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ISO 11041:1996(E)

Workplace air — Determination of particulate arsenic and arsenic
compounds and arsenic trioxide vapour — Method by hydride

generation and atomic absorption spectrometry

WARNING — Arsenic and arsenic compounds are toxic and are recognized as human carcinogens
[1]in annex A). Avoid any exposure by inhalation. Personal protection (e.g. an effective respirator)
in all cas¢s where exposure to arsenic or arsenic compounds is possible.

1 Scope

This International Standard specifies a method for the
determingtion of the mass concentration of particulate
arsenic ahd arsenic compounds and arsenic trioxide
vapour in| workplace air, using either continuous-flow
hydride deneration or flow-injection-analysis hydride
generatioh and atomic absorption spectrometry, The
method i$ not suitable for determination of arsenic in
the form jof metal arsenides which decompose in the
presencelof water or acid (see 10.1).

The method is applicable to the (determination of
masses df approximately 100 ng to 125 pg of arsenic
per sample, for analysis of test ‘solutions prepared
using sarpple solution aliquots)in the recommended
range (sefp 9.3.2). The conCeptration range for arsenic
in air, for|which this procedure is applicable, is deter-
mined in [part by the.sampling procedure selected by
the user.

The method, is~applicable to personal and fixed-
location spmpling.

this Intérnational Standard. At the time
the “editions indicated were valid. All

see reference
must be used

of publication,
standards are

subject to revision, and parties to agre¢ments based

on this International Standard are encqg
vestigate the possibility of applying the
editions of the standards indicated bel
of IEC and ISO maintain registers of

International Standards.

ISO 648:1977, Laboratory glassware
pipettes.

ISO 1042:1983, Laboratory glassware
volumetric flasks.

ISO 3585:1991, Borosilicate glass 3.3 —

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

ISO 6955:1982, Analytical spectroscopi
Flame emission, atomic absorption

uraged to in-
most recent
w. Members
currently valid

—  One-mark

— One-mark

Properties.

ratory use —

c methods —
and atomic

fluorescence — Vocabulary.

A number of transition metals may interfere with the
determination of arsenic by hydride generation and
atomic absorption spectrometry (see 10.3)

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of

1) To be published.

ISO 7708:1995, Air quality — Particle
definitions for health-related sampling.

ISO 8655-1:—1),

Piston andfor plunger

size fraction

operated

volumetric apparatus (POVA) — Part 1: Definitions.

ISO 8655-2:—1),
volumetric apparatus (POVA) — Part
considerations.

Piston and/or plunger

operated
2: Operating
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ISO 8655-3:—"), Piston and/or plunger operated
volumetric apparatus (POVA) — Part 3: Methods of
test.

ISO 8655-4:—1),  Piston andfor plunger operated
volumetric apparatus (POVA) — Part 4: Specifications.

ISO 8756:1994, Air quality — Handling of tempera-
ture, pressure and humidity data.

EN 482:1994, Workplace atmospheres — General
requirements for the performance of procedures for
the measurement of chemical agents. EN 482, CEN,

Brussels, Belgium (1994)

© 1SS0

charge lamp, and it is heated either electrically or by
an oxidizing air/acetylene flame.

NOTE 2 This International Standard describes the use of
two types of hydride generation system. Continuous flow
systems function by pumping a continuous stream of test
solution to the mixing piece, and such systems generate a
constant atomic absorption signal. Flow injection analysis
systems inject a discrete volume of test solution, and
produce a transient atomic absorption signal.

3.5 Absorbance measurements are made at
197,2 nm or 193,7 nm, and results are obtained by the
analytical-curve technique (see [SO 6955:1982, sub-

EN 1232:—1),
personal sam
ments and te

3 Principlg

3.1 Particula
arsenic trioxi
measured vo
membrane fil
with sodium
signed to coll
ticles.

3.2 The cel
paper pad an
nitric acid, su
nitric acid an

Workplace atmospheres — Pumps for
bling of chemical agents — Require-
5t methods.

te arsenic and arsenic compounds and
je vapour are collected by drawing a
lume of air through a cellulose ester
er and a back-up paper pad impregnated
carbonate and mounted in a sampler de-
bct the inhalable fraction of airborne par-

ulose ester membrane filter, back-up
| collected sample are wet-ashed using
Ifuric acid and hydrogen peroxide. The
d hydrogen peroxide are removed by

boiling on a hotplate until dense, white fumes of sulfur

trioxide are e
allowed to c(
water.

NOTE 1 The
based upon a |
A) which has
solution to dryr

3.3 A test

aliquot of thg
together with
acid, concenf
iodide solutio

volved, and the sample solution is.-‘then
ol and diluted to a given volume-with

vet-ashing procedure specified in 8.2.2 is
\IOSH procedure (see reference [2] in annex
been modified to avoid.taking the sample
ess.

Solution is prepared by transferring an
sample sélution to a volumetric flask,
appropfiate volumes of dilute sulfuric

rated. hydrochloric acid and potassium

N, anddiluting to volume with water.

clause 6.1.1), or the analyte addition techrlique (see
ISO 6955:1982, subclause 6.1.3).

4 Reactions

4.1 In most workplace $ituations where exposure to
arsenic can occur (e.g.‘ivthe refining of bage metals,
welding and other hot metal processes) a pignificant
proportion of the arsenic is present in the form of
arsenic trioxide~vapour (see reference (3] infannex A).
This vapour{is“collected by reaction with sodium
carbonate ©n an impregnated back-up paper pad.

As; 05 + Na,CO5; — 2NaAsO, + CO,

4.2 The majority of arsenic compounds Yvhich are
commonly found in samples of workplace afr are con-
verted to soluble arsenate ions (AsO,3) byl the wet-
ashing procedure specified in 8.2.2. Howevar, if there
is any doubt about the effectiveness of this procedure
for dissolution of particulate arsenic compounds which
could be present in the test atmosphere, ipvestigate
before proceeding with the method (see 10.2).

4.3 Prior to hydride generation (see 4.4)| arsenate
ions (AsO43) are reduced to arsenite ions (AsO,) by
reaction with potassium iodide (see 8.2.4).

AsOg3 + 2I- + 4H+ — AsO,~ + |, + 2H,0

This reduction is necessary since pentavaleht arsenic
gives a lower analytical response than trivalgnt arsenic
because it is less rapidly converted to arsine

3.4 The tes

t solution 1s reacted with sodium tetra-

hydroborate solution in a continuous-flow hydride
generation system or flow-injection-analysis hydride
generation system to liberate arsine and hydrogen.
These gaseous products are separated from the
reaction liquid in a gas/liquid separator and carried by
an inert purge gas into a silica or quartz absorption
cell. This absorption cell is mounted in the optical path
of an atomic absorption spectrometer equipped with
an arsenic hollow cathode lamp or electrodeless dis-

1) To be published.

4.4 Hydride generation occurs as a result of the
reaction between trivalent arsenic and nascent hydro-
gen produced by the action of hydrochloric acid on
sodium tetrahydroborate solution.

BH,~ + H* + 3H,0 — H,BO, + 8H )
AsO,~ + H* + BH — AsH; + 2H,0 ... (2)
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4.5 Arsenic atoms are produced from arsine by the
action of heat in a silica or quartz absorption cell,
heated either by a lean air/acetylene flame or elec-
trically.

5 Reagents

During the analysis, use only reagents of analytical
grade, and only water as specified in 5.1.

5.1 Water, complying with the requirements for
ISO 3696 grade 2 water (electrlcal conductivity Iess
than 0,1 n
at 25 °C).

5.2 Sodium carbonate, 1 mol/l solution in 5 % (V/V)
glycerol splution.

Weigh 10,6 g of sodium carbonate (Na,COj) into a
250 ml beaker (6.2.1.1). Add 5ml of glycerol and
50 ml of water (5.1) and swirl to dissolve. Quantita-
tively traphsfer the solution to a 100 ml one-mark
volumetrig flask (6.2.1.5), dilute to the mark with
water, stgpper and mix thoroughly.

5.3 Hydrochloric acid (HCI), concentrated
p = 1,18|g/ml, 35 % (m/m) to 36 % (m/m).

The congentration of arsenic shall be less than

o
o
=
Q
~
3

— Concentrated hydrochloric acid is
ive, and hydrochloric acid vapour is irritant.

mark with water, stopper and mix thoroughly

NOTE 3 This is used as the solvent blank, as defined in
ISO 6955:1982, subclause 5.4.2, but in this International
Standard the solvent blank is referred to as the acid blank.

5.5 Hydrochloric acid, diluted 1 + 4.

Pour approximately 700 ml of water (5.1) into a
1 000 ml one-mark volumetric flask (6.2.1.5). Carefully
add 200 ml of concentrated hydrochloric acid (5.3) to
the flask and swirl to mix. Allow to cool, dilute to the
mark with water, stopper and mix thoroughly.

ISO 11041:1996(E)

5.6 Nitric acid (HNOj3), concentrated,
p~ 1,42 g/ml, 69 % (m/m) to 71 % (m/m).

The concentration of arsenic shall be less than
0,01 ug/ml.

