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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
Commissio

Internationg

The main ta

by the technical committees are circulated to the member bodies for voting. Publication as an Intg

Standard rg

Attention is
patent right

ISO 15587
chemical an

ISO 15587
selected el

Part 1:

Part 2:

Annexes A

n (IEC) on all matters of electrotechnical standardization.

IS0, also take part In the work. 15O collaborates closely with the International Elecirg

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.
sk of technical committees is to prepare International Standards. Draft International Standards
quires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this part of ISO 15587 may be the S
5. ISO shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 147, Watér quality, Subcommittee SC 2,
d biochemical method.

consists of the following parts, under the general title Water quality — Digestion for the determ
ments in water:

Aqua regia digestion
Nitric acid digestion

fo E of this part of ISO 15587 are for:information only.

technical

adopted

rnational

ubject of

Physical,

ination of
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Water quality — Digestion for the determination of selected
elements in water —

Part 1

Aqua

WARNIN

part of I$O 15587 does not purport to address all of the safety problems, if any, associated with

the resp
with any|

1 Sca
This part
digestion
than 20 ¢

The aqu
environn

Aqua reg
Mo, Na,
SiO,, Tid
techniqug
The mett
— the ¢
— the ¢

— the

2 Nornmative references

regia digestion

bnsibility of the user to establish appropriate safety and health practices’ and to ensure ¢
national regulatory conditions.

pe
of ISO 15587 specifies a method for extracting trace elements\from a water sample using aqu
agent. The method is applicable to all types of waters with.a'suspended solids mass concentr.
/l and a mass concentration of total organic carbon (TOG)expressed as carbon of less than 5

h regia digestion method is empirical and it might'not release elements completely. Howev
ental applications, the result is fit for purpose.

ia digestion is suitable for the release of: Ag; Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg,
Ni, P, Pb, Sb, Se, Sn, Sr, Tl, V, Zn. It is\not suitable for the digestion of refractory compour

bS.
od is generic and may be impleémented using a wide variety of equipment provided
igestion composition is_ unchanged,
igestion temperature-is known, and

igestion duratiof' is in accordance with this temperature.

G — Persons using this part of ISO 15587 should be familiar with normal laboratory pr;ctice. This

s use. ltis
tompliance

g regia as a
btion of less
/1.

br, for most

K, Mg, Mn,
ds such as

D, and Al,O;. The presence of chloride in the digestion solution may limit the application ¢f analytical

The followi

rovisions of

this part of ISO 15587. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 15587 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers

of currently valid International Standards.

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods

ISO 5667-3:1994, Water quality — Sampling — Part 3: Guidance on the preservation and handling of samples
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3 Terms and definitions

For the purposes of this part of ISO 15587, the following terms and definitions apply.

31
aqua regia
solution obtained by mixing one volume of nitric acid with three volumes of hydrochloric acid

3.2

wet digestion
treatment wi
subsequent analysis

itable for

he degree to which analytes are brought into solution suitable for subsequent analysis may depepd on the
principle of the subsequent analysis. Some analytical methods require the element in solution to be independent of it$ chemical
state, others|require a specific valence or a specific ionic species, for instance hydride atomic spectrometry, photometry and
ical methods. For the latter, special attention should be paid to the presence of chemically stable organometals [5].

4 Princjple

The test poftion is digested with aqua regia at a defined temperature. The temperature is at least the boiling point
(103 °C at [101,3 kPa) and at most 175 °C. At the boiling point (101,3 kPa);, the minimum duration to release the
digestible fraction is 120 min. The maximum duration is set at four timeg’the minimum duration at that temperature.
By convention, both the required minimum and maximum duration is assumed to halve with every 15 °C increase in
temperaturg above the boiling point (see Figure 1).

After digestjon the digest is clarified, if necessary.

(=]

\D

~J

[=))

A A A a AN
(o]

(9g]

Digestion temperature (°C)

10 100 1000
Digestion duration (min)

Figure 1 — Range of permitted digestion temperature and duration
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During analysis, use only reagents of recognized analytical grade that meet the purity requirements of the
subsequent analysis. Verify their purity by performing a blank test.

5.1 Water, complying with grade 1 of ISO 3696. Grade 2 may be used if it meets the purity requirements for the
subsequent analysis.

