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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.
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-2 was prepared by Technical Committee ISO/TC 146, Air quality,\Subcommittee S(
atmospheres.

H edition cancels and replaces the first edition (ISO 15202-2:2009)," which has been techni
b major changes in the second edition are as follows.

pns have been updated.
bX B, use of ammonium citrate leach solution has been, eliminated.

Annex H has been added to provide a method for sample dissolution using a 95 °C hot b
tion system. The original Annex H is now Annex,l

Annex J has been added to provide guidance regarding sampler wall deposits.
through | form a normative part of this.document. Annex A and Annex J are for information on

consists of the following parts, under the general title Workplace air — Determination of metals
h airborne particulate matter by inductively coupled plasma atomic emission spectrometry:
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The health of workers in many industries is at risk through exposure by inhalation of toxic metals and metalloids.
Industrial hygienists and other public health professionals need to determine the effectiveness of measures
taken to control workers’ exposure, and this is generally achieved by making workplace air measurements.
This part of ISO 15202 has been published in order to make available a method for making valid exposure
measurements for a wide range of metals and metalloids in use in industry. It will be of benefit to agencies
concerned with health and safety at work, industrial hygienists and other public health professionals, analytical
laboratories, industrial users of metals and metalloids and their workers.

ISOrt5202, puplished Inthree parts, specltes a generic metnoa tor the determination or the mass con

met

The| sample preparation methods described in this part of ISO 45202 are generally suitable f

ana

plagma mass spectrometry (ICP-MS).

It has been assumed in the drafting of this part of ISQ"15202 that the execution of its provisid
rpretation of the results obtained are entrusted torappropriately qualified and experienced people.

inte

bls and metalloids in workplace air using inductively coupled plasma atomic emission spectrometry

ISO 15202-1 gives details of relevant International, European and National Standards wk
characteristics, performance requirements and test methods relating to sampling”equipm
augments guidance provided elsewhere on assessment strategy and measurement strategyf
specifying a method for collecting samples of airborne particulate matter for subsequent chemi

ISO 15202-2 (i.e. this part) describes a number of procedures for(preparing sample s
analysis by ICP-AES.

ISO 15202-3 gives requirements and test methods for the analysis-ef sample solutions by ICH

Jytical techniques other than ICP-AES; e.g. atomic absorptien‘spectroscopy (AAS) and inductiy

centration of
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NING — The use of this part of ISO 15202 may involve hazardous materials, \oper
ipment. This part of ISO 15202 does not purport to address any safety problems“asso
se. It is the responsibility of the user of this part of ISO 15202 to establish appropriate
th practices and determine the applicability of regulatory limitations prior.to use.

Scope

This part of ISO 15202 specifies a number of suitable methods, for preparing test solutions fr
rborne particulate matter collected using the method specified in{SO 15202-1, for subsequent dg

hpplicability of the methods with respect to the measurement of metals and metalloids for which
b been set. The methods can also be used in the measurement of some metals and metalloids fo
es have not been set but no information about its appli¢ability is provided in this case.

E The sample preparation methods described.in this part of ISO 15202 are generally suitable
ytical techniques other than ICP-AES, e.g. atomié.abBsorption spectrometry (AAS) by 1ISO 8518081 and
nductively coupled plasma mass spectrometry (ICP-MS) by ISO 30011[11],

es for soluble metal or metalloid compounds.

One or more of the sampledissolution methods specified in Annexes C through H are applicable y
surements for comparison with limit values for total metals and metalloids and their compounds. In
hpplicability of individual methods is given in the scope of the annex in which the method is specifi

The following-is-a non-exclusive list of metals and metalloids for which limit values have be
prences [15] @nd*{16]) and for which one or more of the sample dissolution methods specified i
15202 are.applicable. However, there is no information available on the effectiveness of any of t
ple dissolution methods for those elements in italics.

ations and
ciated with
safety and

bm samples
termination

etals and metalloids by ICP-AES using the method specified intSO 15202-3. It contains infornpation about

limit values
r which limit

for use with
SO 11174[10]

The method specified in Annex B.is)applicable when making measurements for comparisgn with limit

hen making
ormation on
ed.

en set (see
this part of
he specified
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Aluminium Calcium Magnesium Selenium Tungsten
Antimony Chromium Manganese Silver Uranium

Arsenic Cobalt Mercury Sodium Vanadium
Barium Copper Molybdenum Strontium Yttrium

Beryllium Hafnium Nickel Tantalum Zinc

Bismuth Indium Phosphorus Tellurium Zirconium

Boron fron Platinum Thallium

Caesium Lead Potassium Tin

Cadmium Lithium Rhodium Titanium

ISO 15202]is not applicable to the determination of elemental mercury or arsenic~irioxide, since mer
vapour and|arsenic trioxide vapour are not collected using the sampling method specified in ISO 15202-1.
2 Normative references

The following referenced documents are indispensable for the application of this document. For d
references,|only the edition cited applies. For undated references, thelatest edition of the referenced docun
(including any amendments) applies.

ISO 1520211, Workplace air — Determination of metals and metalloids in airborne particulate matte
inductively goupled plasma atomic emission spectrometry'& Part 1: Sampling

ISO 15202
inductively

EN 13890,
Requireme

3 Terms and definitions

For the pur

341
analysis
all operatio
of interest ¢

3, Workplace air — Determination of metals and metalloids in airborne particulate matte
Coupled plasma atomic emission spectrometry — Part 3: Analysis

Workplace exposure — Procedures’ for measuring metals and metalloids in airborne particle
nts and test methods

poses of this part@f1SO 15202, the following terms and definitions apply.

resentin the sample

Cury

hted
hent

rby

r'by

ns carried out after sample preparation to determine the amount or concentration of the analyje(s)

NOTE A

dapted from EN 14902:2005[141, 311

3.2

analytical recovery
ratio of the mass of analyte measured in a sample to the known mass of analyte in that sample

NOTE The analytical recovery is usually given as a percentage.

[EN 1540:2011[13]]
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3.3

chemical agent

any chemical element or compound, on its own or admixed as it occurs in the natural state or as produced,
used, or released including release as waste, by any work activity, whether or not produced intentionally and
whether or not placed on the market

[Council Directive 98/24/ECI17], Art. 2(a)]

34
exposure by inhalation
situation in which a chemical agent is present in the air that is inhaled by a person

NOTE Adapted from EN 1540:2011[13],

3.5

occupational exposure limit value
limit value

limif of the time-weighted average of the concentration of a chemical agent in the.air within the bregathing zone
of a|worker in relation to a specified reference period

[Cofincil Directive 98/24/ECI7], Art. 2(d)]

EXAMPLES  Threshold Limit Values® (TLVs) established by the ACGIHI'S] 4nd Indicative Occupational Exposure Limit
Valdes (IOELVs) promulgated by the European Commission (Council Directive 2006/15/ECI16]).

3.6
meIsuring procedure

measurement procedure

set pf operations, described specifically, for the sampling'and analysis of chemical agents in air

NOTE 1 A measuring procedure for the sampling and@analysis of chemical agents in air usually includes |the following
stepk: preparation for sampling, sampling, transportation and storage, preparation of samples for analysis apd analysis.

NOTE 2  Adapted from EN 1540:2011[131.

3.7
air sampler

sanppler

dev|ce for separating chemical ‘agents from the surrounding air

NOTE 1 Air samplers are.generally designed for a particular purpose, e.g. for sampling gases and vapours or for
sampling airborne particles:

NOTE2  Adaptedyfrom EN 1540:2011[13].

3.8
sanpple dissolution
prog¢ess. of obtaining a solution containing all analytes of interest from a sample, which might gr might not
invdlve complete dissolution of the sample

3.9

sample preparation

all operations carried out on a sample, usually after transportation and storage, to prepare it for analysis,
including transformation of the sample into a measurable state, where necessary

NOTE Adapted from EN 14902:2005['4], 3.1.24.

3.10
sample solution
solution prepared from a sample by the process of sample dissolution

NOTE 1 A sample solution might need to be subjected to further operations, e.g. dilution, or addition, or both, of an
internal standard(s), in order to produce a test solution.

© 1S0O 2012 — All rights reserved 3
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Adapted from EN 14902:2005['4], 3.1.22.

test solution
blank solution or sample solution that has been subjected to all operations required to bring it into a state in
which it is ready for analysis

NOTE 1

solution or sample solution is not subject to any further operations before analysis, it is a test solution.

“Ready for analysis” includes any required dilution or addition, or both, of an internal standard. If a blank

f air
5ing

s B
that
and
the

the

vely

e for
1]

ons.

nply

NOTE2  Adapted from EN 14902:2005['4], 3.1.30.

312

workplace

designated [area or areas in which the work activities are carried out

[EN 1540:2p11[13]]

4 Principle

4.1 Airbarne particles containing metals and metalloids are collected by drawing a measured volume g
through a fifter mounted in a sampler designed to collect an appropriate size fraction of airborne particles, u
the method|specified in ISO 15202-1.

4.2 An appropriate and suitable sample dissolution method is selected from those specified in Annexg
through H, faking into consideration the metals and metalloids whjch*are to be determined, the limit values
have been s$et for those metals and metalloids, the applicability.ef\the methods for dissolution of the metals
metalloids ¢f interest from materials which could be present.in the test atmosphere and the availability of
required laljoratory apparatus.

4.3 The fllter and collected sample are then treated to dissolve the metals and metalloids of interest using
selected sample dissolution method.

4.4 The resultant test solution is subsequently analysed for the metals and metalloids of interest by inducti
coupled plasma-atomic emission spectrometry using the method specified in ISO 15202-3.

NOTE $ample preparation metheds described in Annexes B through H of this part of ISO 15202 are generally suitab
use with analytical techniques otherthan ICP-AES, e.g. AAS by ISO 8518[51 and ISO 11174[10] and ICP-MS by ISO 3001
For ICP-MS,|changes might be required in the concentrations of acids or the dilution factors used to prepare test solut
Furthermore] some acids, such as hydrochloric acid, are not recommended for test solutions for analysis by ICP-MS.
5 Requirements

The measuring procedure as a whole (covered by ISO 15202-1, ISO 15202-2 and ISO 15202-3) shall cor
with any relevant International, European or National Standards that specify performance requirements

for

measuring chemical agents in workplace air (for example EN 4820121 and EN 13890).

6 React

ions

In general, the majority of particulate metals and metalloids and particulate metal and metalloid compounds
which are commonly of interest in samples of workplace air are converted to water-soluble ions by one or more
of the sample dissolution methods specified in this part of ISO 15202. However, if there is any doubt about
whether a method will exhibit the required analytical recovery for a particular application, it is necessary to
investigate this before proceeding with the method (see 10.1).

© 1SO 2012 — All rights reserved
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7 Reagents
During the analysis, use only reagents of analytical grade and only water as specified in 7.1.
NOTE 1

NOTE 2
metals and metalloids.

7.1
0,1 mS/m and resistivity greater than 0,01 MQ-m at 25 °C).

Details of reagents that are required for use in Annexes B through | are given in the annex concerned.

It might be necessary to use acids of higher purity in order to obtain an adequate detection limit for some

Water, complying with the requirements for ISO 3696[3] grade 2 water (electrical conductivity less than

It isjrecommended that the water used be obtained from a water purification system that delive]
water having a resistivity greater than 0,18 MQ-m (usually expressed by manufacturers of water
systems as 18 MQ-cm).

7.2 Nitric acid (HNOg), concentrated, pyno, = 1,429 mi~1, WHNo, * 70 % mass)frdction.
The| concentration of the metals and metalloids of interest shall be less than 0,1 pg mI~™.

