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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 Internationpl Standards
adopfed by the technical committees are circulated to the member bodies for voting. Publigation as an
Intermational 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 sublect of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 112914 was prepared by Technical Committee ISO/TC 190, Soil quality,\Subcommittee SC|3, Chemical
methpds and soil characteristics.
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Introduction

This International Standard is a module for analysis of inorganic parameters in soil and soil material. This
International Standard concerns the extraction with aqua regia for the subsequent analysis of elements.

Aqua regia will not totally dissolve most soils and similar materials, and the efficiency of the extraction for
particular elements differs from element to element. Such efficiency might also differ for the same element in
different matrices. Users of this International Standard should carry out a program of analysis using reference
materials to ensure that the method given here is appropriate for their needs. Elements extractable in aqua
regia cannot, therefore, be regarded as ‘totals’; conversely, they cannot be regarded as the ‘bio available’
fraction, as the extraction procedure is too vigorous to represent any biological process
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Soil quality — Microwave-assisted extraction of the aqua regia

sol

uble fraction for the determination of elements

1 Scope

This International Standard specifies a method for microwave-assisted extraction of elements from samples

usin

agua ragia as the extraction solution for the determination of elements This methaod is ap

licable to all

typesd

Aqua
suita

The ¢

of soil and soil material.

regia extraction is suitable for the release of trace and major element fractions in soil,; Aqu

xtraction with aqua regia is operationally defined and will not necessarily release all element

The
a)
b)

Solu
abso
GFA
spec

NOTH
techn

ble for the extraction of elements from refractory compounds, such as SiO», TiO2 and AloO4.

A regia is not

5 completely.

icrowave method is generic and can be implemented using a wide variety of equipment, provided:

e extraction mixture ratio is unchanged;
e extraction temperature is known.

ons produced by the microwave method are suitablexfor analysis, for example, by
'ption spectrometry (flame: FAAS, hydride generation: HGAAS, cold vapour: CVAAS, graf
\S), inductively coupled plasma emission spectromettsy (ICP/OES) and inductively coupled
rometry (ICP/MS).

Due to the presence of chloride in the extraction solution, limitations for the applicatior]
ques can occur.

2

The following referenced documents are indispensable for the application of this documen

refer
(incly

ISO
ISO
I1SO 1

ISO
Grayv

ormative references

nces, only the edition cited(applies. For undated references, the latest edition of the referenc
ding any amendments) applies.

696, Water for analytical laboratory use — Specification and test methods
0381-1, Soil ggality — Sampling — Part 1: Guidance on the design of sampling programme
1464, Soilquality — Pretreatment of samples for physico-chemical analysis

114654993, Soil quality — Determination of dry matter and water content on a m
fimetric method

ising atomic
hite furnace;
blasma mass

of analytical

t. For dated
ed document

hss base —

ISO 18512, Soil quality — Guidance on long and short term storage of soil samples

3 Terms and definitions

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

31
aqua

regia

extraction solution obtained by mixing 1 volume of nitric acid, w(HNO3) = 65 % to 70 %, and 3 volumes of
hydrochloric acid, w(HCI) = 35 % to 37 %
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3.2
extraction

012(E)

mineralization of the organic matter of a sample and dissolution of its mineral part, more or less completely,

when reactin

3.3
sample
portion of so

[ISO 11074:2
3.4

g with the reagent mixture

il material selected from a larger quantity of material

005]

laboratory éample

sample inten
[ISO 11074:2

3.5

test sample
portion of m
pretreatment

[ISO 11074:2

3.6

test portion
analytical p
quantity of m
from the test

NOTE1 TH
of sample is ré

NOTE2 A
[ISO 11074:2

3.7
dry matter

ded for laboratory inspection of testing

005]

aterial resulting from the laboratory sample by means of an appropriate method of sg
and having the size (volume/mass) necessary for the desired testing ‘er-analysis

005]

brtion
aterial, of proper size, for measurement of the concentration or other property of interest ren;
sample

e test portion may be taken from the primary sample or from the laboratory sample directly if no prepd
quired (e.g. with liquids), but usually it is taken(from the prepared test sample.

Linit or increment of proper homogeneity, siz€ and fineness, needing no further preparation, may be a test p

005]

mass fractiof of a sample weight after'the specified drying process and the weight of the moist sample

NOTE

t

[ISO 11465:1

4 Safety

is expressed in pefeent.

093]

remarks

mple

oved

ration

brtion.

All of the wark-has to be performed hy trained persons

The reagents used within this International Standard are strongly corrosive and potentially very
harmful. Safety precautions are absolutely necessary due to toxic fumes and strong corrosive

reagents, hi

gh temperature and high pressure.

