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Warning to users

The analytical procedures given in this booklet should
only be carried out by competent trained persons, with
adequate supervisionwhennecessary. Local Safety Regulations must be observed. Laboratory procedures should
be carried out only in a properly equipped laboratory.
Field operations should be conducted with due regard to
possible local hazards, and portable safety equipment
shouldbe carried. Care should be taken against creating
hazards for others. Lone working, whether in the laboratoryorfield,should be discouraged.Reagentsofadequate
purity must be used, along with properly maintained
apparatus and equipment of correct specification. Specificationsfor reagents,apparatus and equipment are given
in manufacturers' catalogues and various published
standards. If contamination is suspected, reagent purity
should becheckedbeforeuse.
There are numerous handbooks on first aid and laboratory safety. One such publication is 'Code of Practice for
Chemical Laboratories' issued by the Royal Institute of
Chemistry, London. Another such publication, which
includes biological hazards, is 'Safety in Biological
Laboratories' (editors E Hartree and V Booth), Biochemical Society Special Publication No 5, The BiochemicalSociety,London.
Where the committee have considered that a special
unusual hazard exists, attention has been drawn to this
in the text so that additional care might be taken beyond
that which should be exercised at all times when carrying
out analytical procedures. It cannot be too strongly
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emphasised that prompt first aid, decontamination, or
administration of the correct antidote can save life, but
that incorrect treatment can make matters worse. It is
suggested that both supervisorsandoperators be familiar
with emergencyproceduresbefore starting even a slightly
hazardous operation, and that doctors consulted after
any accident involving chemical contamination, ingestion, or inhalation, be made familiar with the chemical
nature of the injury, as sonic chemical injuries require
specialist treatment not normally encountered by most
doctors. Similar warning should be given if a biological
or radiochemicalinjury is suspected. Some very unusual
parasites, viruses and other micro-organisms are occasionally encountered in samples and when sampling
in the field. In the latter case, all equipment including
footwear should be disinfected by appropriate methods
ifcontaminationis suspected.

Thebest safeguardis athorough considerationofhazards
and the consequent safety precautions andremedieswell

in advance.Without intending to give a complete checklist, pointsthat experience has shown are often forgotten

include: laboratory tidiness, stray radiation leaks (including ultraviolet), use ofthe correct protectiveclothing
andgoggles,removal oftoxic fumes and wastes,containment in the event of breakage, access to taps, escape
routes, and the accessibilityof the correct and properly
maintained first aid, fire-fighting, and rescue equipment.
If in doubt it is safer to assume that a hazard may exist
and take reasonable precautions rather, than to assume
thatnohazardexistsuntilproved otherwise.

About this series

This booklet is one ofa seriesintendedto provide recommended methods for the determination of water quality.
In the past, the Department ofthe Environment andits
predecessors, in collaboration with various learned
societies, has issued volumes of methods for the analysis
of water and sewage culminating in 'Analysis of Raw,
Potable and Waste Waters'. These volumes, inevitably,
took some years to prepare, so that they were often
partially out of date before they appeared in print. The
presentseries will be published as individual methods,
thus allowingfor the replacementor addition ofmethods
as quickly as possible without need of waiting for the
next edition. The rate of publication will also be related
to theurgency ofrequirement for that particular method,
tentative methods being issued when necessary. The aim
is to provide as complete and up to date a collection of
methods and reviewsas is practicable, which will, as far
as possible, take into account the analytical facilities
available in different parts of the Kingdom, and the
quality criteria of interest to those responsible for the
various aspects of the water cycle. Because both needs
and equipment vary widely,where necessary, a selection
of methods may be recommended for a single determinand. It will be the responsibility of the users — the
senior analytical chemist,biologist, bacteriologistetc, to
decide which of these methods to use for the determinationin hand. Whilst attentionoftheuseris drawn to any
special known hazards which may occur with the use of
any particular method, responsibilityfor proper supervision and the provision ofsafe working conditions must
remain with the user.

Thepreparation of this seriesandits continuous revision
is the responsibility of the Standing Committee of
Analysts (to review Standard Methods for Quality
Control of the Water Cycle). The Standing Committee
of Analysts is one of the joint technical committees of
the Department of the Environment and the National
Water Council. It has nine Working Groups, each
responsible for one section or aspect of water cycle
quality analysis.They are as follows:
1.0 Generalprinciplesofsamplingandaccuracy of
results
2.0 Instrumentation and on-lineanalysis
3.0 Empirical andphysicalmethods
4.0 Metalsandmetalloids
5.0 Generalnon-metallicsubstances
6.0 Organicimpurities
7.0 Biological methods
8.0 Sludgeand othersolids analysis
9.0 Radiochemicalmethods
The actual methods etc are produced by smaller panels
of experts in the appropriate field, under the overall
supervision of the appropriate working group and the
main committee. The names of those associated with
this method are listedinside the back cover.
Publication of new or revised methods will be notified
to the technical press, whilst a list of Methods in Print
is given in the current HMSO SectionalPublication List
No 5, and the current status of publication and revision
will be given in the biennial reports of the Standing
CommitteeofAnalysts.
TA DICK
Chairman

LR PITJ'WELL
Secretary
20 July1977

Arsenic in PotableWaters and Sea
Water by Spectrophotometry
(Arsenomolybdenum blue procedure)

Tentative Method

(1978 version)

I

Note: Throughoutthismethodarsenicis expressedas the element(As)

Performance

Characteristics
of the Method
(Forfurther

informationonthe
determinationand
definitionof
performance
characteristicssee
another publication in

1.1

Substancedetermined

Allforms ofarsenic (seeSection2.2).

