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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 neededfor
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

This document is a module for analysis of inorganic parameters in soil and soil material. This document
concerns the complete dissolution for the subsequent analysis of elements.

An acid mixture based on nitric acid, hydrofluoric acid and hydrochloric acid will be used to totally
dissolve most soils and similar materials. The resulting solutions can be determined separately or
after combination with atomic absorption spectrometry (AAS) techniques, inductively coupled plasma
optical emission spectrometry (ICP-OES) or inductively coupled plasma mass spectrometry (ICP-MS)
determination methods.
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Soil quality — Dissolution for the determination of total
element content —

Part 3:
Dissolution with hydrofluoric, hydrochloric and nitric
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idsusing pressurised microwave techmique

Scope

5 document specifies a method for microwave-assisted dissolution of soil samples for det
ptal element contents of

\s, Ba, Ca, Cd, Co, Cr, Cs, Cu, Fe, Hg, K, Li, Mg, Mn, Na, Ni, P, Pb, S, Se,Sb;-Sr, T, V, Zn

g an acid mixture of nitric acid (HNO3), hydrofluoric acid (HF}*and hydrochloric acid

hod is applicable to all types of soil and soil material.
main field of application is geological and pedological sutvey.

acid mixture is suitable for total dissolution of element contents in soil (major, minor
some refractory compounds such as SiOp, TiO2,'spinel, Al03 or other compounds may 1

residue. In such a case, the use of alkaline fusion, following ISO 14869-2, is recommended to

the

NOT

true total element content.

E1 Inenvironmental studies, usually, agua regia extraction is applied using ISO 12914 or ISO

Solutions produced by the microwavemethod are suitable for analysis, for example, by us

abs
spe

NO7
ana

2

Thd
con
und

brption spectrometry (FAAS, HGAAS, CVAAS, GFAAS), inductively coupled plasma optic
ctrometry (ICP-OES) and inductively coupled plasma mass spectrometry (ICP-MS).

E2 Due to the presenee-of chloride in the digestion solution, limitations for the applicat
ytical techniques can occur:

Normative references

following‘decuments are referred to in the text in such a way that some or all of th
Stitutessrequirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

ISO

3696, Water for analytical laboratory use — Specification and test methods

prmination

(HC). This

and trace),
emain as a
determine

11466.
ing atomic

h] emission

on of some

Pir content
pplies. For
[s) applies.

ISO
ISO

11074, Soil quality — Vocabulary

11464, Soil quality — Pretreatment of samples for physico-chemical analysis

ISO 11465, Soil quality — Determination of dry matter and water content on a mass basis —

Gra

3

vimetric method

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11074, ISO 11464 and

ISO

11465 apply.

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=8bf92703c7e067f1ca77717630803b9f

ISO 14869-3:2017(E)

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

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

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

4 Safety remarks

All this wo
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glasses or
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WARNING
involving

familiariz
requiremse

rk has to be performed by trained persons.

s are absolutely necessary due to strong corrosive reagents, high temperature and

ires have to be performed in a hood or in closed force-ventilated equipment. By the us

[h samples with a high-organic content. Do not open pressurised vessels/before they h
. Avoid contact with the chemicals and the gaseous reaction productst

a. It should be noted that the effects of exposure to HFcmay not be apparent
urs, particularly for skin, after which effective treatment can be difficult. Users of
should familiarize themselves with the necessary precautions, taking professia
cal advice where appropriate. The use of an efficiént“exhaust hood, rubber glo
[face protection and protected pipetting devices is éssential. Observe safety precaut
hg hydrofluoric acid.

concentrated acids under pressurized conditions. Users of this document shg
e themselves with the necessary safety precautions and, where appropriate, any l¢
ents for their use. If in doubt, seek professional advice.

