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Cobalt in Potable Waters Tentative Methods
(1981 Version)
Methods for the Examination of Waters and Associated Materials

Two methods for the determination of cobalt in potable waters are described in order to cater for the
availability of equipment in different laboratories. The first, Method A, is based on the extraction of
pyrrolidine dithiocarbamato-cobalt into 4-methylpentan-2-onefollowedby atomic absorption spectrophotometry. The second, Method B, is based on concentration by evaporation followed by atomic absorption
spectrophotometry.
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Warning to Users

The analytical procedures given in this booklet should
only be carriedout by competent trainedpersons, with
adequate supervision when necessary. Local safety
regulations must be observed. Laboratoryprocedures
should be carried out only in properly equipped
laboratories. Field operations should be conducted
with due regard to possible local hazards, and portable
safety equipment should be carried. Care should be
taken against creatinghazards. Lone working, whether
in the laboratory or field, should be discouraged.
Reagentsof adequatepurity must be used, along with
properlymaintained apparatus and equipment of correct specification. Specifications for reagents, apparatus and equipment are given in manufacturers' cata-

logues and various published standards. If contamination is suspected, reagent purity should be checked
before use.

on first aid and
laboratory safety. Amongsuchpublications are: Code
of Practice for Chemical Laboratories'and 'Hazardsin
the Chemical Laboratory' issued by the Royal Society
of Chemistry, London;'Safety in Biological Laboratories (Editors Hartree and Booth), Biochemical Society
Special Publication No 5, The Biochemical Society,
London, which includes biological hazards; and 'The
Prevention of Laboratory Acquired Infection' Public
Health Laboratory Service Monograph 6, HMSO,
London.
There are numerous handbooks

Where the Committee have considered that a special
unusual hazard exists, attentionhas been drawn to this
in the text so that additional care might be taken
beyond that which should be exercised at all times
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when carryingout analytical proccdures. It cannot be
too strongly emphasised that prompt first aid, decontamination, or administration of [lie correct antidote
can save life; but that incorrect treatment can make
mattersworse. It is suggested that both supervisors and
operators be familiar with emergency procedures before 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 ofthe injury, as
some chemical injuries require specialist treatment not
normally encountered by most doctors. Similar warning
should be given if a biological or radio chemical injury
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 appropriatemethods if contamination is
suspected.
The best safeguard is a thorough consideration of
hazards and the consequent safety precautions and
remedies well in advance. Without intending to give a
complete checklist, points that experience has shown
are often forgotten include: laboratory tidiness, stray
radiation leaks (including ultra violet), use of correct
protective clothing and goggles, removal oftoxicfunies
and wastes, containment in the event of breakage,
access to taps, escape routes, and the accessibility of
the correct and properly maintained first-aid, firefighting, andrescue equipment. If in doubt; it is saferto
assume that the hazard may exist and take reasonable
precautions, ratherthan to assume that no hazard exists
until proved otherwise.

About this series

This booklet is part of a series intended to provide
recommended methodsfor the determination of water
quality. In addition,the series contains shortreviews of
the moreimportantanalytical techniques of interest to
the water and sewage industries. In the past, the
Departmentof the Environment and its predecessors,
in collaboration with various learned societies, has
issued volumes of methodsfor the analysisof 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 present series
will be published as individual methods, thus allowing
for the replacement or addition of methods as quickly
as possible withoutneedofwaiting for the nextedition.
The rate of publication will also be related to the
urgency of requirement 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 reviews as 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 andequipment 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, bacteriologist etc, to decide which of
these methods to use for the determination in hand.
Whilst attention of the user is drawn to any special
known hazards which may occur with the use of any
particular method,responsibilityfor propersupervision
and the provision of safe working conditions must
remain with the user.

The preparation of this series and its continuous
revision is the responsibility of the Standing Committee
of Analysts (to review Standard Methods of Quality
Controlof the Water Cycle). The Standing Committee

of Analysts is one of the joint technical committees of
the Departmentof 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 General principles of sampling and accuracy of
results
2.0 Instrumentation and on-line analysis
3.0 Empiricaland physical methods*
4.0 Metals andmetalloids
5.0 General nonmetallic substances
6.0 Organic impurities
7.0 Biological methods
8.0 Sludge and other solids analysis*
9.0 Radiochemical methods

The actual methodsetc are produced by smaller panels
of experts in the appropriatefield, under the overall
supervision of the appropriate working group and the
main committee. The names of those associated with
this method are listed inside the back cover.
Publication of new or revised methods will be notified
to the technical press,whilst alist of Methods in Print is
given in the current HMSO Sectional Publication List
No 5, andthe current status of publication and revision
will be given in the biennial reports of the Standing
Committee of Analysts.
Whilst an effort is made to prevent errors from
occurring in the published text, a few errors have been
found in booklets in this series. Correction notes for
bookletsin this series are given in the Reports of The
Standing Committee of Analysts, published by the
Department of the Environment but sold by the
National Water Council, 1 Queen Anne's Gate, London SW1H 9BT. Should an error be foundaffectingthe
operation of a method, the true sense not being
obvious, or an error in the printed text be discovered
prior to sale, a separate correction note will be issued
for inclusion in the booklet.

TA DICK
Chairman

L R PITfWELL
Secretary

25 September 1981

* These two

working groups are in process of being
wound up. Their tasksare being redistributed among
the other working groups.
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Cobalt in Potable Waters by Atomic
Absorption Spectrophotometry
Tentative Method (1980 Version)
Al

Note:Throughoutthismethodcobalt is expressed as the element (Co)

Performance

Characteristicsof Al.1 Substance determined

All forms of cobaltlikely to occur in potable
waters (see Sections A2 and A8).

(For further
Al.2 Typeofsample
informationonthe
determination and
Al.3 Basis ofthe method
definition of
performance
characteristics see
General Principles of
A1.4 Range ofapplication (a) (b)*
Sampling and
Accuracy ofResults
1980,also published A1.i Calibration curve (a) (b)*
in this series)

Potable waters.

the Method

A1.6

Standarddeviation* *
total

Extraction ofpyrrolidine dithiocarbamato cobaltinto4-niethylpentan -2-one followed by
atomic absorption spectrophotometry.

Up to 100 p.g/l (See Section Al1).
Linearto 100 pg/l (see Section AlO).
Cobalt
concentration

Standard
deviation

(Lg/1)

(g/l)

0.0 (a)
2.5
5.0
25.0
40.0
50.0
80.0

0.0 (b)

50.0

1.25

0.58
0.72

Degrees of

freedom
23
44
10

1.24
1.89
1.84

34
44
23

2.24

10

0.19
0.62

11
11

A1.7

Limit ofdetection(a) (b)

0.9 to 5.8 g/lwith 11 to 23 degrees of freedom.

Al.8

Sensitivity (b)

50 pg/lgives an absorbance of approximately
0.22

A1.9

Bias

Noneknown.

