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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 ta
adopted by
International

Attention is ¢
rights. ISO s

5k of technical committees is to prepare International Standards. Draft International Stangflards
the technical committees are circulated to the member bodies for voting. Publication¥@s an
Standard requires approval by at least 75 % of the member bodies casting a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
hall 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

pdition cancels and replaces the first edition (ISO 15685:2004), which’has been technically reyised.
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Soil quality — Determination of potential nitrification and
inhibition of nitrification — Rapid test by ammonium oxidation

1 Scope

This Internat|onal Standard speC|f|es a rap|d method for the determlnat|on of the potent|al rate of ammonium

nitrif

wast¢

i.e.

The

referg

(incly

ISO 1

aerobic conditions for the assessment of microbiological proce$ses, biomass and diversity in the

ISO
ISO 1

ISO
bariu

ISO
ISO
sievil
1ISO 1

ISO
soils

ISO
with |

EN 1

10390, Soil quality — Determination of pH

11260, Soil quality — Determination of effective* cation exchange capacity and base saturatid

11261, Soil quality — Determination of-\total nitrogen — Modified Kjeldahl method

|ng m|croorgan|sms It can be used as a rap|d screenmg test for mon|tor|ng son quallty g
s, and is suitable for testing the effects of cultivation methods, chemical substances\[exd
> 1 (Henry’s constant)], extracts of biosolids and pollution in soils.

ormative references

ollowing referenced documents are indispensable for the application—of this documen
nces, only the edition cited applies. For undated references, the latest edition of the referenc
ding any amendments) applies.

0381-6, Soil quality — Sampling — Part 6: Guidance on the collection, handling and storagg

0694, Soil quality — Determination of organic and\total carbon after dry combustion (elemen

In chloride solution

11277, Soil quality — Determipation of particle size distribution in mineral soil material
g and sedimentation

4238, Soil quality <=Biological methods — Determination of nitrogen mineralization and
and the influence 0f chemicals on these processes

4256-2, Sail-quality — Determination of nitrate, nitrite and ammonium in field-moist soils
botassiuth _chloride solution — Part 2: Automated method with segmented flow analysis

1735, \Characterization of waste — Preparation of waste samples for ecotoxicity tests

2-population of

nd quality of
ept volatiles,

t. For dated
ed document

of soil under
laboratory

ary analysis)

n level using

—+ Method by

1465, Soil quality — Determination of dry matter and water content on a mass basis — Gravimetric method

nitrification in

by extraction

3 Terms and definitions

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

341

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

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

taria

s the

incubation anod—andic talkan ac An Actimaata ~Af tha natantial anthvitv of ararmaniie AvidiZin~ han
peried—and-s-taken-as-an-estimate-of-the-potential-activity-of-ammenitm-exidizing-bas

generation ti
activity of the

Chemical tes
concentratio
Effects of po
the method g

Substances
substances f{

5 Reagel
5.1 Distill
5.2
5.3
5.4 Sodiu
5.5 Diamn
5.6 Sodiu
5.7
5.8 Stock

Prepare stoc

oo

me of ammonia-oxidizing bacteria is long (> 10 h), the method provides a measure of the pot
nitrifying population at the time of sampling. It does not measure growth of the nitrifying ©opul

bt substances and extracts of biosolids can be tested by adding them to the slufry at vg
ns. The test can be used for comparison of different soils (e.g. polluted and-reference §
luted soils, waste samples and other solid materials on nitrification can be evaluated by meas
n mixtures of these samples with a reference soil.

known to be active at pH < 7,2 should be added in due time before-starting the test to
p exhibit their effects on nitrifying bacteria.

nts

bd water.

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

Dipotassium hydrogenphosphate, ¢(KoHPO4 = 0,2 mol/l).

n chlorate, ¢(NaClO3 = 0,5 mol/l).
nonium sulfate, (NH4)2SO4.

m hydrogencarbonate; ¢(NaHCO3 = 5 mmol/l).

