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Soil quality — Extraction of trace elements soluble in

aqua regia

WARNING — Digestions with hydrochloric and nitric acid are potentially hazardous and safe

glasses pr goggles must be used.

The digestion should be carried out in a well-ventilated fume cupboard with the reflux digeg
on a temperature-controlled heating apparatus. It is essential to add antibumping granules (
roughened glass beads) both to the blank and the samples to prevent bumping and loss of
solution| It is important to maintain gentle reflux, both of the blank@nd the test samples, to

temper

1 Scope

This Intefnational Standard specifies a method forthe
extractioph, with aqua regia, of trace elementstfrom
soils angl similar materials, prepared accarding to
ISO 11464, and containing less than -about 20 %
(m/m) ornganic carbon according to 4SO 10694. Ma-
terials containing more than about.20 % (m/m) organic
carbon Will require treatment with‘additional nitric acid
(see notg 8). The resulting selution is suitable for the
determingtion of trace elemeénts using appropriate
atomic dpectrometric t€chniques. With high solute
concentrptions in extract solutions, spectral inter-
ferences| and bagkgfound enhancement should be
expected.

NOTE 1 | Aqua regia will not totally dissolve most soils and
similar materials, and the efficiency of extraction for par-

ure fluctuations which could cause local superheating.

2 Normative references

The following standards contain pro
through reference in this text, constit
of this International Standard. At the
cation, the editions indicated were valid
are subject to revision, and parties t
based on this International Standard a
to investigate the possibility of applyin
cent editions of the standards ind
Members of IEC and ISO maintain re
rently valid International Standards.

ISO 3696:1987, Water for analytical laf
Specification and test methods.

ISO 10694:1995, Soil quality — Deter

ty

tion
or

avoid

isions which,
ute provisions
time of publi-
. All standards
O agreements
e encouraged
j the most re-
cated below.
gisters of cur-

oratory use —

mination of or-

ticular elements differs from element to element. Such ef-
ficiency might also differ for the same element in different
matrices. Users of this International Standard should carry
out a programme of analysis using reference materials to
assure themselves that the method given here is appropri-
ate for their needs. Elements extractable in aqua regia can-
not, therefore, be decribed as “totals”; conversely they
cannot be regarded as the "bio-available” fraction, as the
extraction procedure is too vigorous to represent any bio-
logical process.

M ey | L Lk L L
YanriiC ariid totdal CarburTl arter Uly corrTio
tary analysis).

stion (elemen-

ISO 11464:1994, Soil quality — Pretreatment of sam-

ples for physico-chemical analyses.

ISO 11465:1993, Soil quality — Determination of dry
matter and water content on a mass basis —

Gravimetric method.
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3 Principle

The dried sample (see note 2) is extracted with a
hydrochloric/nitric acid mixture by standing for 16 h
at room temperature, followed by boiling under reflux
for 2 h. The extract is then clarified and made up to
volume with nitric acid. The trace metal content of the
extract can be determined in accordance with [1] in

annex A.

The soil should be prepared in accordance with

© SO

NOTE 3 Deionized water may be used, providing that it
meets the requirements given above. It is recommended
that the same batch of water is used throughout a given
batch of determinations and that blank determinations are
carried out.

4.3 Hydrochloric acid, ¢(HCl) = 12,0 mol/,
p ~ 1,19 g/ml.

4.4 Nitric acid, ¢(HNOj) = 15,8 mol/,
p ~ 1,42 g/ml.

NOTE 2

ISO 11464. It
< 150 pm prior
designed to

a) give a morg
sample is ta

b) increase thdg
surface area

For some soils,
difference betwd
ing (see [2] in 4
with certainty, v
particularly imp
relatively small 4
pared with mat
those considera
both cases the a
The problem is

of particle size,

centrated in ong
of narrow partic
that relatively lit
trace elements,
weathered soils
nex A).

Therefore, the u
unground soil yi
investigation.

Whether groun
be stated in th

S comImon 1o grnd < 2 T Soit— 1o
to aqua regia digestion. Such grinding is

homogeneous sample from which a sub-
ken;

efficiency of acid attack by increasing the
of the particles.

experience has shown that there is little
en the results before and after such grind-
nnex A). However, it is difficult to predict,
hich soils will behave in this way. This is
rtant when considering soils containing
mounts of potentially toxic elements, com-
brials which are geogenically enriched, or
bly affected by anthropogenic activities. In
ounts of such elements can be very large.
pxacerbated in materials with a wide range
bspecially if the element of interest is con-
single size fraction, compared with soils
e size range. Users should also be aware
le is known about the behaviour of these

under aqua regia extraction, in- highly
such as oxisols and ultisols (see_[8] in an-

ser should verify that the~useé of ground or
blds results suitable fatthe purpose of the

d or ungrourd’soil has been used shall
b test report

4.5 Nitric acid, c(HNO3) = 0,5 mol/l.

Dilute 32 ml of nitric acid (4.4) with-water| (4.2) to
1 litre.

5 Apparatus

Clean all the glassware by carefully immgrsing in
warm nitric acid (4/5) for a minimum of 6 h @nd then
rinse with waten4.2).

5.1 Grinding mill, capable of grinding drigd sails,
sludges<and sediments to a size less than|150 um
without contamination by the elements to Qe deter-
mined (see note 2).

NOTE 4 A mill causing little or no contaminatfon is es-
sential, as is adequate cleaning between sample$ to elim-
inate memory effects. Both agate and zirconium okide mills
have been found suitable.

5.2 Test sieve, of aperture size 0,150 mm, [e.g. test
sieve with gauze cloth preferably made from| plastics
materials, e.g. nylon.