A1.10 Interferences

See Section A3.

A1.11 Time requiredfor analysis

Thetotal analytical and operator times are the
same. A typical time for a batchof 10samples
is 3.0 hoursexcluding any pre-treatmenttime.

(a) (b)

(a) These datawere obtained at the Laboratory ofthe GovernmentChemist1 using
a double beamatomic absorption spectrophotometer and doublydistilled water
spiked withthe stated cobalt concentration.
(b) These datawere obtained at Yorkshire WaterAuthority,Head Office
Laboratory2) using adouble beamatomic absorption spectrophotometerand
deionized water spikedwith the statedcobaltconcentration.
* For someinstrumentsthe calibration curve is known to be
linearto cobalt
concentrations of less than 100 pg/1 thusaffecting the range ofapplication.
Analysts should check the linearity ofthe curve for theirparticularinstrument
Sections AlO andAll).
** (see
These data were obtainedusingthis method but without the pre-treatment
procedure.

A2 PrncipIe

A2. 1 The method described is based on the reaction of cobalt with ammonium
pyrrolidine dithiocarbamate (APDC) to form a cobaltchelate which is extractedinto
4- methylpentan-2- one (methyl isobutyl ketone— MIBK). Theamount of cobalt in
the extract is determined by atomic absorption spectrophotometry by aspirating
directly into the flame.
A2.2 Some samples may require pre-treatment (see Section A8) by boiling with
nitric acid to convert cobaltto forms capable of reacting with APDC.
A2.3 Other elements, for example lead3, cadmium4 and nickel5 are extracted
quantitatively together with cobalt and all these elements may, if required, be
determinedin the same solvent extract (see step A9.5, note g).

A3 Interferences

A3.1 The effectof other substances on the determination ofcobaltby this methodis
shown in Table Al.

TableAl
othersubstance

Effectin gIl Co of
other substance at a

(mg/l)

cobalt concentration of (d)

Concentration of

Other substance

Other substance
addedas

0 j.tg/l
(a)
Copper(as Cu2)

perchiorate

1

2

-

50 pg/l
(a)

0.2

—

0.1
4.2

+
+
+ 2.5
+ 1.5
+ 4.0

0.8
0.3
6.1

,,
perchiorate

5

perchiorate

2
1

Zinc(as Zn2)

Nickel (as Ni2)
Sulphate (as S042)

nitrate
nitrate
nitrate
acid

5
5
1000

Manganese (as Mn2)

nitrate

3

—

4

—2.1

5

—44.5

1

0.0

,,
Iron (as Fe2)
Manganese (as Mn2)

2
5
5

0.1

0.l
0.1
4.4
0.2

—
—

100 pg/l
-

4.7
0.4

+ 4.7
—
—

0.8
0.1

(b)

,,

Zinc (as Zn2)
Magnesium (asMg2)
Calcium (as Ca2)
Sodium (asNa)
Potassium (asK)
Dioctyl suiphosuccinate

,,
nitrate

chloride
chloride
chloride
chloride

,,

Linearalcohol ethoxylate
,,

Laboratory
glassware cleaning agent

Orthophosphate(as P043)

sodium

Metasilicate (as SiO32)

sodium

100
200
100
100

0.6

(c)

+ 3.4
+ 3.1
+ 0.6
+ 1.2

1

— 0.1

2

— 8.6

5

—5.8

1

— 1.4

5

+0.4

1

— 0.4

5
5
20
5
20

+ 2.5
+ 1.0
+2.1

+ 0.5
+2.7

(a) These data were obtainedat the Laboratoryofthe Government Chemist1.
(b) These data were obtained at Yorkshire WaterAuthority, Head OfficeLaboratory2.
(c) Thesedatawere obtainedat the MarineBiological AssociationLaboratory, Plymouth6.
(d) Ifthe other substances did not interferetheeffectwouldbe expected (95% confidence) to lie within the range
0.00 ± 0.52at0 g/l 0.00 ± 0.39 at 50 j.g/l and 0.00 ± 5.00at 100 g/lcobalt.
5

A4 Hazards

The exhaustfumesfrom the atomic absorption spectrophotometer arc toxicand must
be ducted away. One of the reagents, 4-methylpentan -2-one (MIBK) is flammable
and has a harmful vapour (see Section A5.5). It is irritatingto the eyes and mucous
membranes and is narcotic in high concentrations. It must not be pipetted by mouth.

A5 Reagents

All reagents and standard solutions should be kept in polyethylene bottles unless
otherwise stated (see Section A6.3). Analytical reagent grade chemicals arc suitable
unless otherwise specified.
A5.1 Water

The water used for blank determinations and for preparing reagents and standard
solutions should have acobalt content that is negligible comparedwith the smallest
concentrations to be determined in the samples (see Section A12.2). Deionized water
or water distilled from an all glass apparatusis suitable.
A5.2 50% v/v Hydrochloric acid

Dilute 500 ± 5 ml of hydh1oric acid (d20 1.18) with waterto 1 litre in a measuring
cylinder. Store in a polyethylene bottle.

A5.2.1 3% v/v Hydrochloric acid
Dilute 6.0 ± 0.1 ml of50%v/v hydrochloric acidwith waterto 100 ml in a measuring
cylinder. Store in apolyethylene bottle.

A5.3 Nitric acid (d20 1.42)
A5.3.1 10% viv Nitric acid
Dilute 100 ± 1 ml of nitric acid (d20 1.42) with water to 1 litre in a measuring cylinder.
Store in a polyethylene bottle.
A5.4 1% rn/v Ammonium pyrrolidine dithiocarbamate (APDC)
Dissolve 1.0 ± 0.1 g of APDCin water and dilute with water to 100 ml in a measuring
cylinder. This solutionshould be freshly preparedbefore use. Mix thoroughly before
use.
A5.5 4-Methylpentan-2-one(MIBK)
This reagentis hazardous (see Section A4). It is flammable and has a harmful vapour.
A special grade of this solvent for atomic absorption spectrophotometry is preferable.
Alternatively other grades may be purified by distillation in an all borosilicate glass
apparatus. Adequateprecautions must be taken duringdistillation including carrying
it out over a distillation tray. MIBK should be stored in a glass bottle.
A5.6 10% rn/V Sodium h3droxide
Dissolve 10.0 ± 0.1 g of dium hydroxide in water in a polyethylene beaker, cool
and dilute with water to 100 ml in a polyethylene measuring cylinder. Store in a
polyethylene bottle.
A5.7 0.1% rn/V Bromophenol blue solution
Dissolve 0.10 ± 0.01 g ofiromophenol blue in 100 ± 1 ml of 50% v/v aqueous
ethanol.
AS.8 Standard cobalt solutIons
A5.8.1 Solution A. 1 ml contains 1 nig Co.
Weigh accurately 1.000 £T0.001 g of pure cobalt (rod, foil or wire) and dissolve by
warming with 5 ± 1 ml of nitric acid (d20 1.42) and 15 ± I ml of water. When
dissolved, add 10 ± 1 ml of hydrochloric acid (d20 1.18)and 100 ± 2 ml ofwater, cool
and dilute with water to 1 litre in a calibrated flask. Store in a polyethylene bottle.
This solution is stable for at least six months.