5.2 Hydrochloric acid, c(HCI) = 12,0 mol/l, p = 1,2 kg/l, approximately 37 % by mass.

5.3 Nif

Nitric ac
approxin

54 An

ric acid c(HNQJ) = 15 8 molll_p=14 kgl

d is available both as p(HNOj) = 1,40 kg/l, approximately 65 % by mass and p(HNO;
ately 69 % by mass. Both are suitable.

tifoaming agent, for instance n-dodecane (C,Hg).

6 Apparatus

6.1 Di
digest so

If a close
the purity

pestion vessel, temperature- and pressure-resistant and capable of containing the mixture of
ution.

d vessel is applied, its inner wall shall be inert and shall nottelease substances to the digest
requirements of the subsequent analysis.

6.2 Vapour recovery system, capable of recovering the(evaporated digest during open digestion

condenss

Materialg
analysis.

br) and designed to minimize losses.

in contact with the vapour shall be inert~and shall meet the purity requirements of the

6.3 Vdlatile species trap, in an open digestion system capable of trapping one or more volatile m

species V

This trap|
Materialg
analysis.

vhich may pass through the vapourrecovery system (6.2).

may comprise condensatiof~equipment or equipment to absorb these species in nitric acid or
in contact with the vapour shall be inert and shall meet the purity requirements of the

64 H

ating device, capaple of maintaining the target temperature for the required time period.

6.5 Filter paper, ¢€llulose-based ashless type, with a median pore size adapted to the apparat

analysis.

It shall

analysis pfhd)shall not absorb substances from the digest beyond the level of negligible impact on trug

t be \able to release substances to the digest in excess of the purity requirements of the

= 1,42 kgll,

sample and

n excess of

(e.g. reflux

subsequent

pasurement

aqua regia.

subsequent

Is used for

subsequent
ness of the

analyticalTesult.

6.6 Anti-bumping granules or roughened glass beads, having a diameter of 2 mm to 3 mm and acid-washed
[for instance with warm nitric acid (5.3) diluted to 10 % by volume with water (5.1)].

6.7 Volumetric flask, usually of nominal capacity of 50 ml or 100 ml.

6.8 Graduated pipettes or dispensers, of appropriate volume for the task.

© 1SO 2002 — All rights reserved
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7 Sampling

Handle and

preserve the water sample in accordance with ISO 5667-3.

The digestion procedure (see clause 8) is based on a test portion of 25,0 ml £ 0,1 ml taken from a well-shaken
homogeneous water sample. Any test portion larger than 20 ml is allowed, provided that the volume of aqua regia
is modified proportionally.

If suspended solids make it impossible to deliver a representative test portion of a known volume, deliver the test
portion otherwise, for instance by weighing. Calculate the volume from the determination of its mass, possibly

corrected f

r the mass and density of solids. Report the uncertainty of the volume if it is higher than 0.1

volume of 2

To lower th

out after addition of nitric acid (5.3) and before addition of hydrochloric acid (5.2). However, the cencentra
sample shdll meet the requirements of clause 1. Evaporation is not allowed if volatile analyte species
present.

8 Procedure

8.1 Preparation

Carefully a¢id-wash digestion equipment in contact with the digestion solution and volumetric ware [for
with warm nitric acid (5.3) diluted to 10 % by volume with water (5.1%)].and rinse with water (5.1).

Add a test gortion of 25,0 ml £ 0,1 ml to the digestion vessel (6:1):

Add 6,0 ml |+ 0,1 ml of hydrochloric acid (5.2) followed by, 2,0 ml + 0,1 ml of nitric acid (5.3). The boiling po
mixture is egqual to 103 °C.

The volumg ratio sample to aqua regia is equal toapproximately three. A volume ratio up to four is allowed.
If excessivg foaming occurs, add one or more drops of antifoaming agent (5.4).

Swirl and allow the mixture to stand until any visible reaction has stopped.

If the digestion vessel is of the openitype, proceed with 8.2. If not, proceed with 8.3.

8.2 Digepstion in an open’system

Connect the digestion-vessel (6.1) to the vapour recovery system (6.2).

Connect th
vapour recg

5 ml.

e limit of detection, the preserved sample may be concentrated by evaporation. Evaporation

b volatile species trap (6.3) so as to prevent volatile measurement species from passing thn
Very ‘system.

ml for a

s carried
ed water
might be

instance

int of this

ough the

Place the digestion vessel in the heating device (6.4).

Increase the temperature to the boiling point.

