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Standarder får världen att fungera
SIS (Swedish Standards Institute) är en fristående ideell förening med medlemmar från både privat och offentlig
sektor. Vi är en del av det europeiska och globala nätverk som utarbetar internationella standarder. Standarder är
dokumenterad kunskap utvecklad av framstående aktörer inom industri, näringsliv och samhälle och befrämjar
handel över gränser, bidrar till att processer och produkter blir säkrare samt effektiviserar din verksamhet.
Delta och påverka
Som medlem i SIS har du möjlighet att påverka framtida standarder inom ditt område
på nationell, europeisk och global nivå. Du får samtidigt tillgång till tidig information om
utvecklingen inom din bransch.
Ta del av det färdiga arbetet
Vi erbjuder våra kunder allt som rör standarder och deras tillämpning. Hos oss kan du köpa
alla publikationer du behöver – allt från enskilda standarder, tekniska rapporter och standardpaket till handböcker och onlinetjänster. Genom vår webbtjänst e-nav får du tillgång till
ett lättnavigerat bibliotek där alla standarder som är aktuella för ditt företag finns tillgängliga.
Standarder och handböcker är källor till kunskap. Vi säljer dem.
Utveckla din kompetens och lyckas bättre i ditt arbete
Hos SIS kan du gå öppna eller företagsinterna utbildningar kring innehåll och tillämpning
av standarder. Genom vår närhet till den internationella utvecklingen och ISO får du rätt
kunskap i rätt tid, direkt från källan. Med vår kunskap om standarders möjligheter hjälper
vi våra kunder att skapa verklig nytta och lönsamhet i sina verksamheter.
Vill du veta mer om SIS eller hur standarder kan effektivisera din verksamhet är
du välkommen in på www.sis.se eller ta kontakt med oss på tel 08-555 523 00.

Standards make the world go round
SIS (Swedish Standards Institute) is an independent non-profit organisation with members from both the private
and public sectors. We are part of the European and global network that draws up international standards. Standards
consist of documented knowledge developed by prominent actors within the industry, business world and society.
They promote cross-border trade, they help to make processes and products safer and they streamline your
organisation.
Take part and have influence
As a member of SIS you will have the possibility to participate in standardization activities
on national, European and global level. The membership in SIS will give you the opportunity
to influence future standards and gain access to early stage information about developments
within your field.
Get to know the finished work
We offer our customers everything in connection with standards and their application. You
can purchase all the publications you need from us - everything from individual standards,
technical reports and standard packages through to manuals and online services. Our web
service e-nav gives you access to an easy-to-navigate library where all standards that are
relevant to your company are available. Standards and manuals are sources of knowledge.
We sell them.
Increase understanding and improve perception
With SIS you can undergo either shared or in-house training in the content and application
of standards. Thanks to our proximity to international development and ISO you receive
the right knowledge at the right time, direct from the source. With our knowledge about the
potential of standards, we assist our customers in creating tangible benefit and profitability
in their organisations.
If you want to know more about SIS, or how standards can streamline your
organisation, please visit www.sis.se or contact us on phone +46 (0)8-555 523 00
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Den internationella standarden ISO 15685:2012 gäller som svensk standard. Detta dokument innehåller den
officiella engelska versionen av ISO 15685:2012.
Denna standard ersätter SS-ISO 15685:2004, utgåva 1.

The International Standard ISO 15685:2012 has the status of a Swedish Standard. This document contains
the official version of ISO 15685:2012.
This standard supersedes the Swedish Standard SS-ISO 15685:2004, edition 1.

© Copyright / Upphovsrätten till denna produkt tillhör SIS, Swedish Standards Institute, Stockholm, Sverige.
Användningen av denna produkt regleras av slutanvändarlicensen som återfinns i denna produkt, se standardens sista
sidor.
© Copyright SIS, Swedish Standards Institute, Stockholm, Sweden. All rights reserved. The use of this product is
governed by the end-user licence for this product. You will find the licence in the end of this document.
Upplysningar om sakinnehållet i standarden lämnas av SIS, Swedish Standards Institute, telefon 08-555 520 00.
Standarder kan beställas hos SIS Förlag AB som även lämnar allmänna upplysningar om svensk och utländsk standard.
Information about the content of the standard is available from the Swedish Standards Institute (SIS),
telephone +46 8 555 520 00. Standards may be ordered from SIS Förlag AB, who can also provide general
information about Swedish and foreign standards.