A5.8.2 Solution B. imi contains 2 .tg Co.
Pipette 2.00 ± 0.01 ml of solution A into a 1-litre calibrated flask and dilute with
water to the mark. This solution should be freshly preparedbefore use.

A6 Apparatus

A6.1 An atomic absorption spectrophotometer equipped for an air-acetylene flame
and a cobalt hollow cathode lamp.
A6.2 Special Apparatus
•Glass tubes 20 x 50 mm for the collection of the organic phases after the solvent
extraction ofthe samples. These tubes should be fittedwith snap-on polyethylene lids.
400-mi graduatedborosilicate glass beakers.
250-mi glass separating funnels fitted with ground glass stoppersand taps.
A6.3 Cleanliness

-

is essential for this determination. If possible, apparatus should be
reserved solely for cobalt determinations: all residual cobalt from previous cobalt
determinations must be removed. Cleanall newglass and polyethylene ware by filling
with or soaking in 10% v/v nitric acid for 2 days. Rinse thoroughly with water.
Thereaftera thorough rinse in 10% V/V nitric acidfollowed by a thorough rinse with
water after each determination should suffice.
Cleanliness

Al

Sample

Collectionand
Preservation

A8 Sample
Pretreatment

Clean a polyethylene bottle by the procedure described in Section A6.3, add
2.00 ± 0.05ml of 50% V/V hydrochloric acid per litre of sample to be collected and
then collect the sample. The acidification minimizes the adsorption of cobalt, on to
the wails of the bottle. Under certain circumstances (eg sampling by a house-holder) it
may be necessary to modify the sampling procedure. When it is known that
pretreatmentwill not be necessary (see Section A8) it is satisfactory to add to the
empty bottle sufficient 50%V/V hydrochloric acidto bring the collected sample topH
2.5 ± 0.3. It is thennecessary to startthe analytical procedureat step A9.5by placing
200 ± 1 ml of the sample in the separating funnel.
Samples containing suspended and/or colloidal material may require pretreatmentto
convert cobalt to an extractable form. A few organic cobalt compounds may not be
converted by this pretreatment procedure. Experience will indicate to analysts
whetherpretreatmentis necessary for certain waters. The pretreatmentprocedureis
given in steps A9.1 and A9.2.

A9 Analytical Procedure
READ SECTION A4 ON HAZARDSBEFORE STARTING THIS PROCEDURE

Step

Experimental Procedure

Notes

Analysisofsamples
A9.1

Pretreatment stage (note a)
Add200 ± 1 ml ofthe sample (noteb) to a400-mi
graduatedborosilicate glass beaker. Add 1.0 ± 0.1
ml ofnitric acid (d20 1.42). Cover the beakerwith a
watch glass and simmer on a hot plate untilthe
solution volume is reduced to 20 ± 5 ml (note c).

(a) Ifpretreatmentis not required(see Section A8)
add 200 ± 1 ml of sample to a 400-mlgraduated
borosilicate glassbeaker and start at step A9.3,
butomitstep A9.4. This will result in a volume
slightlygreater than 200 ml, but it will not
significantlyaffect the final result.
(b) See Section All for the concentration range of
the method.
(c) Greatcaremust be taken duringthis step to
minimize contamination (see Section Al2).

-

Step

Experimental Procedure

A9.2

Cautiouslywash down the watch glass andthe sides
ofthe beakerwith wateruntilthe total volume in the

Notes

beakeris 150 ± 5 ml. Replace the watch glass and
allowthe solution to cool to ambienttemperature.
Solvent extraction stage
A9.3

Add3 drops of 0.1%rn/V bromophenol blue
(d)Experience shows that the p1=1 value at the end
solution and, whilst swirling slowly, add 10%mIV
ofstep A9.3should be 2.5 ± 0.3. Very
sodium hydroxide untila blue colour persists. Whilst
occasionallysolutions may require
swirling,add3% V/V hydrochloric aciddropwise
readjustmentto this value.
untilthe bluecolour is just discharged. Thenadd
2.0 ± 0.1 ml of3% V/Vhydrochloric acid (noted).

A9.4

Transferthe solution to a measuring cylinder and
dilutewithwaterto 200 ± 1 ml (notee).

(e) Theaqueous volume affects the final result. A
constant200 ml is therefore used.

A9.5

Transferthe solution to a separating funnel. Add
4.00 ± 0.05ml ofAPDCsolutionand shake tomix.
Add 10.00 ± 0.05 ml ofMIBK(notes and g) and
stopperthe funnel.

(f) MIBK has a harmful vapourandmust not be
pipettedbymouth.
(g) If other elements, eg cadmium, lead, nickel, are
to be determined on the same aliquotof the
sample, up to 25 ml ofMIJ3Kmay be used
throughout. However, there will be
considerable lossofsensitivity and possibly also

f

ofprecision.

A9.6

Shakethe funnel vigorously for 2 mm ± 15 s. Allow
to stand for5 mm ± 30 s and thenseparateand
discard the aqueous phase

A9.7

Run the organic phaseinto a sample tubeand fit the (h) All samples, blanksand standards should be
lid (note h). Complete the atomic absorption stage
processed to this stage before proceeding to the
atomic absorption stage.
during the sameworking day.
Blank determination

A9.8

A blank must be run with eachbatch(eg up to 10

samples) of determinations using the same batch of
reagentsas for the samples. To a400-migraduated
borosilicate glassbeaker add 0.40 ± 0.05 ml of50%
V/V hydrochloric acidand 200 ± 1 ml ofwater.
A9.9

Ifthe pretreatmentstagewas usedforthe samples,
carryout stepsA9.1to A9.7inclusive. If not, carry
outstepsA9.3and A9.5to A9.7inclusive.
Calibrationstandards

A9. 10

Duplicate calibration standards mustbe run with
eachbatch(eg up to 10 samples) ofdeterminations
(see Section A12.4). To a500-micalibrated flaik
add 1.00 ± 0.05ml of50%V/Vhydrochloric acid.
Pipette intothe flask 25.0ml ofstandardcobalt
solution B dilutewithwater to the mark and mix
well. Place 200 ± 1 ml of this solution in a 400-niL
graduatedborosilicate glass beaker.
-

A9.11

If thepretreatmentstage was usedfor thesamples,

carryout stepsA9.1 to A9.7inclusive. Ifnot,carry
out stepsA9.3and A9.5to A9.7inclusive.
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Step

Experimental Procedure

Notes

Atomicabsorption stage

A9.12

Set up the instrumentaccording to the
manufacturer's instructions for aspirating organic
solvents into an air/acetylene flame.The wavelength
requiredis 240.7 nm.

