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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
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Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
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INTERNATIONAL STANDARD I1ISO 20279:2005(E)

Soil quality — Extraction of thallium and determination by

electrothermal atomic absorption spectrometry

WARNING — Thallium solutions are highly toxic. Appropriate measures shall be taken to avoid

ingestion. Care should be taken in the disposal of these solutions.

Certain procedures, reagents and apparatus used in this International Standard\ po

5e potential

hazafds, especially in connection with concentrated acids, toxic solutions of_ thalliun, and high-
pressure gases. Users should ensure that they are familiar with the safety procedures rjecessary in

such| situations, and with any legal requirements (including waste disposal)./If in any
advig¢e from the competent authorities.

doubt, seek

This International Standard specifies methods for extraction of thallium from soil by nitric acid gnd hydrogen

peroxide and its determination in the extract by electrothermal atomic absorption spectrometry (E

NOT The relevant working range of this method is approximately from 0,05 mg/kg to 100 mg/kg.

ormative references

The following referenced documents are .indispensable for the application of this documen
nces, only the edition cited applies.'For undated references, the latest edition of th
docupent (including any amendments)(applies.

ISO 3696:1987, Water for analyticallaboratory use — Specification and test methods
ISO 11464:1994, Soil quality —_Pretreatment of samples for physico-chemical analyses

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

ASTM E11:2004+Standard Specification for Wire Cloth and Sieves for Testing Purposes

3 rinciple

[AAS).

t. For dated
b referenced

- Gravimetric

Thallium is extracted from soil by a mixture of nitric acid and hydrogen peroxide, and determined in solution by
electrothermal atomic absorption spectrometry, in which discrete volumes of sample solution are dispensed
into a graphite tube. By increasing the temperature of this tube step by step, the processes of drying, thermal
decomposition of the matrix and thermal dissociation into free atoms occur. The resulting absorption signal

should (under optimum conditions) be a sharp symmetrical peak with a height proportional to
concentration in solution. See Table 1.

Table 1 — Measurement wavelength for thallium

the element

Element Wavelength Spectral bandwidth Measurement method
nm nm
Thallium 276,8 0,2 ETAAS

© 1SO 2005 - All rights reserved
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NOTE Thallium contents in non-polluted soils are low. Therefore, a highly sensitive analytical method like ETAAS is
necessary for the determination of trace concentrations. Unfortunately, severe interferences in aqua regia extracts of soils
are observed using ETAAS for thallium determination. Due to a high chloride concentration in aqua regia extracts, thallium
will be volatilised and lost during the pretreatment step. Therefore, in this International Standard, a mixture of nitric acid
and hydrogen peroxide will be used for the extraction of thallium from soil.

Aqua regia can be used with approximately the same extraction efficiency to extract thallium from soil.
However, for the determination of the element in the extract solution, other analytical methods, like inductively
coupled plasma optical emission spectrometry (ICP-OES) or inductively coupled plasma mass spectrometry
(ICP-MS), shall be used.

4 Reagehts
All reagents $hall be of recognised analytical grade.

4.1 Water| demineralised or distilled, from an all-glass apparatus, conforming to Grade .2 of ISO 3696, The
water used fpr blank determinations, and for preparing reagents and standard solutions)‘shall have elgment
concentratiops that are negligible compared with the lowest concentration to be determined in the sgmple
solutions.

4.2 Nitric pcid, w(HNO3) = 65 %; p ~ 1,40 g/ml.
The same bgtch of nitric acid shall be used throughout the procedure.
4.3 Nitric pcid, ¢((HNO3) = 0,5 mol/l.

Add 32 ml off nitric acid (4.2) to 500 ml of water in a 1 000 ml| volumetric flask, fill to the mark with watef and
mix well.

4.4 Hydroghloric acid, w(HCI) = 37 %; p~ 1,185 g/ml,

The same bdtch of hydrochloric acid shall be used.throughout the procedure.

4.5 Hydrogen peroxide, w(H,0,) = 30 %,

The same bgtch of hydrogen peroxidessotution shall be used throughout the procedure.
4.6 Palladium/magnesium nitrate modifier solution.

Dissolve 0,3|g of palladium.hitrate [Pd(NO3),] and 0,36 g of magnesium nitrate [Mg(NO3),-6 H,0] in a 1p0 ml
volumetric flgsk, fill to the_mark with 0,5 mol/l nitric acid (4.3) and mix.