1.2

Typesofsample

Potable watersandseawater.

1.3

Basis ofthe method

Evolutionofarsine whichis trapped, and
converted toan arsenoniolybdenumblue
complexwhichismeasuredspectrophotometrically.

1.4

Range ofapplication(a)

Up to 40jig/i (b) (seeSection11).

Upto 2jigfl(c)(seeSection ii).

thisseries)

1.5

Calibrationcurve (a)

1.6

Standard deviation(a)
(withinbatch)
potable waters

seawater

Linearto 60jig/l (b) (seeSection 10).
Linearto 15 jigfl(c) (seeSection 10).
concentration

Standard
deviation

(jig/i)

(jig/i)

Arsenic

0.0

0.18 (b)

4.0
20.0
40.0
0.00
2.49
2.63

0.05 (b)

0.12(b)
0.24(b)
0.048 (c)
0.050(c)

0.050(c)

1.7

Limit ofdetection (a)

0.67jigJl(b) (7 degreesoffreedom).
0.19jig/i (c) (9 degreesoffreedom).

1.8

Sensitivity (a)

10jig/I (b) givesan absorbance
ofapproximately0.22.
1 jig/I(c)givesan absorbance
ofapproximately0.064.

1.9

Bias (a)

Not known.

1.10 Interference(a)

See Section3.

1.11

Timerequired for analysis

Degrees

freedom
7
7
7
7
9
9
9

For sixsamplesthetotal analyticaltime is
about100mm ofwhich about30minis
operatortime. These figuresexcludeany
pre-treatmenttime.

(a) Thesedatawere obtained at theDepartment ofOceanography,Universityof
Liverpool' usinga spectrophotometerat 866 nmandacell ofpathlength40mm.
(b) Potable watersspikedwIththe statedconcentrationofarsenic(with no pre-treatment).
(c) Seawater (with nopre-treatment).

2 Princpie

2.1 The method described is based on experimentalwork carried out at the Department

ofOceanography,UniversityofLiverpool.')

2.2 Inorganic arsenic (As III andAs V) is converted to arsine using sodium borohydride
which is added slowly to the acidified samples by means of a peristaltic pump. The
evolvedhydrogen and entrained arsine are bubbled throughandiodine/potassiumiodide
solution andthe resultant arsenate is determined spectrophotometricallyas an arsenomolybdenum blue complex at 866 nm. It is possible that some samples may contain
organo-arsenicderivativeswhich may not be determined by this procedure; however, at
present the level of such compounds has not been generally established. The total
arsenic content can be determined after preliminary oxidation of the sample (see
Section 8.1 and 8.2) and the application ofthis techniqueto representativesamples will
indicatewhether the pre-treatment stageis necessary.

3 Interferences

Table 1 gives details of the potential interfering substances which have been tested. Of
the substances investigated only copper, silver and seleniuminterfere at the 0.5 mg/i
level. Some other cations interfere at concentrations greater than 0.5 mg/i but such
concentrations are unlikely to be found in potable and sea waters. These interfering
cations can be removed by the ion exchangeprocedure describedin steps 8.1.5to 8.1.7.
Alkali and alkaline earth elements,chloride and sulphate cause no interference at their
normal concentrationsin seawater.

Table 1
Effect of other substanceson the determination of arsenlc

Othersubstance

Substance added
as
S

Ag

nitrate

Bi3

nitrate

Cd2+

chloride

chloride

Co2+

chloride

chloride

Ge4

Hg2

sulphate
sodium
germanate
chloride

Mn2+
Mo6+

chloride

Ni2+

chloride

Pb2
Sb3

Se4

ammonium
molybdate

nitrate
antimony
potassium
tartrate
sodium
selenate

52+

Effect* ofother substances

mg/i

arsenicconcentration
of20 jig/i

0.5
2.5
50.0

250.0

Cr3

Fe3

Concentration of
othersubstance

chloride

0.5
2.5
50.0
250.0
0.5
2.5
50.0
250.0
250.0
0.5
2.5
50.0
250.0
0.5
2.5
50.0
250.0
250.0
0.5
2.5
50.0
250.0
0.5
2.5
50.0
250.0
250.0

50.0(c)
0.5
2.5
50.0
250.0
250.0
0.5
2.5
50.0
250.0
0.5
2.5
50.0
250.0
0.5
2.5
50.0
250.0

in jig/IAs at an

—

5.36
—10.20
—17.70
—18.40
— 0.12
+ 0.24
— 4.00
— 6.28

+ 0.16
—

0.06

— 1.12
— 6.86
—

0.16

— 0.16
—

0.16
0.12
— 9.24
— 1.50
— 3.68
—17.90
—

—18.68
—

0.36

÷ 0.16
—

0.02

+ 0.36
—
—
—
—
—
—
—

1.74
0.22
0,24
0.16
0.64
0.36
0.34

+ 0.16
+ 0.16
—17.20
—18.58
— 0.02

+ 0.28
÷ 0.44
(a)
(a)
—
—

3.90
6.18

(b)
(b)
± 0.16
—

0.72
9.74
—12.66
—

Table 1
Effect of othersubstances on the determination of

Other substance

ClO;