A9.13

Aspiratepure MIBKandadjustthe zero. Aspirate (i) Keep the aspiration tube above the bottomof
one of the calibration standards (notesi and j) and
the sample tubeto avoid aspiration ofwater
the
instrument
to
a
suitable
which mayhave collected in the bottomofthe
adjust
give
response, eg
80%
of
full
scale
deflection.
approximately
sample tube.
(j) Do not aspirate morethan one-thirdofthe
organic phaseatthis stage as it is requiredfor2
furtheraspirations.

A9.14

Aspiratepure MIBKand readjustthe zeroif
necessary. Re-aspirateboth the calibration
standards with an aspirationofpure MIBK after
eachand measurethe maximum instrument
responses C1 and C2 (eg peak height).

A9.15

Aspiratethe blank(notej) and thenpure MIBK and
measurethe maximum instrumentresponse B1.
Aspiratethe samples (notei) with an aspiration of
pure MIBKaftereach. Measure the maximum
instrument responseofthe sample, S.

A9.16

To check forany instrumentdriftaspirate both

calibrationstandards and the blankwith an
aspiration ofpure MIBK after eachand measurethe
maximum instrumentresponses (eg peak height).
C3, C4 andB2 respectively. If C1, C2, C3 and C4 and
also B1 andB2 are in satisfactoryagreement
calculate the means C and B.
Calculationof results
(see Section All)

A9.17

Calculate the concentration, A, of cobalt in the
sample from

A =.

S— x
100g/l
C-B
—

C1 + C2 + C3 + C4
4

Where

-B=

B1+B2
2

This calculation assumes a linearcalibration curve.
Linearity must be checked (see Section AlO.)

9

Al0

Checking the
Linearity of the

The proceduregivenin this Section must be carried out on at least two independent
occasionsbefore application of this method to any samples and regularly thereafter.

Curve

To eachof a series of 500-nil calibrated flasks add 1.00 ± 0.05 ml of 50% v/v
hydrochloric acid. Pipette respectively to these flasks 0.0, 5.0, 10.0, 15.0, 20.0 and
25.0 ml of standardcobalt solution B and dilute with waterto the mark. These flasks
contain respectively 0, 20, 40, 60, 80 and 100 pg/l cobalt. Place 200 ± 1 ml of these
solutions in a series of 400-rnl graduated borosilicate glass beakers andcarry out the
procedure given in steps A9.3, A9.5 to A9.7 inclusive and steps A9.12 to A9.16
inclusive. Plot the maximum instrument response (eg peak height) against jig/l cobalt.

Calibration

The calibration curve is normally linear to 100 ig/l cobalt, however, the linearityof
the curve may depend on the type of instrumentation used and therefore linearity
must be checked. If the calibration curve departs from linearity, the calibration
standardin step A9.10 is not appropriate,nor is the range given in Section A1.4. in
such a case the calibration standard chosen for step A9.10 should be the highest
concentration on the linear portion of the calibration curve and the concentration
range of the method should be adjustedaccordingly.

Al 1

Change of

Concentration
Range of the
Method

A12 Sources

If the cobaltconcentration in the sample is likely to exceed 100 p.g/1 an appropriately

smaller aliquot of the sample must be takenfor analysis. To this volume of sample, V

ml, add sufficient 50% V!'Thydrochloric acid so that there is the same total volume of
50%v/v hydrochloric acidpresent as therewould be in 200 ml ofsample. Dilutewith
water to 200 ml and proceed as in step A9.l onwards. It is necessary to alter the
calculation of the result, step A9.17, as follows:
S—B
200
A = — — -xiOO x — igIl cobalt
V
C-B

of Error The attentionwhich it is neessaryto pay to sources of error depends on the accuracy
required of the analytical-results. The following sub-sections summarise the main
sources of error.

A12. 1 Contamination

It is desirable to carry out the analysis in a laboratory inwhich no appreciable amounts

of cobaltor its compounds are handled.The technique and workingconditions should
be critically examined and any sources of contamination eliminated or minimized. In
particular, it is desirable to reserve the glass apparatus used for the cobalt
determinations solely for this purpose and to carry out a preliminary series of blank
determinations to ensure low blank values before analysing any samples.
A12.2 Cobalt content of the water used for blank determinations

If the water used for the blank

determinations contains cobalt the results will be
falsely low. The importance of this error depends on the cobalt concentration of the
blank water and the concentrations of interest in the samples. Ideally the cobalt
content of the water used for each blank determination should be measuredand an
appropriatecorrection made. An upper limit for the cobalt content of the water can
be calculated by converting the maximum instrument response (eg peak height) to
concentration units. If the concentration obtained is negligible compared with the
concentrations of interest in the samples no further action is required. If the
concentration obtained is not negligible then the procedurewhich follows should he
used to determinethe nickel content of the water:
(a) To each of two 500-fill borosilicate glass beakers add 200 ± Sml of water and
0.40 ± 0.05 ml of 50%V/V hydrochloric acid.
(b) To each of two 500-mi borosilicate glass beakers add 400 ± 10 ml of water and
0.40 ± 0.05 ml of 50%V/V hydrochloric acid.
(c) Coverall beakerswith clean watch glasses and heat those from (b) on a hot plate
until the volumes in them have been reduced to approximately 200 ml. Add a
further 200 ± 5 ml of 'aterto each beaker from (b) and continue heating until
the volumes are reduced to 200 ± 5 ml. Cool the solution to room temperature.

Analyse the contentsof all four beakers as described in Section A9 andlet the
measured maximum instrument responses be W11 and W12 for the two unheated
beakersand W1 and W112 for the two heated beakers.

(d)

(e) The cobalt content of the blank water is equivalent to a maximum instrument
response of
1111 11

'

UT 11\ — fUr

"2

)

1

IVV1

m 117
VV2

1

4

(f)

The concentration of cobalt, A, in the blankwater is then given by

A = C-B
__

x 100 iig/l cobalt

(See step A9.17).
A12.3 Interfering substances
See Section A3. The effect of possible interfering substances may be determinedby
analysing samples spiked with cobalt and various concentrations of the potential
interfering substance.
A12.4 Calibration standards

The calibration curve for this method has beenfoundto be linearthough its slope may
vary from oneset ofdeterminations to another. Suchvariations are caused by changes
in the sensitivity ofthe atomic absorption spectrophotometer. Thereforea calibration
standard must be run for each batch of analyses and steps A9.10 onwardsgive the
necessary procedure. This procedure assumes a linear calibration curve and the
linearity must be checked (see Section AlO).