Maintain boiling for at least 120 min. As the boiling point decreases with altitude, add 20 min to the minimum
duration for every 1 000 m above sea level. The maximum allowed duration equals four times the minimum

duration.

Once the di

If the volatil

gestion period is completed, allow the digestion vessel to cool.

e species trap (6.3) is used, add the contents to the digestion vessel.

© 1SO 2002 — All rights reserved
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Rinse the trap and/or the condenser with water (5.1) and decant the washings. Collect the water in the digestion

vessel.

Dismount the digestion vessel from the digestion system.

Proceed with 8.4.

Examples of digestion in an open system are given in annexes A and B.

8.3 Digestion in a closed system

Cap the tliigestion vessel (6.1) and weigh it.

Connect

Increase
101,3 kP

Maintain

Given th

shall megt the following condition:

206,

NOTE 1

The permitted domain of digestion temperature and duration is shown in Figure 1.

Once the

Weigh th
documer

Uncap and vent the digestion vessel in a fume hood.

Example

NOTE 2
microwav

8.4 Sample transfer

Decant
quantitat
same vol

the digestion vessel to the microwave equipment or place it onto the heating device (6.4).

the temperature of the digestion mixture slowly to temperature 74 between the-boiling poin
p) and 175 °C.

digestion for a period At of at least 10 min and at most 480 min (101,3 kRa).

e digestion period At, expressed in minutes, the digestion temperature 74, expressed in degrg

6 — 21,64 x In(Ar) < Ty < 236,6 — 21,64 x In(A?)

Boundary conditions in equation (1) reflect the assumption of\Clause 4 on release kinetics and duration

digestion period is completed, allow the digestion vessel to cool.

e digestion vessel and accept the digest if the mass loss is consistent with the mass los
ted reference material known to lead:fe’acceptable results.

5 of digestion in a closed §ystem are given in annexes C and D.

Several microwave Qnits control power rather than temperature. A procedure to establish the relation
e power and temperature is given in C.6.

he sample into a suitable acid-cleaned volumetric flask (6.7). In order to transfer th
vely, finse the digestion vessel (6.1) with water (5.1) and decant the washings. Collect the
uhretric flask.

(103 °C at

es Celsius,

(1)

time.

s of a well

5hip between

e analytes
water in the

If the transfer of particles that might interfere with the subsequent analysis cannot be avoided by simple
decantation, decant the digest through a filter paper (6.5), collecting the filtrate in a suitable acid-cleaned volumetric
flask (6.7). Wash the digestion vessel with water (5.1) and decant the washings through the filter paper (6.5).
Collect the filtrate in the same volumetric flask.

Fill the volumetric flask to the mark after addition of reagents required for subsequent sample handling and

analysis.

The extract is ready for determination.

Examples of performance checks are given in annex E.

© 1SO 2002 — All rights reserved
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9 Testreport

The test report can be prepared separately or in conjunction with the test report of the subsequent analytical
method. Either of these shall include the following information:

a)
b)
c)
d)

e)

a reference to this part of ISO 15587, i.e. ISO 15587-1;

the identity of the water sample;

the volume of the test portion and its uncertainty if higher than 0,5 %;

the corj

any de

ditions of digestion;

Viation from this method.

© 1SO 2002 — All rights reserved
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Annex A
(informative)

Digestion in an open system using electrical heating

A.1 Principle

-1:2002(E)

A test poytion of a water sample, which may contain up to 20 g/l suspended solids and up to 5 g/l ofgan
digested by boiling the test portion under reflux with aqua regia during a period between 120 min-and 48
A.2 Reagents

Use the fleagents as specified in clause 5.

A.3 Apparatus

Usually, |borosilicate glass is suitable for parts in contact with the<digestion solution. If low conce
leachabl¢ elements are to be analysed, other construction materials may be used, for instance ¢
res) and polyethene or polypropene (low temperatures). Examples of leachable elements

igestion vessel, made of borosilicate glass, and'having a nominal volume of 100 ml.

eflux condenser, a straight-through type,\with conical ground-glass joints and made of borosi

oughened glass beads, having a diameter of 2 mm to 3 mm and acid-washed [for instance
(5.3) diluted to 10 % by volume with grade 1 water (5.1)].

c carbon, is
0 min.

ntrations of
uartz (high
are B, Na,

icate glass.