NO;
P043

SiO44

Substanceadded
as

potassium
chlorate
sodiumnitrate
disodium
hydrogen
phosphate
sodium
silicate

Concentration of
othersubstance
mg/I

Effect* ofother substances

0.5
2.5
50.0
250.0
2000.0
1.0
5.0
100.0
500.0
0.4

+ 0.16

4.0
40.0
100

chloroform
methanol
sodium dodecyl
sulphate

*

—
—
—

2000.0
1000.0
50.0

intgfl Asatan

arsenicconcentration

of20tg/l
—

0.38
0.38
— 1.22
— 0.10
— 0.30
+ 0.16
+ 0.44
+ 0.76
+ 0.24
+ 0.02
+ 0.24
— 0.42
+ 0.02
— 0.12
+ 0.06
—

Ifthe other substanceshad no effect,results would be expected(95% confidence) to
liewithin thefollowingrange:

0.00+0.42 for20 tgAs/i
When only one concentration is given tests were made at lower concentrations and
the effectsshowntobestatisticallynotsignificant.
(a) white turbidityin finalsolution
(b) elementalseleniumprecipitatedinfinalsolution
(c) final solutionhadayellowishgreen colour insteadofthe usual faintblue.
These determinations were carried out in distilled water spiked with the stated
concentrationsofother substancesusingthe proceduregivenin Section8.3.

4 Hazards

Particular care must be takento avoid exposureto the intense ultra violet radiation
produced by the mercury lamp because this can cause permanent eye andskin damage.
Also the photolysis processproduces copious quantities of ozone which is toxicand it is
essentialthatthe coolingair from this apparatus is vented to a fume hood. (SeeSections
6.2 and 8.2).
4.1

4.2 Addition of sulphuric acid (d20 1.84) to water must be carried out with care and
gentleswirlingofthe contents ofthe flask.(SeeSection5.2.1).
4.3 Sodium borohydride (see Section 5.17) is caustic and can react violently with water
and extra careshould be takento avoid contactwith the eyes, skin andclothing. Gloves
and goggles must be worn when handling this compound. In the eYent of accidental
spillage or contact immediate copious washing with water is the simplest and most
effective remedy. Subsequentlytreat the affectedareas as acaustic burn.Ifthe compound
gets into the eyes, irrigate with water immediately and obtain medical attention as
quicklyas possible.
4.4 Care is required when preparing and handling solutions containing arsenic (see
Section 5.20)orpotassium antimonyl tartrate (seeSection 5.11) as these are toxic. If any
of these compounds have been ingested immediately carry out gastric aspiration and
lavageand obtain medicalattention.
4.5 Very smallquantities of arsine which is toxic are produced in steps 8.3.4 and 8.4.4.
Thesesteps must be carried outinafume cupboard.
7

5

Reagents

All reagentsand standard solutionsshould be kept in either glass or polyethylenebottles
which have been cleaned by the procedure described in Section 6.6. Except where
otherwisestated analyticalgrade chemicalsaresuitable.
Water

5.1

5.1.1 The water used for blank determinations and for preparing standard and reagent
solutions should have an arsenic content that is negligiblecompared with the smallest
concentration to be determined in the samples (see Section 12.2). Water distilled from

an allglassapparatus has beenfoundto be satisfactory.

5.1.2 Arsenic-freeseawater is prepared by passing seawater at approximately 2 mI/mm
through 5 cmx 1.5 cm2bed ofhydrous zirconium oxide previouslyprepared by heating
zirconylchloride octahydrate in a mufflefurnace at260+20°Cfor 12 hours followed by
sieving to 80—100 mesh. The bed should be sufficient to produce 20 litres of arsenic-free

a

sea water. It is recommendedthat each batch ofsea water be checked by carrying out a
blank determination(step 8.4.7).
5.2 Sulphuricacid(d20 1.84)
5.2.1 2.5M Sulphuricacidapproximately)

Addslowlyand cautiously with stirring 135±3 ml ofsulphuric acid(d20 1.84) to 750 ml
ofwater in a 2-litre beaker which is standing in coldwater. When thoroughly mixed and
cooledmake up to 1 litre with water in a measuringcylinder.
5.3 Hydrochloricacid(d20 1.18)
5.3.1

6Mhydrochloric acid(approximately)

Dilute 53+1 ml of hydrochloric acid (d20 1.18) with water to 100 ml in a measuring
cylinder.

JMHydrochloricacid(approximately)
Dilute 9.0±0.5 ml hydrochloric acid (d20 1.18) with water to 100 ml in a measuring
cylinder.
5.3.2

5.3.3 O.JMHydrochloric acidapproximately)

Dilute 10.0±0.5 ml of 1M hydrochloric acid with water to 100 ml in a measuring
cylinder.
5.4 Nitric acid (d20 1.42)
5.5 Ammonia (d200.91)

2MAmmonia solution approximately)
Dilute, cautiously, 14.0±0.5 ml ofammonia solution (d20 0.91) with water to 100 ml in
a measuringcylinder.Carryout this operation in a fumecupboard.
5.5.1

1MSodiumchloride solution(approximately)
Dissolve 5.85 ±0.Olg of sodium chloride in water in a beaker and dilute with water to
5.6

a

100 ml in measuringcylinder.
5.7

4.2%rn/VSodiumhydrogen carbonatesolution

Dissolve 4.2±0.ig of sodium hydrogen carbonate in water in a beaker and dilute with
water to 100mlin a measuringcylinder.

5.8'2%rn/VDisodium dihydrogen ethylene diaminetetra-acetate(EDTA)solution
Dissolve 2.0±0.1 g of disodium EDTA in water in a beaker and dilute with water to
100 ml in a measuringcylinder.
8

5.9 4.8% rn/VAmmoniwn molybdatesolution

Dissolve 4.8+0.1g of ammonium molybdate tetrahydrate in water in a beaker and
dilute with water to 100 ml in a measuringcylinder. Store in a polyethylenebottle and
rejectifitbecomesdiscoloured,or ifaprecipitateforms.