Alternatively| preparesthe palladium/magnesium nitrate modifier solution as follows. Dissolve 0,14 g of
palladium pgwder\inr a 250 ml beaker with 3,5 ml of nitric acid (4.2), add 10 pl of hydrochloric acid |(4.4),
evaporate thecsolution to near dryness on a water bath or hot-plate, then add 0,36 g of magnesium rjitrate
[Mg(NO3)2‘6 : :20] D;DDU:VU th;o OU“d IUO;CI.UC ;II 50 III: Uf Il;tl ;L; Gbid (43), tlallofcl thc OU:Ut;UII ;IItU d 1:)0 ml
volumetric flask, fill to the mark with nitric acid (4.3) and mix. 10 pl of this solution are equal to 14 pg of Pd and
36 pg of Mg(NO3)s.

4.7 Preparation of stock and standard solutions of individual elements.
Two sources of stock solutions are available:
— commercially available stock solutions;

— stock solutions prepared in the laboratory from pure elements or stoichiometrically defined salts or oxides.

2 © I1SO 2005 — All rights reserved
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Commercially available stock solutions have the advantage that they remove the need to handle toxic metals,

especially thallium, directly. However, special care needs to be taken to ensure that these solutions are supplied with a
certified composition from a reputable source and are checked on a regular basis.

4.8

4.9

Thallium stock solution, corresponding to p (Tl) = 1 000 mg/l.

Thallium standard solution, corresponding to p (T1) = 100 mg/l.

Pipette 50,00 ml of the thallium stock solution (4.8) into a 500 ml volumetric flask, add 5 ml of nitric acid (4.2),

fill to

410

the mark with water and mix well.

_Thallium standard solution corresponding to a) (TI) =1 mg/l

Pipette 1,00 ml of the thallium standard solution (4.9) into a 100 ml volumetric flask, add-2.unl

(4.2),

4.11

fill to the mark with water and mix well. Prepare this solution on the day of use.

Blank calibration solution.

Dilute 5 ml of nitric acid (4.2) in a 100 ml volumetric flask and fill to the mark with, water.

of nitric acid

Cleaning of glassware: All glassware used in the determination of small amounts of this element shall be

clean
of 6 |
to ke

5 |

Usuag

51
contg

5.2
5.3

54

ed carefully before use, e.g. by immersion in aqueous nitric acid solution, w(HNO3) = 5 %, fq
, followed by rinsing with water before use. The nitric acid shathbe replaced each week. It ¢
bp a separate set of glassware exclusively for these determinations.

Apparatus
laboratory apparatus and the following.

Grinding device, capable of grinding’ dried soils to <150 ym particle size with
mination.

Test sieve, in accordance with ASTM E11, with an aperture of 150 ym (100 mesh).
Drying oven and desiccator, for the determination of dry matter in accordance with ISO 1

Nitric acid/hydrogen peroxide extraction device.

Tem

erature-controlled’heating apparatus, and a 250 ml round-bottomed flask with reflux conder

through type, and_a non-return-type absorption vessel filled with 10 ml of nitric acid (4.3), capak
the nftric acid/hydrogen peroxide mixture to reflux temperature.

The Use of arnabsorption vessel is recommended, due to vigorous reaction of reagents with sam

high

rganic-matter content.

ra minimum
an be helpful

out element

1465.

ser, straight-
le of heating

bles having a

Alternatively, a pressure digestion system (up to 50 bar) with sample vessels made of PTF
quartz or another suitable material, and thermal heating equipment or a microwave oven may be used.

5.5

-TFM, PFA,

Filter papers, cellulose-based ashless types for quantitative work, with a medium open texture and with
a diameter of approximately 100 mm to 150 mm. Alternatively, use a membrane filtration equipment with
cellulose-based membrane filters of approximately 8 yum pore size.

5.6 Atomic absorption spectrometer, equipped with an electrothermal atomiser, an automated sample
introduction system, a thallium hollow cathode lamp or electrodeless discharge lamp operated at a current
recommended by the lamp and instrument manufacturer, an automatic background correction device
(preferably Zeeman background correction) and a computerised readout.

©I1SO
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6 Procedure

6.1

6.1.1

Test portion

General

Grind a representative portion of air-dried sample (prepared in accordance with 1ISO 11464) until it passes
entirely through the 150 um aperture sieve (5.2), so as to obtain a subsample of approximately 20 g. Use a
separate portion of the subsample to determine the water content in accordance with ISO 11465.