5 Prindgiple

The labora
produce a
completely

6 Inter

During tra
sample is d
that it doe
walls very

tory sample shall be treated*in accordance with the principles of ISO 11464 in orde
homogeneous test sample.from which a representative test portion can be sub-sampled
dissolved in an acid mixture by microwave-assisted heating.

ferences and-sources of errors

ce element determinations, contaminations shall be avoided. The container in which
eliveredrand stored can be a source of errors. The container’s material shall be chosen 9
5 notsabsorb the elements to be determined (e.g. elemental Hg can penetrate polyethy
fastin both directions).

e of

ising reagents, the formation of explosive organic intermediates is possible,especially when

ave

— Hydrofluoric acid is dangerous if inhaled as vapour or by direct contact with gkin

for
this
nal
yes,
ion

— Several stages of the procedure are potentially hazardous, especially those

uld
gal

I to
and

the
uch
ene

Grinding or milling samples includes a risk of contamination of the sample by the environment (e.g. air,
dust, wear of milling equipment). Due to the volatility of some compounds, it is important to take care
that the sample is not heated before the dissolution and that the volatile reaction products which might
be formed during the dissolution are not allowed to escape.

For the determination of elements forming volatile compounds (e.g. Hg, As, Cr, Se), special care shall be
taken during sample pre-treatment and pressurized digestions.

High acid and high dissolved matrix element concentrations in the dissolution solution may cause
interferences in the analytical method.

Depending on the concentration of the elements of interest, particular attention needs to be paid to the
cleaning of the laboratory equipment. It is recommended to thoroughly clean all laboratory equipment
and as a minimum, leave the equipment standing over night in 5 % nitric acid.
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Some elements of interest can be lost due to precipitation with ions present in the digestion solution,
e.g. low-solubility chloride, fluoride or sulfate compounds. Before starting filtration, boric acid should
be added to bind excess hydrofluoric acid and re-dissolve insoluble fluorides. During filtration, avoid

intr

7
Use

7.1

oduction of contaminants.

Reagents

only reagents of recognized analytical grade.

Water

Dei

It i
Bla

7.2
7.3
7.4
7.5

7.6

For
(C14

7.7

Dis
poly

8

All
con,

8.1

8.1

bnised or distilled water used shall conform at least to grade 2 of ISO 3696.

recommended that the same batch of water be used throughout a given batch-of detei
1k tests are carried out in each series of sample determination.

Hydrochloric acid, c¢(HCI) = 12 mol/l; p = 1,18 g/ml; w(HCl) = 36 %.

Nitric acid, c(HNO3) = 14,3 mol/l; p = 1,4 g/ml; not less than w(HNO3) = 65 %.

Nitric acid, diluted, c(HNO3) = 0,5 mol/], dilute 35 ml nittiC acid (7.3) to 1 1 with water
Hydrofluoric acid, c(HF) = 22,6 mol/], p = 1,13 g/mlyw(HF) = 40 %.

Antifoaming agent.

example, n-dodecane (C12H26) or polyethyleneglycol p-(1,1,3,3-tetramethylbutyl)-ph
H220(C2H40)p) is suitable.

Boric acid solution, w(H3B03) approximately 4 %.

olve 20 g boric acid (H3BO3) inn 450 ml of water and dilute to 500 ml with water.
rethylene bottle. Solubility limit of H3BO3is 49 gin 1 000 ml of water.

Apparatus

glassware and“plasticware shall be adequately cleaned and stored in order to
Famination.

Microwave-assisted dissolution system.

1C-Microwave apparatus requirements, microwave apparatus for pressurised dig

pre
use

ferably a temperature-regulated device, Tm combimatiom with pressure easureTerTt for

only.

minations.

(7.1).

enyl ether

Store in a

avoid any

estions —
laboratory

A laboratory-grade microwave unit cavity shall be well ventilated and corrosion resistant. All
electronics shall be protected against corrosion for safe operation. The temperature performance
requirements necessitate that the microwave decomposition system is able to sense the temperature
with an accuracy of £2,5 °C and automatically adjust the microwave field output power within 2 s of
sensing. Temperature sensors should be accurate to #2 °C [including at the final reaction temperature
of (175 + 5) °C]. Temperature feedback control provides the primary performance mechanism for the
method. Due to the variability in sample matrices and microwave equipment (i.e. different vessel types
and microwave designs), control of the temperature during the dissolution process is important for
ensuring reproducible microwave heating for different units.