WARNING — Concentrated nitric acid is corrosive
and oxidizing, and nitric acid fumes are irritant.
Avoid exposure by contact with the skin or eyes,
or by inhalation of fumes. Personal protective
equipment (e.g. gloves, face shield or safety spec-
tacles, etc.) must be used when working with the
concentrated or diluted mtrlc acid, and concen-
e hood.

5.7 Sulfuric acid (H,SOy), concentrate
p =~ 1,84 g/ml, about 98 % (m/m).

2

The concentration of arsenic shall e less than
0,05 pg/mi.

WARNING — Concentrated sulfuric acid is corros-
ive and causes burns. Avoid exposute by contact
with the skin or eyes. Personal protective equip-
ment (e.g. gloves, face shield or safetly spectacles,
etc.) must be used when working with the con-
centrated or diluted sulfuric acid. Fumes produced
by heating concentrated sulfuric acid are irritant,
and this operation must therefore be ¢arried out in
a-fume hood. Caution must be exercised if adding
water to sulfuric acid, since this reacts violently
with water (acid/water mixtures must be prepared
by adding acid to water).

5.8 Hydrogen peroxide (H,0,),
30 % (m/m) solution.

approximately

The concentration of arsenic shall e less than
0,01 pg/ml.

WARNING — Hydrogen peroxide is dorrosive and
oxidizing. Avoid exposure be contact with the skin
or eyes. Personal protective equipment (e.g.
gloves, face shield or safety spectaclcls, etc.) must
be used when working with protective equipment
hydrogen peroxide.

5.9 Potassium iodide, 100 g/l solution

We:gh 1009 of potassmm |od|de (Kl) into a 250 ml
) and swirl to
dlssolve Ouantltatlvely transfer the solution to a
100 ml one-mark volumetric flask (6.2.1.5), dilute to

the mark with water, stopper and mix thoroughly.

Prepare a fresh solution each month.
5.10 Sulfuric acid, diluted 1 + 9.

Carefully add 25 ml of concentrated sulfuric acid (5.7)
to 200 ml of water (5.1) in a 1 litre beaker. Swirl to
mix, allow to cool and quantitatively transfer to a
250 ml one-mark volumetric flask (6.2.1.5). Dilute to
the mark with water, stopper and mix thoroughly.
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5.11 Arsenic stock standard solution, correspond-
ing to 1 000 mg of As per litre.

5.11.1 Use a commercially available arsenic standard
solution at a concentration of 1 000 mg/l. Observe the
manufacturer's expiry date or recommended shelf-life.

Alternatively, prepare an arsenic standard solution
according to the procedure specified in 5.11.2.

5.11.2 Accurately weigh 1,320 g + 0,001 g of arsenic
trioxide (As,O3) into a 50 ml beaker (6.2.1.1), add
10 ml of concentrated hydrochloric acid-(5.3), cover

© ISO

ide (NaOH) pellets into a 1 litre beaker (6.2.1.1). Add
200 ml of water (5.1) and swirl to mix. Quantitatively
transfer the solution to a 1000 ml one-mark volu-
metric flask (6.2.1.5), filtering through a membrane
filter using a suction filtration apparatus (6.2.6). Dilute
to the mark with water (5.1), stopper and mix
thoroughly.

Prepare a fresh solution daily.
NOTES

4 Filtration of the solution is necessary to remove
undissolved particulate material which might otherwise

with a watch glass{6-2-1-2}-and-heat-to-approxirmately
150 °C on thg hotplate (6.2.5) in a fume hood until dis-
solution is cpmplete. Remove the beaker from the
hotplate, alloyv to cool, quantitatively transfer the sol-
ution to a 1 0P0 ml one-mark volumetric flask (6.2.1.5),
dilute to the ark with hydrochloric acid diluted 1 + 1
(5.4), stopper|and mix thoroughly.

This solution |may be stored in a polypropylene bottle
(6.2.2) for up o one year.

WARNING 41— Arsenic trioxide is toxic and is

recognized
[1] in anne
arsenic or a

s a human carcinogen (see reference
A). See the general warning about
senic compounds, just after the title

of this Internlational Standard.

5.12 Arsenic working standard solution A, corre-
sponding to 10 mg of As per litre.

Using a pipefte (6.2.1.3), accurately add 1,00 ml of
stock arseniq solution (5.11) to a 100 ml one-mark
volumetric flask (6.2.1.5), dilute to the mark .with
hydrochloric 4cid diluted 1 + 1 (5.4), stopper arid,;mix
thoroughly.

This solution jmay be stored in a polypropylene bottle
(6.2.2) for up o one month.

5.13 Arsenijc working standard solution B,
corresponding to 1 mg of As petlitre.

Using a pipgtte (6.2.1.3)>accurately add 10 ml of
working arserjic solutioh A (5.12) to a 100 ml one-mark
volumetric flask (6:2:%.5), dilute to the mark with
hydrochloric acidddiluted 1 + 1 (5.4), stopper and mix
thoroughly.

cause clogging of the tubing or mixing piece of.the hydride
generation system (6.2.8). The addition of_alkal| minimizes
hydrolysis of the sodium tetrahydroborate solutian.

5 A few drops of anti-foaming agent.may be added to the
solution to reduce foaming in the, §as/liquid sepafator of the
hydride generation system (6:2.8) which may [result in a
noisy baseline signal.

6 The solution should be-stored in a polypropyfene bottle
(6.2.2) if it is not transferred to the reductant reservoir of
the continuous hydride’ generation system (6.2.8) immedi-
ately after preparation (see 8.4.2.2). The top of| the bottle
should not be(fully tightened or pressure will biiild up due
to the slowstelease of hydrogen.

5.15_(Sodium hydroxide, 5 g/l solution.

\Weigh 5,0 g of sodium hydroxide (NaOH) pelets into a
Dlitre beaker (6.2.1.1). Add 250 ml of watel (5.1) and
swirl to dissolve. Quantitatively transfer the golution to
a 1 000 ml volumetric flask (6.2.1.5), dilute td the mark
with water, stopper and mix thoroughly.

5.16 Laboratory detergent solution, syitable for
cleaning samplers and laboratory apparatds, diluted
with water (56.1) according to the mandfacturer's
instructions.

5.17 Inert purge gas, for example argon or nitro-
gen, supplied in a cylinder or as a cryogenic fluid.

5.18 Air, compressed and filtered.

NOTE 7 This gas is not required if the silicd or quartz
absorption cell (6.2.9) used is electrically heated.

This solution may be stored in a polypropylene bottle
(6.2.2) for up to one month.

5.14 Sodium tetrahydroborate, solution corre-
sponding to between 2 g and 20 g of sodium tetra-
hydroborate per litre in 0,1 mol/l sodium hydroxide
solution.

Prepare a sodium tetrahydroborate solution at the
concentration recommended by the manufacturer of
the hydride generation system (6.2.8). Weigh be-
tween 2g and 20g of sodium tetrahydroborate
(NaBHjy4) pellets or powder and 4 g of sodium hydrox-

C 10 : :
919 Acetylenc, mra Lyillldtﬂl.

NOTE 8 This gas is not required if the silica or quartz
absorption celi (6.2.9) used is electrically heated.

6 Apparatus
6.1 Sampling equipment
6.1.1 Samplers, for collection of the inhalable frac-

tion of airborne particles (see 7.1.1) as defined in
ISO 7708, suitable for use with the cellulose ester
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membrane filters and back-up paper pads (6.1.2) and
compatible with the sampling pumps (6.1.3) used.

NOTES

9 A number of different terms are used to describe sam-
plers designed for collection of the inhalable fraction of air-
borne particles, for example, sampling heads, filter holders,
filter cassettes and air monitoring cassettes.

10 In general, the collection characteristics of inhalable
samplers are such that particulate material collected on the
filter is the inhalable fraction of airborne particles, and any
deposited on the internal surfaces of the sampler is not of

interest. HA\ununr SOFe oamnlare are Hnelnnnr‘ such-that

ISO 11041:1996(E)

for several hours at room temperature. Store the
paper pads impregnated with sodium carbonate in an

alrtnght container and use within one week of prep-

aration.

NOTES

13 The volume of sodium carbonate solution required to

impregnate the back-up paper pads is t
25 mm diameter paper pad or 400 pl for
paper pad.

ypically 175 ul for a
ra 37 mm diameter

14 The drying time for paper pads impregnated with
sodium carbonate may be reduced by placing them in an

airborne particles Wthh pass through the entry orifice(s)
constitutd the inhalable fraction; in which case any particu-
late matetial deposited on the internal surfaces of the sam-
pler is part of the sample. Certain samplers of this type
incorporate an internal filter cassette or cartridge which
may be r¢moved from the sampler to enable this material
to be easily recovered.

11 Samglers which are assembled by means of screw-
threaded fittings may be unsuitable for use with a cellulose
ester membrane filter and a back-up paper pad. The high
restrictiony of a cellulose ester membrane filter, compared
with that pf a paper pad, means that there is a tendency for
air to takp the path of least resistance and to be drawn
along scrgw threads and in through the edges of the paper
pad, rathgr than through the cellulose ester membrane

filter. Leakage ca omatimes he aliminated h\/ tinhta
iter. LeaKage can sometimes be eitminated L\;’Il\.\/llllls

screw-threaded fittings as much as possible to compress
and seal the edges of the paper pads, but this is not fully
effective for certain types of sampler. Samplers with push-
fit compopents can, in general, be used more reliably.

