rapidly insert the sample tube into the distillation and collection device. The seal is

secured wit,

Insert the j
heating blod

Remove from the heating block and immediately separate by pulling down and turning-backward

forwards. U
separated W
collection d
cooling.

Place the dif
to cool for a

Collect the
horizontally
this positior
Discard par

i
Id DLU}J I llls-

ined parts - the sample tube and the distillation and collection device - into the’d
k (A.3.1) firmly and using the appropriate methods, and leave for 30 min.

se thermal insulation gloves when performing this operation. The joined parts shou
rithin a few seconds otherwise the sulfuric acid solution contained/in the distillatior

tillation and collection device in a suitable holder with sectién D facing upwards and
[ least 10 min.

condensation from the walls of the distillation ¢and collection device by rotati
and slowly bringing it back to a vertical position with part D facing upwards. Holding
1, break it in half by applying pressure at the pre=scored point (“breakaway” in Figure
[ D and keep part M containing the sulfuric acid solution.

bvice

5 and
|d be
and

pvice will be sucked into the test tube due to the fall in pressure réstilting from the sample

eave

ng it
it in
A1),

Top up with|water to 6,0 ml. The solution obtained will be used for colorimetry with the most suitable
small-scale $ealed tubes depending on the required-concentration.

A4.2 ColIrimetry

Proceed as dlescribed in Clause 9.
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