WARNING — Concentrated nitric acid is corrosive and oxidizing, and nitric acid fumes

I's ultrapure
purification

re irritant.
Avdid exposure by contact with the skin or eyes, or by inhalation of fumes. Use suitab% personal

protective equipment (including suitable gloves, face shield or.safety spectacles, etc.) wh
with the concentrated or dilute nitric acid and carry out sample dissolution with concent
acid in open vessels in a fume hood.

7.3 | Nitric acid, diluted 1 + 9.

Cargfully and slowly begin adding 50 ml of concentrated nitric acid (7.2) to 450 ml of water (
polypropylene bottle (8.5). Add the acid in small aliguots. Between additions, swirl to mix and run cq
ovef the side of the bottle to cool the contents~Do not allow the tap water to contaminate the cor
bottle. When the addition of the concentrated nitric acid is complete, swirl the bottle to mix the cor

to cpol to room temperature, close the hattle with its screw cap and mix thoroughly.

n working
fated nitric

1) ina1l
Id tap water
tents of the
tents, allow

8 [Laboratory apparatus

NOTE Details of laboratory'apparatus that are required for use in Annexes B through | are given in the anngx concerned.
Usual laboratory apparatts and, in particular, the following.

8.1| Disposablé.gloves, impermeable and powder-free, to avoid the possibility of contaminatipn from the
hanfls and to protect them from contact with toxic and corrosive substances. PVC gloves are suitalple.

8.2| Glassware, beakers and one-mark volumetric flasks complying with the requirements of SO 1042[1],
made’of borosilicate glass 3.3 complying with the requirements of ISO 3585[2], cleaned before usq by soaking
in 1 L . . .

Alternatively, the glassware may be cleaned with a suitable laboratory detergent using a laboratory washing machine.

8.3
from filter transport cassettes.

8.4

Flat-tipped forceps, non-metallic (e.g. plastic or plastic-coated), for unloading filters from samplers or

Piston-operated volumetric instruments, complying with the requirements of ISO 8655-1[6] and tested

in accordance with 1ISO 8655-6[°], including pipettors complying with the requirements of 1ISO 8655-2[71 and

dispensers complying with the requirements of ISO 8655-5[8], for dispensing leach solution, acids,

© 1SO 2012 — All rights reserved
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8.5

Polypropylene bottle, 1 | capacity, with leakproof screw cap.

A bottle made of an alternative plastic may be used provided that it is suitable for the intended use (see 7.3).

9 Procedure

9.1

9.1.1
use the san
specified in

9.1.2 Altq
are used in
analysis by
and metallg
value for th

The metho

S
or both. Ho
described in Annex B, if this is more convenient.

9.2 Tota

9.21 If rg
compounds
consideratid
that could b
method in th

9.2.2 Use
metalloids 4

9.3 Mixe

9.3.1 Ifrg

metals

total m

the method specified in ISO 15202-3, using one of the sample dissolution methods for total mg

b soluble metals or metalloids, or both, concerned.

e present in the test atmosphere (refer to the clause on the effectiveness of the sample dissolt

d exposure

Soluble metal and metalloid compounds

ISO 15202-3.

rnatively, if it is known that no insoluble compounds of the metals or metalloids, or both; of inte
the workplace and that none are produced in the processes carried out, prepare fest solution

ds and their compounds prescribed in Annexes C through H, and compare theresults with the

prescribed in Annexes C through H are not specific for soluble metal’or metalloid compou

If results are required for comparison with limit values for soluble metal or metalloid compounds, or both,

predissotutiomrmethod-specified-imAmmex B-topreparetest sotutionsforamatysts by themethod

rest
5 for
tals
imit

hds,

ever, in the circumstances described above, they may be used as'an alternative to the method

metals and metalloids and their compounds

sults are required for comparison with limit values.fér-total metals or metalloids, or both, and
select a suitable sample dissolution method fromithose specified in Annexes C through H. Take
n the applicability of each method for dissolution ‘of the metals and metalloids of interest from mate

e annex in which the method is specified) and the availability of the required laboratory apparatu

the selected sample dissolution method to prepare test solutions for analysis of total metals
nd their compounds by the method specified in ISO 15202-3.

sults are required

for comparison with{Jimit values for soluble metal and/or metalloid compounds and with limit values

and/or metalloids and their insoluble compounds, or

for compparisen.with limit values for soluble metal and/or metalloid compounds and with limit values

btals.and/or metalloids and their compounds,

heir
into
Fials
tion

p.

and

for

for

follow the instructions given in 9.3.2 and 9.3.3.

9.3.2 Use the sample dissolution method specified in Annex B to prepare test solutions for the determination
of soluble metal and metalloid compounds by the method specified in ISO 15202-3.

9.3.3 Select a suitable sample dissolution method for total metals and metalloids and compounds (see 9.2).
Use this to treat undissolved material from the method for soluble metal and metalloid compounds (see B.6.6.1)
and prepare test solutions for determination of metals and metalloids and their insoluble compounds by the
method specified in ISO 15202-3.
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10 Special cases

10.1 Action to be taken if there is doubt about the effectiveness of the selected sample dis-

solution method

10.1.1 If there is any doubt about whether the selected sample dissolution method will exhibit the required

analytical recovery when used for dissolution of the metals and metalloids of interest from materials

which could

be present in the test atmosphere, determine its effectiveness for that particular application. For total metals and

metaIIO|ds this may be achieved by analysmg a bulk sample of known composmon WhICh is similar i

it wais received so that the originator can make a judgement as to whether it is to be analysed.

10.3 Action to be taken regarding sampler wall deposits

Prigr to opening filter transport cassettes or samplers, consider the possibility that particles may
deppsited on the interior walls of the cassette or sampler during the sampling event, and actions
required to include 'such particles in the sample. Additional information is provided in Annex J.

11 [Laboratory records

in nature to
uble metals
ontaining a

e recognized

. Furthermore,

ounts.

D (analytical

dtive sample

strated that

on method,

ing

at particles
the internal
recover the

ition in which

have been
hat may be

11.1 “Record details of all reagent sources (lot numbers) used for sample preparation.

11.2 Record details of laboratory apparatus used for sample preparation, where this is relevant, e.

g. the serial

number of equipment when there is more than one item of equipment of the same type in the laboratory.

11.3 Record any deviations from the specified methods.

11.4 Record any unusual events or observations during sample preparation.
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Annex A
(informative)

Safety precautions to be observed when using hydrofluoric and

perchloric acids

A1 Sp

A11 Tak

acid burns i

NOTE 1

to hydrofluoric acid and might not be felt for several hours. Relatively dilute solutions of hydrofiuoric acid can als

absorbed thr

When using
rubber glovi

A.1.2 Car
hydrofluorig
area with @
gluconate ¢

A2 Sp

A.2.1 Per
sample disg
nitric acid b

A.2.2 Do
perchlorate

A.2.3 Per
incorporatin
potentially €

pcial precautions to be observed when using hydrofluoric acid

e extreme care when using hydrofluoric acid. Ensure that the nature and seriousness of hydroflu
5 understood before commencing work with this substance.

[he burning sensation associated with many concentrated acid burns is not immediatel§-apparent on expo
ough the skin, with serious effects similar to those resulting from exposure to thé concentrated acid.

hydrofluoric acid, it is recommended that a pair of disposable gloves is worn underneath suit
bs to provide added protection for the hands.

ry hydrofluoric acid burn cream (containing calcium gluconate) at all times while working

acid and for 24 h afterwards. Apply the cream to any contaminated skin, after washing the affe
opious amounts of water. Obtain medical advice immediately in case of an accident. Calq
Feam has a limited lifetime and should be replaced prtior to its expiration date.

pcial precautions to be observed when using perchloric acid

chloric acid forms explosive compounds with organics and with many metal salts. When perforr
olution using this acid, ensure that any organic material present is destroyed, e.g. by heating
bfore addition of perchloric acid.

hot allow perchloric acid solutions containing high concentrations of metal salts to boil dry, as s
5 are shock-sensitive and can explode.

form sample dissolution using a special fume cupboard designed for the use of perchloric acid
g a scrubbing system to remove acid vapours from exhaust gases so as to prevent the possibili
xplosive material accumulating in ducts.

oric

sure
b be

hble

Wwith
Cted
ium

hing

Wwith

olid

and
y of
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Annex B
(normative)

Sample dissolution method for soluble metal and metalloid compounds

B.1

Scope

B.1

suitadble leach solution.

B.1
orb

B.1

pth, is prescribed in National Standards or Regulations.

1 This annex specifies a method for the dissolution of soluble metal and metalloid compou

2 Themethodis applicable in all instances, except when use of a specific leach selution or leacli

Alu
Bar

NOT
[19]

will be effective for some metals and metalloids that are*not listed.

NOT
com

B.2

B.2
and
exc
naty
Con

B.2
is d

[16]'[; and for which the sample dissolution method specified in this annex is applicable, are listed b

3 Metals for which limit values for soluble compounds have typicallyd®een set (see Refereng

inium Molybdenum Platinum Silver Tungsten

um Nickel Rhodium Thallium Uranium

EA1 The above list is based upon the applicability of\thé sample dissolution procedure reported in Ref

hds using a

conditions,

es [15] and
elow:

erences [18],

and [20], with adaptation based on expert judgemept.“Furthermore, the list is not comprehensive and the procedure

E2 The sample dissolution method specified in this annex can also be used for the dissolution of
pounds, e.g. for determination of zinc chigdride in the presence of zinc oxide in galvanizing fume.

Effectiveness of thessample dissolution method

1 Soluble compounds, of metals and metalloids are essentially defined by the specific lea
leach conditions uséd in the measurement methods prescribed for their determination. (This
ppt for compounds-that are very soluble or very insoluble in water, solubility can be depende
re of the leachi\solution and parameters such as particle size, solute/solvent ratio, pH, tempe
sequently, thelsample dissolution method, by definition, gives the desired result.

2 Although the sample dissolution method for soluble compounds prescribed in this part of]
bsign-based, there are circumstances in which it can give incorrect results. In particular, thi

soluble zinc

th solutions
is because,
nt upon the
rature, etc.)

ISO 15202
5 can occur

if a

soluble compound reacts with the filter material, or a contaminant on the filter, to produce an insoluble

compound. For example, a low recovery will be obtained for soluble silver compounds if the filter used is
contaminated with chloride. It is therefore important that proper consideration is given to chemical compatibility
when selecting a filter for collecting samples of soluble compounds (see ISO 15202-1). If it is believed that
there could be a chemical compatibility problem, tests should be performed to confirm that analytical recovery
is satisfactory before samples are collected (see 10.1.1). Low recoveries for soluble silver can also occur if
samples are exposed to light[21],

B.3 Principle

B.3.

1

suitable leach solution and agitating in a water bath at 37 °C + 2 °C for 60 min.
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B.3.2 The resultant sample solution is filtered through a membrane filter to remove undissolved particulate
material and to produce a test solution for analysis using the method specified in ISO 15202-3.

B.4 Reagents
B.4.1 Water, as specified in 7.1.

B.4.2 Nitric acid (HNO3), concentrated, as specified in 7.2.

B.5 Lall)oratory apparatus

Usual laborptory apparatus and in particular the following.
B.5.1 Disposable gloves, as specified in 8.1.
B.5.2 Glassware, as specified in 8.2.

B.5.2.1 Beakers, 50 ml capacity, of a form that is compatible with filters of the:diameter used in the sampler,
for preparatjon of test solutions.