2 with warm

n vessel to

Preserve and handle water samples in accordance with ISO 5667-3.
Take a test portion of 50,0 ml = 0,2 ml from a well-shaken homogeneous water sample.

If suspended solids make it impossible to deliver a representative test portion of a known volume, the

test portion

may be delivered otherwise, for instance by weighing. Calculate the volume from the determination of its mass,
possibly corrected for the mass and density of solids. Report the uncertainty of the volume if it is higher than 0,2 ml.

© 1SO 2002 — All rights reserved
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A.5 Procedure

Carefully acid-wash the digestion equipment in contact with the digestion solution and volumetric ware [for instance
with warm nitric acid (5.3) diluted to 10 % by volume with grade 1 water (5.1)].

Take a test

Add the rou

portion of 50,0 ml = 0,2 ml and transfer it to the digestion vessel (A.3.1).

ghened glass beads (A.3.3).

Add 12,0 ml + 0,2 ml of hydrochloric acid (5.2) followed by 4,0 ml + 0,2 ml of nitric acid (5.3). If excessive foaming

occurs, ad

one or mare draops of antifoaming agent (5 4)

Swirl and a

low the mixture to stand until any visible reaction has stopped.

Connect th¢ digestion vessel to the reflux condenser (A.3.2).

Place the d

Increase th
than one th

Maintain th
101,3 kPa)

Once the di

Rinse the r
vessel.

Dismount th
Decant the

In order to
washings. (

Fill the volu
and analysi

The extract

A.6 Test

This test re
method. Eit

gestion vessel in the temperature-controlled heating apparatus (A.3.4).

e temperature slowly until reflux conditions are reached, ensuring that the,condensation zone
rd of the height of the condenser.

e boiling temperature for a period between 120 min and 480 min. As the boiling point (1
decreases with altitude, add 20 min to the minimum of 120 minfor every 1 000 m above sea le

gestion period is completed, allow the digestion vessel to ¢ool.

eflux condenser with grade 1 water (5.1) and decaptdhe washings. Collect the water in the

e digestion vessel from the digestion system,
sample into the acid-cleaned volumetriciflask (A.3.5).

fransfer the analytes quantitatively, wash the digestion vessel with grade 1 water (5.1) and d
bollect the water in the same velumetric flask.

metric flask to the mark after’ addition of reagents, which are required for subsequent sample

D.

is ready for determination.

report

port Can be prepared separately or in conjunction with the test report of the subsequent
herof these shall include the following information:

is lower
03 °C at

vel.

digestion

pcant the

handling

analytical

a)
b)
c)
d)

e)

a reference to this part of ISO 15587, i.e. ISO 15587-1;

the identity of the water sample;

the volume of the test portion and its uncertainty if higher than 0,5 %;
the conditions of digestion;

any deviation from this method.
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Annex B
(informative)

Digestion in an open system using microwave-assisted heatin

B.1 Principle

A test poytion of a water sample, which may contain up to 20 g/l suspended solids and up to 5 g/l ofgan

digested
between

B.2 Reagents

Use the feagents specified in clause 5. Verify their purity by performing a blank test:

B.3 Apparatus

Usually,
leachabl

temperatures) and polyethene or polypropene (low temperatures). Examples of leachable elements

K and Al
B.3.1
B.3.2

B.3.3
[for insta

B.3.4
vessel to

B.3.5 Volumetric flask,‘made of borosilicate glass, and having a nominal capacity of 50 ml.

B.3.6 (Graduated pipettes or dispensers.

B.4 Sa

-1:2002(E)

g

by boiling the test portion under reflux in a flask heated by microwave unit with aqua regia’dur
120 min and 480 min.

borosilicate glass is suitable for parts in contact with. the digestion solution. If low conce
elements are to be analysed, other construction materials may be used, for instance d

igestion vessel, made of borosilicate glass;-and having a nominal volume of 50 ml.
eflux condenser, made of borosilicate!glass.

oughened glass beads, having a-diameter of 2 mm to 3 mm (or anti-bumping granules), 3
ce with warm nitric acid (5.3) diluted to 10 % by volume with grade 1 water (5.1)].

icrowave unit, consisting of a programmer and microwave module capable of heating th
the boiling point.

rnpling

c carbon, is
ng a period

ntrations of
uartz (high
are B, Na,

cid-washed

e digestion

Preserve and handle water samples in accordance with ISO 5667-3.