Potassium chloride; «(KCl = 4 mol/l).

solution’A’

k solution A as follows.

ential
ation.

rious

50ils).
uring

allow

Potassium dihydrogenphosphate, KH2PO4 (5.2) 28 ml
Dipotassium hydrogenphosphate, KoHPO4 (5.3) 72 ml
Distilled water (5.1) 100 ml
5.9 Test medium.

Prepare the test medium as follows.

Stock solution A (5.8) 10 mi
Sodium chlorate, NaClO3 (5.4) 10 ml to 30 ml
Diammonium sulfate, (NH4)2S0O4 (5.5) 0,198 g

2
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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 I. For test chemicals with low water solubility, prepare solutions by mechanical dispersion
sing vehicles such as organic solvents, emulsifiers or dispergents of low toxicity to ammonium-oxidizing

or by
bactg
to as

ess possible effects of this vehicle on ammonium oxidation.

Add ¢xtracts of biosolids, when tested, separately to the test medium before dilution to{-|.

NOTH
NaH(

When a carbon source is needed, e.g. when testing biosolids with high<{nitrate levels,
O3 (5.6) to the test medium before diluting to 1 I.

6 Apparatus

6.1

6.2

7 9
Guid

Ordinary laboratory equipment.

Orbital shaking incubator, thermostatically controlleds

pampling, storage and characterizationof samples

hnce on sampling, sample processing and-storage is given in ISO 10381-6. For the testing

or bipsolids, or for mixing tests with polluted seils, experimental soil with an ammonium-oxidizi

betw
be ch
Corg

Soil
to us
inaf

It hag
notin
stora

Meaq

pen 200 ng N/g and 800 ng N/g of dry_mass of soil/h, determined from a preliminary experi
osen. When testing chemicals, thie)soil should have a low adsorption capacity (e.g. sand
1 %); on the other hand, the soil.should have a pH between 5,5 and 7,5.

amples can usually be storedin a refrigerator at approximately 4 °C for periods of up to three
b (ISO 10381-6). Some _soils can only be kept in a refrigerator for up to two weeks. Storage of]
reezer (—20 °C) is not geherally recommended.

been shown fop-abumber of soils from temperate climates that storage at —20 °C for up to 12
hibit ammonigm oxidation activity (Reference [4]). Where such information is available for a g
ge under such'conditions is permissible.

urement of the following variables is recommended for characterization of the soil:

—

using d ; perg y
ria. If any vehicle is used to add a test chemical to the slurry or a soil, additional control shall be performed

add 10 ml of

of chemicals
ng activity of
ment, should
soils low in

months prior
soil samples

months does
articular soil,

article 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);

— t

© 18O

otal nitrogen content (ISO 11261).
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8 Procedure

8.1

8.1.1 Gene

Testing soils

ral

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 sam
be adjusted {
subtracting t
Incubate the
controlled at

A liquid volume greater than 100 ml is required in the slurry if the water-holding capacity of the soil is > 2

(organic soils

8.1.3 Samy

Take sample
known to be
the ratio of §
(5.7) to stop
Filter paper
Determine ni
be stored in

If necessary,

during the 6 I of incubation. This is likely to be necéssary if laboratories are not familiar with the soil types

used in the t
carbon sourq

8.2 Testin

Determine a
medium (5.9

reference. The number of{replicates of the control should be twice the number of replicates chosen for

concentratio

Conduct a pr
at least five ¢

bles or waste materials with test medium (5.9) to form slurries. The volume of test medium s
0 give a precise total liquid volume, e.g. 100 ml. Calculate the volume of medium to be‘add
ne volume of water in the initial soil or waste sample from the desired liquid volume, e.g. 1(

hould
bd by
0 ml.

slurries in 250 ml flasks, placed upright on the orbital shaking incubator (6.2)Cthermostafically

(25 + 2) °C. Rotation should be sufficient to keep solids suspended (175 r/min).