NOTE Beakers are not required if the leach step is carried out in the sampler (see Note 2 in B.6.2.2).

It is preferaple to reserve a set of beakers for use in the sample dissolution methods specified in this arjnex
and other gnnexes of this part of ISO 15202. Heavily contaminated beakers in general usage might nof be
satisfactorily cleaned by the method specified in 8.2. If such beakers are to be used, it is strongly recommerjded
that they afe cleaned under the test conditions before use:This should be done by adding the appropfiate
reagents arjd taking through the sample dissolution method concerned.

B.5.2.2 Ong-mark volumetric flasks, 10 ml capagity-for preparation of test solutions.

NOTE 10 ml volumetric flasks are not required’if test solutions are to be made up in graduated test tubes (see B.6|3.4)
or if undissolved material is to be removed using-a syringe filter (see B.6.4).

B.5.3 Disposable test tubes, polypropylene, graduated, 10 ml capacity, with push-fit closures and preferpbly
compatible with the auto sampler tube-racks of the ICP-AES instrument.

NOTE Test tubes without graduation are satisfactory if the samples are made up in volumetric flasks (see B.6.3}4).
B.5.4 Forceps, as speeified in 8.3.

B.5.5 Pisfon opérated volumetric apparatus, as specified in 8.4, for dispensing leach solution (see B.6)2.2,
B.6.3.2, B.§.3.3,B.6.4.1 and B.6.4.2).

B.5.6 Water bath, with temperature control, and preferably equipped with integral sample shaker.

If the water bath is not fitted with an integral sample shaker, a waterproof magnetic stirrer may be placed in the
bottom of the water bath and the sample solutions stirred using polypropylene encapsulated magnetic followers.

B.5.7 Suction filtration equipment.

NOTE Suction filtration equipment is not required if disposable syringe filters are used to remove undissolved
particulate from the sample solutions (see B.6.4).

B.5.7.1 Suction filtration apparatus, typically a water-operated or electrically driven vacuum pump,
connected to a conical flask fitted with a filter funnel/support assembly (see Figure B.1).

10 © 1S0 2012 — All rights reserved
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NOTE Alternative suction filtration apparatus is commercially available that permits simultaneous vacuu
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iple sample solutions.
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m filtration of

B.5.7.2 Membrane filters, of a diameter suitable for use with the suction filtration apparatus (B.5.7.1).

The membrane filters used should be selected carefully, taking full account of any possible reaction of the
analyte with the filter material or contaminant of the filter (see B.2.2). Consideration should also be given to
the fact that the filters used should preferably be soluble in any subsequent sample preparation method for
determination of total metals and metalloids.

B.5.8—Syringe-filtration-equipment

B.5§8.1 Syringes, disposable, polypropylene, 5 ml capacity, suitable for use with disposable syringe filtgrs (B.5.8.2).
NOTE Disposable syringes are not required if suction filtration equipment is used to remove-undissolvgd particulate
from the sample solutions (see B.6.3).

B.5/8.2 Syringefilters, disposable, polypropylene, incorporating a suitable membranefilter (e.g. polypropylene)
withl a pore size of 0,8 uym or less, for use with disposable syringes (B.5.8.1):

NOTE Disposable syringe filters are not required if suction filtration equipment is used to remove| undissolved
part|culate from the sample solutions (see B.6.3).

B.§ Procedure

B.6l1 Selection of leach solution

B.6J1.1 Except when national standards or regulations specify otherwise, use water (B.4.1) tp leach the
sanjple filter.

B.6J1.2 Follow the instructions given.inwnational standards or regulations, if these prescribe that a specific
leagh solution or leach conditions, or beth, is to be used when measuring the soluble compounds of|a particular
metpal or metalloid.

B.6{2 Preparation of sample solutions

NOTE It is advisable“t0 wear disposable gloves (B.5.1) during sample preparation, for personal protg¢ction and in
orddr to avoid the possibility of contamination from the hands.

© 1S0O 2012 — All rights reserved 1
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filter funpel
membrane filter
fritted glass base
stopper
spring clamp

filtering flask, 250 ml

test tubel, 16 mm x 95 mm

N O ok WN -

Example of a suction filtration apparatus

B.6.2.1 Opentthe filter transport cassettes Qnmplpr filter cassettes ar Qnmplprc and transfer each filter intb an

individual, labelled, 50 ml beaker (B.5.2.1) using clean flat-tipped forceps (B.5.4). Follow the same procedure
for the blank filters.

NOTE If the leach is carried out in the sampler (see Note 2 in B.6.2.2), there is no need to remove the filter.

B.6.2.2 Accurately pipette 5 ml of leach solution (see B.6.1) into each beaker. If the sampler used was of a
type in which airborne particles deposited on the internal surfaces of the filter cassette or sampler form part of
the sample, use the leach solution to carefully wash any particulate material adhering to the internal surfaces of
the sampler into the beaker.
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NOTE 1 The volume of leach solution can be increased, if necessary, in order to ensure that the sample filters are
fully immersed during the heating and agitation step (B.6.2.3). In this case, however, if a syringe filter is used to remove
undissolved material from the sample solution, there will need to be a corresponding reduction in the further volume of
leach solution added in B.6.4.1.

NOTE 2  Alternatively, the leach can be carried out in the sampler, if it is watertight when the sample outlet orifice is
sealed with its protective plug and if it is of sufficient capacity. In this case, leach solution should be added to each sampler
via the air inlet orifice and the samplers should be positioned in the water bath in a suitable manner, so that spillage and
contamination of the sample solutions are avoided. See Reference [20] for more details.

B.6.2.3 Cover each beaker, place in a water bath (B.5.6) at 37°C + 2°C and agitate for 60 min, ensuring that
the pampte fitters—are fuiiy immersedthroughouttheteachperiod—Bonotuseuitrasonicagitatiom to promote
saniple dissolution.

B.6J2.4 Remove undissolved material from the sample solution using suction filtration“equipment, following
the method specified in B.6.3, or using a syringe filter, following the method specified in)B.6.4.

If a fest solution is also to be prepared for determination of metals and metalloids anditheir insoluble gompounds,
it is|necessary to use the method using suction filtration equipment specified.in B.6.3.

B.6.3 Removal of undissolved material from the sample solution using suction filtra-
tion equipment

B.6{3.1 Filter each sample solution (B.6.2.3) through a membrane filter (B.5.7.2) using suctjon filtration
apppratus (B.5.7.1), collecting the filtrate in an individual, labelled, 10 ml test tube (B.5.3).

If the leach was carried out in the sampler (see Note 2.i1-B.6.2.2), the sample filter may be used to filter the
sanjple solution. This can be achieved by using flexible plastic tubing to connect the air outlet grifice of the
sanjpler directly to the suction filtration apparatus (B25:7.1), having substituted the filter funnel/suppqgrt assembly
with a short length of glass or plastic tubing.

B.6J3.2 Rinse the sample filter and beakerwith three 1 ml aliquots of leach solution (see B.6.1), pllowing the
liquid to completely drain from the filterfunnel between washings.

B.6J3.3 Remove the test tube-ffom the suction filtration apparatus and accurately pipette 1 ml ¢f nitric acid
(7.2)) to stabilize the solution of the metals and metalloids of interest.

B.6/3.4
Eithler:

a) |dilute to thef10 ml graduation of the test tube with leach solution (see B.6.1), close the tube with its push-fit
closure;~and mix thoroughly to produce the test solution;

or

b) quantitatively transfer the filtrate (B.6.3.2) into a 10 ml volumetric flask (B.5.2.2), rinsing out the test tube
with a further 1 ml of leach solution (see B.6.1). Dilute to the mark with leach solution, stopper, and mix
thoroughly to produce the test solution.

The sample solution may be made up to a larger volume, if more than 10 ml of test solution is required for analysis.

B.6.3.5 If results are also required for total metals and metalloids and their compounds (see 9.3), retain
the sample filters and the secondary filters (the membrane filters used for filtration of the leach solution) for
subsequent analysis (see B.6.6).
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B.6.4

B.6.4.1

Removal of undissolved material from the sample solution using a syringe filter

Accurately pipette a further 4 ml of leach solution (see B.6.1) into each beaker (B.6.2.3) and swirl to mix.

B.6.4.2 Accurately pipette 0,5 ml of nitric acid (7.2) into a test tube (B.5.3) to stabilize the solution of the metals

and metallo

ids of interest.

B.6.4.3 Draw up approximately 5 ml of each sample solution (B.6.4.1) into a syringe (B.5.8.1).
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ure and mix thoroughly to produce the test solution.

solution is required to determine the elements of interest in the analytical step«(see ISO 1520
cient nitric acid (7.2) to maintain a final test solution matrix of 1 + 9 nitric acid.
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B.6.6.2

A
method sp{cified in ISO 15202-3. Then add the results obtained for soluble metal and metalloid compound

those obtai
metals and

alyse the test solutions (B.6.6.14) for metals and metalloids and their insoluble compounds using

ed for metals and metallgids and their insoluble compounds in order to calculate the results for
metalloids and their campounds.

h its

bpeat the process B.6.4.2 through B.6.4.4 to filter a further aliquot of the sample solution if more than

-3),

ilter

nple
n of

the
sto
otal

14

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=2be34d46ebf410ab2205a08012c8a589

ISO 15202-2:2012(E)

Annex C
(normative)

Sample dissolution using nitric acid and hydrochloric acid on a hotplate

C.1 Scope

C.1/1 This annex specifies a method for dissolution of metals and metalloids and their compounds gn a hotplate
using nitric acid, with the addition of hydrochloric acid to facilitate sample dissolution for certain elements.

NOTE For preparation of test solutions to be analysed by ICP-MS, using the method-specified in 1$O 300110111,
isobpric polyatomic interferences can occur if hydrochloric acid is used in the sample dissolution. In such cifcumstances,
the lise of this acid is discouraged unless an ICP-MS collision reaction cell is used.

C.12 Anumber of procedures have been published that describe a method for dissolution of sample$ of airborne
partjculate matter on a hotplate using nitric acid or nitric acid and hydrochloric acid (see References [42], [23], [24]
and|[25]). The metals and metalloids covered in these procedures, and for which the sample dissolution method
spegified in this annex is applicable, are listed below in bold or in normal font (see C.2.1). Other metals angl metalloids,
for which the dissolution procedure is expected to be reasonably effective, are listed in italics (see C.2.R).

Aluminium Calcium Gold Selenium Titanium

Antfjmony Cadmium Lead Silver Uranium

Arsgnic Chromium Magnesium Sodium Vanadium

Barjum Cobalt Manganese Strontium Yttrium

Beryllium Copper Molybdenum Tellurium Zinc

Bismuth Indium Nickel Thallium Zirconium

Cagsium Iron Potassium Tin

NOTE The above-list'is based upon the applicability of the sample dissolution procedure reported in References [22],

[23]) [24] and [25) with adaptation based on expert judgement. Furthermore, the list is not comprehengive and the
prodedure will beeffective for some metals and metalloids that are not listed.

ISO] 15202%is*not applicable to determination of arsenic trioxide, since arsenic trioxide vapour is njot collected
using thie sampling method specified in ISO 15202-1.

C.2 Effectiveness of the sample dissolution method

C.2.1 The specified method is believed to be fully effective for all compounds of the metals and metalloids
listed in bold font. However, it might not always be effective for those listed in normal font, so that in some
instances a more vigorous sample dissolution method might be required to prepare a test solution for ICP-AES
analysis. If there is any doubt about whether the method will exhibit the required analytical recovery for a
particular application, it is recommended that the user verifies that it is effective for dissolution of the elements
of interest from the particular materials which could be present in the test atmosphere (see 10.1).