12 Samglers manufactured in non-conducting matérial
have elecfrostatic properties which may influence represen-
tative sanppling. Electrostatic influences should(be‘reduced,
where passible, by using samplers manufactlred from
conducting material.

6.1.2 Cgellulose ester membranefilters and back-
up paper pads, of a diameter stitable for use in the
selected[sampler (6.1.1).

The mags of arsenic<of-é cellulose ester membrane
filter and|back-up paper pad shall be less than 0,01 ug.

6.1.2.1 [The cellulose ester membrane filters shall
have a fetefitivity not less than 99 % for particles
of medidn) aerodynamic diameter 0,3um (see

Ovell dlt 4U U 101 42 iTiiil.

15 Glass-fibre or quartz-fibre filters impre

ditim parhanata ha alen ha ahA
AR LIV INn) \./(JIUUlIOLU ||aVU clloU UUU” QllUVV'l lU

gnated with so-

hao affiniant far
Ve cilivichit vl

collecting arsenic trioxide vapour (see refergnce [4] in annex

A) and may be used as ancaltérnative to

cellulose ester

membrane filters and back-lin paper pads impregnated with

OIS G DauiTup T paus o

sodium carbonate. Neither glass -fibre nor g
are dissolved by the( wet-ashing proced
8.2.2, but this maybe modified to permi
note 33).

6.1.3 Sampling pumps, complying w
ments of/EN 1232, with an adjustable f
porating. a flowmeter or a flow-fault
capable of maintaining the appropriate
2411} to within £ 5 % of the nominal va

the sampling period (see 7.1.2). For

pregnated with
Lartz-fibre filters
ire specified in
their use (see

Lot o

th the require-
ow rate, incor-
indicator, and
flow rate (see

ue I.IHUUgHOUI
personal sam-

pling, the pumps shall be capable of bging worn by a

person without impeding normal wor
pumps shall give a pulsation-free flow {

activity. The
f necessary, a

pulsation damper shall be incorporated between the

sampler and the pump, as near to
possible).

NOTE 16 Flow-stabilized sampling pumps

the pump as

may be required

to maintain the flow rate within the limits sgecified in 6.1.3.

6.1.4 Portable flowmeter, capable of
appropriate flow rate (see 7.1.1) to wit
calibrated against a primary standard, i
of which the accuracy is traceabl
standards.

NOTES

17 The flowmeter incorporated in the sam
be used provided that it has adequate sens

measuring the
nin £5 %, and

.p. a flowmeter

b to national

pling pump may
tivity, that it has

ISO 7708:7995, subclause Z.7).

6.1.2.2 The back-up paper pads shall be impregnated
with sodium carbonate in an area where arsenic
contamination is known to be low, using the following
procedure:

Place the paper pads on a clean polytetrafluoro-
ethylene (PTFE) sheet or similar, inert, flat surface
(6.2.4). Establish the volume of sodium carbonate sol-
ution (5.2) required to just wet the entire paper pad
after the solution has been allowed to spread for a
few minutes. Dispense this volume of sodium car-
bonate solution onto each paper pad and allow to dry

been calibrated against a primary standard with a loaded
sampler in line, and that it is read whilst in a vertical orien-
tation if it is of the supported float type. However, it is
important to ensure that there are no leaks in the sampling
train between the sampler and the flowmeter, since in this
event a flowmeter in the sampling pump or elsewhere in
line will give an erroneous flow rate.

18 A soap bubble flowmeter may be used as a primary
standard, provided its accuracy is traceable to national
standards.

19 If appropriate (see 7.1.3.2), the atmospheric tempera-
ture and pressure at which the flowmeter was calibrated
should be recorded.
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6.1.5 Ancillary equipment, including flexible plastics
tubing of a diameter suitable for making a leakproof
connection from the samplers (6.1.1) to the sampling
pumps (6.1.3); belts or harnesses to which the sam-
pling pumps can conveniently be fixed, unless they
are small enough to fit in workers' pockets; flat-tipped
forceps for loading and unloading cellulose ester
membrane filters and paper pads into samplers; and
filter-transport cassettes or similar, if required (see
7.4.1), to transport samples to the laboratory.

6.1.6 Thermometer, 0°C to 50°C, graduated in
divisions of 1 °C or better, for measurement of at-

© SO

6.2.3 Piston-operated volumetric apparatus, com-
plying with the requirements of [SO 8655-1 to
ISO 8655-4. Automatic pipettes, as an alternative to
one-mark pipettes (6.2.1.3) for preparation of the
working standard solutions (5.12 and 5.13), calibration
solutions (see 8.3) and sample solutions (see 8.2.4),
and dispensers for dispensing acids and potassium
iodide solution (see 8.2 and 8.3).

6.2.4 PTFE sheet, or other similar inert flat surface
suitable for treatment of filters and paper pads with
sodium carbonate solution.

mospheric temperature (see 7.1.3).

6.1.7 Baromjeter, for measurement of atmospheric
pressure (see|7.1.3).

6.2 Analytjcal or laboratory apparatus

Ordinary labofatory apparatus, and

6.2.1 Glassware, made of borosilicate glass 3.3
complying with the requirements of ISO 3585.

NOTE 20 It is|preferable to reserve a set of glassware for
analysis of arsenic by this method. Heavily contaminated
glassware in |general usage may not be satisfactorily
cleaned by the [cleaning procedure specified in 8.1.4.

6.2.1.1 Beakers, of capacity 50 ml for wet-ashing of
cellulose estgr membrane filters and back-up paper
pads of the djameter used in the sampler (see 8.2(2);
and for preparation of the arsenic stock standard
solution (5.11}2); of capacity 250 ml for preparation of
the sodium cqrbonate solution (5.2) and thespotassium

ark pipettes, complying with the re-
quirements ISO648, as an alternative to piston-
operated volumetric'apparatus (6.2.3).

6.2.5 Hotplate, thermostatically controlled, capable
of maintaining surface temperatures of @ppfoximately
150 °C (see 8.1.2), 175 °C and 200 °Cnsee 8]2.2).

NOTE 22 The efficiency of thermostatting of Hotplates is
sometimes deficient, and the susface temperatufe can also
vary considerably with positiorihon a hotplate wWith a large
surface area. It may therefore\be useful to chardcterize the
performance of the hotplatebéfore use.

6.2.6 Suctionfiltration apparatus

6.2.6.1 Filter funnel with support assembly, for
filtration “through a 47 mm diameter filter,| made of
borosilicate glass 3.3 complying with the¢ require-
ments of ISO 35856.

6.2.6.2 Conical flask, of capacity 1 litle, either
standard or Buchner type according to the |[design of
the filter funnel with support assembly| (6.2.6.1),
which may incorporate the vacuum connegtion, and
made of borosilicate glass 3.3 complying with the re-
quirements of ISO 3585.

6.2.6.3 Filter pump, water-operated or| vacuum
pump, connected to the filter funnel with support
assembly (6.2.6.1) or the conical flask (6.2/6.2) with
plastics tubing (6.1.5).

6.2.6.4 Membrane filters, of diameter 41 mm and
pore size 0,8 um, made of cellulose estef, PVC or
other material not degraded by sodium tgtrahydro-
borate solution (5.14).

6.2.1.4 Measuring cylinders, of capacities between
10 mland 1 litre.

6.2.1.5 One-mark volumetric flasks, of capacities
between 10 ml and 2 000 ml, complying with the re-
quirements of ISO 1042.

6.2.2 Polypropylene bottles, of capacity 1 litre.

NOTE 21 Bottles made of alternative plastics may be
used, provided that they are suitable for the intended use
(see 5.11.2, 5.12, 5.13 and 5.14).

6.2.7 Atomic absorption spectrometer, equipped
with an arsenic hollow cathode lamp or electrodeless
discharge lamp. If the absorption cell (6.2.9) is heated
by an air/acetylene flame, the atomic absorption
spectrometer shall be fitted with an air/acetylene
burner assembly, suitable for mounting the absorption
cell, and supplied with compressed air (5.18) and
acetylene (5.19).

6.2.8 Hydride generation system, of one of the
types described in 6.2.8.1 and 6.2.8.2.
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6.2.8.1 Continuous-flow hydride generation sys-
tem, set up and operated according to the manu-
facturers' instructions; incorporating

a) reservoirs for sodium tetrahydroborate solution
and acid blank;

b) an autosampler for presentation of the sample
solution (optional);

c) an inert switching valve(s), either solenoid or
pneumatically actuated, to facilitate switching
between sample and acid blank streams (optional);

d) peristaltic _pumps or a multi-channel peristaltic

ISO 11041:1996(E)

WARNING — Arsine (AsH3) is generated when
solutions containing arsenic are reacted with so-
dium tetrahydroborate. This gas is very toxic, but
it will normally be produced only in very small
quantities. However, in order to eliminate the
possibility of exposure to arsine, it is essential that
the liquid waste container used be equipped with
efficient local exhaust ventilation to prevent any
gases emanating from the liquid waste from
entering the general laboratory environment.