Al3 Checking the
Accuracyof

Analytical Results

A14 References

(For further information see General Principles ofSampling and Accuracy of Results

1980, also published in this series.)

the methods have been put into normal routine operation many factors may
subsequently adversely affect the accuracyof the analytical results. It is recommended
that experimental tests to check certain sources of inaccuracy should be made
regularly. Manytypes oftests are possible and they should be used as appropriate.As
a minimum, however, it is suggested that a standard solution of cobalt of suitable
concentration be analysed at the same time and in exactly the same way as normal
samples (see Section A5.8.2 and step A9.10). The results 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

Departmentof the Environment, File W51646/50, Papers SCAI42!5/2Ato 2C.
Departmentof the Environment, File WS/646150, Papers SCA14215/1A to 1D.
Lead in Potable Waters by Atomic Absorption Spectrophotometry1976. Methods
for the Examination of Water and Associated Materials, HMSO 1977.
(4) Cadmium in Potable Waters by Atomic Absorption Spectrophotometry 1976.
Methodsfor the Examination ofWatersand Associated Materials,HMSO1977.
(5) Nickel in Potable Waters by Atomic Absorption Spectrophotometry 1981.
Methodsfor the Examination of Waters and Associated Materials, HMSO, in
(1)
(2)
(3)

press.
(6)

Departmentof the Environment, File WS/646/50,Papers SCA/42/5/3A and B.
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Cobalt in Potable Waters by Atomic

Absorption Spectrophotometry
Tentative Method (1981 Version)

Note: Throughoutthis method cobaltis expressed as the element Co.

BI Performance
Characteristicsof B1.1 Substance determined

the Method.

(For further
informationonthe
determination and
definition of
performance
characteristics see
GeneralPrinciples of
Sampling and
Accuracy ofResults
1980,also published
in this series).

All forms ofcobaltlikely to occurin potable
waters(seeSections B2 andB8)

B1.2 Type ofsample

Potable waters

B1.3 Basis ofthe method

Concentration of the sample by evaporation
followed by atomic absorption
spectrophotometry.

==
B1.4 Range ofapplication (a)

Up to 100 pgfl (see Section B12)

B1.5 Calibration curve (a)

Linear to 100 pgIl (see Section BI 1)

B1.6 Standarddeviation

Cobalt concentration Standard Degrees of
deviation freedom

(ig/l)
B.1.6.1 withinbatch

B1.6.2 total

-

0.0(a)(d)

0.66
0.30

9
9

10.0(a)(c)

0.53

9

50.0(a)(c)

0,91

50.0(a) (d)
100.0(a)(c)
0.0(b)(c)
20.0(b)(c)
100.0(b)(c)

1.36
1.67
0.31

9
9
9

0.0(a)(c)
0.0(a)(d)

0.49

.

5
5

0.43

9

0.31

9
9

0.77

50.0(a)(d)
100.0(a)(c)
0.0(b)(c)

1.09

100.0(b)(c)

1.1

9

1.20

10.0 (a) (c)

20.0(b)(c)

B1.7 Limit Qfdetection(a)

(pg/l)

0.0(a)(c)

1.99

9
9

0.44
0.48
0.88

9
9
9

(b) to 2.4 pg/l (a) each with 9 degreesof

freedom.
B1.8 Sensitivity(a)

100 pjg/I gives an absorbance ofabout 0.1

B1.9 Bias

Not known

B1.10 Interferences

Noneof the metals commonly presentin
potable waterscause significant interference at
moderate concentrations (see Section B3).

B1.11

Time requiredfor
analysis (a)

The typicaltime for a batchof 10 to 15
samples is approximately 4 hours ofwhich the
evaporation stage occupies approximately 3
hours.

(a) Thesedata were obtained atthe SouthernDivision WaterPollutionControl
Laboratory, Yorkshire WaterAuthority1
(b) These data were obtained at theMarineBiologicalAssociation, Plymouth2
(c) Deionized waterspikedwith the statedcobaltconcentration.
(d) Tap water spiked with the stated cobalt concentration.
B2 Principle

B3

Interferences

Cobaltis determined by atomic absorption spectrophotometry after concentration of
the sample 10 times by evaporationin the presenceof nitric acid. The pre-treatment
by evaporation with nitric should ensure that any cobalt present in suspended or
colloidal forms is converted into a soluble form. It is possible to determine other
metals using this technique such as copper3, zinc4 and nickel5.
Most substances
normally present in potable waters do not inferfere. The effect of
othersubstances on the methoddescribed has beendetermined by 2 laboratories'(2)
and is shown in table B1.

B4 Hazards

The exhaustfumes from the atomic absorption spectrophotometer are toxicand must
be ducted away.

B5 Reagents

All reagents may be kept in

glass or polyethylene bottles (see Section B6.2).
chemicals
are suitable unless otherwise stated.
Analytical reagent grade
B5.1 Water

The water used for blank determinations and for preparing reagent and standard
solutions should have a nickel content that is negligible, comparedwith the smallest
concentration to be determined in the samples. Deionizedwater or water distilled
from an all glass apparatus is suitable.
B5.2 50% V/V Hydrochloric acid

Dilute 500 ± 5 ml of hydrochloric acid (d20 1.18) with water to 1 litre in a stoppered
measuring cylinder and mixwell.
B5.3 Nitric Acid (d20 1.42).

B5.3.1 5M Nitric Acid approximately
Dilute 320 ± 5 ml of nitric acid (d20 1.42) with water to 1 litre in a stoppered
measuring cylinder and mix well.
B5.3.2 10% V/VNitric Acid
Dilute 100 ± 1 ml of nitric acid (d20 1.42) with water to 1 litre in a stoppered
measuring cylinder and mix well.
B5.4 Standard cobaltsolutions
B5.4.1 Solution A 1 ml contains 1 mg Co
Weigh 1.000 ± 0.005 g of cobalt foil or powder (greater than 99.9% purity), and
dissolveit in a mixture of30 ± 1 ml of nitric acid(d20 1.42), 30 ± 1 ml of hydrochloric
acid(d20 1.18) and approximately 50 ml ofwater, carryingout the operation in afume
cupboard. Quantitatively transfer the solution to a 1-litrecalibratedflask, dilute with
water to the mark and mix well. The solution is stable for at least several months.
Alternatively use a commercially available standard cobalt solution.

g

Co
B5.4.2 Solution B 1 ml contains 20
Dilute 20.0 ml of solution A with water to 1 litre in a calibrated flask and mixwell.
This solution should be freshly preparedbefore use.
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Table Bi
Concentration o1
other substance
(pgIl)

Other substance

Effect in p.g/l Co of
other substance at a
cobalt concentration of (e)

Other substance
added as

0.0g/l
Thloride

+4.5

+2.2

2.6*

—0.3

—2.1

100

chloride
chloride

—1.0

+0.2

+0.8

+0.3

(as Ca2)
(asMg2)
(as Na )
(as K )

100

=chloride

+

—

10

1 chloride )
chloride )

(as Cu2)

5
5
5

chloride )
chloride )
thloride )

5

chloride

Calcium
Magnesium
Sodium

(asMg2)
(asNa )

Calcium
Magnesium
Sodium
Potassium
Copper
Zinc
Manganese

(asZn2)
(as Mn2)

Iron

(as Fe3)

Sulphate
Phosphate

(as Ca2)

(as 5Q2
(as P03

Silicon

10.0 p.g/l 50.0 p.g/l

))

(as Si02)

Non ionic detergent

200
20

25
50

200
20
10

)

chloride )

+1

- hydrogen
ammonium
dihydrogen
södiuni silicofluoride

.