C.2.2 The specified method is expected to be reasonably effective for the metals and metalloids given in
italics, but it is recommended that the user verifies that the method is effective for dissolution of the elements of
interest from the particular materials which could be present in the test atmosphere (see 10.1).
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C.2.3 Hydrochloric acid is used in the specified method 1) to facilitate the dissolution of certain metals and
metalloids, e.g. Ag, Pb, Sb, Se, Te, some compounds of which are not readily soluble in nitric acid, or 2) to
stabilize solutions of the elements concerned (see Reference [25]), or both. Its use also assists in the dissolution
of samples containing high concentrations of Al or Fe (see Reference [26]).

C.2.4 Avariety of other materials, e.g. oxides such as Cro03, have a tightly packed spinel or rutile crystalline
structure and are particularly resistant to acid attack. The specified method is not fully effective for many such
materials and, therefore, the use of an alternative, more vigorous sample dissolution method is recommended
when these could be present in the samples. See Reference [27] for information about the effectiveness of
sample dissolution methods for the welding fume.

C.2.5 Thq specified method is not effective for the dissolution of silicates, within which the elements oftintgrest
can sometimes be bound. The use of a sample dissolution method that involves the use of hydrofluoric adgd is
recommended for samples that could contain a significant amount of silicate material.

C.3 Pripciple

C.3.1 Thdfilter and collected sample are transferred into a beaker and heated onla-hotplate with 5 ml of 1+ 1
nitric acid uptil about 1 ml of concentrated nitric acid solution remains.

C.3.2 Thqg sample solution is allowed to cool and 5 ml of hydrochloric gcid ‘is added. It is then heated afain
until near beiling to facilitate sample dissolution for certain elements.

C.3.3 Finally, the sample solution is allowed to cool and is diluted:to 25 ml with water to produce a test soldtion
for analysis|using the method specified in ISO 15202-3.

C.4 Reagents

C.41 Water, as specified in 7.1.

C.4.2 Hydrochloric acid (HCI), concenttated, pyc = 1,18 g mI~, wye = 36 % mass fraction.

The concerjtration of the metals and(mgtalloids of interest shall be less than 0,1 ug mi=1.

WARNING |— Concentrated hydrochloric acid is corrosive and hydrochloric acid vapour is irritant.
Avoid expgsure by contact-with the skin or eyes or by inhalation of the vapour. Use suitable pers¢nal
protective lequipment (e.g./gloves, face shield or safety spectacles) when working with concentrated
or dilute hydrochloric.acid. Handle open vessels containing concentrated hydrochloric acid in a fiime
hood. The|vapour pressure of hydrochloric acid is high, therefore beware of pressure build-up in
stoppered [flasks'when preparing hydrochloric acid/water mixtures.

C.4.3 Nitrictacid (HNO3), concentrated, as specified in 7.2.

C.4.4 Nitric acid, diluted 1 + 1.

Carefully and slowly begin adding 250 ml of concentrated nitric acid (C.4.3) to 250 ml of water (C.4.1)ina 1|
polypropylene bottle (C.5.3). Add the acid in small aliquots. Between additions, swirl to mix and run cold tap
water over the side of the bottle to cool the contents. Do not allow tap water to contaminate the contents of the
bottle. When the addition of the concentrated nitric acid is complete, swirl the bottle to mix the contents, allow
to cool to room temperature, close the bottle with its screw cap and mix thoroughly.

C.5 Laboratory apparatus

Usual laboratory apparatus and in particular the following.
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C.5.1 Disposable gloves, as specified in 8.1.
C.5.2 Glassware, as specified in 8.2.

C.5.2.1 Beakers, 50 ml capacity.

C.5.2.2 One-mark volumetric flasks, 25 ml capacity.

C.5.3 Polypropylene bottle, as specified in 8.5.

A bcl)ttle made of an alternative plastic may be used provided that it is suitable for the intended usgj(see C.4.4).
C.5/4 Forceps, as specified in 8.3.
C.5)5 Piston-operated volumetric apparatus, as specified in 8.4, for dispensing acids (see C.6.3and C.6.4).

C.5/6 Hotplate, thermostatically controlled, capable of maintaining the required'surface temperature|(see C.6.3).

NOTE The efficiency of thermostating hotplates is sometimes deficient and the surface temperature dan also vary
congiderably with position on a hot plate having a large surface area. It,may therefore be useful to chafracterize the
perfprmance of the hotplate before use.

C.4 Procedure

NOTE It is advisable to wear disposable gloves (C.5.1){during sample preparation, for personal prot¢ction and in
orddr to avoid the possibility of contamination from the hands.

C.6/1 Open the filter transport cassettes, sampler filter cassettes or samplers and transfer each filter into an
indiyidual, labelled, 50 ml beaker (C.5.2.1) using clean flat-tipped forceps (C.5.4). Follow the samg procedure
for the blank filters.

C.6/2 Add 5 mlof 1 + 1 nitric acid (€.4.4) to each beaker and cover with a watch glass. If the sgmpler used
wag of a type in which airborne particles deposited on the internal surfaces of the filter cassette or sampler form
part of the sample (see 10.3); use a suitable procedure to include these particles in the analysis. See Annex J
for further guidance.

If tin is to be determingd;-add 5 ml of hydrochloric acid (see C.6.4) and allow to stand for several minutes before
addjtion of 1 + 1 nitric acid in order to avoid the possible formation of insoluble SnO».

C.6/3 Heat‘the beakers on a hotplate (C.5.6) with a surface temperature of approximately 140 °C in a fume
hoof for approximately 10 min. Then slide back the watch glasses so that the beakers are only partigally covered
and|coritinue to heat until approximately 1 ml of acid remains.

C.6.4 Remove each beakerfromthe hotplate and allow to cool. Then slowly and carefully add 5 ml of hydrochloric
acid (C.4.2) to each beaker and wash down the inside of each beaker with a small volume of water (C.4.1).

CAUTION — Spattering can occur if the nitric acid is still hot and hydrochloric acid is added too rapidly.

C.6.5 Return the beakers to the hotplate and heat the sample solutions until they are nearly boiling. Then
remove the beakers from the hotplate and allow to cool again.

C.6.6 Ifundissolved material is visible, follow the instructions given in Annex | for its removal or further treatment.
NOTE The presence of a visible residue does not necessarily indicate that further treatment is required. The nature

of the material present in the test atmosphere and the limitations of the sample dissolution method (see C.2.3, C.2.4 and
C.2.5) should be considered before deciding on whether further action is necessary.
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C.6.7 Carefully wash down the watch glass and the inside of each beaker with water (C.4.1) and quantitatively
transfer the solution into an individual, labelled, 25 ml volumetric flask (C.5.2.2). Dilute to the mark with water,
stopper and mix thoroughly to produce the test solution.

C.6.8 Analyse the test solutions following the method specified in ISO 15202-3.
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Annex D
(normative)

Sample dissolution using hydrofluoric and nitric acids and ultrasonic
agitation

D.1 Scope

D.1]1 This annex specifies a method for dissolution of metals and metalloids and their compounds|in a mixture
of cpncentrated hydrofluoric and nitric acids using an ultrasonic bath. The method is intended primarily for the
dissolution of samples collected on quartz fibre filters.

D.1j2 The method is only applicable for use with an analytical instrument thathas a corrosion-resigtant sample
intrgduction system, i.e. one that is made from materials that are not attacked by hydrofluoric acid.

D.1)]3 A number of procedures have been published that describ& a method for dissolution of|samples of
airbprne particulate matter or similar environmental material using ultrasonic agitation (see Refefences [20],
[28]} [29], [30], [31] and [32]). The metals and metalloids covered'in these procedures, and for whicH the sample
dissolution method specified in this annex is applicable, are listed below in bold or in normal font [see D.2.1).
Other metals and metalloids, for which the dissolution pracedure is expected to be reasonably effective, are
listed in italics (see D.2.2).

Aluminium Caesium Iron Selenium Uranium

Antimony Calcium Lead Silver Vanadium

Arsgnic Cadmium Magnesium Sodium Yttrium

Barjum Chromium Manganese Strontium Zinc

Beryllium Cobalt Molybdenum Tellurium

Bismuth Copper Nickel Thallium

Borpn Iadium Potassium Tin

NOTE Thevabove list is based upon the applicability of the sample dissolution procedure reported in References [20],

[281)[29], 136}, [31], [32] and [33], with adaptation based on expert judgement. Furthermore, the list is not comprehensive
and [the procedure will be effective for some metals and metalloids that are not listed.

ISO 15202 is not applicable to determination of arsenic trioxide, since arsenic trioxide vapour is not collected
using the sampling method specified in ISO 15202-1.

D.2 Effectiveness of the sample dissolution method

D.2.1 The specified method is believed to be fully effective for all compounds of the metals and metalloids
listed in bold font. However, it might not always be effective for those listed in normal font, so that in some
instances a more vigorous sample dissolution method might be required to prepare a test solution for ICP-AES
analysis. If there is any doubt about whether the method will exhibit the required analytical recovery for a
particular application, it is recommended that the user verifies that it is effective for dissolution of the metals and
metalloids of interest from the particular materials which could be present in the test atmosphere (see 10.1).
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D.2.2 The specified method is expected to be reasonably effective for the metals and metalloids given in
italics, but once again it is recommended that the user verifies that the method is effective for dissolution of the
elements of interest from the particular materials which could be present in the test atmosphere (see 10.1).

D.2.3 Hydrofluoric acid facilitates the dissolution of silicate material within which the elements of interest
can sometimes be bound. The use of this method, or an alternative method that also uses hydrofluoric acid, is
therefore recommended for samples that could contain a significant amount of silicate material.

D.2.4 A number of elements, e.g. calcium, form sparingly soluble fluoride compounds. This should be taken
into consideration when selecting the sample dissolution method to be used and one of the other specified

methods sh

D.2.5 Ultn
frequently g
Annex C, A
to acid atta
recommend
methods fo

D.2.6 Thsg
and has be
geological g

D.3 Pri

D.3.1 Thg

agitated in @n ultrasonic bath .

D.3.2 The
method sp¢g

D.4 Re

D.41 Wa

D.4.2 Hydrofluoric acid{HF), concentrated, pyr = 1,16 gmi~1, wye ~ 48 % mass fraction.

The concer

DANGER -
swallowed

ould be used If a potential problem exists.

nsonic sample dissolution methods are carried out at relatively low temperatures, but they
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Ck, €.g. some stainless steel welding fumes, the use of a microwave sample dissolution methg
ed (see Annex G). See Reference [27] for information about the effectiveness.of sample dissolu
the welding fume.

specified method has been tested in a laboratory intercomparison-exercise (see Reference
en found to be effective for a range of metals and metalloids in welding fume, solder fume
ust samples.

hciple

filter and collected sample are treated with 3 _mbPof hydrofluoric acid and 2 ml of nitric acid

sample solution is then diluted to 25 ml-with water to produce a test solution for analysis using
cified in ISO 15202-3.

hgents

er, as specified in 7.1(

tration of the"metals and metalloids of interest shall be less than 0,1 ug mi=1.

- Concentrated hydrofluoric acid is very toxic by inhalation, in contact with the skin ar
Itis corrosive and causes severe burns. Avoid exposure by contact with the skin or e

or by inhalption of the vapour. It is ESSENTIAL that suitable personal protective equipment (inclug

are
d in
tant
dis
tion

341])
and

and

the

d if
yes,

ing

suitable gloves, face shield, etc.) is used when working with concentrated or dilute hydrofluoric acid.
Handle open vessels containing concentrated hydrofluoric acid in a fume hood. See Annex A for
further safety information.