6.2.9 Absorption cell, made of silica or quartz,
heated either electrically or by an air/acetylene flame,

pump, fitted with appropriate acid-resistant pump
tubing;

e) a chemically inert mixing piece(s) to facilitate
mixir)g of acid blank or test solution, sodium
tetrahydroborate solution and inert gas streams;

f) areaftion coil (optional);

g) a ga$/liquid separator, with appropriate inlets for
the reaction liquid stream and inert purge gas, and
outlets for waste liquid and the purge gas plus
gasepus products.

A schematic diagram of a typical system is given in
figure 1.

NOTE 23| Continuous-flow hydride generation systems all
work on the same principle, but the plumbing of the various
systems is different. In particular, the configuration of some
continuoys flow hydride generation systems is such that
there is (gre) no switching valve(s), and both acid and“test
solutions |Jare continuously pumped to an additionat mixing
piece sitiated upstream of the mixing piece~Where the
sodium tdtrahydroborate solution is introduced.

6.2.8.2 Flow-injection-analysis hydride generation
system,| set up and operated--according to the
manufacturer's instructions; jncorporating

a) resepvoirs for sodiunr-tétrahydroborate solution
and gcid blank;

b) multkchannel peristaltic pumps, fitted with appro-
priatg¢ acid-resistant pump tubing;

c) an autosampler for presentation of the sample
solutjon;

arc-moumtetHtheopticatpathroftheptomic absorp-
tion spectrometer (6.2.7).

NOTE 24 Spray from the gas/liquid” seq
carried into the absorption cell by'the argon
hydride generation systems~This is det

cells. It is recommended that a membran

arator may be
stream in some
Fimental to the

filter made of

stability of response of the 'system and da:Faging to quartz

PTFE be inserted into(the tubing connecti
separator to the absoerption cell.

WARNING — ‘Arsine (AsHj3) is passe

g the gas/liquid

d into the ab-

sorption _eell. This gas is very toxic, but it will

normally be decomposed in the cel

. However, in

order to' eliminate the possibility o
arsine; it is essential that efficient
ventilation be installed to prevent
from entering the general laboratory

6.2.10 Analytical balance, capable ¢
the nearest 0,1 mg.

6.2.11 Disposable gloves, imperme
the possibility of contamination from th
protect them from contact with toxic
substances. Poly(vinyl chloride) (PV
suitable.

7 Sampling

7.1 Sampling procedure

f exposure to
local exhaust
waste gases
environment.

f weighing to

bble, to avoid
e hands and to
and corrosive
[) gloves are

7.1.1 Collection characteristics and flow rate

Select a sampler (6.1.1) suitable for cq
inhalable fraction of airborne particles,
ISO 7708, and use at the flow rate at v

llection of the
as defined in
vVhich the sam-

d) an inertinjection—valve—either—seolenetd—or—pned
matically actuated, to inject a reproducible volume
of sample solution into the acid blank stream;

e) a chemically inert mixing piece(s) to facilitate
mixing of acid blank or test solution, sodium tetra-
hydroborate solution and inert purge gas streams;

f) areaction coil (optional);

g) a gas/liquid separator, with an inlet for the reaction
liquid stream and outlets for waste liquid and the
purge gas plus gaseous products.

A schematic diagram of a typical system is given in
figure 2.

pterexhibitstheTequitedcottectioncha
NOTE 25 Inhalable samplers are typically

rate of around 2l/min (it is advisable to ref
facturer's recommendations).

7.1.2 Sampling period

acteristics.

used at a flow
er to the manu-

Select a sampling period of appropriate duration, using
any available information about the work process and
test atmosphere, so that the amount of arsenic
collected is within the recommended working range
of the method.
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Atomic absorption output when valve is operated, changing the flow to the mixing piece from acid blank
to acidified sample solution

Figure 1 — Schematic example of a configuration of a continuous-flow hydride generation system
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Atomic absorption output when sample valve is operated, injecting a fixed volume of acidified sample solution
into the acid blank flow

Figure 2 — Schematic example of a configuration of a flow-injection-analysis hydride
generation system
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NOTE 26 In order to estimate a sampling period of
appropriate duration it is necessary to consider the flow
rate used (see 7.1.1) and the anticipated concentration of
arsenic in the test atmosphere. When low arsenic-in-air
concentrations are anticipated, the lower limit of the
working range of the method (see 9.3.2) should be taken
into consideration. For example, to determine arsenic in air
at a concentration of 0,1 pg/m3, the minimum sampling
time at a flow rate of 2 |/min is approximately 2 h. When
high arsenic-in-air concentrations are anticipated, the
sampling time should not be long enough to risk over-
loading the filter with particulate matter.

7.1.3 Temperature and pressure effects

© SO

sampling pump (6.1.3) using plastics tubing (6.1.5),
ensuring that no leaks can occur. Switch on the sam-
pling pump, attach the calibrated flowmeter (6.1.4) to
the sampler so that it measures the flow through the
sampler inlet orifice(s), and set the appropriate flow
rate (see 7.1.1) with an accuracy of £5 %. Switch off
the sampling pump and seal the sampler with its pro-
tective cover or plug to prevent contamination with
arsenic during transport to the sampling position.

NOTE 29 It might be necessary to warm up certain types
of sampling pump (it is recommended to refer to the manu-
facturer's instructions).

7.1.3.1 Cons
recalculate th
air to refere
pressure in o
and regulatic
measure and
pressure thro
7.3.3 and 7.3.

der whether it is necessary to
B mass concentration of arsenic in the
nce conditions of temperature and
fder to comply with national standards
ns (see SO 8756). |f appropriate,
ecord the atmospheric temperature and
Lighout the sampling period (see 7.3.2,
b) and use the equation given in-9.1.3 to

apply the necgssary correction.

NOTE 27 Arsg
for the actug
pressure) at the

7.1.3.2 The
flowmeter is

ure. Thereforg,

for the part
whether it is

into account &
temperature 3
the flowmete
a correction if
greater than 4
If a correction
atmospheric {
flowmeter (6.

NOTE 28 An
rection for the
flowmeter of v

nic-in-air concentrations are generally stated
environmental conditions (temperature,
workplace.

ndicated flow rate of certain types of
lependent upon temperature and press-
refer to the manufacturer's directions
cular flowmeter used, and consider
hecessary to make a correction to take
ny difference between the atmospheric
nd pressure at the time of calibration of
and at the time of sampling. Make such
it is considered possible that an error of
5 % will be introduced by not.doing so.
is to be made, measure andirecord the
emperature and pressure-‘at/ which the
.4) was calibrated.

bxample of temperature and pressure cor-
indicated flow rate”is given in 9.1.2, for a
riable area withyconstant pressure drop.

7.2 Preparation of sampling equipment

Perform the f
tamination is

olldwing in an area where arsenic con-
nown to be low.

7.3 Collection of samples

7.3.1 For personal sampling, fix\the sampler to the
lapel of the worker, in the breathing zone and as close
to the mouth and nose as is.reasonably practicable.
Then, either place the sampling pump in a cpnvenient
pocket or attach it tothe worker in a mapner that
causes minimum ingonvenience, for example, to a
belt (6.1.5) around the waist. For fixed-location sam-
pling, position the'sampler at the sampling sife.

NOTE 30, The breathing zone has been defined in EN 1540
(reference\[6] in annex A) as the space around the worker's
face frém where he takes his breath. For technical pur-
poses,; a more precise definition can be providgd, as fol-
lows: hemisphere (generally accepted to be 0,3 nf in radius)
extending in front of the human face, centred oh the mid-
point of a line joining the ears; the base of the hemisphere
is a plane through this line, the top of the hedd and the
larynx.

7.3.2 When ready to begin sampling, refnove the
protective cover or plug from the sampler apd switch
on the sampling pump. Record the time at the start of
the sampling period and, if the sampling pump has an
elapsed time indicator, set this to zero. If appropriate
(see 7.1.3.1), measure the atmospheric termperature
and pressure at the start of the sampling pefiod using
the thermometer (6.1.6) and baromster (4.1.7) and
record the measured values.

7.3.3 Since it is possible for a filter to| become
clogged, monitor the performance of the sampler fre-
quently, a minimum of once per hour. Megsure the

1

7.2.1 Clean the samplers (6.1.1) before use. Dis-
assemble the samplers, soak in laboratory detergent
solution (5.16), rinse thoroughly with water (5.1), wipe
with absorptive tissue and allow to dry before re-
assembly.

7.2.2 Load the back-up paper pads impregnated with
sodium carbonate (6.1.2.2), followed by the cellulose
ester membrane filters (6.1.2.1) into clean, dry sam-
plers (7.2.1) so that the filter is upstream in relation to
the back-up paper pad when air is drawn through the
sampler. Handle the filters only with clean, flat-tipped
forceps (6.1.5). Connect each loaded sampler to a

10

Hew—rate—with—an aCcufacy of—=+5% ua;ng the cali-
brated flowmeter (6.1.4) and, if appropriate (see
7.1.3.1), measure the atmospheric temperature using
the thermometer (6.1.6) and the atmospheric pressure
using the barometer (6.1.7). Record the measured
values.