3

0.0

+0.6

—0.2

—0.1

+1.2

+0.3

—0.2

+0.3
+0.4

—0 .

+1.2

+1.4

+1.0
+1.1

—0.3

0.0

+0.5

10

.9

+1.8

0.0 pg/l 20.0 p.g/l 100.0 pgfl
Aluminium
Copper

Iron

Manganese

Zinc

Calcium
Magnesium
Sodium
Potassium
Phosphate
Silicon

Sulphate
Nitrate
Fluoride
Anionic Detergent

(as Al3 )
(as Cu2)

1

nitrate

5

nitrate
nitrate )
ñitrate )
nitrate )

(asFe3 )
(as Mn2)
(as Zn2 )

2
2

(as Ca2 )
(as Mg2)

300

(as Na )

(as K

)

5

lOU

300
20
5

50
300
100
2
5

*

)
)

hToride

)

hloride

)

hioride

*

—0.4

—0.5

+3.4

—0. 1

— .4

+

—0.2
—0.2
—0.5

— 0.9

+3.5

.1

chloride )
disodium hydrogen
silicate
1 hydrogen
Thydrogen
sodium

0,7

—1.6

+3.0
+2.9

—0.2

— 0.6
— 0.7
— 0.6

+0.2

+ 0.3

+ 1.7

+0.4

*

.

—0.2

Determinedby the Southern Division, Water Pollution Control Laboratory,Yorkshire Water Authority.
Determinedby the Marine Biological Association, Plymouth.
(e) If other substances did not interfere, the effectwould be expected to be (95% confidence) within the ranges.
**

0.0 ± 1.0 for 0.0 pg/l Co
0.0 ± 1.1 for 0.0 g/l Co
0.0 ± 1.0 for 10.0 pg/l Co for * and 0.0 ± 1.0fr 20.0 p.g/l Co for
0.0 ± 1.9 Tbr 100.0 ig/l Co
0.0 ± 0.9 for 50.0 pg/l Co
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B6 Apparatus

B6.1 An atomic absorption spectrophotometer equipped for an air/acetylene flame
and with a cobalthollow cathodelamp.Facilities for automatic background correction
should be used. If the instrument is not equipped with facilities to make this
correction, a separate measurement for background must be made, using a suitable
continuum. (6)
B6.2

Cleanliness

Cleanliness is essential for this determination. If possible, apparatus should be
reserved solely for cobalt determinations: all residual cobalt from previous cobalt
deterniinations must be removed. Cleanall newglass and polyethylene ware by filling
with, or soaking in, 10% V/V nitric acid for several hours. Rinse thoroughly with
water. Thereafter, a thorough rinse in 10% V/V nitric acid, followed by a thorough
rinse with water after each determination should suffice.

B7 SampleCollection Clean a polyethylene bottle by the procedure described in Section B6.2 add
and Preservation 2.00 ± 0.05 ml of 50% v/v of hydrochloric acidper litre of sample to be collected,
and then collect the sample. Alternatively 1.00 ± 0.05 ml of nitric acid d20 (1.42) per
litre of sample maybe used. The acidificationminimizesthe adsorption of cobaltonto
the walls of the bottle.
B8 Sample

Pretreatment

The method described specifies concentration of the sample by evaporation in the
presenceof nitric acid. This procedurewill convert any cobalt presentin suspended or
colloidal material into a soluble form.

B9 Analytical Procedure
READ SECTION B4 ON HAZARDSBEFORE STARTING THIS PROCEDURE

Step

Experimental Procedure

Notes

Analysis of samples
Pretreatment stage

B9.1

(Carry out this stage in a fume cupboard)
Add 200 ± 1 ml of the sample to a 400-ml
(a) Thehot plate surface temperatureshouldnot
exceed 160°C, This maybe measuredby a
borosilicate tall form glass beaker. Add 1.0 ± 0.1 ml
thermometer standing in a drilled metal block
of nitric acid(d20 1.42). Coverthe beakerwith a
watch glass andsimmer on ahot plate (note a), until
placedon the surface of the hot plate.
the solutionvolume is reducedto between 5 and 10
ml (noteb), and allow to cool.

B9.2

Cautiouslywash down thewatch glass andthe inside (b) The 5 to 10 ml volume may be judged by
of the beakerwith about 10 ml ofwaterand add 1.0
premarking the beaker. Itis importantto
ensurethat the liquid doesnotevaporateto
± 0.1 ml ofnitric acid (d20 1.42). Heat gently until
thevolume ofthe solutionis again reduced to
dryness.
between5 to 10 ml (noteb), andallow to cool.

B9.3

Transferthe contentsofthe beakerto a 20-ml
calibratedflask. Washthe inside ofthe beakerwith
small volumes ofwater. Add the washingsto the
contentsof the calibratedflask, dilutewithwaterto
the mark,stopperandmixthoroughly. Complete
the atomic absorption stage duringthe same working
day.

is

Step

Experimental Procedure

Notes

Blank determination

B9.4

A blank mustbe run witheach batch(eg up to 10

samples) of determinations using the same reagents
as forsamples. To a 400-miborosilicate tall fdiiñ
glass beaker, add 200 ± 1 ml ofacidified deionized
water(note c).
B9.5

(c) The acidified wateris preparedby adding either
2.00 ± 0.05ml of50%v/v hydrochloric acid
or 1.00 ± 0.05ml ofnitric acid(d20 1.42) to 1
litre ofwater;use the same acid aswasusedin
Section B7.

Carryout stepsB9.1 to B9.3 inclusive.
Calibrationstandards

B9.6

B9.7

B9.8

Duplicate calibration standards must be run with
eachbatch(egup to 10 samples) of determinations
(see Section B12.4). To a 1-litre calibrated flask add
2.00 ± 0.05 mlof50%V/V hydrochloric acid,pipette
intothe flask 5.0 mlofstandardcobaltsolution B,
dilutewith waterto themark and mix thoroughly.
Transfer 200 mlofthis solution to a400-miborosiicatetall
form glass beaker,andcarry outstepsB9. ito B9.3 inclusive.
Atomicabsorption stage
Set up the instrument,according to the
manufacturer's instructions forthe determination of
cobaltusing an air/acetylene flame.Thewavelength
requiredis 240.7nm. Automatic or manual
background correction is essential.