D.4.3 Nitric acid (HNO3), concentrated, as specified in 7.2.

D.5 Laboratory apparatus

Usual laboratory apparatus and in particular the following.

D.5.1 Dis

20

posable gloves, as specified in 8.1.
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D.5.

D.5.

ISO 15202

2 Disposable tubes, polypropylene, graduated, 50 ml capacity, with screw caps.

3 Forceps, as specified in 8.3.

-2:2012(E)

D.5.4 Piston operated volumetric apparatus, as specified in 8.4, for dispensing acids (see D.6.2).

D.5.5 Filter funnels, in polypropylene, of a size suitable for use in transferring washings from the internal
surfaces of the sampler (see D.6.2) into a centrifuge tube (D.5.2).

D.5

D.6

NOT
cont

D.6
an i
proq

D.6
or t\
cap
cas
the

NOT
seal
via t
cont

e Ui i bath_sroforablwith-a-timer

Procedure

E It is advisable to wear disposable gloves (D.5.1) during sample preparation in order to avoid the
amination from the hands and to protect them from contact with toxic and corrosive substances.

1 Open the filter transport cassettes, sampler filter cassettes or samplers and transfer ea
hdividual, labelled, 50 ml centrifuge tube (D.5.2) using clean flat-tipped_forceps (D.5.3). Follo
edure for the blank filters.

2 Carefully add 3 ml of hydrofluoric acid (D.4.2) to each tubeyand, if using quartz fibre filters, W
Vo for the filters to dissolve. Then carefully add 2 ml of nitric:acid (D.4.3) to each tube and close
If the sampler used was of a type in which airborne particles deposited on the internal surfaces
bette or sampler form part of the sample (see 10.3), use a suitable procedure to include these
pnalysis. See Annex J for further guidance.

E Alternatively, the leach can be carried out.iiithe sampler, if it is watertight when the sample ol
bd with its protective plug and if it is of sufficient capacity. In this case, leach solution should be added to g
he air inlet orifice and the samplers should be positioned in the water bath in a suitable manner, so that
amination of the sample solutions are avoided. See Reference [20] for more details.

possibility of

ch filter into
v the same

ait a minute
vith a screw
5 of the filter
particles in

tlet orifice is
ach sampler
spillage and

e centrifuge
samples by

b the 25 ml

b necessary

lace at a low

D.6)3 Adjust the water level in the ultrasonic bath (D.5.6) so that it is above the level of acid in th
tubgs. Place the centrifuge tubes.itra suitable rack and load into the ultrasonic bath. Agitate the
applying ultrasound for 1 h.

D.6J4 Remove the closdre from each tube, wipe dry the outsides of each tube and make up t
gradquation with water(D:4.1). Replace the screw caps and mix thoroughly to produce the test solufion.
D.6J5 If undisselved material is visible, consider whether analysis of the undissolved material i
and|take appropriate action as specified in Annex |.

NOTE Carbonaceous material is not oxidized effectively by the method, since sample dissolution takes
tem

sot

rTera’(ure. Undissolved carbonaceous material should not have a significant influence on the effectiveness o

D.6.

fthe method,

6 Analyse the test solutions using the method specified in ISO 15202-3.
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ISO 15202-2:2012(E)
Annex E
(normative)

Sample dissolution using sulfuric acid and hydrogen peroxide on a hotplate

E.1 Scope

E.1.1 This annex specifies a method for dissolution of metals and metalloids and their compounds ¢n a
hotplate using sulfuric acid and hydrogen peroxide, with the addition of hydrochloric acid to facilitate sarpple
dissolution for certain elements.

E.1.2 Apiocedure has been published (see Reference [35]) describing a method similar to-that specified in|this
annex. The fnetals and metalloids covered in this procedure, and for which the sample dissolution method specjfied
in this annek is applicable, are listed below in bold or in normal font (see E.2.1). Other'metals and metalloidg, for
which the dissolution procedure is expected to be reasonably effective, are listed initalics (see E.2.2).

Aluminium Cadmium Lead Selenium Titanium

Antimony Calcium Lithium Silver Uranium

Arsenic Chromium Magnesium Sedium Vanadium

Beryllium Cobalt Manganese Strontium Yttrium

Bismuth Copper Molybdenum Tellurium Zinc

Boron Indium Nickel Thallium

Caesium Iron Potassium Tin

NOTE The above list is based uponrthe-applicability of the sample dissolution procedure reported in Reference [35],

with adaptatipn based on expert judgement. Furthermore, the list is not comprehensive and the procedure will be effeftive
for some melals and metalloids that-are not listed.

ISO 15202 |s not applicable~to-determination of arsenic trioxide, since arsenic trioxide vapour is not colletted
using the sampling methgd-specified in ISO 15202-1.

E.2 Effectiveness of sample dissolution method

E.2.1 The-specifiedmethod-is-belisved-to-befully effactivefor all compoundsof the-metalsand-maetallbids
listed in bold font. However, it might not always be effective for those listed in normal font, so that in some
instances a more vigorous sample dissolution method might be required to prepare a test solution for ICP-AES
analysis. If there is any doubt about whether the method will exhibit the required analytical recovery for a
particular application, it is recommended that the user verifies that it is effective for dissolution of the elements
of interest from the particular materials which could be present in the test atmosphere (see 10.1).

E.2.2 The specified method is expected to be reasonably effective for the metals and metalloids given in
italics, but it is recommended that the user verifies that the method is effective for dissolution of the elements of
interest from the particular materials which could be present in the test atmosphere (see 10.1).
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E.2.3 The specified method is not effective for the dissolution of silicate material, within which the elements of
interest can sometimes be bound. The use of a sample dissolution method that involves the use of hydrofluoric
acid is recommended for samples that could contain a significant amount of silicate material.

E.2.4 Avariety of other materials, e.g. oxides such as Cr203, have a tightly packed spinel or rutile crystalline
structure and are particularly resistant to acid attack. The specified method is not effective for many such
materials and the use of an alternative, more vigorous, sample dissolution method is recommended when these
could be present in the sample.

E.2.5 A number of elements, e.g. barium, calcium and lead, form insoluble or sparingly soluble sulphates.
The| addition of hydrochloric acid facilitates sample dissolution for some of these elements, e.g- I¢ad, but the
potential for formation of insoluble or sparingly soluble sulphates should be taken into consid€fation when
selgcting the sample dissolution method to be used.

E.2)6 The specified method has been tested in a laboratory intercomparison exereise (see Reférence [34])
and| has been found to be effective for a range of metals and metalloids in welding fume, soldgr fume and
geological dust samples.

E.3 Principle

E.3/1 The filter and collected sample are transferred into a beakér and heated on a hotplate with 2 ml of 1 + 1
sulfyiric acid and a few drops of hydrogen peroxide. Hydrogen petoxide and water are removed by|boiling until
denpe, white fumes of sulfur trioxide are evolved.

E.3[2 The sample solution is allowed to cool and 5 mlof hydrochloric acid is added. It is then heated again
unti| near boiling to facilitate sample dissolution for certain elements.

E.3[3 Finally, the sample solution is allowed 0 cool and diluted to 25 ml with water to produce a {est solution
for gnalysis using the method specified in ISO 15202-3.

E.4 Reagents
E.4]1 Water, as specified in.7.1.
E.42 Hydrochloric-acid (HCI), concentrated, as specified in C.4.2.

E.413 Hydrogen peroxide (H205>), WH,0, ~ 30 % mass fraction.

The| concentration of the metals and metalloids of interest shall be less than 0,1 pg mi=".

WARNING — Hydrogen peroxide is corrosive and oxidizing. Avoid exposure by contact with the skin
or eyes—Use-suitable-personalprotective-equipment-{i in i : 8 ield or safety
spectacles, etc.) when working with hydrogen peroxide.

E.4.4 Sulfuric acid (H2SO4), concentrated, py,s0, ~ 1,849 mi~1, wh,s0, ~ 98 % mass fraction.
The concentration of the metals and metalloids of interest shall be less than 0,1 ug mi~".

WARNING — Concentrated sulfuric acid is corrosive and causes burns. Avoid exposure by contact
with the skin or eyes. Use suitable personal protective equipment (e.g. suitable gloves, face shield or
safety spectacles, etc.) when working with the concentrated or dilute sulfuric acid. Fumes produced
when concentrated sulfuric acid is heated are irritant. Therefore, carry out sample dissolution with
sulfuric acid in a fume hood. Exercise great caution when diluting sulfuric acid with water, since this
process is very exothermic. Do not add water to sulfuric acid, since it reacts violently when mixed in
this manner. Prepare sulfuric acid/water mixtures by adding sulfuric acid to water.
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E.4.5 Sulfuric acid, diluted 1 + 1.

Carefully and slowly begin adding 250 ml of concentrated sulfuric acid (E.4.4) to 250 ml of water (E.4.1)ina 1 |
polypropylene bottle (E.5.3). Add the acid in small aliquots. Between additions, swirl to mix and run cold tap water
over the side of the bottle to cool the contents. Do not allow tap water to contaminate the contents of the bottle
and do not allow them to boil. When the addition of the concentrated sulfuric acid is complete, swirl the bottle
to mix the contents, allow to cool to room temperature, close the bottle with its screw cap and mix thoroughly.

E.5 Laboratory apparatus

Usual laborgtory apparatus and in particutar the 1oltowing.

E.51 Disgposable gloves, as specified in 8.1.
E.5.2 Glassware, as specified in 8.2.

E.5.2.1 Beakers, 50 ml capacity.

E.5.2.2 Ope-mark volumetric flasks, 25 ml capacity.

E.5.3 Polypropylene bottle, as specified in 8.5.

A bottle mafde of an alternative plastic may be used provided that it is suitable for the intended use (see E.4.5).
E.5.4 Forceps, as specified in 8.3.

E.5.5 Pisfon-operated volumetric apparatus, as specified in 8.4, for dispensing acids (see E.6.2 and E.$.5).
E.5.6 Hofplate, as specified in C.5.6.

NOTE The efficiency of thermostating hotplates is sometimes deficient and the surface temperature can [also
vary considgrably with position on a hotplate haying’a large surface area. It may therefore be useful to characteriz¢ the
performancd of the hotplate before use.

E.6 Prgcedure

NOTE If is advisable to wear.disposable gloves (E.5.1) during sample preparation in order to avoid the possibility of
contaminatign from the hands’and to protect them from contact with toxic and corrosive substances.

E.6.1 Opeén the filtertransport cassettes, sampler filter cassettes or samplers and transfer each filter intp an
individual, Iabelleds50 ml beaker (E.5.2.1) using clean flat-tipped forceps (E.5.4). Follow the same proceglure
for the blank filters.

E.6.2 Add 2 ml of 1 + 1 sulfuric acid (E.4.5) and several drops of hydrogen peroxide (E.4.3) to each beaker
and cover with a watch glass. If the sampler used was of a type in which airborne particles deposited on the
internal surfaces of the filter cassette or sampler form part of the sample (see 10.3), use a suitable procedure to
include these particles in the analysis. See Annex J for further guidance.

E.6.3 Heat the beakers on a hotplate with a surface temperature of approximately 140 °C in a fume hood for
approximately 10 min.