5.10 1.76 %rn/V L—Ascorbicacidsolution

Dissolve 1.76±0.Olg of L-ascorbic acid in water in a beaker and dilute with water to
100 ml in a measuringcylinder. Store at 0 to 5°C and reject the solution ifit becomes
discoloured.
5.11 0.274%rn/VPotassiumantirnonyl tartrate(PAT)solution

Dissolve0.274+0.OOlgof PATin water in a beaker and dilute with water to 100 mlin a
measuringcylinder.
5.12 Mixedreagentsolution

Mix 10.0±0.1 ml of2.5M sulphuricacid, 3.00+0.05 ml ammonium molybdate solution,
1.00+0.01 ml of PAT solution and 6.00+0.05 ml of ascorbic acid solution in a 25-mI
stoppered flask. This reagent is NOT stable and should be used within 1 hour of
preparation.
5.13 Iodine

8% rn/V Potassiumiodide solution
Dissolve 8.0+0.lg of potassium iodide in water in a beaker and dilute with water to
100 ml in a measuringcylinder.
5.14

5.15 Iodine/potassium iodide solution (absorptionsolution)

Dissolve0.25g±0.02g ofiodine in 5.0±0.1 ml of8% rn/V potassium iodide solution and
whendissolutionis completedilute with water to 100 ml in a measuringcylinder.
5.16 Calciumhydroxide
5.17

10%rn/V Sodium borohydridesolution

Dissolve 25±lg of powdered sodium borohydride in 100±5 ml water and filter the
solution througha qualitative analytical grade paper capable ofretaining 5
particles
into a 150-rnl flask. To purify the solution add 2.0±0.lg of calcium hydroxide, loosely
stopper the flask and place in awater bath in afume cupboard at75+3°Cfor 20 minutes;
under these conditions a small proportion ofthe borohydride decomposesrapidly, thus
removingtraces ofarsenic as arsine (this operation is hazardous, see Section4). Cool the
solution to room temperature, filter through a qualitative analytical grade filter paper
capable of retaining 5 tm particles and dilute to 250±5 ml with water. This solution
decomposesslowlyand thereforeit should be discardedaftertwo days.

m

4% rn/V Sodiumhydroxide solution
Dissolve 4.0±0.lg of sodium hydroxide in water in a polyethylene beaker, cool and
dilutewith water to 100 ml in a polyethylenemeasuringcylinder.Store in a polyethylene
5.18

bottle.

5.19 Cation exchange resin

Digest a strongly acidic cation exchange resin of50—100 mesh contained in a beaker in
a water bath at 80°C with approximately20 times its own volume of 6M hydrochloric
acid. After 1 hour decant the acid and wash the resin several times with water untilthe
resin is free from acid. Store as a slurry in water in a polyethylenebottle (pH greater

than 5.0).

5.20 Standardarsenicsolutions:
5.20.1

SolutionA

I mlcontains 1 mgAs

Dissolve 1.321±0.OOlg of arsenic trioxide in 100 ml of 4% rn/V sodium hydroxide
solution in a 1-litre calibrated flask. When dissolution is complete dilute with water to
themark and mixwell.

I ml contains 10 igAs
Dilute 10.00±0.02 ml of solution A to 600 ml with water in a 1-litre calibrated flask,
add 3.0±0.1 ml 6M hydrochloricacid, dilutewith water to the markand mix well.This
solution should be freshlyprepared before use.
5.20.2 Solution B

5.20.3 SolutionC

1 ml contains 1 jtg As
Dilute 10.00±0.02 ml of solution B to 60 ml with water in a 100-mi calibrated flask,
add 2.0±0.1 ml of 1M hydrochloric acid, dilute with water to the mark and mix well.
This solution should beprepared freshly beforeuse.

5.20.4 SolutionD

1 ml contains 0.1 .1g As
Dilute 10.00±0.02 ml of soLution B to 600 ml with water in a 1-litre calibrated flask,
add 3.0±0.1 ml of 6M hydrochloricacid, dilute with water to the mark and mixwell.
This solution should befreshly prepared beforeuse.

6 Apparatus

A spectrophotometer of prism or grating type or using narrow band pass optical
filters and fitted with 40-mm micro cuvettes with a capacity of not greaterthan 1.5 ml.
6.1

Ultravioletphotolysis apparatus
Theapparatus whichis used for pre-treatmentofseawater samples(Section8.2) is shown
6.2

diagrammaticallyin figure 1. It consists basicallyof a cylindrical aluminium box containing an axially mounted I KW medium pressure mercury lamp around which are
arranged ten 25 cm by 4 cm diameter fused silica photolysistubes, eachat a distance of
10 cm from the lamp. Cooling, to the optimum temperature of 60±3°C, is provided by
an externallymounted fan and the expelledair is vented to a fume cupboard to remove
ozone which is toxic at the concentrations encountered. The lid of the photolysis apparatusis fitted with an interlocked micro-switchso that the mercury lamp cannot be
operated whenthe lidis open.
6.3 Cationexchange column forremoval ofheavymetals

Place a wadof silica wool (glass wool should not be used for supporting the resin since
it tends to retain arsenic)at the bottom ofa 5 cm x 0.8 cm2 ion exchange column and
fill the column with a slurry ofapproximately 5 ml ofcationexchangeresin in the hydrogen form (see Section5.19) taking careto avoid air bubbles and channeling. Convert the
resin to the sodium form by passing through it 50±1 ml of 1M sodium chloride at
approximately 2 mI/mm. Finally, wash the resin column with 50±1 ml of water. After
use, the column can be regeneratedby washing itwith 50 1 nil of 1M hydrochloric acid
and thenreconvertingto thesodium form asdescribedabove.