Denna standard är framtagen av kommittén för Karaktärisering av avfall, mark och slam, SIS / TK 535.
Har du synpunkter på innehållet i den här standarden, vill du delta i ett kommande revideringsarbete eller
vara med och ta fram andra standarder inom området? Gå in på www.sis.se - där hittar du mer information.
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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.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.
Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.
ISO 15685 was prepared by Technical Committee ISO/TC 190, Soil quality, Subcommittee SC 4, Biological methods.
This second edition cancels and replaces the first edition (ISO 15685:2004), which has been technically revised.

iv



Provläsningsexemplar / Preview

SS-ISO 15685:2013 (E)

Soil quality — Determination of potential nitrification and
inhibition of nitrification — Rapid test by ammonium oxidation
1 Scope
This International Standard specifies a rapid method for the determination of the potential rate of ammonium
oxidation and inhibition of nitrification in soils. This method is suitable for all soils containing a population of
nitrifying microorganisms. It can be used as a rapid screening test for monitoring soil quality and quality of
wastes, and is suitable for testing the effects of cultivation methods, chemical substances [except volatiles,
i.e. H > 1 (Henry’s constant)], extracts of biosolids and pollution in soils.

2 Normative references
The following referenced documents are indispensable for the application 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 10381‑6, Soil quality — Sampling — Part 6: Guidance on the collection, handling and storage of soil under
aerobic conditions for the assessment of microbiological processes, biomass and diversity in the laboratory
ISO 10390, Soil quality — Determination of pH
ISO 10694, Soil quality — Determination of organic and total carbon after dry combustion (elementary analysis)
ISO 11260, Soil quality — Determination of effective cation exchange capacity and base saturation level using
barium chloride solution
ISO 11261, Soil quality — Determination of total nitrogen — Modified Kjeldahl method
ISO 11277, Soil quality — Determination of particle size distribution in mineral soil material — Method by
sieving and sedimentation
ISO 11465, Soil quality — Determination of dry matter and water content on a mass basis — Gravimetric method
ISO 14238, Soil quality — Biological methods — Determination of nitrogen mineralization and nitrification in
soils and the influence of chemicals on these processes
ISO 14256‑2, Soil quality — Determination of nitrate, nitrite and ammonium in field-moist soils by extraction
with potassium chloride solution — Part 2: Automated method with segmented flow analysis
EN 14735, Characterization of waste — Preparation of waste samples for ecotoxicity tests

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
3.1
inhibitory dose
ID
amount of a chemical added to soil that effectively inhibits biological activity by a stated percentage after a
given time, in comparison with an untreated control
NOTE
It is expressed as a percentage. For example, ID25 and ID50 indicate a 25 % and 50 % inhibition of biological
activity, respectively.
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3.2
biosolids
organic products used in agriculture, which include sewage sludge, compost, manure and some industrial wastes

4 Principle
Ammonium oxidation, the first step in autotrophic nitrification in soil, is used to assess the potential activity of
microbial nitrifying populations. Autotrophic ammonium-oxidizing bacteria are exposed to ammonium sulfate
in a soil slurry buffered at pH 7,2. Oxidation of the nitrite performed by nitrite-oxidizing bacteria in the slurry
is inhibited by the addition of sodium chlorate. The subsequent accumulation of nitrite is measured over a 6 h
incubation period, and is taken as an estimate of the potential activity of ammonium-oxidizing bacteria. As the
generation time of ammonia-oxidizing bacteria is long (> 10 h), the method provides a measure of the potential
activity of the nitrifying population at the time of sampling. It does not measure growth of the nitrifying population.
Chemical test substances and extracts of biosolids can be tested by adding them to the slurry at various
concentrations. The test can be used for comparison of different soils (e.g. polluted and reference soils).
Effects of polluted soils, waste samples and other solid materials on nitrification can be evaluated by measuring
the method on mixtures of these samples with a reference soil.
Substances known to be active at pH < 7,2 should be added in due time before starting the test to allow
substances to exhibit their effects on nitrifying bacteria.

5 Reagents
5.1

Distilled water.

5.2

Potassium dihydrogenphosphate, c(KH2PO4 = 0,2 mol/l).

5.3

Dipotassium hydrogenphosphate, c(K2HPO4 = 0,2 mol/l).

5.4

Sodium chlorate, c(NaClO3 = 0,5 mol/l).

5.5

Diammonium sulfate, (NH4)2SO4.

5.6

Sodium hydrogencarbonate, c(NaHCO3 = 5 mmol/l).

5.7

Potassium chloride, c(KCl = 4 mol/l).