All procedures have to be performed in a hood or in closed force-ventilated equipment. By the use
of strong oxidizing reagents, the formation of explosive organic intermediates is possible, especially
when dealing with samples with a high organic content. Do not open pressurized vessels before they
have cooled down. Avoid contact with the chemicals and the gaseous reaction products.
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5 Principle

The laboratory sample should be treated in accordance with the principles of ISO 11464, in order to produce
a homogeneous test sample from which a test portion can be subsampled and digested by aqua regia to the
following heating procedure.

Microwave extraction at 175 °C £ 5 °C for 10 min = 1 min in a closed vessel, followed by filtration and adjustment
of the volume in a volumetric flask.

6

Interferences and sources of errors

Due
extra
toes
air, d
(e.g.

Durin

abso
direc

For th
samy]

o the volatility of some compounds, it is important to take care that the sample is not heat¢d before the

ction, and that the volatile reaction products which might be formed during the extractien\ar
cape. Grinding or milling samples includes a risk of contamination of the sample by the envir

e not allowed
bnment (e. g.

List, wear of milling equipment). Losses of volatile compounds are possible due tQ elevated {femperatures

b drying temperature over 40 °C may result in losses of mercury).

g trace-element determinations, contaminations shall be avoided. The centainer in which the sample is
deliveéred and stored can be a source of errors. The container’s material shall-be chosen such th

b the elements to be determined (e.g. elemental Hg can penetrate,polyethylene walls ver

ions and glass can contaminate samples with its constituent elemeénts such as B, Na, K, Al).

e determination of elements forming volatile compounds (e.gnHdg, As), special care has to be
le pretreatment.

The dise of the described extraction procedures may leave darge parts of the sample undissolved

HighA
Depd
of thd
leave

Care
aids |

Somg
solub
proce

7 F

Use

71

acid and high-dissolved-matrix concentrations in the extract may cause interferences in measu

nding on the concentration of the elements ofinterest, particular attention needs to be paid tg
laboratory equipment. It is recommended.toithoroughly clean all laboratory equipment and, a
the equipment standing overnight in 1°% to 5 % nitric acid.

shall be taken to ensure that the test portion is in contact with the acid mixture in the reaction v
ike glass beads should be used, provided they do not contain constituents contaminating the

b elements of interest cap-be’lost due to precipitation with ions present in the extract solut
le compounds of chlorides. During filtration of the extracted solution, it is necessary that
dure does not introduse’ contaminants.

Reagents

bnly reagents of recognized analytical grade.

Water: deionized or distilled water used shall conform at least to grade 2 of ISO 3696.

at it does not
fast in both

taken during

rement steps.

the cleaning
5 a minimum,

essel. Boiling
sample.

on, e. g. low
the filtration

It is recommended to use the same batch of water throughout a given batch of determinations. Blank tests are
carried out in each series of sample determination.

7.2

7.3

7.4

7.5

Hydrochloric acid, ¢(HCI) = 12 mol/l; p = 1,18 g/ml; w(HCI) = 36 %.
Nitric acid, ¢(HNO3) = 14,3 mol/l; p = 1,4 g/ml; not less than w(HNO3) = 65 %.
Nitric acid, diluted, ¢(HNO3) = 0,5 mol/l, dilute 35 ml of nitric acid (7.3) to 1 | with water (7.

Anti-foaming agent, for example, n-dodecane (Ci2H2g) or polyethyleneglycol

tetramethylbuthyl)-phenyl ether [C14H220(C2H40),] is suitable.
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8 Apparatus

8.1

General

All glassware and plastic ware shall be adequately cleaned and stored in order to avoid any contamination.

8.2 Microwave-assisted extraction system

8.2.1

Microwave apparatus requirements

The microw
with temperg
energy over
described in

The microws
controlled un

All electronid
with temper:
necessitate
+2,5°C and
should be a
feedback cor
matrices and

data betwee

The accurac
according tg
temperature
measuremer

8.2.2 Rotaling turntable

The speed of
uniformity of

8.2.3 Micrd

g extractiomapparatus stattbeeither temperature Tegutated-orpower controtted; imrcombir
ture calibration and pressure measurement. The microwave unit shall ensure equal distribut
he samples. These devices shall be calibrated to establish the temperature and time\relati
10.3.

ve unit cavity shall be well ventilated and corrosion resistant. In addition, ventilation in p
its shall be sufficient to maintain room temperature inside the cavity.