±

6.4 Apparatusfor theevolution and collection ofarsine

The apparatus used for the evolution of arsine is shown diagrammaticallyin figure2.
10% rn/V sodium borohydride solution is deliveredfrom the reservoir via a manifold to
a multichannel peristaltic pump fitted with acid resistant tubing which serves to inject
the reagent at a controlled rate (10±1 and 15 1 mI/h for potable water and seawater
samples respectively) into the 250-mi evolution flask mounted at an angle of approximately 35° on a stand. The evolved hydrogen, along with the entrained arsinc, passes
through the deliverytube jet (bore 0.5 mm) intothe absorption tube (figure 3) which has
been calibrated atavolume of2.50±0.02 nil and whichcontains the absorption solution.

±

6.5 Ultrasonicbath

6.6 Cleanliness

Cleanlinessis essential for this determination.If possible,apparatus should be reserved
solely for arsenic determinations. Clean all glass and plastic ware by filling with or
soaking in 10 %V/V nitric acid for 2 days. Rinse thoroughly with water. Thereafter a
thorough rinse in 10% V/V nitric acid followed by a thorough rinse with water after
each determinationshould suffice.

7 Sample

Collection and
Preservation

Seawatersamples can be storedin eitherglass or polyethylenecontainerswith or without
acidification(pH 1—8) for up to at least seven days withoutsignificantchange. Potable
water samples also appear to be stable undersimilar conditions. Clean eithera glass or
polyethylenebottle by the procedure described in Section 6.6, add 2.0+0.1 ml of 6M
hydrochloricacidperlitre ofsampleto becollectedandthencollect the sample.
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8 AnayticaI

Procedure

Pre-treatmentproceduresare describedfor potable waters-and sea water followedby the
method for the determination of the inorganic arsenic in potable waters and sea waters.

of potable waters
This pre-treatmentprocedureshouldbe carried out on all samples unless the analyst,
from knowledgeand experience of his particular waters and confirmationby testing, has
shownthat the procedureis not necessary. (See Section2.2).
8.1

Pre-treatment

Step ExperimentalProcedure

8.1.1

Pro-treatment stage (Notea)
Add50.00±0.05 ml ofthesampleto a borosilicate
glassbeaker andevaporate to approximately 10 ml on
a hot plate inafumecupboard.

Notes

(a) Itispossiblethatsome volatile arseniccompounds
may be lost by this procedure.Ifpre-treatmentis
notrequiredstartatstep 8.3.1.

8.1.2 Cool to ambient temperatureandadd cautiously
2.0±0.1 ml ofnitric acid(d20 1.42) and 1.0±0.1mlof
sulphuricacid(d20 1.84). Continue to evaporateuntil
densewhite fumesofsulphur trioxidebegin to be
evolved. Cool to ambient temperature.
8.1.3

Dissolvethe residuecautiouslyinapproximately
25 ml ofwater (note b).

(b) When theconcentrationofcertain individual
heavy metalsinthe originalsampleexceeds
0.1 mg/I(see Section3 andTable1)these elements
mustbe removedpriorto theevolution stage.
Theremovaltechnique, steps8.1.5to 8.1.7 canbe
used for heavymetal concentrationsof up toatotal
of2g/i.Applicationofthis techniqueto
representativesampleswillshow whether this
separationis necessaryand, ifso, proceedto

step8.1.5.
8.1.4

Ifremoval ofheavy metalsis notnecessary, transfer
thesolution oftheresidueto a 50-micalibrated flask
and dilutewith water to themark. Proceedto
step 8.3.1.

8.1.5

Removal of heavy metals
Using a pH meteradjust the solution ofthe residue
from step 8.1.3 topH 3.0±0.5bycareful addition of
2M ammonia solution.

8.1.6 Pass the solution through acolumn ofcationexchange

resin inthe sodium form at arate ofapproximately
2 mI/mm (seeSection6.3) and washthecolumn with
four5 ml aliquotsofwater.

8.1.7 Combine the percolateand washings, dilutewith
water to 50 ±1 ml transfer to an evolutionflask, and
proceedto step 8.3.2.
8.2

Pre-treatment of seawater
This pretreatment procedure should be carried out on all samples unless the analyst,
from knowledge and experience of his particular water and confirmation by testing,
hasshownthattheprocedure isnotnecessary(seeSection2.2).

Step

ExperimentalProcedure

Notes

Pie-treatment stage (note c)
8.2.1

UsingapHmeter adjust the pH of200 1 ml of
sampleto pH 6.0 ± 0.3 bycautious addition of4%
rn/Vsodium hydroxidesolution.

±

8.2.2 Transfer 150 + 1 ml ofthe solution to a25 x 4cm
fused silicatube and loosely stopper.
8.2.3

Irradiate the silicatubefor2hours inthe photolysis
apparatus adjustingtheflow ofair fromthe fanby
means ofthe butterflyvalve(seefig. 1) so that an
optimum solutiontemperature of60 + 3°C is

(c) Experiencehasshownthatorganic arsenic
constitutesless than 0.5% ofthe total arsenicin
seawater.Someestuarinewatersmaycontaina
greater proportion oforganic arsenic.Application
ofthisprocedureto representativesampleswill
indicatewhetherthe pretreatment stage is
necessary. Ifpre-treatment is not necessary
proceedto step 8.4.1.

achieved.
8.2.4 Cool toambient temperature andquantitatively

transfer the solutionto an evolutionflask using2 ml
portions ofwater torinse the tube. Proceed tostep
8.4.2.

of inorganic arsenic in potable waters

8.3

Determination

8.3.1

Place50 0.05 ml ofthe samplein theevolution
flask(fig.2).