5.8

Stock solution A.

Prepare stock solution A as follows.
Potassium dihydrogenphosphate, KH2PO4 (5.2)

28 ml

Dipotassium hydrogenphosphate, K 2HPO4 (5.3)

72 ml

Distilled water (5.1)
5.9

100 ml

Test medium.

Prepare the test medium as follows.
Stock solution A (5.8)

10 ml

Sodium chlorate, NaClO3 (5.4)

10 ml to 30 ml

Diammonium sulfate, (NH4)2SO4 (5.5)

2

0,198 g
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Dilute to 1 000 ml with distilled water (5.1).
The test medium contains 1 mmol/l of potassium phosphate buffer, 5 mmol/l to 15 mmol/l of sodium chlorate
and 1,5 mmol/l of diammonium sulfate, and has a pH of approximately 7,2.
The sodium chlorate concentration selected within the range given should be sufficient for effective inhibition
of biological nitrate formation, while not having negative effects on ammonium oxidation. If necessary, test the
influence of the sodium chlorate concentration.
Test chemicals to be added to the test medium shall be dissolved in the phosphate buffer described and added
before diluting to 1 l. For test chemicals with low water solubility, prepare solutions by mechanical dispersion
or by using vehicles such as organic solvents, emulsifiers or dispergents of low toxicity to ammonium-oxidizing
bacteria. If any vehicle is used to add a test chemical to the slurry or a soil, additional control shall be performed
to assess possible effects of this vehicle on ammonium oxidation.
Add extracts of biosolids, when tested, separately to the test medium before dilution to 1 l.
NOTE
When a carbon source is needed, e.g. when testing biosolids with high nitrate levels, add 10 ml of
NaHCO3 (5.6) to the test medium before diluting to 1 l.

6 Apparatus
6.1

Ordinary laboratory equipment.

6.2

Orbital shaking incubator, thermostatically controlled.

7 Sampling, storage and characterization of samples
Guidance on sampling, sample processing and storage is given in ISO 10381‑6. For the testing of chemicals
or biosolids, or for mixing tests with polluted soils, experimental soil with an ammonium-oxidizing activity of
between 200 ng N/g and 800 ng N/g of dry mass of soil/h, determined from a preliminary experiment, should
be chosen. When testing chemicals, the soil should have a low adsorption capacity (e.g. sandy soils low in
Corg < 1 %); on the other hand, the soil should have a pH between 5,5 and 7,5.
Soil samples can usually be stored in a refrigerator at approximately 4 °C for periods of up to three months prior
to use (ISO 10381‑6). Some soils can only be kept in a refrigerator for up to two weeks. Storage of soil samples
in a freezer (‑20 °C) is not generally recommended.
It has been shown for a number of soils from temperate climates that storage at ‑20 °C for up to 12 months does
not inhibit ammonium oxidation activity (Reference [4]). Where such information is available for a particular soil,
storage under such conditions is permissible.
Measurement of the following variables is recommended for characterization of the soil:
—

particle size distribution (ISO 11277);

—

water content (ISO 11465);

—

water-holding capacity (ISO 14238);

—

pH (ISO 10390);

—

effective cation exchange capacity (ISO 11260);

—

organic matter content (ISO 10694);

—

total nitrogen content (ISO 11261).
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8 Procedure
8.1
8.1.1

Testing soils
General

The test design should include at least three replicates of approximately 25 g of moist soil. The water content
of soil for the calculation of dry mass is determined gravimetrically according to ISO 11465.
8.1.2

Initial incubation

Mix soil samples or waste materials with test medium (5.9) to form slurries. The volume of test medium should
be adjusted to give a precise total liquid volume, e.g. 100 ml. Calculate the volume of medium to be added by
subtracting the volume of water in the initial soil or waste sample from the desired liquid volume, e.g. 100 ml.
Incubate the slurries in 250 ml flasks, placed upright on the orbital shaking incubator (6.2), thermostatically
controlled at (25 ± 2) °C. Rotation should be sufficient to keep solids suspended (175 r/min).
A liquid volume greater than 100 ml is required in the slurry if the water-holding capacity of the soil is > 200 %
(organic soils).
8.1.3