6.1.2 Nitrig

Weigh (1,00
(4.2). Add 1
allow to reac
flask. Raise
zone is lowe
vessel to the
further 10 ml
out of suspe
filtrate in a 1
washings to

6.1.3 Nitrig

acidfhydrogen—peroxideextraction-for-thallium——Reftux-technique

D + 0,001) g of this ground subsample into a round-bottomed flask, and add 5 ml of hitrig
ml of nitric acid (4.3) to the absorption vessel. Connect the cooling system with the trap
for 16 h at room temperature. Then add 10 ml of hydrogen peroxide (4.5) to the round-bott
he temperature slowly to reflux conditions and maintain for 4 h, ensuring that the condens

I than 1/3 of the height of the condenser, then allow to cool. Add the conténis of the abso
reaction vessel, via the condenser, rinsing both the absorption vessel and the condenser
of nitric acid (4.3). Allow the reaction vessel to stand so that most of anyiinsoluble residue s

nsion. Decant the sediment-free supernatant carefully onto a filter‘paper (5.5), and colle

DO ml volumetric flask. Wash the residue carefully with a minimum of nitric acid (4.3) and ad
he volumetric flask. Fill to the mark with water and mix well.

acid/hydrogen peroxide extraction for thallium — Pressurized digestion technique

Weigh (0,5
and 2,5 ml
vessel. Rais
with nitric ad

1+ 0,001) g of this ground subsample into the pressure vessel (5.4). Add 5 ml of nitric acid

0
{} hydrogen peroxide (4.5), wait until any vigorous gaseous emission ends and then clos|

the temperature to 160 °C and hold for 3 h. Cool the digestion vessel to room temperature,
id (4.3) and filter the suspension through a*paper filter or membrane filter (5.5) into a

volumetric flask. Wash the residue carefully with a minimum of nitric acid (4.3) and add the washings t

volumetric fl4

6.2 Blank

Carry out a

sk. Fill to the mark with water and mix-well.

test solution

blank test at the same time_as the determination and following the same procedure, usin

same quantifies of all the reagents for the determination, but omitting the test portion.

6.3 Preparation of calibration solutions for thallium

The standard

Pipette 0,5
volumetric fl
correspond t

solutions shall be prepared before each batch of determinations.

[, 2,00ml; 4,00 ml and 6,00 ml of the thallium standard solution (4.10) into a series of 1
sks. Add 2 ml of nitric acid (4.2), dilute to the mark with water and mix well. These soll
b thallium concentrations of 0,005 mg/I, 0,02 mg/l, 0,04 mg/l and 0,06 mg/l, respectively.

acid
, and
bmed
ation
ption
vith a
pttles
it the
d the

(4.2)
e the
rinse
50 ml
o the

g the

DO ml
tions

6.4 Calibration and determination, electrothermal atomic absorption spectrometry (ETAAS)

6.4.1

instructions. Use of background correction is essential.

6.4.2

Set up the instrument and align the electrothermal atomiser in accordance with the manufacturer’s

Determine the optimum electrothermal atomiser parameters for the particular type of atomiser and

sample size as recommended by the instrument manufacturer or normal laboratory practice (see Table 2).
The temperatures given are only approximate values. The temperature programme should be optimised with
the instrument used.

© I1SO 2005 — All rights reserved
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Table 2 — Example of ETAAS conditions

Depe
apprq
corre
comq
meas
tube
recor

6.4.3
sameg
set th
runni
stabi

6.5

For ¢
of th
calib
differ|
corre

The

maximum absorbance\specified by the manufacturer for that wavelength.

Using

calibfation solutions (6.3), blank test solution (6.2) and test solution, in order of increasin

respd
solut

h

Element Thallium Ti;ne
Wavelength, nm 276,8
Graphite furnace Pyrolytic coated tube with platform
Matrix modifier Palladium/magnesium nitrate (4.6)
Drying temperature, °C 90/130/300 5/120/20
Pretreatment temperature, °C 700 90
Atomising temperature, °C 1800 3
Clean-up temperature, °C 2500 5

nding on the apparatus, the application of deuterium background correction. systems can
ximately. 0,6 absorbance. Also, if structured spectral backgrounds occur,“the deuterium
ction systems cannot be used. To overcome the disadvantages-'of the deuterium

urements in complex soil extracts. To increase the analyte-to-background signal ratio, use
with a pyrolitic platform, together with palladium and magnesium nitrate as matrix
nmended.

Ensure that the test solutions (6.1.2 or 6.1.3) and the-calibration solutions (6.3) are with
temperature. This will be reached at approximately 2¢h equilibration time. Set the instrumer
e baseline. Check the zero stability and lack of spéctral interferences within the atomisatio
hg the pre-set heating programme for blank-firing the graphite atomiser. Repeat to ens

ity.

Direct measurement of calibration and test solutions, ETAAS

ach type of soll, it is mandatory to_determine the corresponding extract solution at least on
standard addition method. If.the analytical results according to the standard addition me|
tion curve method are equal;:the calibration curve method can be applied. If the analytic
ent, matrix interferences-‘\are likely and the standard addition method shall be us
sponding soil extract solution.