8.3.2

Add5.0 +0.1 mlof2.5M sulphuricacidand
5.0 + 0.1 mlof2% rn/V EDTA solution. Placethe
flaskonthe stand and fitthe deliverytube.

8.3.3

To theabsorption tubeadd1.2 + 0.1 ml ofthe
absorption solution and0.20 ± 0.02ml of4.2%rn/V
sodium hydrogen carbonatesolution.Insertthe
delivery tube into the absorption tube untilthejetis
closeto the bottom.

±

=

8.3.4 Using aperistalticpumpadd 10% m/V sodium
borohydridesolutionat arate of10 1 mi/hr. After
one hourlowerthe absorption tube andrinse the tip of
the delivery tube intoit with notmore than0.3 ml water.

+

8.3.5

Add0.5 +0.1 ml ofthe mixed reagentto the
absorption tube anddilutewith water to 2.50 + 0.02
ml.Mix thoroughly (note d) to releasecarbondioxide.
Standfor30

+ 1 mm.

8.3.6 Setupthe spectrophotometeraccordingtothe
manufacturer'sinstructionsand measurethe
absorbance ofthe solution at866urnina40-mm
micro-cuvetteagainsta referencecuvettecontaining
water. Letthe absorbanceofthe samplebe S.

8.3.7

Blank determination
Ablankmust berun with eachbatch ofdeterminations
inanidenticalmannerwith that usedfor thesamples.
To 50.00 0.01 ml ofwater add0.10 0.02 ml
6M hydrochloricacid. Ifpre-treatmentwas used,
carryoutsteps 8.1.1 to 8.1.7and 8.3.1 to8.3.6;if
pre-treatmentwas notused carry out steps8.3.1to
8.3.6.Letthe absorbanceofthe blank be B.

+

14

+

(d) An ultra-sonicbath is suitable.

Step ExperimentalProcedure

8.3.8

Notes

Calibrationstandards
A duplicatecalibrationstandard must berunwith
eachbatchofdeterminationsin an identicalmanner
to that usedforthesamples.
Add20.00 0.02 ml ofstandard arsenicsolution D
and0.10 0.02mlof6Mhydrochloricacidtoeachof
two 50-micalibrated flasks and dilute with water to
themark. Ifpre-treatment was usedcarryoutsteps
8.1.1 to 8.1.7and 8.3.1to 8.3.6;ifpre-treatmentwas
notusedcarry outsteps 8.3.1 to 8.3.6.Letthe
absorbance ofthe calibration standards be C1 andC2.
Thesecontain 40 jtgI1 As.

±

±

8.3.9

Calculation ofresults
Calculatethe concentrationAofarsenicfrom

x 40.tg/l
A=—.
C-B

-

whereC= C1+C2
2
This calculationassumesalinearcalibrationcurve
and linearitymustbe checked(seeSection 10).
8.4

Determination of inorganic arsenic in sea waters

8.4.1

Place 150 ± 1 mlofsampleinthe evolution flask
(fig 2).

8.4.2

Add5.0 ± 0.1 ml of2.5M sulphuricacid and
5.0 ±0.1 ml of2%m/V EDTA solution. Placethe
flask onthe stand andfit the deliverytube.

±

8.4.3 To the absorption tube add 1.2 0.1 ml ofthe
absorption solution and0.20 ± 0.02 nil of4.2%rn/V
sodium hydrogen carbonate solution. Insertthe
delivery tubeinto the absorption tubeuntilthejetis
closeto the bottom.

a

8.4.4 Using peristalticpumpadd 10% rn/Vsodium
borohydridesolution at rate of15 1 nil/hr. After

a

±

one hourlower the absorption tube andrinse thetip
ofthedeliverytubeintoitwithnotmore than0.3 ml
ofwater.

8.4.5

Add0.5 ± 0.1 ml ofthemixed reagentto the
absorption tube and dilutewith water to 2.50 + 0.02
ml.Mix thoroughly(note d)to releasecarbon
dioxide.Standfor 30 ± 1 mm.

8.4.6

Setupthespectrophotometeraccordingtothe
manufacturer'sinstructionsandmeasurethe
absorbance ofthe solutionat 866nmina40-mm

micro-cuvetteagainst areferencecuvettecontaining
water, Letthe absorbance ofthe samplebe S1.

(d) An ultrasonic bath is suitable.

Step

8.4.7

Notes

Experimentalprocedure
Blank determination
A blank must berun with eachbatchofdeterminations
inasimilar mannertothat used forsamples.To 150
1 ml ofarsenic-free seawater add 0.30
0.02
ml of6Mhydrochloricacid. Ifpre-treatmentwas
used carry out steps8.2.1 to 8.2.4and 8.4.1 to 8.4.6;
ifpre-treatmentwas notused carry out steps8.4.1 to
8.4.6.Letthe absorbanceofthe blank beB1.