© IS0 2017 - All rights reserved
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The accuracy of the temperature measurement system shall be periodically tested at an elevated
temperature according to the manufacturer’s instructions. If the temperature deviates by more than
2,5 °C from the temperature measured by an external calibrated temperature measurement system,
the microwave temperature measurement system should be calibrated.

8.1.2 Rotating turntable.

The speed of the turntable should be a minimum of 3 r/min. Other types of equipment used to assist in
achieving uniformity of the microwave field may also be appropriate.

8.1.3 Mifrowave dissolution vessels.

Digestion [vessels shall be made of materials that are microwave transparent and resistant to
reagents and temperature, such as fluorocarbon (e.g. PTA or TFM). The vessels may he plac;erf in
different njicrowave-transparent containers for stability, durability and safety. The internal volume of
dissolution vessels should preferably be 100 ml. The inner wall of the vessel shall be inert and shallfnot
release sulpstances to the digest in excess of the purity requirements of the subsegueént analysis. [The
vessel shal| be suitable for the safe application in the temperature and pressure.range applied, capgble
of withstanding pressures of at least 20 bar and capable of controlled pressure relief. Temperature
control of ¢losed vessel microwave instruments provides the main feedback performance mechanfism
for the method. Method control requires a temperature sensor in one or niore vessels during the egtire
decomposition.

8.2 Filtef papers.

Use cellulose-based filter paper, hardened and resistant tg a¢id mixture or suitable membrane filfers
with 0,45 pm pore size. Filtration should be done in a glass device only after boric acid addition.
Otherwise| use an all-plastic membrane filtration device-ahd a polypropylene volumetric flask.

8.3 Volumetric flasks, capacity 100 ml or highef.made of borosilicate glass or polypropylene.

8.4 Balapce, accuracy of 0,1 mg.

9 Sampling and sample pre¢treatment

9.1 Sample pre-treatment

Pre-treat spmples accordingto ISO 11464.

9.2 Pre-treatmént of test portion

The test sample shall be a representative part of the laboratory sample for the elements of interest With
sufficient Hompgeneity for analysis.

Pre-treatment should include drying and grain size reduction to a particle size less than of 250 pm,
preferably 125 um. The mass of test samples shall be sufficient for multiple digestion procedures and
determination of the dry matter. The dry matter content determination according to ISO 11465 shall be
carried out using a separate portion of the test sample.

10 Procedure

10.1 Blank test

Carry out a blank test in parallel with the determination by using the same procedure, the same
quantities of reagents but omitting the test portion (10.2).

4 © IS0 2017 - All rights reserved
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10.2 Test portion

Weigh the empty digestion vessel with the cap. Weigh approximately 0,5 g (based on dry weight) of
the test sample, accurately to 0,1 mg. Sample weights from 0,2 g to 0,5 g can be used, if the volume of
digestion vessel and maximum pressure resistance are sufficient. Assure that the test portion amount
selected is a representative of the test sample and the laboratory sample.

Referring to the manufacturer’s specifications, the upper limits of the test portion mass should be taken
into account.

Moilsten the test portion in the digestion vessel with a few drops of water (7.1).cAdd
(6 # 0,1) ml of hydrochloric acid (Z.2), (2 = 0,1) ml of nitric acid (7.3) and (2 + 0,1) m} HF
digestion vessel (8.1.3) and mix well.