NOTE 31 Regular observation of the flow-fault indicator is
an acceptable means of ensuring that the flow rate of a
flow-stabilized sampling pump is maintained satisfactorily,
provided that the flow-fault indicator indicates malfunction
when the flow rate is outside + 5 % of the nominal value.

7.3.4 Terminate sampling and consider the sample to
be invalid if the flow rate is not maintained to within
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+5 % of the nominal value throughout the sampling
period.

7.3.5 At the end of the sampling period (see 7.1.2),
measure the flow rate with an accuracy of £5 %
using the calibrated flowmeter (6.1.4), switch off the
sampling pump and record the flow rate and the time.
Also observe the reading on the elapsed time indi-
cator, if fitted, and consider the sample to be invalid if
the reading on the elapsed time indicator and the
timed interval between switching the sampling pump
on and off do not agree to within +£5 %, since this
may suggest that the sampling pump has not been

ISO 11041:1996(E)

the laboratory in the samplers in which they were

collected.

7.4.4 Transport the filter-transport cassettes (see
7.4.1), sampler filter cassettes (see 7.4.2) or samplers
(see 7.4.3) in a container which has been designed to
prevent damage to the samples in transit and which
has been labelled to assure proper handling.

8 Procedure for analysis

sampler Wwith its protective cover or plug and discon-
nect it flom the sampling pump. If appropriate (see
7.1.3.1), |measure the atmospheric temperature and
pressure|at the end of the sampling period using the
thermometer (6.1.6) and barometer (6.1.7) and record
the meagured values.

operating}'vthroughout the sampling period. Reseal the

7.3.6 C3qrefully record the sample identity and all
relevant sampling data (see clause 11). Calculate the
mean fldw rate by averaging the flow-rate measure-
ments tdken throughout the sampling period, and, if
appropridte (see 7.1.3.1), calculate the mean atmos-
pheric femperature and pressure. Calculate the
volume |of air sampled, in litres, at atmospheric
temperafure and pressure, by multiplying the mean
flow rate] in litres per minute, by the sampling time, in
minutes.

7.3.7 With each batch of 10 samples, submit cfor
analysis fwo unused cellulose ester membrane filters
(6.1.2.1)[and back-up paper pads impregnatéd with
sodium [carbonate (6.1.2.2) from the same"lots as
those usled for sample collection. Subject these blank
filters to|exactly the same handling procedure as the
samples| but do not draw air through them.

7.4 Transportation

Perform| the following\ In an area where arsenic
contamimation is knowfto be low.

7.4.1 For samplers which collect the inhalable frac-
tion of girborné-particles on the filter (see note 10),
remove the-cellulose ester membrane filter and back-
up papd—pad—from—each—sampler—using—slean—tlat-
tipped forceps (6.1.5), place in a labelled filter-trans-
port cassette (6.1.5) and close with a lid.

7.4.2 For samplers which have an internal filter cas-
sette (see note 10), remove the filter cassette from
each sampler, fasten with the transport clip supplied
by the manufacturer, and label appropriately.

7.4.3 For samplers designed such that airborne par-
ticles which pass through the entry orifice(s) consti-
tute the inhalable fraction, but which do not have an
internal filter cassette (see note 10), and for samplers
of the disposable cassette type, transport samples to

8.1 Cleaning of glassware and
polypropylene bottles

8.1.1 Before use, clean all glassware

0 remove any

residual grease or chemicdls,” by soaking in laboratory
detergent solution (5.16) and then rinsjng thoroughly

with water (5.1).

8.1.2 After initiah~Cleaning
beakers used inthe wet-ashing proced

(see 8.1.1),

clean all
Jre specified in

8.2.2 with hot nitric acid. Fill to one-third capacity with
concentrated nitric acid (5.6), cover with a watch glass

(6.2.1.2)%heat to approximately 150 °C
(6.2.51\in a fume hood for 1 h, allow to
rinse'thoroughly with water (5.1).

8.1.3 After initial cleaning
glassware other than beakers used in

(see 8.1.1),

n the hotplate
cool, and then

clean all’
{he wet-ashing

procedure specified in 8.2.2, by soaking in hydro-
chloric acid diluted 1 + 4 (5.5) for at Igast 24 h, and

then rinsing thoroughly with water (5.1)

8.1.4 Thoroughly rinse glassware which has been

previously subjected to the entire clea

Ming procedure

specified in 8.1.1, 8.1.2 and 8.1.3, and which has been

reserved for analysis of arsenic by thig

method, first

with hydrochloric acid diluted 1 + 4 (5.5] and then with

water (5.1).

8.1.5 Before use, clean the polypropylene bottles

(6.2.2) by soaking in hydrochloric acid

diluted 1 + 4

(5.5) for at least 24 h and then rinsing thoroughly with

water (5.1).

8.2 Preparation of sample soluti

bns and

8.2.1
sample filter cassettes (see 7.4.2) or

Open the filter-transport cassettes (see 7.4.1),

samplers (see

7.4.3) and transfer each cellulose ester membrane
filter and back-up paper pad into an individual clean,
labelled 50 ml beaker (6.2.1.1) using clean, flat-tipped
forceps (6.1.5). If the sampler used was of a type in
which airborne particles deposited on the internal sur-

faces of the sampler filter cassette o

r sampler form

part of the sample (see note 10), wash any particulate
material adhering to the internal surfaces into the
beaker using a minimum volume of water (5.1). Follow
the same procedure for the blank filters (see 7.3.7).

1"
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8.2.2 Add 5 ml of concentrated nitric acid (5.6) and
1 ml of concentrated sulfuric acid (5.7) to each beaker,
cover with a watch (6.2.1.2), and heat to approxi-
mately 175 °C (see note 32) on the hotplate (6.2.5) in
a fume hood. When the initial vigorous reaction has
subsided, slide back the watch glasses so that the
beakers are only partially covered. Continue to heat
each beaker until the solution volume has been
reduced to approximately 1 ml and then remove from
the hotplate. Allow the solutions to cool and then
carefully add 2 ml of hydrogen peroxide solution (5.8)
to each beaker. Replace the beakers on the hotplate,
covering again with the watch glasses, and, when the

© SO

which has been prewashed with sulfuric acid diluted
1+ 9 (5.10) and then with water (5.1)

Finally, dilute to the mark with water (5.1), stopper
and mix thoroughly.

34 The solutions prepared in 8.2.3 can be stored for up to
one week before the sample solutions are prepared (see
8.2.4) and analysed (see 8.5).

8.2.4 Prepare blank test solutions and sample sol-
utions for analysis. Transfer an aliquot, V; ml (see
note 3b), of the solution (see 8.2.3) and (5-V,) ml of
sulfuric acid diluted 1 + 9 (5.10) to a 25 ml one-mark

watch glassgs so that beakers are only partially
covered. Continue to heat until dense white fumes of
sulfur trioxidel are evolved (raise the temperature of
the hotplate fo 200 °C, if necessary). If the solution
becomes coldured due to charring of residual organic
material, cardfully add hydrogen peroxide solution,
drop by drop| until a clear solution is obtained, and
then evaporate again until dense white fumes appear.
Remove the teakers from the hotplate and allow the
solutions to cdol.

initial VigOI’OU% reactiomhas—substded—shdeback—the

NOTES

32 The exact femperature of the hotplate is not critical. A
temperature of| 175 °C is suggested because it is not high
enough to evaporate the nitric acid and hydrogen peroxide
at a rate at which there is insufficient time available for
oxidation of drganic matter, but it is high enough to
evaporate all njtric acid and hydrogen peroxide to leave a
fuming sulfuricfacid solution.

33 If glass-fibfe or quartz-fibre filters impregnated with
sodium carbonate are used (see note 15), it is necessary \td
use polytetrafloroethylene (PTFE) laboratory apparatusyand
to add hydroffuoric acid to dissolve the filters ,before
addition of cong¢entrated nitric and sulfuric acidss

DANGER — |Concentrated hydrofluoric acid and
hydrogen flupride vapour are extremely toxic and
intensely cofrosive, and diluted-hydrofluoric acid
can also cause serious andyextremely painful
burns which|may not be félt)until up to 24 h after
contact. Avojd exposure by contact with the skin
or eyes, or by inhalation‘of the vapour. Use of per-
sonal protection (e:g.~gloves, face shield or safety
spectacles, etc.).is”essential when working with
concentrated (or dlluted hydrofluorlc acld and
concentrated-hyd : : d
fume hood. It is essentlal that hydroﬂuonc acld
antidote gel containing calcium gluconate is avail-
able to workers, both during and for 24 h after the
use of hydrofluoric acid.

8.2.3 Carefully rinse the watch glass and the sides
of each beaker with a small volume of water (5.1) and
transfer each solution quantitatively to a 10 ml one-
mark volumetric flask (6.2.1.5).