Calibration shall be“established from standard solutions which give peak absorbances lo

an autosampler (5.6), inject a fixed volume of solution and atomise the calibration

nse. If~the peak height or peak area of the test portion exceeds the value of the highe
on, a.smaller volume of the test portion shall be used.

be limited to
background
background

ensation method, the application of Zeeman background correction is highly recompmended for

of a graphite
modifiers, is

n 1 °C of the
t at zero and
n system, by
ure baseline

ce by means
thod and the
bl results are
bd for each

ver than the

blank (4.11),
g instrument
5t calibration

Atomise each solution three times and, if the repeatability is good, average the readings. Check the
instrument for memory effects, especially at high analyte levels, by running the blank-firing programme
between determinations. Reset the baseline to zero if necessary.

7 Plotting the graph

The software in modern instruments may plot a graph having the element concentrations of the calibration
solutions (from which the blank calibration readings have been subtracted), in milligrams per litre as abscissa,
and the corresponding values of the peak height (or peak area) as the ordinate. If this is not possible, produce

such

©I1SO

a graph using external software or by hand.
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8 Calculation

8.1 By reference to the calibration graph, the software may calculate the concentrations of the elements
corresponding to the absorbances of the test portion and the blank test solution. Alternatively, this can be
done by hand. Calculate the content (w) of TI, expressed in milligrams per kilogram of dry matter, of the
sample using the following formula:

W(Tl):w.f.l/.c

where

w(TIl)

£1

£o

C

Wdm

8.2 Calcullation according to the method of standard additions

The software
the ordinate
calculated fr
any dilution
calibration cu

8.3 Expression of results

Values shall

EXAMPLE

s the mass fraction of thallium in the sample, in milligrams per kilogram of dry matter;

portion (6.1.2);

test solution (6.2);

s the dilution factor of the test portion [if the test portion (6.1) is dilutéd];
s the volume, in millilitres, of the test portion taken for the analysis;

s the mass of test sample taken, in grams;

s the correction factor for the dry soil sample: C = 100/ 4,;

ISO 11465.

and the element concentrations on the abscissa. The element content of the soil samp

bf the sample. Be sure that the analyte portions added do not exceed the linear region ¢
rve. If suitable software is_riot available, perform this calculation by hand.

be rounded t6/0;01 mg/kg, but only significant figures should be expressed.

w(TH=0415 mg/kg
w(TH) = 1,5 mg/kg

s the element concentration, in milligrams per litre, corresponding to the absorbency’of the test

s the element concentration, in milligrams per litre, corresponding to the absorbency of the plank

s the dry matter content of the soil, expressed as\a percentage mass fraction in accordancg with

in modern instruments may calculate'the content or plot a graph, with the absorbance valugs on

es is

bm the value of the negativedintercept on the abscissa, taking into account the blank valug¢ and

f the

9 Interfe

rences

Potential background absorption interferences due to high salt concentrations are eliminated by the
instrumental background correction system. Background signals can be reduced with appropriate matrix
modifiers and application of the platform technique together with a carefully designed temperature programme.

Because of the high sensitivity of electrothermal atomic absorption, stringent precautions shall be taken to
clean all glassware and avoid contamination of sample, standard and calibration solutions by foreign material
and dust from the laboratory atmosphere. To reduce background values/contamination, it can help to keep a

separate set

of glassware for these determinations.

© I1SO 2005 — All rights reserved
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10 Precision

An interlaboratory comparison yielded the data given in Table 3. Repeatability and reproducibility were
calculated according to the principles of ISO 5725-2.

Table 3 — Precision data from an interlaboratory comparison using HNO3/H,0, extraction
with thallium determination by ETAAS (3 replicates)

Sample Niab Nrej Nres x Sr Vg S, V. R r

mg/kg mg/kg % mg/kg % mg/kg mg/kg

Soil 8 0 24 0,560 0,134 23,87 0,028 4,99 0737 0,08

Soil 2 10 3 30 21,05 1,576 7,49 0,585 2,78 4,37 1,62

MNab is the number of accepted laboratories

Mg is the number of rejected laboratories

Nres is the number of accepted results

Sr is the reproducibility standard deviation

S, is the repeatability standard deviation

Vr is the relative reproducibility standard deviation

v, is the relative repeatability standard deviation

R is the reproducibility

r is the repeatability

11 Test report

The test report shall contain the following-information:
a) a reference to this InternationahStandard;

b) a reference to the method used;

c) ¢omplete identification of the sample;

d) mineralizationprocedure (see 6.1.2 or 6.1.3);

e) the restults of the determination;

f) gny details not specified in this International Standard or which are optional, as well as any| factor which
may have aifected the results.
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