If a) vigorous reaction occurs, allow the reaction to subside before capping-the vessel. I

foa

The
the

Cap
and
or 4
wit

T UTTICIOUTT

ing occurs, add a drop of anti-foaming agent (7.6).

amount of nitric acid is sufficient to oxidize approximately 250 mg oflerganic carbon in th
prganic carbon content is higher, add an extra 0,5 ml nitric acid (7Z3)for every 50 mg of orga

the digestion vessel (8.1.3) and weigh it. Connect the digesfion vessel to the microwave
place it into the carrousel. Always fill all positions of the'microwave equipment (usual
0 positions). If not all positions are occupied by test portions, fill the remaining digest
h the same amount of acid mixture as in the samplewessels to make sure that the energ

separately
7.5) to the

[ excessive

e sample. If
nic carbon.

equipment
y 6,12, 16
ion vessels
y is evenly

absprbed.

Inct
car
pro

ease the temperature with a rate of not more-than 15 °C/min. Select the temperature p
efully to avoid pressure increase rates higher than 0,2 bar/s to 0,3 bar/s. The td
bramme in Table 1 is given as an example.

rogramme
mperature

Table 1 — Example of a temperature schedule during the dissolution of soil sample

Step Temperature Ramp Hold Fan
°C min:s min:s

1 90 15:00 5:00 1

2 140 5:00 10:00 1

3 175 5:00 10:00 1

4 room temperature 00:00 20:00 2

(20 to 25)

NOTE1 Teo.fastincrease of the temperature may lead to exothermic reactions which can result ip opening of
the pressure safety valve and loss of analytes.

NOTE?2) Instead of a mixture HCl, HNO3, HF and H3BO3, a mixture of HCl, HNO3, HBF4 can be used if internal

validation data for all relevant soil matrices are provided by the laboratory.

Allow the digestion vessel to fully cool to room temperature before opening. Otherwise, volatile fluoride
or chloride compounds may escape.

Weigh each digestion vessel again and record the mass. The difference before and after digestion of the
vessel content (test portion and acid) can be considered acceptable if the mass loss is less than 10 %
to 15 %. If losses are higher, an unacceptable release of fumes has occurred and the sample shall be
discarded.

Uncap and vent the digestion vessel in a fume hood. Complex the hydrofluoric acid in excess boric
acid by adding 20 ml of a 4 % m/v boric acid solution (7.7). Close the digestion vessels and heat for an
additional 15 min at 130 °C in the microwave device. The temperature programme in Table 2 is given as
an example.

© IS0 2017 - All rights reserved
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Table 2 — Example of a temperature schedule during the boric acid addition step

Step Temperature Ramp Hold Fan
°C min:s min:s
130 10:00 5:00 1
room temperature 00:00 10:00 2
(20 to 25)

Allow the digestion vessel to fully cool to room temperature before opening. Uncap and vent the
digestion vessel ina fume hood. Filter the dlgestlon solution through afilter (8.2) ora su1tab1e membrane

filtration de

the residus
volumetrid
analytical

can be avg
contains hj

NOTE 3
for 10 min b

The digest|
elements o

(if any) w1th warm n1tr1c ac1d (24 4) and then water and quantltatlvely transfer to the 10
flask. Fill up the volumetric flask to the mark with water (7.1). If a hydrofluoricsresis
nstrument is available (HF-resistant torches for ICP-OES or ICP-MS), addition of boric
ided. Use a plastic filter equipment and a plastic volumetric flask if the sample solu
Fdrofluoric acid. The test portion solution can be measured directly.

If the digestion solution contains undissolved particles, centrifugation at 2 000 min-1 to 3 000 n

efore the filtration step can be helpful.

jon solution is now ready for analysis using appropriate elemental analysis techniqueq
finterest.

11 Quality control

A control s
suitable in

ample should be processed with each operating cycle of the microwave oven. This can
house reference material or commercial reference material.

12 Test report

The testre
a) arefer
b) comple
c) inform
d) any ds

have a

port shall include at least the following information:

ence to this document, i.e. ISO 14869-3;

te identification of the sample;

ation about the pre-treatment and digestion of the sample;

tail not specified in-this document, or which are optional, as well as any factor which 1
ffected the results:

13 Performanece characteristics

Performan

ce data in terms of reproducibility are given in Annex A.

ant
hcid
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