If necessary, remove any undissolved particulate
material by filtering through a cellulose (paper) filter

12

volumetric flask (6.2.1.5). Add 12,5 ml of cenfentrated
hydrochloric acid (5.3) and 2,5 m! of potassiym iodide
solution (5.9), dilute to the mark with wdter (5.1),
stopper and mix thoroughly. Record.the dilutipn factor,
25/V,, used for blank test solutioms, Fy, and sample
solutions, Fy. Allow to stand for’1 h for requction of
pentavalent arsenic to take\ place before| analysis
(see 4.3).

NOTES

35 National occupational exposure limits for arsenic vary
considerably, andutherefore the volume of the|aliquot of
sample solutions used may be varied up to a mgximum of
5 ml, according to the detection limit requireqd. For the
lowest detection limit, an aliquot volume of 5 ml|should be
used; analiquot volume of 1 ml is suggested when arsenic-
in-air'concentrations are to be compared with a |imit value
inthe region of 0,01 mg of As per cubic metr¢; and, for
limit values in the region of 0,1 mg of As per cupic metre,
an aliquot volume of 0,1 ml is suggested.

36 The test solution matrix is hydrochloric agid diluted
1+ 1, sulfuric acid diluted 1 + 49 and 10 g of Kl per litre. It
is important that test and calibration solutions pe matrix-
matched, since hydride generation and atomic pbsorption
spectrometric measurements of arsenic are affected by
variations in sulfuric acid concentration.

8.3 Preparation of calibration solutions

Prepare at least six calibration solutions, including a
zero-member calibration solution (see ISO 6955:1982,
subclause 5.4.7), to cover the range 0 ng ¢f As per
millilitre to 50 ng of As per millilitre wWhen the
197,2 nm arsenic line is used or Ong of As per
millilitre to 25ng of As per millilitre wWhen the
193 7 nm arsenic Iine is used (see 84.1)‘ Add
ted 1 + 1
(5.4) to separate Iabelled 100 ml one- mark volumetric
flasks (6.2.1.5), add 2 ml of concentrated sulfuric acid
(5.7) and then wash down the necks of the flasks with
a little more hydrochloric acid diluted 1 + 1. Add 10 m!
of concentrated hydrochloric acid (5.3), 10 m! of the
potassium iodide solution (5.9), swirl to mix and allow
to cool. Using a pipette (6.2.1.3), accurately add the
appropriate volume of the arsenic working standard
solution B (5.13) to each flask, dilute to the mark with
hydrochloric acid diluted 1+ 1, stopper and mix
thoroughly.

Prepare fresh calibration solutions daily.


https://standardsiso.com/api/?name=d97b25a9bfa76385984b4487bcb771ee

©|SO

NOTE 37 The range of the set of calibration solutions is
given as a guide. The upper limit of the working range de-
pends upon the performance characteristics of the hydride
generation system (6.2.8) used and other instrumental fac-
tors which affect sensitivity and the linearity of the calibra-
tion. Accordingly, the range of the set of calibration
solutions may be varied, but when making any changes it
should be ensured that the response of the spectrometer
over the alternative range of concentrations selected is
such that it complies with the limitations on curvature
indicated in note 45.
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8.4.2.3 Install the silica or quartz absorption cell
(6.2.9) in the optical path of the spectrometer follow-

ing the manufacturer's instructions.

NOTE 42 The length of tubing connecting the absorption

cell to the outlet of the gas/liquid separato
generation system (6.2.8) should be kept to

8.4.2.4 Set-up the atomic absorption

r of the hydride
a minimum.

spectrometer

(6.2.7) to make absorbance measurements at either
the 197,2 nm or 193,7 nm arsenic line (see 8.4.1),
following the manufacturer's recommendations for
specific parameters for the operation of instruments.

8.4 Caljbration

8.4.1 Selection of analytical line

Select ah analytical line for making absorbance
measurements. The 197,2 nm arsenic line shall be
used unlgss the highest sensitivity is required.

38 The 193,7 nm arsenic line is approximately twice as
sensitive ps the 197,2 nm arsenic line, but its use is
preferable|since the calibration obtained at this wavelength
has a greater linear range. ,

8.4.2 STting up of the instrument
I

8.4.2.1 the hydride generation system (6.2.8) has
not been| used for some time, clean the gas/liquid
separatorland the silica or quartz absorption cell (6.2.9)
before use, following the procedure specified in 8.7.3:

8.4.2.2 [Prepare the hydride generation system(6.2.8)
for operation following the manufacturer's,~instruc-
tions. Fill the reservoir for reductant with sodium
tetrahydrpborate solution (5.14) and_the“reservoir for
acid blank with hydrochloric acid diluted 1 + 1 (5.4).

NOTES

39 Optimjum concentrations-0f reagents, liquid flow rates,
purge-gas|flow rate, etc.~may vary somewhat according to
the exact|configuration_6f the system. This may also in-
fluence the magnitude,6f interference effects (see 10.3).

40 Hydrigle generation systems are sensitive to changes in
temperatyre.”/Reagents and test solutions should therefore
be allowefl t0)equilibrate to room temperature before com-

tamairfacetytene flame s Used 1o egt the silica or
quartz absorption cell (6.2.9), use anXidizing flame.

8.4.3 Presentation of solutions

8.4.3.1

Inject the calibratien”solution, sample solution

or blank test solution into the hydrifle generation
system (6.2.8) by placing the sample uptake capillary
in the solution concerned. This may Qe carried out

manually or usingan autosampler.

8.4.3.2 Fdr\continuous-flow hydride gg¢neration sys-
tems (6:2:8:1), the configuration is sudgh that initially
the acidblank solution is pumped to the|l mixing piece.
When-ready to analyse the sample solytion, the con-
figaration is changed so that the tept solution is

pumped to the mixing piece.

8.4.3.3 For flow-injection-analysis hydr

de generation

systems (6.2.8.2), the acid blank solutipn is continu-
ously pumped to the mixing piece gnd a precise
volume of the test solution is injected| into the acid

blank stream for analysis.

8.4.4 Conditioning the hydride genenation system

Condition the system before use in order to ensure

that a stable signal is obtained before
carry out a calibration.

8.4.4.1 Place the reductant, acid blan

proceeding to

and sample-

uptake capillaries in a container of water (5.1), and

allow the pumpl(s) to operate for 5 mi
rates to stabilize. Fill a 10 ml
(6.2.1.4) to a convenient mark with w

h for the flow

measjuring cylinder

ater (5.1), and

determine each flow rate in turn by plag¢ing the appro-

mencing analysis.

41 Sodium tetrahydroborate solution gradually becomes
saturated with hydrogen which may then degas when the
solution is pumped. If bubbles of hydrogen reach the
mixing piece, there will be a transient change in signal
which will affect the analytical result, and this may not
necessarily be evident for flow-injection systems. Bubble
formation becomes more likely after the sodium tetra-
hydroborate solution has been standing for several hours,
but it may be alleviated by degassing in an ultrasonic bath,
or by continuously stirring the reservoir. It may also be
helpful to insert a bubble trap in the tubing leading to the
mixing piece. If bubble formation is still a problem, consider
replicate analysis of the test solutions.

priate uptake capillary in the measuar

g cylinder of

water and observing the volume of water pumped out
in 1 min. Verify that the flow rates are within the
nominal specification recommended by the manufac-
turer of the hydride generation system (6.2.8) and
adjust the pressure exerted on the peristaltic pump

tubing by the pump head, and/or inst

all new pump

tubing as necessary. Replace the uptake capillaries for
the reductant and acid blank in the appropriate

reservoirs.

8.4.4.2 Depending on the type of hydride generation

system used, proceed according to
8.4.4.2.2.

8.4.421 or

13
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8.4.4.2.1 For continuous-flow hydride generation sys-
tems (6.2.8.1), alternately pump acid blank (5.4) and
the most concentrated calibration solution (see 8.3) to
the mixing piece of the continuous-flow hydride
generation system, and repeat absorbance measure-
ments with a suitably short integration period. Con-
tinue this sequence until a repeatable analytical
response is obtained, and record the parameters nec-
essary for operation of the continuous-flow hydride
generation system used. In particular, record the
stabilization delay time, which is the time taken for the
analytical response to reach a stable value when a
solution is presented to the system, and the baseline

delay time,
sponse to re

©1SO

8.4.6 Spectrometric measurements

8.4.6.1 Adjust the spectrometer zero while pumping
acid blank (5.4) to the mixing piece of the hydride
generation system (6.2.8).