E.6.4 Increase the temperature of the hotplate to 200 °C, slide back the watch glasses so that the beakers are
only partially covered and continue to heat until dense, white sulfur trioxide fumes are evolved and approximately
1 ml of acid remains. If a solution darkens, carefully add hydrogen peroxide (E.4.3) dropwise until it becomes
colourless or slightly yellow.
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CAUTION — Spattering can occur if hydrogen peroxide is added too rapidly.

E.6.5 Remove each beakerfrom the hotplate and allow to cool. Then slowly and carefully add 5 ml of hydrochloric
acid (E.4.2) to each beaker and wash down the inside of each beaker with a small volume of water (E.4.1).

CAUTION — Spattering can occur if the sulfuric acid is still hot and hydrochloric acid is added too rapidly.

E.6.6 Lower the temperature of the hotplate to 140 °C, return the beakers to the hotplate and heat until near
boiling. Remove the beakers from the hotplate and allow to cool again.

E.6. If undissolved material is visible, follow the instructions given in Annex | for its removal or furthgr treatment.

NOTE The presence of a visible residue does not necessarily indicate that further treatment isrequiredq. The nature
of thHe material present in the test atmosphere and the limitations of the sample dissolution method (s€e E.2|3, E.2.4 and
E.2.p) should be considered before deciding on what further action is necessary.

E.648 Carefully wash down the watch glass and the inside of each beaker with water (E.4.1) and qpantitatively
trangfer the solution to an individual, labelled, 25 ml volumetric flask (E.5.2.2). Dilute to the mark] with water,
stogper and mix thoroughly to produce the test solution.

E.6)9 Analyse the test solutions using the method specified in ISO 15202-3.
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Annex F
(normative)

Sample dissolution using nitric acid and perchloric acid on a hotplate

F1  Scope

F.1.1 This annex specifies a method for dissolution of metals and metalloids and their compounds ¢n a
hotplate us|ng nitric acid and perchloric acid. Hydrochloric acid is added to facilitate sample dissolution for
certain elenpents.

NOTE For preparation of test solutions to be analysed by ICP-MS, using the method specified in ISO30011['1] isolparic
polyatomic ijterferences can occur if hydrochloric acid or perchloric acid, or both, are used in the' .sample dissolutiop. In
such circumgtances, the use of these acids is discouraged unless an ICP-MS collision reactign,cell is used.

F.1.2 A pfocedure has been published (see Reference [36]) describing a method similar to that specifigd in
this annex. [The metals and metalloids covered in this procedure, and for which*the sample dissolution method
specified infthis annex is believed to be fully effective, are listed below in baldyor in normal font (see F.2.1). Other
metals and [metalloids, for which the dissolution procedure is expected ta be reasonably effective, are listdd in
italics (see .2.2).

Aluminium Chromium Magnesium Selenium Tungsten

Antimony Cobalt Manganese Silver Vanadium

Arsenic Copper Molybdenum Strontium Yttrium

Barium Iron Nickel Tellurium Zinc

Beryllium Lanthanum Phoesphorus Thallium Zirconium

Cadmium Lead Platinum Tin

Calcium Lithium Potassium Titanium

NOTE The above list i§ based upon the applicability of the sample dissolution procedure reported in Reference [36],
with adaptatipn based on ‘€éxpert judgement. Furthermore, the list is not comprehensive and the procedure will be effeftive
for some mejals and njetalloids that are not listed.

ISO 15202 |s nét ‘applicable to determination of arsenic trioxide, since arsenic trioxide vapour is not collefted
using the sarapling method specified in ISO 15202-1.

F.2

F.2.1

Effectiveness of sample dissolution method

The specified method is believed to be fully effective for all compounds of the metals and metalloids

listed in bold font. However, it might not always be effective for those listed in normal font, so that in some
instances a more vigorous sample dissolution method might be required to prepare a test solution for ICP-AES
analysis. If there is any doubt about whether the method will exhibit the required analytical recovery for a
particular application, it is recommended that the user verifies that it is effective for dissolution of the elements
of interest from the particular materials which could be present in the test atmosphere (see 10.1).
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F.2.2 The specified method is expected to be reasonably effective for the metals and metalloids given in
italics, but it is recommended that the user verifies that the method is effective for dissolution of the elements of
interest from the particular materials which could be present in the test atmosphere (see 10.1).

F.2.3 The specified method is not effective for the dissolution of silicate material within which the elements of
interest can sometimes be bound. However, it can be modified to include the use of hydrofluoric acid (see NOTE
in F.6.3) and this is recommended for samples that could contain a significant amount of silicate material.

F.2.4 Avariety of other materials, e.g. oxides such as Cr203, have a tightly packed spinel or rutile crystalline
structure and are particularly resistant to acid attack. The specified method is not effective for many such
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brials, and the use of an alternative, more vigorous, sample dissolution method is recommended
d be present in the samples.

b Chromium is oxidized to the hexavalent oxidation state when heated strongly with® perchloric
bfore be lost from solution as chromyl chloride (CrO2Cl») if the sample solution containsehloride and th
ducing chromium using hydrogen peroxide is not observed (see F.6.5). Therefore the use of hydr

~

b Hydrochloric acid is used in the specified methods: 1) to facilitate sample dissolution for ce
metalloids, e.g. Ag, Sb, Se, Te, some compounds of which are not readily soluble in nitric acid an
, or 2) to stabilize solutions of the elements concerned (see Reference [25]), or both. Its use als
Hissolution of samples containing high concentrations of Al or-Fe/(see Reference [26]).

y
has been found to be effective for a range of metalsyand metalloids in welding fume, soldg
ogical dust samples.

Principle

E The specified sample dissolution method is based upon a similar method described in a publishg
Reference [36]). However, this has bgen-modified to include the use of hydrogen peroxide and hydroch
ribed elsewhere (see Reference [35]).

I Thefilter and collected-sample are transferred into a beaker and heated on a hotplate with 5 ml
1 ml of perchloric acid. Nitric acid is removed by boiling until dense, white fumes of perchloric acid

P If the determifation of chromium is required, the sample solution is allowed to cool and 1 ml
xide is addedto.reduce chromium to the trivalent state. The sample solution is then heated agai
hydrogen peroxide.

B The sample solution is allowed to cool and 5 ml of hydrochloric acid is added. It is then K
e until'near boiling to facilitate sample dissolution for certain elements.

ild be avoided if perchloric acid is used in the sample dissolution and chromiumtis 10 be determined.

when these

acid. It can
e precaution
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d perchloric
0 assists in

The specified method has been tested in a laboratery’ intercomparison exercise (see Ref¢rence [34])

r fume and

bd procedure
loric acid, as

of nitric acid
are evolved.

bf hydrogen
h to remove

eated once

F.3.4 Finally, the sample solution is allowed to cool and diluted to 25 ml with water to produce a test solution
for analysis using the method specified in ISO 15202-3.

F.4 Reagents
F.4.1 Water, as specified in 7.1.
F.4.2 Hydrochloric acid (HCI), concentrated, as specified in C.4.2.

F.4.3 Hydrogen peroxide (H20>), WH,0, 30 % mass fraction, as specified in E.4.3.
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F.4.4 Nitric acid, (HNO3), concentrated, as specified in 7.2.

F.4.5 Perchloric acid (HCIO4), concentrated, pycio, ~ 1,67 9 mi~1, whcio, ~ 70 % mass fraction.
The concentration of the metals and metalloids of interest shall be less than 0,1 ug ml~1.

NOTE It might be necessary to use perchloric acid of higher purity in order to obtain an adequate detection limit for
some metals and metalloids.

WARNING — Perchloric acid is corrosive and oxidizing, and its fumes are irritant. Avoid exposure by
contact with the skin or eyes, or by inhalation of fumes. Use suitable personal protective equipment
(including Ewtable gloves, Tace shield or safety spectacles, efc.) when working with concentratetF or

dilute perchloric acid, and carry out sample dissolution with perchloric acid in a fume cupboard with a

scrubber upit specially designed for use with perchloric acid. See Annex A for further safety informatjon.

F.5 Laboratory apparatus
Usual laborptory apparatus and in particular the following.

F.5.1 Disposable gloves, as specified in 8.1.

F.5.2 Glassware, as specified in 8.2.

F.5.2.1 Beakers, 50 ml capacity.

F.5.2.2 Ope-mark volumetric flasks, 25 ml capacity.
F.5.3 Forceps, as specified in 8.3.

F.5.4 Pisfon-operated volumetric apparatus,.as‘specified in 8.4, for dispensing acids (see F.6.2, F|6.3,
F.6.5 and F)6.6).

F.5.5 Hofplate, as specified in C.5.6.
NOTE The efficiency of thermostating-hotplates is sometimes deficient and the surface temperature can also vary
considerably] with position on a hot plate having a large surface area. It may therefore be useful to characterizq the
performancg of the hotplate before/use:

F.6 Prqgcedure

NOTE It is advisable to wear disposable gloves (F.5.1) during sample preparation in order to avoid the possibility of
contaminatign from-the hands and to protect them from contact with toxic and corrosive substances.

the blank filters.

F.6.2 Add 5 ml of nitric acid (F.4.4) to each beaker and cover with a watch glass. If the sampler used was of
a type in which airborne particles deposited on the internal surfaces of the filter cassette or sampler form part
of the sample (see 10.3), use a suitable procedure to include these particles in the analysis. See Annex J for
further guidance.

F.6.3 Heat the beakers on a hotplate with a surface temperature of approximately 140 °C for approximately
10 min. Then slide back the watch glasses so that the beakers are only partially covered and carefully add
1 ml of perchloric acid (F.4.5). Increase the temperature of the hotplate to 175 °C and heat until dense, white
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perchloric acid fumes begin to form in the beaker and approximately 1 ml of acid remains. If a solution darkens,
carefully add nitric acid (F.4.4) dropwise until it becomes colourless or slightly yellow.

CAUTION — Spattering can occur if nitric acid is added too rapidly.

NOTE If the material present in the test atmosphere is believed to contain a significant amount of silicate material,
its dissolution can be facilitated by adding 1 ml of hydrofluoric acid at the same time as the perchloric acid. However, it
will be necessary to use heatable beakers, beaker covers, etc. that are made of plastic that is resistant to corrosion by
hydrofluoric acid, e.g. a fluorocarbon polymer such as polytetrafluoroethylene (PTFE).

F.6.4 Slide the watch glasses over so that they fully cover the beaker again and continue to heat for 1 min.
Rerfiove each beaker from the hotplate and allow to cool.

F.6. If the determination of chromium is required, add 1 ml of hydrogen peroxide (F.4.3) t0 each|beaker and
waifla few minutes for the hydrogen peroxide to reduce chromium to its trivalent state. Then‘lower the femperature
of the hotplate to 140 °C, return the beakers to the hotplate and boil gently for 1 mip.to,remove the hydrogen
pergxide. Finally, remove the beakers from the hotplate and allow the sample solutions-to cool once|more.

F.6.p Slowly and carefully add 5 ml of hydrochloric acid (F.4.2) to each beaker and wash down the inside of
each beaker with a small volume of water (F.4.1).

CAUTION — Spattering can occur if the perchloric acid is still hot-and hydrochloric acid i added too
rap|dly.

F.6.f Lower the temperature of the hotplate to 140 °C againjreturn the beakers to the hotplate and heat until
neal boiling. Remove the beakers from the hotplate and allow to cool again.

F.6.8 Ifundissolved material is visible, follow the instrtictions given in Annex | for its removal or furthgr treatment.