s shall be protected against corrosion for safe operation. A laboratgry-grade microwave
ture-feedback control mechanisms is preferred. The temperaturé. performance requirer
hat the microwave decomposition system be able to sense the temperature with an accura
automatically adjust the microwave field output power within 25'0f sensing. Temperature se

trol provides the primary performance mechanism for thissmethod. Due to the variability in sg

h different apparatuses.

the manufacturer’s instructions. If the, temperature deviates by more than 2,5 °C fron

t system should be calibrated.

the turntable should be alminimum of 3 min-1. Other types of equipment used to assist in achi
the microwave field may, also be appropriate.

wave extraction vessels

Extraction v
and temper

microwave-tfansparent containers for stability, durability and safety. The internal volume of extraction ve
should prefefably:be 50 ml or 100 ml. The inner wall of the vessel shall be inert and shall not release substa

to the extra

bssels shallybe made of materials that are microwave-transparent, and resistant to rea

ation
on of
bn as

pwer-

oven
nents
cy of
nsors

ccurate to + 2 °C (including at the final reaction temperature”of 175 °C + 5 °C). Temperature

mple

microwave extraction equipment (i.e. different vessel types and microwave designs), confrol of
the temperature during extraction is important for ensuring repreducible microwave heating and comp4g

rable

of the temperature measurement system shall be periodically tested at an elevated tempeijature

h the

measured by an external, calibrated temperature measurement system, the microwave temperfature

eving

jents

ure, sueh, as fluorocarbon (e.g. PTA or TFM) or quartz. The vessels may be placed in different

ssels
nces

in‘excess of the purity requirements of the subsequent analysis. The vessel shall be su

table

for the safe application in the temperature and pressure range applied, capable of withstanding pressures
of at least 30 bar (435 psi) and capable of controlled pressure relief. Temperature control of closed vessel
microwave instruments provides the main feedback performance mechanism for the method. Method control
requires a temperature sensor in one or more vessels during the entire decomposition.

8.3 Filter

papers, cellulose-based, hardened and resistant to aqua regia.

Membrane filtration (0,45 um) may also be used.

8.4 Volumetric flasks, of capacity 50 ml or 100 ml.

8.5 Balance, with an accuracy of 1 mg or better.
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9 Sampling and sample pretreatment

9.1 Sampling
Sampling should be carried out in accordance with ISO 10381-1, as appropriate.

Laboratory samples should be stored in accordance with ISO 18512.

9.2 Sample pretreatment

Pretreat samples according to ISO 11464.

9.3 |Pretreatment of test portion

The test sample shall be a representative part of the laboratory sample for the elements;ofinterest With sufficient
homageneity for analysis.

Pretrgéatment should include drying and grain size reduction to below a particle size of 250 ym. Thg mass of test
samples shall be sufficient for the multiple extraction procedures and determinationof the dry matter. The dry matter
contgnt determination according to ISO 11465 shall be carried out using a seéparate portion of the tesf 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).

10.2| Test portion

Weigh at least 0,5 g to 1,0 g (based on dry mass) of the test sample, accurate to 1 mg, prepared|according to
9.3 ahd transfer to the microwave extraction vessel (8.2.3).

Referring to the manufacturer’s spegifications, the upper limits of the test portion mass should be taker]into account.

10.3| Extraction

Moisfen the test portien.with a few drops of water (7.1). Add separately 6 ml + 0,1 ml of hydrochligric acid (7.2)
and then 2 ml = 0,4 mVof nitric acid (7.3) to the extraction vessel (8.2.3) and mix well.

If a viigorous .reaction occurs, allow the reaction to subside before capping the vessel. If excesssive foaming
occurs, add_a drop of anti-foaming agent (7.5).

The aFmount of nitric acid is sufficient for approximately 0,1 g of organic carbon in the sample. !fthe organic
carbon percentage is higher, then add an extra U,5 ml of nitric acid (7.3) for every 0,05 g of organic carbon, up
to a maximum of 4 ml of extra nitric acid for a sample with 0,5 g of organic carbon. Do not add >5 ml of nitric
acid. Allow any reaction to subside before proceeding further.

Cap the extraction vessel (8.2.3) and weigh it. Connect the extraction vessel to the microwave equipment or
place it into the carrousel. Always fill all positions of the microwave equipment (usually 6, 12, 16 or 40 positions).
If not all positions are occupied by test portions, fill the remaining extraction vessels with the same amount of
aqua regia as in the sample vessels, to make sure that the energy is evenly absorbed.

Increase the temperature of the extraction mixture with a rate of approximately 10 °C/min to a temperature of
(175 £ 5) °C.

NOTE 1  Too fast an increase in the temperature might lead to exothermic reactions which can result in a release
through the pressure safety valve and loss of analytes.
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