Take a test portion of 25,0 ml = 0,1 ml from a well-shaken homogeneous water sample.

If suspended solids make it impossible to deliver a representative test portion of a known volume, the test portion
may be delivered otherwise, for instance by weighing. Calculate the volume from the determination of its mass,
possibly corrected for the mass and density of solids. Report the uncertainty of the volume if it is higher than 0,1 ml.
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B.5 Proc

edure

Carefully acid-wash the digestion equipment in contact with the digestion solution and volumetric ware [for instance
with warm nitric acid (5.3) diluted to 10 % by volume with grade 1 water (5.1)].

Take a test

Add the rou

portion of 25,0 ml £ 0,1 ml and transfer it to the digestion vessel (B.3.1).

ghened glass beads (B.3.3).

Add 6,0 ml £ 0,1 ml of hydrochloric acid (5.2) followed by 2,0 ml £ 0,1 ml of nitric acid (5.3). If excessive foaming

occurs, ad

one or mare draops of antifoaming agent (5 4)

Swirl and a

low the mixture to stand until any visible reaction has stopped.

Connect thg digestion vessel to the reflux condenser (B.3.2).

Place the d
Program th

Maintain th
101,3 kPa)

Once the di

Rinse the r
vessel.

Dismount th
Decant the

In order to
washings. (

Fill the volu
and analysi

The extract

B.6 Test

This test re
method. Eit

gestion vessel in the microwave unit (B.3.4).
b microwave unit to heat to reflux conditions (103 °C).

e boiling temperature for a period between 120 min and 480 min, As the boiling point (1
decreases with altitude, add 20 min to the minimum of 120 min for every 1 000 m above sea le

gestion period is completed, allow the digestion vessel to cogl.

cflux condenser with grade 1 water (5.1) and decant the“washings. Collect the water in the

e digestion vessel from the digestion system.
sample into the acid-cleaned volumetric flask (B.3.5).

fransfer the analytes quantitatively, wash the digestion vessel with grade 1 water (5.1) and d
bollect the filtrate in the same volumetric flask.

metric flask to the mark after’addition of reagents, which are required for subsequent sample

D.

is ready for determination.

report

port cani be prepared separately or in conjunction with the test report of the subsequent
heraf these shall include the following information:

03 °C at
vel.

digestion

pcant the

handling

analytical

a)
b)
c)
d)

e)

10

a reference to this part of ISO 15587, i.e. [SO 15587-1;

the identity of the water sample;

the volume of the test portion and its uncertainty if higher than 0,5 %;
the conditions of digestion;

any deviation from this method.
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Annex C
(informative)

Digestion in a closed system using microwave-assisted heatin

nciple

A test pd
carbon, i
maximall
fraction i

conventign, both the required minimum and maximum duration are assumed to halve withoevery 15 °C

temperat

After diggstion the digest is clarified, if necessary.

C.2 Reagents

Use the fleagents as specified in clause 5. Verify their purity by perferming a blank test.

5 mixed with aqua regia and heated in a microwave oven to a temperature beyond the boilin
y to 175 °C. At the boiling point (103 °C at 101,3 kPa), the minimum duration to release th
5 120 min. The maximum duration is set at four times the minimum duration -at“that tempg

ure above the boiling point.

C3A

C.31

the tempgrature range, and having a nominal volume’ of 100 ml.

C.3.2

The accl
area of F

The micr

The micr
units sha

C.33 \

C.34 1
least 10

paratus

igestion vessel, made of inert material (e:g. fluorocarbon body and cap), suited for safe a

icrowave oven, either temperature-orpower controlled in combination with pressure measure

racy of the temperature and pressure measurement or control shall guarantee working inside
gure 1. This includes traceability to national or international temperature and pressure standar

bwave unit shall ensuré equal distribution of energy over the samples.

| be high enough/to maintain room temperature inside the cavity.
folumetric flask, made of borosilicate glass, having a nominal capacity 50 ml.

hermometer, calibrated against a national or International Standard. The calibrated range sh
C+o 50 °C, capable of measuring the temperature to the nearest 0,1 °C.

g

rtion of a water sample, which may contain up to 20 g/l suspended solids and up to 5/ “ptal organic

g point and
e digestible
erature. By
increase in

bplication in

ment.

the shaded
Os.

pbwave unit cavity‘shall be well ventilated and corrosion resistant. In addition, ventilation in powgr-controlled

all cover at

C.3.5 Graduated pipettes or dispensers.