).
ling of soil slurry

S (2 ml) of the soil slurry after 2 h and 6 h of incubation, provided that ammonium oxidat

00 %

on is

linear over this period. The soil slurry should be well shaken at sampling times to ensurg that

polution to soil is constant during the test. Dispense samples into test tubes and add 2 ml g
he ammonium oxidation. Then centrifuge the samples at, for example, 3 000g for 2 min, or|
Ehould be of high filtration speed, while its chemical purity may be less than the highest ¢
trite by a suitable method of chemical analysis (See ISO 14256-2). At this stage, the solution
b refrigerator (4° C to 8 °C) but analysis should be carried out within 24 h.

check the linearity of the ammonium oxidation over time by sampling soil slurry a number of

bst. Some cases of non-linearity.can be corrected by ensuring aerobic conditions or supply
e.

g the effect of chemicals

f KCI
filter.
rade.
5 can

limes
being
ing a

mmonium oxidatioh, according to the procedure for soils by adding test chemicals to the test

at different coneentrations. Include controls with no added test chemical in the test desigr

h of test chemiical.

eliminary range-finding test to select the concentrations of test chemical. In the main test, arj
ifferent concentrations in a geometric progression. The lowest concentration tested should

as a
each

ange
have

no effect on

bmmonium 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 Testing polluted soils

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

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 suffic

ient quantity of soil in order to prepare at least four replicates.

© 1SO 2012 — All rights reserved
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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
extragts by 24 h extraction with demineralized water at a ratio of 1:10 [g of biosolid (dry mass):ml pf 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'ro extract. Follow
the test procedure given in 8.1, adding the extract of biosolid just before the addition oftest medium. Include
extract samples without soil in the test design for subtraction of ammonium oxidation‘by nitrifying bacteria in
the ektracts.

9 (alculations

Calcuilate the rate of ammonium oxidation (ng NO2-N/g of dry mass-of soil/h) from the differehce between
NO2-N concentrations at different measuring times.

Calctilate the inhibition of ammonium oxidation activity by the.test chemical or extract of biosolid|as a change
in thg activity in reference soil, expressed as a percentage,

In mixtures of polluted and unpolluted soils, the polluted\soil is considered toxic if the mixture showls ammonium
oxidgtion significantly lower than 90 % of the mean. agtivity of the two soils kept separate. Using four replicates,
this i$ calculated using Equation (1):

dy+1
( + p) )

|

m+Sm <0,9x

wher:

11

H, is the mean ammonitm oxidation activity in the soil mixture;

is the standard-déeviation of ammonium oxidation activity in the soil mixture;
4. is the meamammonium oxidation activity in the control soil;

is thelmean ammonium oxidation activity in the polluted soil.

10 Test report

The test report shall contain the following information:
a) areference 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:

— ifreaction linearity was tested at three sampling times or more, a plot of nitrite-N concentration versus
time is reported;

© 1S0O 2012 — All rights reserved 5
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e) tests with added chemicals:

— graphical representation of inhibition of ammonium oxidation versus concentration of the tested
chemical; inhibitory dose values ID25 and ID50 indicated in the diagram (see 3.1);

f) test report for polluted soil in soil mixtures:
— qualitative classification of polluted soils as toxic or non-toxic (see Annex A);
g) testreport for extracts of biosolids:

— graphical representation of the concentration-effect relationship of added water extracts from
biogotids; mctudimgam estimmation of mhibitory dose vatues D25 amd 5 56-

6 © 1S0 2012 — All rights reserved
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Annex A
(informative)

Results of a laboratory ring test

ISO 15685:2012(E)