NOTE The presence of a visible residue does-not necessarily indicate that further treatment is requiredq. The nature
of the material present in the test atmosphere and\the limitations of the sample dissolution method (see F.2.3, F.2.4 and
F.2.%) should be considered before deciding.on what further action is necessary.

F.6.p Carefully wash down the watch glass and the inside of each beaker with water (F.4.1) and glantitatively
tranpfer the solution into an individual, labelled, 25 ml volumetric flask (F.5.2.2). Dilute to the marl with water,
stogper and mix thoroughly te-preduce the test solution.

F.6.10 Analyse the test-solutions using the method specified in ISO 15202-3.
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Annex G
(normative)

Sample dissolution in a closed vessel microwave dissolution system

G.1

Scope

G.1.1 Thig
vessel micr
its use is c
efficiency, W

NOTE

step in the
dissolution t
dissolution. |
vessel micro
at 700 kPa (
samples are

b annex specifies a method for the dissolution of metals and metalloids and their compounds in-a‘clg
pwave dissolution system using nitric acid and hydrofluoric acid. Hydrofluoric acid may be,omitt
bnsidered to be unnecessary, and perchloric acid may be included to improve sample dissold
hen appropriate. Hydrochloric acid is added to facilitate sample dissolution for certain€lements.

Vith the increasing sophistication in analytical instrumentation, sample preparationthas become the lim
pverall analysis scheme. The use of microwave-assisted methods can be advantageous, since sa
mes can be shortened considerably in comparison to more conventional dechniques, such as hot
h particular, the boiling points of acids are raised when they are heated under. pressure, as they areinacl
vave dissolution system. For example, the boiling point of nitric acid is elevated to between 180 °C and 19
00 psi), considerably above its boiling point of 120 °C at atmospheric\pressure. At this higher tempera
attacked more rapidly and in some cases more effectively.

G.1.2 Aprocedure has been published (see Reference [26]) describing a method similar to that specified in

annex. The
in this anne
which the d

Aluminium
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Caesium

Cadmium

metals and metalloids covered in this procedure, and forwhich the sample dissolution method spec
K is applicable, are listed below in bold or in normal font (see G.2.1). Other metals and metalloids
ssolution procedure is expected to be reasonably;effective, are listed in italics (see G.2.2).

Calcium Magnesium Selenium Tungsten

Chromium Manganese Silver Uranium

Cobalt Mercury Sodium Vanadium

Copper Molybdenum Strontium Yttrium

Hafnium Nickel Tantalum Zinc

Indium Phosphorus Tellurium Zirconium

Iron Platinum Thallium

Lead Potassium Tin

Lithium Rhodium Titanium

sed
bd if
tion

iting

ple
late
bsed
0 °C
ure,

this
fied
, for

NOTE

The above list is based upon the applicability of the sample dissolution procedure reported in Reference [26],

with adaptation based on expert judgement. Furthermore, the list is not comprehensive and the procedure will be effective
for some metals and metalloids that are not listed.

ISO 15202 is not applicable to the determination of elemental mercury and arsenic trioxide, since mercury

vapour and

arsenic trioxide vapour are not collected using the sampling method specified in ISO 15202-1.

G.2 Effectiveness of sample dissolution method

G.21

The specified method is believed to be fully effective for all compounds of the metals and metalloids

listed in bold font. However, it might not always be effective for those listed in normal font, so that in some
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instances a more vigorous sample dissolution method might be required to prepare a test solution for ICP-AES
analysis. If there is any doubt about whether the method will exhibit the required analytical recovery for a
particular application, it is recommended that the user verifies that it is effective for dissolution of the elements
of interest from the particular materials which could be present in the test atmosphere (see 10.1).

G.2.2 The specified method is expected to be reasonably effective for the metals and metalloids given in
italics, but it is recommended that the user verifies that the method is effective for dissolution of the elements of
interest from the particular materials which could be present in the test atmosphere (see 10.1).

G.2.3 The specified method prescribes a routine procedure involving the use of hydrofluoric acid, because

this

carl
How
of h

G.2
sani
con
alsg

facilitates the dissolution of many refractory sample matrixes, e.g. certain types of welding fun
ide, beryllium oxide and silicate material within which the elements of interest can sometime
ever, if the sample does not contain such material, sample dissolution may be carried out'with
ydrofluoric acid.

4 The specified method allows for the optional use of perchloric acid in thé|mixture of aci
ple dissolution. This can give a more complete sample dissolution in some instances, e.g. when
ain elemental carbon. The increased oxidation potential that results fromythe use of perchlo
improve the analytical recovery for certain metals and metalloids frof certain types of mate]

e, tungsten
5 be bound.
out the use

ds used for
he samples
fic acid can
rial, e.g. for

chrgmium from certain types of welding fume.

G.2
cert
acid
the

5 Hydrochloric acid is used in the specified methods, if necessary: 1) to facilitate sample digsolution for
hin metals and metalloids, e.g. Ag, Sb, Se, Te, some compounds of which are not readily solfible in nitric
, or 2) to stabilize solutions of the elements concerned (see Reference [25]), or both. Its use dan assist in
Hissolution of samples containing high concentrations of Al or Fe (see Reference [26]).

80011111, the
c polyatomic

NOTE For preparation of test solutions to be analysed by ICP-MS using the method specified in ISO
use pf hydrochloric or perchloric acid is discouraged, unléss a collision reaction cell is utilized, due to isobar|
interferences.

G.2
and
geo

6 The specified method has been.tested in a laboratory intercomparison exercise (see Refgérence [34])
has been found to be effective for @ range of metals and metalloids in welding fume, soldgr fume and
ogical dust samples.

G.3 Principle

G.3]1 The filter andcollected sample are placed in a sealed microwave transparent vessel, treated|{with 4 ml of
nitri¢ acid and 1 ml ef hydrofluoric acid or with 3 ml of nitric acid, 1 ml of perchloric acid and 1 ml of hydrofluoric acid,
and|heated underpressure in a microwave dissolution system for 25 min at a temperature of 180 °C ¢r higher.
NOTE Hydrofluoric acid is omitted if it is considered to be unnecessary, in which case an additional 1 m| of nitric acid
is uged forisample dissolution.

G.32—tiffurthertreatmentwith hydluuh:U|;u acicHs |cqu;|cd (ccc 825), the oalllp:c sotutionts—attowed to COOl,

5 ml of hydrochloric acid is added and the samples are heated under pressure in the microwave dissolution
system at a temperature of 180 °C or higher for another 25 min.

G.3.3 Finally, the sample solution is allowed to cool and diluted to 25 ml with water to produce a test solution
for analysis using the method specified in ISO 15202-3.

G.4 Reagents
G.4.1 Water, as specified in 7.1.
G.4.2 Hydrochloric acid (HCI), concentrated, as specified in E.4.2.
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G.4.3 Hydrofluoric acid (HF), concentrated, as specified in D.4.2.

DANGER — Concentrated hydrofluoric acid is very toxic by inhalation, in contact with the skin and if
swallowed. It is corrosive and causes severe burns. Avoid exposure by contact with the skin or eyes,
or by inhalation of the vapour. It is ESSENTIAL that suitable personal protective equipment (including
suitable gloves, face shield, etc.) is used when working with concentrated or dilute hydrofluoric acid.
Handle open vessels containing concentrated hydrofluoric acid in a fume hood. See Annex A for
further safety information.

G.4.4 Nitric acid, (HNOz3), concentrated, as specified in 7.2.

G.4.5 Perchloric acid, (HCIO4) concentrated, as specified in F.4.5.

G.4.6 Nitfic acid, diluted 1 + 9, as specified in 7.3.

G.5 Laboratory apparatus
Usual laborptory apparatus and in particular the following.

G.51 Disposable gloves, as specified in 8.1.

G.5.2 One¢-mark volumetric flasks, polypropylene, 25 ml capacity.

Volumetric flasks made of an alternative plastic may be used provided that they are suitable for the interjded
use (see G[7.9).

G.5.3 Glassware, one-mark volumetric flasks, as specifiediin 8.2, 50 ml capacity.

Glass volumetric flasks should not be used for the routine procedure as they are attacked by hydrofluoric gcid.
They should only be used if hydrofluoric acid is not used for sample dissolution (see G.2.3).

G.5.4 Forceps, as specified in 8.3.
G.5.5 Piston-operated volumetric apparatus, as specified in 8.4, for dispensing acids (see G.7.2 and G.}.7).

G.5.6 Midrowave dissolution-apparatus.
CAUTION + Ensure that the-manufacturer’s safety recommendations are followed.

The specified method is-for closed vessel microwave dissolution systems with a temperature control sysfem.
Microwave dissolution systems that are equipped only with a pressure control system or with lower pressure
vessels, or poth, may be used, provided that a suitable sample dissolution procedure is developed and a prior
assessmenf of dissolution efficiency is carried out (see 10.1).

Open vessel microwave dissolution systems can give equivalent results to closed vessel microwave dissolution
systems. They may therefore be used provided that a suitable sample dissolution procedure is developed and
a prior assessment of dissolution efficiency is carried out (see 10.1).

G.5.6.1 Microwave dissolution system, designed for closed vessel sample dissolution in the laboratory,
with power output regulation, fitted with a temperature control system capable of sensing the temperature to
within £ 2 °C and automatically adjusting the microwave power output within 2 s. The microwave cavity shall be
corrosion resistant and well ventilated, with all electronics protected against corrosion to ensure safe operation.

CAUTION — Domestic (kitchen) microwave ovens shall not be used, since there are very significant
hazards associated with their use for the method specified in this part of ISO 15202. For example, acid
vapours released into the cavity can corrode safety devices that prevent the magnetron from shutting
off when the door is opened, potentially exposing the operator to microwave energy.
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It is important to ensure that the contents of the vessel fitted with the temperature sensor closely resemble
those in the other vessels.

NOTE A pressure control system is also very useful, since it provides a safeguard against the possibility of sample
loss due to excessive pressure build-up and partial venting of the sample vessels.

G.5.6.2 Lined sample vessels, designed for carrying out microwave dissolutions at pressures up to 3 000 kPa
(435 psi) or greater, designed for controlled pressure relief, capable of withstanding an operating temperature
of at least 180 °C (see G.6.4), and with an internal volume of at least 50 ml. Such vessels consist of an inner
liner and cover made of a microwave transparent and chemically resistant material (usually a fluorocarbon

polymer such as tetra-fluoro-methoxil

high
or h
(G.4
as g

CAUTION — Sample vessels fitted with a device to protect against over-pressurization,

rup

CAUTION — The material from which the outer vessels are made is usually not as chemical
he liner material. Since the outer vessels provide the strength.required to withstanld the high

as
pre

physsical degradation.

igher pressures may be used. Clean the sample vessels before use, either by soaking in. N+
.6) or by adding 5 ml of nitric acid (G.4.4) and taking through the microwave dissolutiorf progra
ppropriate, and then rinsing thoroughly with water (G.4.1).

ture disk, are strongly recommended to minimize risk of catastrophic vessel failure and

ssures within the inner liners, they shall be inspected regularly to check for any c

olymer [TEM]). which contains and isolates the sample solution from a

strength, outer pressure vessel structure. Other types of sample vessel designed to operate gt

equivalent
O nitric acid
m (G.5.6.1),

such as a
explosion.

y resistant

hemical or

G.§ Selection of acids for sample dissolution
G.6{1 Use 4 ml of nitric acid (G.4.4) and 1 ml of hydrofluoric acid (G.4.3) to carry out the routine grocedure.
G.6|2 Use 3 ml of nitric acid (G.4.4), 1 ml of perehloric acid (G.4.5) and 1 ml of hydrofluoric acid ({5.4.3) if it is

con
the

G.6
beli
san

G.6
a hi
ves
exc

G.6
and

sidered that the use of perchloric acid wilkresult in a more complete dissolution of the samples
analytical recovery for the metals and metalloids of interest (see G.2.4).