Aspirateacidified water(noted) untilequilibrium
conditions are established. Aspirateone of the
calibration standards andadjustthe instrumentto
give a suitable response.

B9.9

Aspirateacidified waterand readjustthezero:

B9. 10

Aspiratethe calibration standards withan aspiration
ofacidified waterbetweeneach.Letthe instrument
responses ofthe calibration standards be C1 and C2.

B9. 11

Aspiratethe blank followed byacidified water. Let
the instrumentresponse ofthe blankbe B1.

B9. 12

Aspiratethe samples with an aspiration ofacidified
waterbetweeneach. Recordtheinstrument
response ofthesample. Correct for background and
let the correctedresponse be S.

B9.13

After eachbatchof 10 samples re-aspirate the blank
and both calibrationstandards with an aspiration of
acidified water in betweeneach. Note the
instrumentresponses ofthe blank(B2) and the-

calibration standards (C3 andC4).

(d) To 100 ± 1 ml ofdeionized water, add
1.00± 0.05 ml of5Mnitric acid.

Step

Experimental Procedure

Notes

Calculation

B9.14

Cobalt concentration

SC-B

x 100 .tg/1

whereB = B1+B2
2

-

andC=

C1+C2+C3 +C4
4

This calculation assumes a linear calibration curve.
This must be checked (see Section Bli).

BI0 Measurementof The instrument responses for samples, standards and blanks are measured with
Instrument
respectto the response of acidified wateraspirated on either side (see step B9.8 note
Responses
d). Most atomic absorption instruments have integration facilities and it is
recommended that each sample, standard or blank reading is obtained using a
standardfixedintegration time (typically 4—lOs).

BI I Checking the

Linearityofthe
Calibration
Curve

The procedure given in this Section must be carried out on at least 2 independent
occasions, before application of this method to any samples, and regularly thereafter.
Pipetterespectively to a series of 1-litre calibratedflasks 0.0, 1.0, 2.0, 3.0, 4.0 and 5.0
ml of standardcobalt solution B, dilutewith acidified water (see step B9.4note c) to
the mark, and mixthoroughly. These flasks contain respectively 0, 20, 40, 60, 80 and
100 pg/lcobalt. Carryout the procedure given in Section B9 treating these solutions as
iftheywere samples. Plot the instrument responseofeachsolution against pg/1 cobalt.
The calibration curve is normally linear; however, the linearityshould be checked. If
the calibration curve departsfrom linearity, the calibration standardin step B9.6may
notbe appropriate,nor the rangegiven in Section B1.4. In sucha case,the calibration
standard chosen for step B9.6 should be the highest concentration on the linear
portionof the calibration curve, and the concentration rangeof the methodshouldbe
amended accordingly.

BI 2 Changeof

Concentration
Range ofthe
Method

If the cobaltconcentration of the sample is likelyto exceed 100 pg/l, an appropriately

smaller aliquot of the sample must be taken for analysis, diluted with acidified water
(see step B9.4, note c) to 200 ml, and treated as described in theprocedurefrom step
B9.1 onwards.

The calculation of the result, step B9.14, must then be altered to
S—B
Cobalt concentration =
x 200 x 100 pg/l
C-B

V

where V ml is the volume of sample taken.
Alternatively if the calibration curve is linear beyond 100 ig/l for a particular
spectrophotometer the range of the method may be extended up to the extent of
linearityof the calibration curve.
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B13 Sources of Error The attentionwhich it is necessary to pay sources of error depends on the accuracy
required of the analytical results. The following sub-sections summarise the main
sources of error:
B13.1 Contamination

--

is desirable to carry out the analysis in a laboratory in which no appreciable
amounts of cobalt or its compounds, are handled. The technique and working
conditions should be critically exaniined, and any sources of contamination
eliminated or minimized. In particular, it is desirable to reserve the glass apparatus
us-ed for the cobalt determinations solely for this purpose, and to carry out a
preliminary series of blank determinations, to ensure low blank values before
analysing any samples.

It

-

B13.2 Cobalt content of the water used for blank determinations
If the water used for the blank determinations contains cobalt the results will be
falsely low. The importaii of this error depends on the cobalt concentration,in
both the blankwater and the samples. Ideally, the cobaltcontent of the water used
for each blank determination should be measured and an appropriate correction
made. An upper limit for the cobalt content of the water can be calculated by
converting the instrument response to concentration units. If the concentration
obtained is negligible, compared with the concentrations of interest in the samples,
no furtheraction is required. If the concentration obtained is notnegligible, then the
procedure which follows should be used to determine the cobalt content of the
water.

(a) To each of two 500 nil borosilicate glass beakers, add 200 ± 1 ml of water and
0.40 ± 0.05 ml of 50% V/V hydrochloric acid or 0.20 ± 0.02 ml of nitric acid
(d20 1.42); use the same acid as was used in Section 137,
(b) To each of two 500 borosilicate glass beakers, add 400 ± 1 ml of water and
0.40 ± 0.05 ml of 50% v/v hydrochloric acid or 0.20 ± 0.02 ml of nitric acid
(d20 1.42); use the same acid as was used in Section B7.

l

Cover all beakerswith clean watch glasses and heat those from (h) on a hot plate
until the volumes in them have been reduced to approximately 200 nil. Add a
further 200 ± 1 ml of waterto each beakerfrom (b) and continue heatinguntil
the volumes are reduced to 200 ± 1 ml.
(d) Analyse the contents of all 4 beakers as described in Section 89, and let the
instrument responses be W'1 and
for the 2 unheated beakers,and \V'1, and
W112for the 2 heated beakers.
(e) The nickel contentofthe blank water is equivalent to an instrumentresponse of:
(c)

W

w = (W11' + W211)— (W'1 + W'2)
4
The concentration of cobalt,

(f)

A=

__

C-B

A in the blank water is then given by

X 100pg/lcobalt

(See step B9.14)

Interferingsubstances
See Section B3. The effect of possible interfering substances may be determined by
analysing water spiked with nickel and various concentrations of the potential
B13.3

interfering substance.

B13.4 Calibration standards

The calibration curve for this method has been found to be linear, though its slope
may vary from one set of determinations to another. Therefore, a calibration
standard must be run for each batch of analyses, and steps B9.6 onwards give the
necessary procedure. This procedure assumes a linearcalibration curve and linearity
must be checked (see Section B 11).
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B14 Checking the

Accuracyof
Analytical
Results

BI 5 References

the method has been put into normal routine operation, many factors may,
subsequently, adversely affect the accuracy of the analytical results. It is recommended that experimental tests, to check certain sources of inaccuracy, should be
made regularly. Many types of tests are possible, (7) and they should be used as
appropriate.As a minimum, however, itis suggested that a standardsolution ofcobalt
ofsuitable concentration be analysed at the same time, andin exactly the same wayas
normal samples (see step B9.6). The results 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 results to be estimated.
Once

(1)
(2)

(3)
(4)
(5)

(6)
(7)

Departmentof the Environment, File WS/64615015,Papers SCAI42/5/7Aand

B.