A laboratory ring test using four contaminated soils and a reference soil (see Table A.1) was carried out in
Germany. In addition to the determination of ammonium oxidation rates (see Table A.2), a toxicity test using

mixtyrestHHof-thereference-soitand-thepotiuted-sottswasperformed-accordingtotheprocedyre described
in 8.3 (see Table A.3). Extreme values were eliminated according to DIN 38402-42 [7],
In agreement with Clause 7, only the reference soil and soil 1 were in the recommended.range qf 200 ng N/g
to 80P ng N/g of dry mass of soil/h. Within this ring test, additional contaminated soils wére tested which had a
very |low level of ammonium oxidation activity. The high coefficients of variation (Cy) for contamingted soils can
be atfributed to the fact that the values approached zero. Therefore, these numbérs-do not affect|the outcome
of the ring test (see Table A.2). However, qualitative toxicity assessment using the soil mixing procedure of
8.3 was applied with good agreement between laboratories for all soils, including low-activity soil (Table A.3).
Table A.1 — Chemical and physical properties of the soils and their contaminatipn
Parameter Reference soil Soil 1 Soil 2 Soil 3 Soil 4
Textural class silty sand loam sand sand sand
WHCax , ml/kg 290,0 11,8 3477 241,8 268,5
pH 6,6 7,3 7,3 7,5 5,6
Corg, % 2,1 4,7 8,5 5,9 1,7
N, % 0,16 0,38 0,27 0,20 0,16
>Nitrotoluene, mg/kg nd. 336,3 n.d. n.d. n.d.
PAH, mg/kg n.d. 77,0 60 21 2268
Mineral oil, mg/kg n.d. <50,0 43 660,1 8798,9 <50
As, mg/kg n.d. 5,4 3,6 121 <3
Cd, mg/kg n.d. 6,4 29,6 9,3 <3
Cr, mg/kg n.d. 65,9 2005,1 320,3 94,9
Cu, mg/kg n.d. 104,4 10 921,3 367,8 10,0
Ni, mg/Kg n.d. 29,2 5894,2 578,5 6,5
Pb, mglkg n.d. 820,8 1082,2 547,5 10,3
Zny,mg/kg n.d. 764,7 5065,3 5776 26,6
NOTE md.: not determined.
WH(: water-holding capacity; PAH: polycyclic aromatic hydrocarbons
Table A.2 — Ammonium oxidation rates
Soils Reference Soil 1 Soil 2 Soil 3 Soil 4
Mean Va:ﬁ;g%f'\'s?)ﬁ;wlg of dry 540 350 80 10 10
Standard deviation 93 138 122 14 14
Cy, % 17,2 39,5 153,3 142,6 135,7
Number of participating laboratories 23 16 15 16 16
Number of laboratories considered 22 16 14 15 12

© 1SO 2012 — All rights reserved
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Table A.3 — Assessment of toxicity of contaminated soils using soil mixtures
with the reference soil according to 8.3 [toxicity criteria: see Clause 9, Equation (1)]

Laboratory Soil 1 Soil 2 Soil 3 Soil 4
6 / / / /

19 -

23 +

25 -

26 -

28 -

30 -

35 -

41 -

45 /

46 -

49 -

51 -

55 -

57 -

58 -

60 +
Toxic (%) 13,3

NOTE + = toxic;
- = not toxic;
/ = not determined.

~ |+ |+ |+ |+

+

~ |+ |+ |+
~ |+ |+ [+ ||+ |+ ]+ ]+]+

~

+ |+ |

S|+ [+ |+ |+ [+ ]|+ ]|+
O+ [+ &)+ [+ |+ |+
+

N
(@]
N

8 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=213b3ffb12403822c77dc8133d6281c0

	CVP_Secretariat_Loca
	Foreword
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Principle
	5	Reagents
	6	Apparatus
	7	Sampling, storage and characterization of samples
	8	Procedure
	8.1	Testing soils
	8.2	Testing the effect of chemicals
	8.3	Testing polluted soils
	8.4	Testing water extracts of biosolids
	9	Calculations
	10	Test report
	Annex A
(informative)

Results of a laboratory ring test
	Annex B
(informative)

Micro-scale measurement of potential nitrification rates
	Bibliography