C.4 Sa

Preserve

mpling

and handle water samples in accordance with ISO 5667-3.

Take a test portion of 25,0 ml + 0,1 ml from a well-shaken homogeneous water sample.

© 1SO 2002 — All rights reserved

11


https://standardsiso.com/api/?name=b23951e8760f4eaf41e9f4cf17e0f0b0

ISO 15587-1:2002(E)

If suspended solids make it impossible to deliver a representative test portion of a known volume, the test portion
may be delivered otherwise, for instance by weighing. Calculate the volume from the determination of its mass,
possibly corrected for the mass and density of solids. Report the uncertainty of the volume if it is higher than 0,1 ml.

C.5 Procedure

Carefully acid-wash the digestion equipment in contact with the digestion solution and volumetric ware [for instance
with warm nitric acid (5.3) diluted to 10 % by volume with grade 1 water (5.1)].

Take a testp

Add 6,0 ml 0,1 ml of hydrochloric acid (5.2) followed by 2,0 ml £ 0,1 ml of nitric acid (5.3). If excessivg foaming
occurs, add one or more drops of antifoaming agent (5.4).

Swirl and allow the mixture to stand until any visible reaction has stopped.
Cap the diggstion vessel and weigh it.

Position thg digestion vessel in the microwave oven (C.3.2).

Always fill gll positions of power-controlled microwave equipment.

Increase the temperature of the digestion mixture slowly to temperature 74 between the boiling point (103 °C at
101,3 kPa) pnd 175 °C.

Maintain digestion for a period At of at least 10 min and at most 480 min (101,3 kPa).
Choose the|values of T and At so as to remain within the sét'of values shown by the shaded area in Figurg 1.
Once the digestion period is completed, allow the digestion vessel to cool down to room temperature.

Weigh the [digestion vessel and accept the digest if the mass loss is consistent with the mass loss pf a well
documented reference material known to lead\to acceptable results.

Uncap and pent the digestion vessel in/afume hood.
Decant the pample into the acid-cleaned volumetric flask (C.3.3).

In order to fransfer the analytes' quantitatively, wash the digestion vessel with grade 1 water (5.1) and decant the
washings. Gollect the water.in the same volumetric flask.

Fill the volumetric flaSk to the mark after addition of reagents, which are required for subsequent sample| handling
and analysip.

The extract|is-ready for determination.

C.6 Procedure to establish the relationship between microwave power and temperature
for power-controlled systems with pressure measurement

C.6.1 General

Several closed microwave-assisted digestion systems control power rather than temperature. These instruments
have facilities to measure the pressure of the vessel. The procedure to establish the relationship between digestion
temperature and power setting is given in C.6.2 and C.6.3.
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C6.2 P

ISO 15587

ower calibration

-1:2002(E)

Perform power calibration periodically. Changes of more than 10 W in the upper power range require recalibration.
Usually, two calibrations per year are sufficient.

The calibration method required for laboratory microwave units depends on the type of electronic system used by
the manufacturer to provide partial microwave power. Few units have an accurate and precise linear relationship
between percent power settings and absorbed power. Where linear circuits have been utilized, the calibration curve
can be determined by a two-point calibration method. Otherwise, use the multiple-point calibration method.

The multiple-point calibration involves the measurement of absorbed power over a large range of power settings.
n shall cluster about the customary working power range. Nonlinearity has been commonly, encountered

Calibrati
at the up

Measure
to the r
setting.

multiple-

Equilibra
significar

Measure

Position

Run the microwave at a specific power setting for a specific period of time, for instance 2 min.

Remove

Stir the W

Measure

Determin

P=

where

AT

er end of the calibration.

the power at 100 % and 50 % using the procedure below and calculate the power setting co
quired microwave power from the (two-point) line. Measure the absorbed power”at that p
the measured absorbed power does not correspond to the specified powerto within 10
boint calibration.

e a large amount of water, for instance 1000 g, to room temperature in a beaker tha
tly absorb microwave energy (polyethene, polypropene; glass is notrecommended).

the temperature to within + 0,1 °C.

he covered beaker in the microwave oven in the normal sample path.

the beaker.

ater vigorously.

the temperature to within + 0,1 °C.

e the microwave power P, expressed in watts, using equation (C.1).