Departmentofthe Environment, FileWS164615015, PapersSCA/42/5/8A and B.
Copper in Potable Waters by Atomic Absorption Spectrophotometry 1980,
Methodsfor the Examination of Waters and Associated Materials,HMSO
Zinc in Potable Watersby Atomic Absorption Spectrophotometry1980, Methods
for the Examination of Waters and Associated Materials, HMSO.
Nickel in Potable Waters by Atomic Absorption Spectrophotometry 1981,
Methods for the Examination of Waters and Associated Materials,HMSO.
Atomic Absorption Spectrophotometry on Essay Review 1980, Methodsfor the
Examination of Waters and Associated Materials,HMSO.
Wilson A L and Cheeseman R V, Water Research Centre, Technical Report
TR66. Medmenham 1978.
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Appendix

Estimation of the Accuracyof Analytical Results Using the
Cobalt Methods
Introduction

Quantitativeinvestigationof the accuracy achievable when the cobalt methods are
used appearsto be limited to work at Yorkshire Water Authorityandthe Laboratory
of the Government Chemist for method A. and Yorkshire Water Authority and the
Marine Biological Association for method B. Before firmly recommending the
methods for general use, it is desirable to know the accuracy achievable in other
laboratories. It would, thëefore, be of great value if any laboratory using or
considering the use ofthese methods, could estimate the accuracy of its own analytical
results and report the findings to the Secretary ofthe Metals and Metalloids Working
Group of the DOEINWC Standing Committee of Analysts.*

The precision achieved and the effects of any interfering substances that may be
presentin samples are of particular interest. Anyinformation on these aspectswould
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, suggestions for a suitable experimental design and
analysis of results are given in the following Sections and it is strongly urged that
laboratories followthis design whenever possible. The design has been chosento be as
simple as possible; more complex designs are possible and would give more
information.

2 Basis of
Suggested Tests

The limit of detectionis governed by the within-batch variability of results at zero
determinand concentration. The precision of analytical results may depend on the
concentration of cobalt in the sample analysed and on the type of sample, eg, worse
precision may be obtained with samples than with standard solutions. For these
reasons the basic design recommended is the analysis of one portion of each of the
following solutions on each of n days, where n is at least 5 and preferably up to 10.
Solution No
1
2
3
4
5
6
I-

Methods A and B

Description
-

Blankf

Another Blankt

=1

Standard solution
10 g/l Co
Standard solution
100 jig/I Co
Typical sample
Same sample spiked with 100 p.g/l Co

To be regardedas samples havingzero determinand concentration andNOTas true
blanks.

It is essential that these solutions be treated exactly as if they were samples and the

procedurespecified in Section A9 of the method A, andSection B9 of method B, be
rigidly followed except that a second true blank shouldbe run with that prescribedin
exactly the same manner (ie each of the two true blanks should be analysed in the
batch of samples). The six solutions described above should be analysed in random
order in with each batch of analyses. Solutions 1 to 4 should be prepared each day
exactly as described in the method and should contain the same amount of
hydrochloric acidas is presentin the samples. On any one day the same batch of water
should be used to preparethese four solutions. For solutions 5 and6 a total of at least
2 litresof typical sample are required. Preparesolution 6 each day when requiredby
spiking solution 5 as follows; add with a pipette 1.0 ml of standard cobalt solutionB
(see B5.4.2), to 200 ml of soUition5. When analysingsolution 6 it maybe necessary to
take into account SectionAll or B12 and to take an appropriately smaller aliquot.
The total period of the tests may be any convenient time so long as the cobalt
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concentration in solution 5 does not change appreciably (up to 2 weeks). The results
ofthe analyses of solutions5 and 6 willprovideacheck on the effectof sample type on
precision. Any deviation of the recovery of spiked cobalt from 100% may give an
indication of the presenceof interfering substances.

3 Evaluation

of Results

The raw experimentalresults should be sent direct to the Department of the
Environment* for evaluation together with the results obtained from the standards
used to establish the calibration curve in each batch of analysis. However, for those
laboratorieswishing to makethe calculations themselves the details are given blow.
3.1 Convert all results to concentrations as described in the method. Deduct the
mean response of the first true blankwhenperforming the conversions for solutions 1,
3, 4, 5 and 6 and deductthe meanresponsefor the second true blankwhenperforming
the conversion for solution 2.
3.2 For solutions 3, 4, 5 and 6 calculate the mean concentration of the n resultsfor
each solution. For solutions 1 and 2 calculate the overall meanconcentration ofthe 2 n
results.
3.3 For solutions 3, 4, 5 and 6 calculate the standarddeviation, s, of the n results for
each solution from:

s=V

where X,

=

the result from the ith batch

X = the mean value of X1.
3.4 Calculate the within-batch standard deviation, Swr, of the results
concentration from:
Swr

=

-\/(X1,

at

zero

—X21)2

= the resultfor solution 1 from the ith batch (see 3.1)
X, = the result for solution 2 from the ith batch (see 3.1)

where X1,

Note: Swr is not to be confused with the within-batch standard deviation of
blank determinations,
from which the limit of detection is often calculated.

S,

Calculate the mean percentage recovery, R, of the spiked cobalt in solution6
from:
3.5

R=

(1.005 X6 — X5)

for metbodsA orB

X 100

100

where X5 = the mean value of the results for solution 5
X6 = the mean value of the results for solution 6.
3.6 Summarize the results as in the followingtable:
Solution

For methods A or B
1 and 2 Blanks
3 Standard, 10 pg/l Co
4 Standard, 100 g/l Co
5Sample
6 Solution 5 + 100 gIl Co

No of
results

=
n=
n=
n=
n=

2n

Mean cobalt Standard Mean
concentration deviation recovery
%
pg/l
pg/l

—
—
—
—
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The appropriatesample description should be entered in the space for solution 5. Thc
standarddeviation from step 3.4 is entered for the row for solutions 1 and 2 and thc
standarddeviations from step 3.3 are entered for solutions 3 to 6.
* Results

to be sent to the following:

The Secretary
The Metals and Metalloids Working Group
The Standing Committee of Analysts
The Departmentof the Environment
43 Marsham Street
LONDON SW1P 3PY

Addressfor
Correspondence

However thoroughly a method may be tested, there is always the possibility of a use
discovering a hitherto unknown problem. Userswith information on this booklet arc

requestedto write to:
The Secretary

--

The StandingCommitteeof Analysts
The Departmentof the Environment
43 Marsham Street
LONDONSW1P 3PY
England

Printed in England forHer Majesty's Stationery Office by LinneysofMansfield
Dd 718252 C13 4/82
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