+

±

Callbrationstandards
8.4.8

A duplicatecalibrationstandard must be run with
eachbatchofdeterminationsin a similarmanner to
that usedforthesamples.
Add4.00 ±0.02 ml ofstandard arsenicsolution D
0.40 J 0.02 ml of6M hydrochloricacid and
196 ± 1 ml ofwater to each oftwo beakers. If
pretreatment was used carry outsteps 8.2.1 to 8.2.4
and 8.4.1 to 8.4.6;ifpre-treatmentwas not usedcarry
outsteps 8.4.1 to 8.4.6. Letthe absorbanceofthe
calibrationstandards beC3 and C4. These contain
--

2 jig/i As.
8.4.9

Calculation ofresults
Calculatethe concentrationA1 ofarsenicfrom

A1_S1-B1
x2jig/l
Ci- Bi
-

whereCi =

C3+C4
2

-

alinearcalibration curve
Thiscalculationassumes
and linearitymust bechecked(seeSection10).
9 Measurement of Theprocedure usedfor measuringabsorbance should be rigorouslycontrolled to ensure

Absorbance

satisfactoryprecision of measurement. The same cells should always be used for the
referenceandsample solutions, and they should always be placed in the same position
inthecellholder withthesame face towardsthe light source.

It is difficult to ensure reproducible alignment of cells with chipped corners, andtherefore they should be discarded. Similarlythe movement ofthe cell carrier should be kept
scrupulouslyclean.Beforeevery set ofmeasurementsthe sample cellshouldbe measured
against the referencecell when both are filled with water. This will help indicate when
the cells need cleaning and it will also enable the true absorbance of the blank to be
determined.

10 Checking the
Linearity of the
Ca'ibration Curve

The proceduregiven in this Section must be carried out on at least two independent
occasionsbeforethe method isapplied to anysamplesandregularlythereafter.
10.1

Potablewaters

To each of a series of 500-mi calibrated flasks add 1.00 ± 0.01 ml of 6M hydrochloric
acid and by pipette add 0.0, 5.0, 10.0, 15.0 and 20.0 ml of standardarsenic solution C
respectively and dilute with water to the mark. These solutions contain respectively0,
10, 20, 30 and 40 jig/l arsenic. Pipette 50.0 ml aliquots of each and carry out the procedure describedin steps 8.3.1 to 8.3.6inclusive. Plotthe absorbance against jig/i arsenic
foreachsolution.
Thecalibrationcurvefor potable wateris normally linear between 0 and60 jig/i arsenic.

10.2 Seawater

To eachof a series of 500-micalibrated flasks add 1.00 ± 0.01 ml 6M ofhydrochloric
acid and by pipette add 0.0, 5.0, 10.0, 15.0 and 20.0 ml of standard arsenic solution D
respectively and dilute with arsenic-free seawater to the mark. These solutions contain
respectively0, 1, 2, 3, 4 jsg/larsenic. Using a 150 ml aliquot ofthese solutions carry out
the procedure describedin steps 8.4.1 to 8.4.6inclusive. Plot the absorbance against jsgfl
arsenic for each solution. The calibration curve for seawater is normally linear between

0 and 15 .tg/1 arsenic.
11 Concentration

Range of the
Method

The proceduregiven can be usedwithoutmodification to determinearsenic in potable
waters in the concentration range 0 — 40 .tg/1and in seawater in the concentration range
0 — 2 tg/1; When the arsenic concentration in the sample exceedsthese levels the final
solution (steps 8.3.5 or 8.4.5) must be diluted to an appropriately larger volume (V ml)
with water. In both cases the upper concentration limit for the method is 800 pg/l As.
Itis necessaryto alterthecalculation,steps 8.3.9or8.4.9,asfollows
Arsenicinpotable water

A = V(S-B)

x 40 .tg/l As

2.5(C—B)

Arsenicinseawater
A1

12 Sources of
Error

= V(S1-B1) x 2jig/lAs
2.5(Cj —Bi)

The attentionwhich is necessary to pay to sources of error depends on the accuracy
required ofthe analyticalresults. Thefollowingsub-sectionssummarizethe main sources
oferror.
12.1

Contamination

The technique and working conditions should be critically examined to minimize any
possibilityofcontamination.

12.2 Arseniccontentofwater usedforblank whenanalysingpotablewaters

If arsenic is present in the water used for the blank the results will be falsely low. A

method for the determination ofarsenicinwater usedfor blanks has notyet been evaluated. However,thefollowingmethod isthoughtlikelyto be satisfactory.

Carry out arsenic determinations using exactly the procedure described in Section 8.3
with 50 ml and 150 ml aliquots of the water which is being tested. Add the 10% rn/V
sodium borohydrideatarateof 10 ± 1 mi/hrin bothinstances.
Thearseniccontent oftheblankwater is equivalentto an absorbance,Y, where
B50—B5
2

where B150

= the absorbanceobtainedwith 150 ml water

B50 = the absorbance obtainedwith 50ml water

Theconcentrationofarsenic(Aw) in theblank water isthengivenby

Aw x
C-B

4Ojsg/lAs

This concentration must then be added to the arsenic concentration as determined in

step8.3.9.
12.3 Interferingsubstances
See Section3. The effectofpossible interfering substancesmay be determinedby analys-

Ing samples spiked with arsenic andvarious concentrations of the potential interfering
substance.
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13 Checkingthe

Accuracyof
Analytical

Results

the methods have been put into normal routine operation many factors may
subsequently adverselyaffect the accuracy of the analytical results. It is recommended
that experimental
teststo check certain source of inaccuracy should be made regularly.
of
test
are possibleand they should be used as appropriate. As a minimum,
Many types
it
is
however,
suggested that a standard solution of arsenic ofsuitable concentration be
at
the
same time and in exactly the same way as normal samples. The results
analysed
obtained should then be plotted on a quality control chart which will facilitate detection
of inadequate accuracy,and will also allow the standard deviation of routine analytical
resultsto be estimated.
Once
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Address for
Correspondence