ATXmch

t

is the difference in temperature, expressed in degrees Celsius, between the final temperat
initial teniperature;

is the nass, expressed in grams, of water;

rresponding
brtial power
W, use the

t does not

(C.1)

ire and the

p

t

IS the speciItiC heat capacity at constant pressure tor water [= 4,76 J/(gx C)];

is the time, expressed in seconds.

C.6.3 Temperature calibration

At constant room temperature T,, measure the digestion pressure p, expressed in kilopascals, at different power
settings using 25,0 ml £ 0,1 ml (blank) grade 1 water (5.1) mixed with exactly the same volume of freshly prepared
aqua regia as used for digestion of samples.

Use all digestion positions of the microwave oven and use an identical test portion for every position.

© 1SO 2002 — All rights reserved
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Calculate the digestion temperature T, expressed in degrees Celsius, corresponding to the pressure p, expressed

in kilopasca

Is, of diluted aqua regia using the approximation:

Tq=38,9 + 3,00 x (In p)2

(C.2)

Obtain for every power setting the corresponding microwave power from the relationship established in C.6.2.

Establish the relationship between the digestion temperature and the microwave power in the calibration graph.

Re-evaluate the temperature calibration graph each time changes are made in the microwave system, for instance
for the type of digestion vessel (geometry, material), composition of digested sample or digestion volume.

Use the relltionship for sample analysis in the following way.

— Choos¢ the temperature T for sample digestion.

Obtain

— Obtain
NOTE 1 )
expansion in

NOTE 2

temperature
samples diff
digestion arg

A

C.7 Test

This test re

the required microwave power using the temperature calibration graph determined’above.
the power setting using the power calibration graph of C.6.2.

'he applicability of the procedure is limited to temperatures less than 120°C because of the influg|
side the vessel.

ower-controlled microwave energy raises the digest temperature /above room temperature. Ther
calibration graph is valid for the room temperature during the calibration. If room temperature during d

still within the shaded area of Figure 1.

report

port can be prepared separately or in ¢onjunction with the test report of the subsequent
ner of these shall include the followinginformation:

a refergnce to this part of ISO 15587, i.e. ISO 15587-1;

htity of the water sample;
ime of the test portiontand its uncertainty if higher than 0,5 %;
ditions of digestien;

Viation from \this method.

hce of air

bfore, the
gestion of

ers, the actual temperature will be (7, sample — Tacal) higher.than calculated. Check whether the conditions of

analytical

method. Eit
a)

b) theide
c) thevol
d) the corn
e) anyde
14
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Annex D
(informative)

Digestion in a closed system using an autoclave

D.1 Principle

A test pgrtion of a water sample, which may contain up to 20 g/l suspended solids and up to 5(@/l"tptal organic
carbon, {s mixed with aqua regia and heated in an autoclave to a temperature beyond theyboiling point and
maximally to 175 °C. At the boiling point (103 °C at 101,3 kPa), the minimum duration to release the digestible
fraction is 120 min. The maximum duration is set at four times the minimum duration -at‘that temperature. By
convention, both the required minimum and maximum duration is assumed to halve withCevery 15 °C|increase in
temperature above the boiling point.

After diggstion the digest is clarified, if necessary.

D.2 Relagents

Use the fleagents as specified in clause 5. Verify their purity by perferming a blank test.

D.3 Apparatus

D.3.1 igestion vessel, made of inert material, suitable for safe application in the temperature [range, and
having ajnominal volume of 100 ml.

D.3.2 utoclave, pressure adjustable so as.to obtain the required temperature between 103 °C and 1[75 °C.

The accliracy of the temperature measurement and control shall guarantee working inside the shagled area of
Figure 1.|This includes traceability to"hational or international temperature and pressure standards.

D.3.3 Volumetric flask, madé of borosilicate glass, having a nominal capacity of 100 ml.
D.3.4 KHilter paper, cellulose-based ashless type, with a median pore size of 8 ym or less.

D.3.5 Graduated pipettes or dispensers.

D.4 Sarnpling

Preserve and handle water samples in accordance with ISO 5667-3.
Take a test portion of 50,0 ml + 0,2 ml from a well-shaken homogeneous water sample.
If suspended solids make it impossible to deliver a representative test portion of a known volume, the test portion

may be delivered otherwise, for instance by weighing. Calculate the volume from the determination of its mass,
possibly corrected for the mass and density of solids. Report the uncertainty of the volume if it is higher than 0,2 ml.
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