Sampling of soil slurry

Take samples (2 ml) of the soil slurry after 2 h and 6 h of incubation, provided that ammonium oxidation is
known to be linear over this period. The soil slurry should be well shaken at sampling times to ensure that
the ratio of solution to soil is constant during the test. Dispense samples into test tubes and add 2 ml of KCl
(5.7) to stop the ammonium oxidation. Then centrifuge the samples at, for example, 3 000g for 2 min, or filter.
Filter paper should be of high filtration speed, while its chemical purity may be less than the highest grade.
Determine nitrite by a suitable method of chemical analysis (see ISO 14256‑2). At this stage, the solutions can
be stored in a refrigerator (4° C to 8 °C) but analysis should be carried out within 24 h.
If necessary, check the linearity of the ammonium oxidation over time by sampling soil slurry a number of times
during the 6 h of incubation. This is likely to be necessary if laboratories are not familiar with the soil types being
used in the test. Some cases of non-linearity can be corrected by ensuring aerobic conditions or supplying a
carbon source.

8.2

Testing the effect of chemicals

Determine ammonium oxidation according to the procedure for soils by adding test chemicals to the test
medium (5.9) at different concentrations. Include controls with no added test chemical in the test design as a
reference. The number of replicates of the control should be twice the number of replicates chosen for each
concentration of test chemical.
Conduct a preliminary range-finding test to select the concentrations of test chemical. In the main test, arrange
at least five different concentrations in a geometric progression. The lowest concentration tested should have
no effect on ammonium oxidation and the highest should inhibit by 50 % to 100 %.
When a vehicle for dissolution of a chemical is used, it should not exceed 100 mg/l in the test medium. Its effect
on ammonium oxidation should be tested by having additional controls containing the vehicle at the highest
concentration used in the test.
NOTE

8.3

Volatile test substances require special arrangements which are not within the scope of this International Standard.

Testing polluted soils

The most straightforward method is to compare the polluted soil with an unpolluted reference soil with
comparable soil properties, or to make gradient studies on soil samples taken at various levels of pollution.
Take a sufficient quantity of soil in order to prepare at least four replicates.

4
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In the absence of a suitable unpolluted soil for reference, or in cases of low potential nitrification activity,
the following test procedure is recommended. Pre-incubate the polluted soil and an unpolluted soil of known
nitrification activity at 200 ng N/g dm of soil/h to 800 ng N/g dm of soil/h at a water content of 40 % to 60 % of
water-holding capacity or ‑0,01 MPa to ‑0,03 MPa suction pressure for two days at 20 °C in darkness. Mix
moist amounts of the two soils comparable to 75 g of dry mass in a 1:1 ratio on a dry-mass basis. Store the
mixture, the polluted soil and the control soil for 24 h at 20 °C in darkness. Measure the potential ammonium
oxidation as described in 8.1 using four replicates of the mixture and of each soil.

8.4

Testing water extracts of biosolids

The effect on soil nitrification by extracts of biosolids, e.g. sewage sludge, can be tested. Prepare water
extracts by 24 h extraction with demineralized water at a ratio of 1:10 [g of biosolid (dry mass):ml of water] and
pH 7,5 (see EN 14735). Separate the aqueous phase from the particles by centrifugation, e.g. at 1 300g for
1 h. Test the effect of the extract on soil in a concentration series, including controls with no extract. Follow
the test procedure given in 8.1, adding the extract of biosolid just before the addition of test medium. Include
extract samples without soil in the test design for subtraction of ammonium oxidation by nitrifying bacteria in
the extracts.

9 Calculations
Calculate the rate of ammonium oxidation (ng NO2-N/g of dry mass of soil/h) from the difference between
NO2-N concentrations at different measuring times.
Calculate the inhibition of ammonium oxidation activity by the test chemical or extract of biosolid as a change
in the activity in reference soil, expressed as a percentage.
In mixtures of polluted and unpolluted soils, the polluted soil is considered toxic if the mixture shows ammonium
oxidation significantly lower than 90 % of the mean activity of the two soils kept separate. Using four replicates,
this is calculated using Equation (1):
Am + sm < 0, 9 ×

( Ac + Ap )

(1)

2

where
Am is the mean ammonium oxidation activity in the soil mixture;
sm is the standard deviation of ammonium oxidation activity in the soil mixture;
Ac is the mean ammonium oxidation activity in the control soil;
Ap is the mean ammonium oxidation activity in the polluted soil.

10 Test report
The test report shall contain the following information:
a)

a reference to this International Standard;

b)

soil characteristics;

c)

rate of ammonium oxidation (ng NO2-N/g of dry mass of soil/h), individual values, mean values and
standard deviations for each treatment and soil;

d)

test of reaction linearity:
—

if reaction linearity was tested at three sampling times or more, a plot of nitrite‑N concentration versus
time is reported;





5