However thoroughly a method may be tested, there is always the possibility of a user
discovering hitherto unknown problem. Users with information on this method are

a

requestedtowrite to:

TheSecretary
TheStanding CommitteeofAnalysts
TheDepartment oftheEnvironment
2 Marsham Street
LONDON SW1P3EB
England
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Appendix
Estimation of the Accuracy of Analytical Results using
the Arsenic Method
Introduction

Quantitative investigationof the accuracy achievable when the arsenic method is used
appears to be limited to work at the University of Liverpool— (Department of Oceanography). Beforefirmly recommendingthe method for general use, it is desirableto know
the accuracy achievable in other laboratories. It would, therefore, be of great value if
any laboratory using or considering the use ofthis method could estimate the accuracy
of its own analytical results and report the findings to the Technical Secretary of the
Metals and Metalloids Working Group ofthe Department of the Environment'sStanding CommitteeofAnalysts.

Theprecision achievedandthe effectsof any interfering substancesthat maybe present
in samplesare ofparticular interest. Anyinformation on these aspects would be useful,
but the value of such information would be greatly enhanced if it were obtained to a
common plan so that the information can be compared and valid conclusions drawn.
Accordingly,suggestionsfor a suitableexperimentaldesignand analysisofresultsare
given in the following sections and it is strongly urged that laboratories follow this
design wheneverpossible.The design has been chosen to be as simple as possible; more
complexdesigns are possibleand would givemore information.
2

Basis of

suggested Tests

The limit of detection is governed by the within-batch variability of blank determinations. The precision ofanalytical results may depend on the concentration ofarsenic in
thesample analysed andon the type ofsample,egworse precision maybe obtained with
samples than with standard solutions. For these reasons the basic design recommended
is theanalysis of one portion ofeachofthe followingsolutions on eachof a days, where
ais atleast5 and preferablyup to 10.
Solution
No

For potable waters

Forseawaters

I

Blank
Another blank
Standard solution 10 ig/l As
Standard solution 40 j2g/lAs
Typical sample
Same sample spikedwith 40 jig/iAs

Blank
Another blank
Standard solution 0.5 p.g/lAs
Standard solution 2.0jig/IAs
Typicalsample
Same samplespikedwith2.0 jig/IAs

2
3

4
5
6

It is essentialthat these solutionsbe treated exactlyas if they were samples and the pro-

cedure specifiedin Section 8 ofthe method be rigidly followed.These solutions should
be analysed in randomorder in eachbatch of analyses.Solutions 1 to 4 should be preparedeachday exactlyas describedin the method and should contain the same amount
of hydrochloric acid as is present in the samples. The same batch of water should be
used on eachday to prepare all four solutions. For solutions 5 and 6 a total of2.5 litres
of typical sample are required for potable waters and 5 litres of typical sample are
required for seawaters. Prepare solution 6 each day when required by spiking solution 5
as follows:for potable waters add, usinga pipette, 4.0 ml of standard arsenic solution C
to 100 ml of solution 5; for seawaters add, using a pipette, 4.0 ml of standard arsenic
solution D to 200 ml of solution 5. When analysing solution 6 it will be necessaryto take
intoaccount Section 11 and to take an appropriatelysmaller aliquot. Thetotal period of
the tests may be any convenient time so long as the arsenic concentration in solution 5
does not change appreciably (up to 2 weeks). The results of the analyses of solutions 5
and 6 will provide a check on the effect of sample type on precision.Anydeviation of
the recovery of spiked arsenic from 100% may give an indication of the presence of
interferingsubstances.
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3 Evaluationof

Results

Therawexperimentalresultsshould be sent direct to the Department ofthe Environment
for evaluation together with the results obtained for the standards used to establish the
calibration curve in each batchofanalyses. However,for those laboratories wishingto
makethe calculationsthemselves,the detailsare givenbelow.
3.1 Convert all results to concentrations as described in the method. Deductthe first

ofthetwo blank values(solution 1) from eachofthe other solution values.
3.2

Calculatethe meanconcentrationofthe n resultsforeachsolution.

3.3 Calculatethe standard deviation, s, ofthenresultsfor each solution from:

wherex1

= theresultfromtheith batch
= themeanvalueofx1.

3.4 Calculatethe within-batchstandard deviation,

s, oftheblankfrom:

/(x1_x2)2
2n

=the 1st blank result (solution 1) from theithbatch
x2 = the 2ndblankresult(solution2)fromthe ithbatch

wherex1

3.5 Calculate the mean percentagerecovery,R, ofthe spikedarsenic in solution 6 from:

for potable waters, R = (l.046 —5) x 100
for seawaters,

R = (l.02

X5)

x 100

wherex5 = the meanvalue ofthe resultsfor solution 5

= themeanvalueoftheresultsfor solution 6.
3.6 Summarizethe resultsasinthe followingtable:

Solution

Noof

Meanarsenic

results
n

Concentration
jig/l

Standard
Deviation
jig/l

Forpotable waters
2 Blank
3 Standard, 10.0 j.tg/l As
4 Standard, 40.0 jig/I As
5 Sample
6 Solution5 + 40.0 jig/IAs
Forseawaters
2 Blank
3 Standard 0.5 jig/I As
4 Standard 2.0 jig/I As
5 Sample

Mean
Recovery
%
—
—

—

—

—
—

6 Solution 5 + 2.0 jigflAs
The appropriate sample description should be entered in the space for solution 5. The
standard deviation from step 3.4 is entered for the blank solution 2 andthe standard
deviationsfrom step 3.3 are entered for solutions3 to 6. Ifpre-treatment was carried out
this should be stated.
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