5.3 Desiccator, of nominal volume 2 litres.

5.4 Reaction vessel, of nominal volumd 250 ml

(see figure 1).

4 Reagentps 5.5 Reflux condenser, straight-through type, with
conical ground-glass joints (see figure 1).
4.1 General NOTE 5 Water-cooled condensers with a minimum ef-

The reagents u

sed shall meet the purity requirements

of the subsequent analysis. Their purity shall be veri-
fied by performing a blank test.

4.2 \Water

The water
ISO 3696, or b

used shall

comply with grade 2 of
etter.

fective length of at least 200 mm have been found suitable.
The effective length is the internal surface which is in con-
tact with the cooling water. The overall external length of
such condensers is usually at least 365 mm.

5.6 Absorption vessel, non-return type (e.g. as
shown in figure 2).

NOTE 6 The absorption vessel is only necessary when
mercury is to be determined.
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’\\ Absorption vessel
I/
mi
|
|
|
|
|

5.7 RIughened glass, beads, diameter 2 mm to
3 mm (¢r anti-bumpidg-granules).

5.8 Témperature-controlled heating apparatus,
capable|of-heating the contents of the reaction vessel

/ Reflux condenser

Figure 1 — Reaction vessel, reflux condenser and absorption vessel (assembled)

Reaction vessel

6 Preparation of laboratory sample

Pretreat a representative portion of thge air-dried sam-
ple according to ISO 11464, or mill anfl sieve through
the 150 um sieve (5.2), if specified, |to give a sub-

sample of approximately 20 g. Use a| portion of this
subsample to determineg the water co htent in accord-

to reflux Temperature.

5.9 Funnel, of diameter approximately 110 cm.

5.10 Volumetric flask, of nominal capacity 110 ml.

5.11 Filter papers, cellulose-based ashless types,
with a medium pore size of approximately 8 um and
a diameter of 150 mm.

ance with ISO 11465.

7 Procedure

Weigh approximately 3 g, to the nearest 0,001 g, of
the subsample into the 250 ml reaction vessel (5.4).
Moisten with about 0,5 mi to 1,0 ml of water (4.2) and
add, while mixing, 21 ml of hydrochloric acid (4.3) fol-
lowed by 7 ml of nitric acid (4.4), drop by drop if
necessary, to reduce foaming. Add 15 ml of nitric acid
(4.5) to the absorption vessel (5.6). Connect the ab-
sorption vessel and condenser (5.5) to the reaction
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Approximate dimensions in millimetres
@7
@5

Four holes, about
1mm to 2 mm in diameter

vessel, and allgw to stand for 16 h at room tempera-
ture to allow fdr slow oxidation of the organic \matter
in the soil.

NOTE 7 It is gommon practice to add the hydrochloric
acid directly to thje reaction vessel and*sample, followed by
the nitric acid, a%xhd to assume that the ‘aqua regia forms in

the reaction vegsel. However, ~problems have been en-
countered with fnaterials rich<ir carbonates, where a sub-
stantial proportipn of the \Aydrochloric acid has been
consumed beforg the nitriesacid can be added. Under such
circumstances, fhe «correct formation of aqua regia is
doubtful.

80
120

55

\f— Ground cone

Figure 2 — Example ‘of'an absorption vessel

Raise the temperature of the reaction mixturg¢ slowly
until reflux conditions are reached and mairnjtain for
2 h, ensuring that the condensation zone is lower than
1/3 of the height of the condenser, then allow|to cool.
Add the contents of the absorption vessel td the re-
action vessel, via the condenser, rinsing both| the ab-
sorption vessel and condenser with a furthgr 10 ml
of nitric acid (4.5).

Allow the reaction vessel to stand so that mogt of any
insoluble residue settles out of suspension.| Decant
the relatively sediment-free supernatant carelely onto

NOTE 8 The amount of aqua regia is sufficient only for
oxidation of about 0,5 g of organic carbon. If there is any
doubt about the amount of carbon present, carry out a de-
termination according to ISO 10694. If there is more than
0,5 g of organic carbon in the 3 g subsample, proceed as
follows.

Allow the first reaction with the aqua regia to subside. Then
add an extra 1 ml of nitric acid (4.4) only to every 0,1 g of
organic carbon above 0,5 g. Do not add more than 10 m!
of nitric acid at any time, and allow any reaction to subside
before proceeding further.

a-Hiterpaper{StH—<collectirg-thefhrate—r— 100 ml
volumetric flask. Allow all the initial filtrate to pass
through the filter paper, then wash the insoluble resi-
due onto the filter paper with a minimum of nitric acid
(4.5). Collect this filtrate with the first.

NOTE 9 The amount of nitric acid (4.5) used depends on
the quantity of residue, but more than 10 ml is rarely
necessary.

The extract thus prepared Is ready for the determi-
nation of trace elements, by an appropriate method,
e.g. in accordance with [17] in annex A.
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NOTE 10 The flask containing the extract could require
the addition of releasing agents, depending on the
element(s), of interest, and the spectroscopic method cho-
sen. The flask should not, therefore, be filled to the mark
at this stage, until the further steps in the analysis have
been decided upon.

8 Test report

The test report can be prepared separately or in con-
junction with the test report of the subsequent ana-

ISO 11466:1995(E)

The test report shall include the following information:
a) a reference to this International Standard;
b) a complete identification of the sample;

¢) a statement whether ground or unground soil has
been used;

d) any details not specified in this International
Standard, or which are optional, as well as any

lytical method.

other factor which may have affected the results.
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Annex A
(informative)
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