8.4.6.2 Depending on the type of hydride generation
system used, proceed according to 8.4.6.2.1 or
8.4.6.2.2.

8.4.6.2.1 For continuous-flow hydride generation sys-
tems (6.2.8.1), pump each calibration solution (see
8.3) in turn through the sample-uptake tubing to the

Rich 15 the Tme taken for the signat Te-
urn to the baseline when the acid blank

is pumped adain. Record both of these delay times. If
the continudus-flow hydride generation system is

interfaced to
automatic op
to the approp

8.4.42.2 Fo
ation system
ing the mos
8.3) through
acid blank s
atomic  absg
integration o
and then rep
response is 9

NOTE 43 |If 4
tained, this is
tem. In this ¢4
and the gas/lig
tion cell (6.2.9
specified in 8.1

8.45 Deter

8.45.1 Plac
uptake capill
after allowing

the atomic absorption spectrometer for
eration, set the necessary parameter(s)
Fiate value(s).

flow-injection-analysis hydride gener-
5 (6.2.8.2), fill the sample loop by pump-
I concentrated calibration solution (see
it, and then inject this solution into the
iream. Note the delay time before an
rbance peak is obtained. Optimize
peak height measurement parameters,
bat injections until a repeatable analytical
btained.

repeatable analytical response is not ob-
ikely to be due to contamination of the sys-
se, further operations should be suspended,
uid separator and the silica or quartz absorp-

should be cleaned following the procedure
3.

mination of reagent blank

b the reductant, acid blank and sample-
hries in a container-of water (5.1) and,
sufficient time forfldshing out the sys-

tem, adjust the spectrometerzero.

8.4.5.2 Repl
and acid blan
blank (5.4) &
measure the
for the water

ace the uptake capillaries for reductant

in the appropriate reservoirs. Pump acid
nd reductant to the mixing piece and
absorbance after allowing sufficient time
tobe replaced.

mixing piece, and measure its absorbaneg| after the
determined stabilization delay time (see”|8.4.4.2.1).
Pump acid blank (5.4) to the mixing piece, i between
each calibration solution, and wait)for the determined
baseline delay time (see 8.4.4.2.1h) before groceeding
to measure the next calibration, solution.

8.4.6.2.2 For flow-injection-analysis hydrifle gener-
ation systems (6.2.8.2),7irject each calibratidn solution
(see 8.3) in turn jnto the blank acid stfeam and
measure the peak height or peak area of the atomic
absorption sigral,

8.4.7 Calibration function

Forainstruments controlled by a microprdcessor or
personal computer, use a suitable algorithni to gener-
ate the calibration function. For instruments without
this capability, prepare a calibration graph by plotting
the absorbance of the calibration solutions yersus the
concentration of arsenic, in nanograms per illilitre, in
the respective solutions.

NOTE 45 In general it is best to work in the lindar range of
an atomic absorption calibration, where absorbgnce is pro-
portional to the concentration of arsenic in soldition. How-
ever, a certain amount of curvature can be tolgrated, but,
ideally the slope of the top 20 % of the calibrption curve
should be not less than 70 % of the slope of the bottom
20 % calculated in the same manner. However, hydride
generation atomic absorption calibrations are more curved
than flame atomic absorption calibrations, and discretion
should be exercised in assessing whether recalitpration over
a lower concentration range is necessary.

85 Determination

NOTE 44 If the reagent blank is higher than normal, the

analytical performance of the system will be degraded, and
in particular the detection limit will be poorer. A high blank
may be due to contamination of one or more of the
reagents or to contamination of the system. If it is consid-
ered that contamination of the reagents is the likely cause
of the high blank, new sodium tetrahydroborate solution
and hydrochloric acid diluted 1 + 1 (5.4) should be prepared.
If it is considered that contamination of the system is the
likely cause of the high blank, the gas/liquid separator and
the silica or quartz absorption cell (6.2.9) should be cleaned
following the procedure specified in 8.7.3. The reagent
blank should then be redetermined by repeating the pro-
cedure specified in 8.4.5.1 and 8.4.5.2.
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8.5.1 Depending on the type of hydride generation
system used, proceed according to 8.5.1.1 or 8.5.1.2.

8.5.1.1 For continuous-flow hydride generation sys-
tems (6.2.8.1), adjust the spectrometer zero whilst
pumping the acid blank (5.4) to the mixing piece of the
system. Pump each sample solution and blank test
solution (see 8.2.4) in turn through the sample-uptake
tubing to the mixing piece, and make absorbance
measurements after the determined stabilization delay
time (see 8.4.4.2.1). Pump acid blank (5.4) to the
mixing piece, in between each sample solution, and
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wait for the determined baseline delay time (see
8.4.4.2.1) before proceeding to measure the next
sample solution.

8.5.1.2 For flow-injection-analysis hydride generation
systems (6.2.8.2), pump each sample solution and
blank test solution (see 8.2.4) sequentially through the
sample valve, inject into the acid blank stream, and
measure the peak height or peak area of the atomic
absorption signal.

8.56.2 If a significant baseline drift is observed whilst
pumping acid blank, readjust the spectrometer zero.

ISO 11041:1996(E)

procedure similar to that used for preparation of
calibration solutions (see 8.3).

8.6.3 Make at least 20 absorbance measurements
on the reference solution (see 8.6.2) and calculate the
instrumental detection limit using standard statistical
methods.

NOTES

46 The limit of detection of an atomic absorption method
is defined in ISO 6955:1982, subclause 6.2.3, as the con-
centration of analyte for which the absorbance has a value
equal to k times that of the standard deviatiqn of a series of

8.5.3 Fof instruments controlled by a microprocessor
or personfal computer, use the calibration function (see
8.4.7) to [calculate the concentration of arsenic in the
sample splution and blank test solution, and obtain a
direct read-out of the results in concentration units.
For instryments without this possibility, determine the
concentrgtion of arsenic in the sample solution and
blank tegt solution (see 8.2.4) from the calibration
graph (sep 8.4.7).

8.5.4 Arjalyse a mid-range calibration solution after
each five[to ten sample solutions and make an absor-
bance mgasurement. If this indicates that the sensitiv-
ity has clhanged by more than +5 %, take one of the
following|corrective measures: either use the available
software| facilities of the microprocessor or personal
computef to correct for the sensitivity change (reslope
facility); ¢r suspend analysis and recalibrate the spec-
trometer|as specified in 8.4.6 and 8.4.7. In both casés,
reanalysg the sample solutions which were analysed
during the period in which the sensitivitysichange
occurred

8.5.5 If |high concentrations of apsenic are found,
repeat thle analysis on a new testsolution (see 8.2.4)
prepared| using a smaller aliquet, of the sample solu-
tion, to bfing the concentration.within the range of the
calibratioh. Alternatively, if-usirg the 193,7 nm arsenic
line, chaphge to the less™sensitive 197,2 nm arsenic
line.

8.5.6 Calculate.the‘mean arsenic concentration in the
blank tes}t solutiens.

readings measured on a solution, theccpncentration of
which is distinctly detectable above, But Close to, that of
the blank (k is generally taken as gither 2| or 3). For the
purposes of this International Standard, k ghould be taken
as 3.

47 The limit of detection)caleulated from fesults obtained
using the procedure specified in 8.6.2 apd 8.6.3 is an
instrumental detection™Mimit. This is of usp in identifying
changes in instrument-performance, but it is|not a detection
limit of the methed, and is likely to be unrealistically low
because it only takes into account the variability between
instrumental™\readings. Determinations ade on one
solution do hot take into consideration varigbility from the
matrix«Qr_ sample variability. A more realisti¢ detection limit
for theranalytical procedure specified in this International
Standard may be obtained by making measurements on at
least 10 blank test solutions, i.e. solutions| of blanks (see
7.3.7). The standard deviation of such jmeasurements,
made over a longer time interval than between successive
calibrations, may be used to obtain an dgstimate of the
detection limit of the method.

8.7 Close-down procedure

8.7.1 Switch off the flame or electricity supply to the
heating coil of the silica or quartz gbsorption cell
(6.2.9).

8.7.2 Place the reductant, acid blan§ and sample-
uptake capillaries in a container of water (5.1), and
allow the pump to operate for 5 min tq flush out the
system.

8.7.3 Disconnect the tube connecting| the gas/liquid
separator of the hydride generation systiem (6.2.8) and

(o

8.6 Estimation of the instrumental detection
limit

8.6.1 Estimate the instrumental detection limit (see
note 47) under the working analytical conditions, fol-
lowing the procedure specified in 8.6.2 and 8.6.3, and
repeat this exercise whenever these conditions are
changed.

8.6.2 Prepare a reference solution at a concentration
of 0,25 ng of As per millilitre by diluting arsenic work-
ing standard solution B (5.13). Do this by following a

the—sthea—of qha:tz abourptiun et \u.(.,u). Disconnect
other inlets and outlets to the gas/liquid separator, and
remove it and the absorption cell from their mount-
ings. Soak the gas/liquid separator, the absorption cell
and the tube which connects the two pieces of
apparatus in the sodium hydroxide solution (5.15) for
at least 30 min. Remove them from the solution,
wash thoroughly with hydrochloric acid diluted 1 + 1
(5.4), and rinse them thoroughly with water (5.1).
Reassemble the system.

8.7.4 Follow any other aspects of the close-down
procedure recommended by the manufacturer.

15
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9 Expression of results

9.1 Calculations

9.1.1 Calculate the mass concentration of arsenic in
the air sample, p,,. in milligrams per cubic metre, at
ambient conditions, using the equation

(PAs,1'V1‘F1)_(PAs,o'Vo‘Fo

©1SO

T, is the temperature, in kelvins, during
calibration of the sampling pump flowmeter;

T, is the mean temperature, in kelvins, during
the sampling period.