3 Use 5 ml of nitric acid (G.4.4) or 4 ml of nitric acid (G.4.4) and 1 ml of perchloric acid ((

ple matrix is not refractory.

4 Select an operatingtemperature of at least 180 °C for sample dissolution, taking into consig
jher operating temperature can lead to more efficient sample dissolution. However, ensure that
bels (G.5.6.2) Ased are designed to withstand the selected operating temperature, which will 1
ped 230 °C.

5 Consider whether it is necessary to add hydrochloric acid after the initial sample dissolution
if-applicable, carry out the additional step specified in G.7.7.

or improve

5.4.5) if it is

bved that the sample will dissefve without the use of hydrofluoric acid (see G.2.3), e.qg. if it is knpwn that the

eration that
the sample
ormally not

(see G.2.5)

G.7 Procedure

NOTE

cont

It is advisable to wear disposable gloves (G.5.1) during sample preparation in order to avoid the
amination from the hands and to protect them from contact with toxic and corrosive substances.

possibility of

G.7.1 Open the filter transport cassettes, sampler filter cassettes or samplers and transfer each filter into the
liner of a labelled sample vessel (G.5.6.2) using clean flat-tipped forceps (G.5.4). Follow the same method for
the blank filters.

G.7.2 Carefully add 5 ml of acid (see G.6) to each liner and cover with its lid. If the sampler used was of a type in
which airborne particles deposited on the internal surfaces of the filter cassette or sampler form part of the sample
(see 10.3), use a suitable procedure to include these particles in the analysis. See Annex J for further guidance.
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G.7.3 Seal the sample vessels and place them, evenly distributed, in the turntable of the microwave dissolution
system (G.5.6.1), following the manufacturer’s instructions.

NOTE

microwave dissolution systems employ a spring-loaded capping system, which is equally acceptable.

G.7.4 Program the microwave dissolution system (G.5.6.1) to operate the following temperature profile:

to hold

to reach an operating temperature of at least 180 °C (see G.6.4) in less than 10 min;

the operating temperature of at least 180 °C for a further 15 min.

This method has been written assuming that a screw cap system is used to close the sample vessels. Some

If hydrofluo
acid, the ve
of nitric aciq

G.7.5 Wh

G.7.6 Rer
open each

G.7.7 Adg
specified in

G.7.8 |Ifur

The presen|
of the mate
G.2.4 and ¢

G.7.9 Cai
into an indiy
volumetric 1
water, stopy

G.7.10 Ang

ic acid is used to dissolve the samples and the temperature sensor is not resistant to attack by
5sel in which the temperature sensor is fitted should contain a filter blank in which an equal,vol
is substituted for the hydrofluoric acid used for the dissolution of the samples.

bn the program has run, allow the vessels to cool and the pressure to return to 70 kPa (10 ps

hove the turntable from the microwave dissolution system and place in a/ffume cupboard. Care
Eample vessel.

5 ml of hydrochloric acid (G.4.2) to each vessel, if required (se€ .6.5), and repeat the operat]
G.7.4,G.7.5and G.7.6.

dissolved material is visible, follow the instructions given inrAnnex | for its removal or further treatn

ce of a visible residue does not necessarily indicate\that further treatment is required. The n3
ial present in the test atmosphere and the limitations of the sample dissolution method (see G
5.2.5) should be considered before deciding anéwhat further action is necessary.

efully wash the lid and sides of each lingr with water (G.4.1) and quantitatively transfer the solu
idual, labelled, 25 ml polypropylene voldmetric flask (G.5.2) if hydrofluoric acid was used, or a 2
lask made of borosilicate glass (G.5.3) if hydrofluoric acid was not used. Dilute to the mark
er and mix thoroughly to produce-the test solution.

lyse the test solutions using the method specified in ISO 15202-3.

this
ime

~

fully

ons

ent.

ture
2.3,

tion
b ml
Wwith
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Annex H
(normative)

Sample dissolution at 95 °C using a hot block

H.1__ Scope

H.1]1 This annex specifies a method for the dissolution of metals and metalloids and their campounds in a hot
blogk system operating at a nominal temperature of 95 °C, using hydrochloric acid and nitriclacid. Hydrofluoric
acid may be added to facilitate the dissolution of silicate material within which the elements of [nterest can
sometimes be bound, or to facilitate the dissolution of refractory oxides such as berylfium oxide.

H.1]2 The method specified by this annex has not been demonstrated to be effective for welding [fumes.
H.1{3 A procedure has been published in NIOSH Method 7303[23] describing a sample dissolution method
similar to that specified in this annex. The metals and metalloids coyered in this procedure, and fgr which the
san|ple dissolution method specified in this annex is applicable, are\listed below in bold or in normal font (see
H.2]1). Other metals and metalloids, for which the dissolution pracedure is expected to be reasonaljly effective,
are |isted in italics (see H.2.2).

Aluminium Cadmium Indium Nickel Tellurium

Antimony Calcium Iron Phosphorus Thallium

Arspnic Chromium Lead Platinum Tin

Barfum Cobalt Magnesium Potassium Vanadium

Beryllium Copper Manganese Selenium Yttrium

Bismuth Gallium Molybdenum Sodium Zinc

Boron

NOTE The above’/list is based upon the applicability of the sample dissolution procedure reportdd in NIOSH

will

ISO|
usin

Met:I:od 7303231 swith adaptation based on expert judgement. Furthermore, the list is not comprehensive and t

e effectivé for some metals and metalloids that are not listed.

152027s not applicable to determination of arsenic trioxide, since arsenic trioxide vapour is n
gdhe sampling method specified in ISO 15202-1.

e procedure

ot collected

H.2 Effectiveness of sample dissolution method

H.2.

1 The specified method is believed to be fully effective for all compounds of the metals and metalloids
listed in bold font. However, it might not always be effective for those listed in normal font, so that in some
instances a more vigorous sample dissolution method might be required to prepare a test solution for ICP-AES
analysis. If there is any doubt about whether the method will exhibit the required analytical recovery for a
particular application, it is recommended that the user verifies that it is effective for dissolution of the elements
of interest from the particular materials which could be present in the test atmosphere (see 10.1).
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H.2.2 The specified method is expected to be reasonably effective for the metals and metalloids given in
italics, but it is recommended that the user verifies that the method is effective for dissolution of the elements of
interest from the particular materials which could be present in the test atmosphere (see 10.1).

H.2.3 Hydrochloric acid is used in the specified methods: 1) to facilitate the dissolution of certain metals and
metalloids, e.g. Se, Te, some compounds of which are not readily soluble in nitric acid, or 2) to stabilise solutions
of the elements concerned (see Reference [25]), or both. Its use also assists in the dissolution of samples
containing high concentrations of Al or Fe (see Reference [26]).

NOTE For the preparation of test solutions to be analysed by ICP-MS, using the method specified in 1ISO 3001111, the

use of hydro hloric acid is dicr‘nllragpd unless a collision reaction cell is utilized due to isobaric pnlyafnmir‘ interferences.

H.2.4 A variety of other materials, e.g. oxides such as Cr203, have a tightly packed spinel or rutile Crystajline
structure arjd are particularly resistant to acid attack. The specified method is not fully effective for many guch
materials and, therefore, the use of an alternative, more vigorous sample dissolution method js recommerlded
when these|could be present in the samples.

H.3 Pripciple
H.3.1 Th4 filter and collected sample are transferred into a 50 ml transparentdjssolution vessel.

H.3.2 Hydrochloric acid is added to the vessel, which is then capped and heated for 15 min in a laboratory hot
block dissolution system. A second heating is then carried out using nitric acid.

H.3.3 Finally, the sample solution is allowed to cool, and is thendiluted with water to produce a test solytion
for analysis|using the method specified in ISO 15202-3.

H.4 Reagents

H.4.1 Water, as specified in 7.1.

H.4.2 Hydrochloric acid (HCI), concentrated, as specified in E.4.2.
H.4.3 Nitric acid (HNO3), concéntrated, as specified in 7.2.

H.5 Laboratory apparatus

Usual laborptory apparatus and in particular the following.

H.5.1 Disrosable gloves, as specified in 8.1.

H.5.2 Forceps, as specified in 8.3.
H.5.3 Dissolution vessels, plastic 50 ml vessels appropriate for the hot block apparatus being used, with caps.

H.5.4 Hot block dissolution apparatus, thermostatically controlled, capable of maintaining an internal
temperature of 95 °C for samples being dissolved, with wells appropriate for 50 ml dissolution vessels.

H.6 Procedure

NOTE 1 It is advisable to wear disposable gloves (F.5.1) during sample preparation in order to avoid the possibility of
contamination from the hands and to protect them from contact with toxic and corrosive substances.
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H.6.
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E2

1

If necessary due to the size of the filter, the volume of acids can be adjusted to ensure that the filter is fully dissolved.

Open the filter transport cassettes, sampler filter cassettes or samplers and transfer each filter into an

individual, labelled, 50 ml dissolution vessel (H.5.3) using clean, flat-tipped forceps (H.5.2). If the sampler used
was of a type in which airborne particles deposited on the internal surfaces of the filter cassette or sampler form
part of the sample (see 10.3), use a suitable procedure to include these particles in the analysis. See Annex J
for further guidance.

H.6.2 Add 1,25 ml of hydrochloric acid (H.4.2) to each dissolution vessel, and cover with a plastic watch glass.

H.6
inte

H.6
coo

H.6
the
tem

NOT
refrg
time]
plas

H.6

H.6

The
of th
G.2

H.6
ves

H.6

CAUTION — Spattering can occur if acid is still hot and water is added too rapidly.

H.6

3 Place each dissolution vessel (H.5.3) in the hot block dissolution apparatus (H.5.4) and
nal temperature of 95 °C for 15 min.

for at least 5 min.

5 Carefully remove the watch glass from each dissolution vessel and add 1,25 ml of nitric ag

berature of 95 °C for 15 min.
E If the material present in the test atmosphere is believed to contain a significant amount of silicat
ctory oxides such as beryllium oxide, its dissolution can be facilitated by adding up to 1 ml of hydrofluoric aci

as the nitric acid. However, it will be necessary to use dissolution vessels, plastic watch glasses, etc., tha
ic that is resistant to corrosion by hydrofluoric acid, e.g. a fluorocarbon polymer such as polytetrafluoroethy

6 Remove each dissolution vessel from the hot block'dissolution apparatus and allow to cool for a

7 Ifundissolved material is visible, follow the instructions given in Annex | for its removal or furthg

presence of a visible residue does not,necessarily indicate that further treatment is required.
e material present in the test atmosphéere and the limitations of the sample dissolution method
4 and G.2.5) should be considered before deciding on what further action is necessary.

8 Carefully remove the watch glass from each dissolution vessel and wash it down into thg
bel with water.

9 Dilute each samplé to a final volume of 25 ml with water. Cap and mix each sample.

10 Analyse the test solutions using the method specified in ISO 15202-3.
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4 Remove each dissolution vessel (H.5.3) from the hot block dissolution apparatusi{H.5.4) and allow to

id. Replace

vatch glass on each dissolution vessel and return to the hot block dissolution apparatus. Heat at an internal

b material, or
H at the same

are made of
lene (PTFE).

least 5 min.

r treatment.

The nature
(see G.2.3,

dissolution
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