Any other flowmeter may also require correction for
variation in temperature and pressure. Follow the
manufacturer's instructions for such corrections.

9.1.3 If appropriate (see 7.1.3.1), calculate the mass

Pps= concentration of arsenic in the air sample at reference
1000 v temperature and pressure (273K and 101,3 kPa,
respectively) pas cor . USiNg the equation
where

Pas, 0 IS Jhe mean concentration of arsenic, in
nanpgrams per millilitre, in the blank test
solytions (see 8.5.6);

Pas, 1 1S ]nhe concentration of arsenic, in nano-

grams per millilitre, in the sample solution
(se¢ 8.5.3);

1% is the volume, in litres, of the air sample (see
9.1)2);

Vo is the volume, in millilitres, of the blank test
soldtion, i.e. 10 ml (see 8.2.3);

Vi is the volume, in millilitres, of the sample
solytion, i.e. 10 ml (see 8.2.3);

Fy is the dilution factor used in the preparation
of the blank test solution (see 8.2.4);

F4 is the dilution factor used in the preparation
of the sample solution (see 8.2.4);

1000 is the factor used to convert the resultto
milljgrams per cubic metre.

9.1.2 In sorpe instances, it is necessary o apply a
temperature fand pressure correction forrthe indicated
sampling flow rate (see 7.1.3.2). A typical example of
when such p correction is necessary is when the
sampling pump used incorpprates a flowmeter of
variable area|with constant pressure drop, which was
calibrated angl used to measure the flow rate in 7.3.2,
7.3.3 and 7.B.5. In this\instance, use the following
equation to chplculate the’volume of air samples

T,

101,37,

Pas,corr = Pas Xm

where

Pas IS the mass concentration of arsdnic in the
air sample, in-milligrams per cubid metre, at
ambient conditions, as calculated if 9.1.1;

T, is the mean temperature, in kelvins, during
the sampling period;
Py is thevmean atmospheric pressute, in kilo-

pascals, during the sampling period;
273 s the reference temperature, in kdlvins;

1013 is the standard atmospheric pressire, in kilo-
pascals.

9.2 Performance of the method

9.2.1 Laboratory experiments indicate thaf the ana-
lytical method does not exhibit significant|bias. The
mean analytical recovery for dosed filters in|the range
5 ug to 100 pg of arsenic was determined [see refer-
ence [5] in annex A) to be 100,7 % using cpntinuous-
flow hydride generation and atomic absorption spec-
trometry and 99,3 % using flow-injectign-analysis
hydride generation and atomic absorption spectro-
metry, for a sample solution aliquot of 0|1 mi (see
8.2.4). The mean analytical recovery for dgsed filters
in the range 0,5ug to 10 ug of arsenic Was deter-
mined to be 98,8 % using continuous-floyv hydride
generation and atomic absorption spectrometry and
102,7 % using flow-injection-analysis hydride genera-
tion and atomic absorption spectrometry, fof a sample

1 2

Veorr qy [sz-T1

where

Veorr is the corrected volume, in litres;

gy Isthe mean flow rate, in litres per minute;

t is the sampling time, in minutes;

P, is the atmospheric pressure, in kilopascals,
during calibration of the sampling pump
flowmeter;

Py is the mean atmospheric pressure, in

kilopascals, during the sampling period;
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solution aliquot of T ml (see 8.2.4).

NOTE 48 If the wet-ashing procedure specified in 8.2.2 is
ineffective for the dissolution of particulate arsenic compounds
present in the test atmosphere, and an alternative more
vigorous dissolution procedure has not been used (see 10.2),
results will be subject to a significant negative bias.

9.2.2 The component of the coefficient of variation of
the method that arises from analytical variability,
CVanalysis: is dependent upon a number of factors,
including the volume of the test solution aliquot used
in the preparation of the sample solution (see 8.2.4)
and whether continuous-flow or flow-injection-analysis
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hydride generation and atomic absorption spectro-
metry is used (see note 2). The coefficient of variation
CVanalysis 1S at @ minimum when the concentration of
arsenic in the sample solution is in the mid-range of
the calibration and, in laboratory experiments, it has
been estimated (see reference [5] in annex A) to be
about 1 % using continuous-flow hydride generation
and atomic absorption spectrometry and about 3 %
using flow-injection-analysis hydride generation and
atomic absorption spectrometry, for measurements
made at 197,2 nm on sample solutions with an ar-
senic concentration in the range 10 ng/ml to 40 ng/ml.
This gives a measure of the repeatability of the

ISO 11041:1996(E)

limit values when these are made in the range 0,1 to 0,5
times the exposure limit value (overall uncertainty less than
50 %) than when they are made in the range 0,5 to 2,0
times the exposure limit value (overall uncertainty less than
30 %).

9.2.4 The component of the coefficient of variation of
the method that arises from analytical variability,
CVanalysis: has also been determined (see reference
[5] in annex A) in an interlaboratory exercise, in order
to obtain a measure of the reproducibility of the ana-
lytical method. For measurements made at 197,2 nm
using continuous-flow hydride generation and atomic

analytical fnethod.

NOTE 49 The repeatability of an atomic absorption method at
a given levgl is defined in I1SO 6955:1982, subclause 6.2.7 as
the closerfess of agreement between successive results
obtained uping the same method on identical material sub-
mitted for the test under the same conditions (same operator,
same equigment, same set of reagents, same laboratory).

9.2.3 The overall uncertainty of the method (see
note 51), s defined in EN 482, has been determined
(see reference [5] in annex A) to be within the specifi-
cations pfescribed in EN 482 for the overall uncer-
tainty of | measurements for comparison with limit
values (sge note 52).

This assymes that the coefficient of variation of the
method that arises from inter-specimen sampler vari-
ability, C\inter, is negligible and that the coefficient of
variation ¢f the method that arises from flow-rate vari-
ability, C\fiow. is limited to 5 % (see 7.3.4).

NOTES

50 Overal| uncertainty (of a measuring progedure or of an
instrument) has been defined in EN 482 as the-guantity used to
characterizg as a whole the uncertainty of\a result given by an
apparatus ¢r measuring procedure. It is expressed, on a relative
basis, by alcombination of bias and gregision, usually according
to the formula

|)_C—Xr,f|+2S
—F——x100
Xlef
where
X is-the ‘'mean value of results of a number n of

repeated measurements:

absarption spectrometry, (‘\/mm;yDib was found to be
3,2 % for filters spiked with 5 ug of @rgenic, using a
sample solution aliquot of 1 ml (see;8:2.4), and 3,5 %
for filters spiked with 50 ug of argenic, uging a sample
solution aliquot of 0,1 ml (see 8:2.4).

NOTE 52 The reproducibility~0of an atorhic absorption
method at a given level is'defined in ISO 6P55:1982, sub-
clause 6.2.8 as the (loseness of agreement between
individual results obtained using the same method on
identical material submitted for the test but funder different
conditions (différent operators, differerft equipment,
different laboratories, different times).

9.2.,5 The sampling efficiency of a simildr method has
been.determined to be 1,00 for laboratpry-generated
arsenic aerosols and 0,98 for arsenic tijioxide vapour
(see reference [3] in annex A). Field trial$ indicate that
the sampling procedure described in thi$ International
Standard has an equivalent performance

9.3 Detection limit and working range

9.3.1 Detection limits for the determjnation of ar-
senic are dependent upon the analyticall line at which
absorbance measurements are made (dee 8.4.1) and
upon the hydride generation systen} (6.2.8) and

atomic absorption spectrometer (6.2.7
ever, the qualitative and quantitative

used. How-
instrumental

detection limits for arsenic, defined as tHree times and
ten times the standard deviation of absorbance
measurements made as described in 8|6, have been

estimated (see reference [5] in annex A)

to be approxi-

mately 0,3 ng/ml and 1 ng/ml for the 197,2 nm arsenic

line. For an air sample volume of 96

D litres and a

sample solution aliqguot of 5ml (se¢ 8.2.4), this

corresponds to arsenic-in-air concentrati
ug/m3 and 0,05 pg/m3.

ons of 0,015

is the true or accepted reference value of
concentration;

Xref

s is the standard deviation of measurements.

51 CEN (see EN 482) has described general performance
requirements for the performance of procedures for the
measurement of chemical agents in workplace atmo-
spheres. Upper limits of acceptability for relative overall
uncertainty have been specified for a number of measure-
ment tasks, and these may be used as a guide for the
purposes of this International Standard. CEN requirements
are less stringent for screening measurements than for
measurements for comparison with limit values; and they
are less stringent for measurements for comparison with

9.3.2 The working range of the method is approxi-
mately 100 ng to 125 ug of arsenic per sample for
absorbance measurements made at the 197,2 nm
arsenic line on sample solutions prepared using test
solution aliquots in the range 5ml to 0,1 ml (see
8.2.4).

10 Special cases
10.1 Certain metal arsenides (e.g. alkali metal,

aluminium, calcium and zinc arsenides) decompose in
the presence of water or in acid solution to liberate

17
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