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Methods for the Examination of Waters and Associated Materials
Twomethods, both tentative, for thedetermination of potassium in raw and potable waters
are described in orderto cater forthe availability of equipment in different laboratories.The
first, method A, is basedon flamephotometry and thesecond, method B, is basedon atomic
absorption spectrophotometry.

Athird instrumental method based on atomic emission spectrophotometrywas investigated
butthismethod was consideredto be too sensitivefor thedetermination of potassium in
raw and potable waters and to offerno advantagesover theatomic absorption

spectrophotometric method.
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Warning to Users

The analytical procedures given in this booklet should
only be carriedout by competenttrained persons, with
adequate supervision when necessary. Local Safety
Regulations must be observed. Laboratory procedures
should be carried out only in properly equipped
laboratories. Field operations should be conducted

with due regard to possible local hazards, andportable
safety equipment should be carried. Care should be
taken against creating hazards. Loneworking, whether
in the laboratory or field, should be discouraged.
Reagents of adequate purity must be used, along with
properlymaintained apparatus and equipment of correct specifications. Specifications for reagents, apparatus and equipment are given in manufacturer's catalogues and various published standards. If contamination is suspected, reagent purity should be checked
before use.

There are numerous handbooks on first aid and
laboratorysafety. Among suchpublications are: 'Code
of Practice for Chemical Laboratories' and 'Hazards in
the Chemical Laboratory'issued by the Royal Society

of Chemistry, London; and 'Safety

in Biological

Laboratories' (Editors Hartree and Booth), Biochemical Society Special Publication No 5, The Biological
Society, London, which includes biologicalhazards.

Where the Committee have considered that a special
unusual hazardexists, attentionhas 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 emphasised that prompt first aid, decon-
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tamination, or administration of the correct antidote
can save life; but that incorrect treatment can make
mattersworse. It is suggested that both supervisors and
operatorsbe 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
madefamiliar with the chemical natureofthe injury,as
some chemical injuries requirespecialist treatment not
normally encountered by most doctors. Similarwarning
should be given if a biological or radio-chemical injury
is suspected. Some very unusual parasites, viruses and
other micro-organisms are occasionallyencountered in
samples and when sampling in the field. In the latter
case, all equipment including footwear should be
disinfected by appropriate methods 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
radiationleaks (including ultra violet), use of correct
protective clothing and goggles, removal oftoxicfumes
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, and rescue equipment. Ifin doubt,it is safer to
assume that the hazard may exist and take reasonable
precautions, rather than to assume that no hazard exists
until proved otherwise.

About this Series

This booklet is part of a series intended to provide
recommended methods for the determination of water
quality. In addition, the seriescontains shortreviews of
the more important analytical techniques of interestto
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 methods for the analysis ofwaterand
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 appearedin print. The presentseries
will be published as individual methods, thus allowing
for the replacement or addition of methods as quickly
as possible withoutneed ofwaiting forthe 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 needsandequipment 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 whichof
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 responsiblity ofthe Standing Committee
of Analysts (to review Standard Methods for Quality
Controlof the Water Cycle). TheStanding 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 Empirical and physical methods
4.0 Metals and metalloids
5.0 General nonmetallic substances
6.0 Organic impurities
7.0 Biologicalmethods
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 technicalpress,whilst a listof Methods in Print is
given in the current HMSO Sectional Publication List
No 5, andthe currentstatusof 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 errorshave been
found in booklets in this series. Correction notes for
booklets in 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 found affecting the operationof 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 PIrIWELL
Secretary

4 December 1980
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A. Dissolved Potassium in Raw and Potable
Waters 1980

By Flame Photometry

Note: Throughoutthis method potassium isexpressed as the element K.

Al Performance Char- Al.1
acteristicsofthe
Method

Al.2

(Forfurtherinforma- Al.3
tionon the determinationand definition of
performance character- Al.4
istics see GeneralPrinciples of Samplingand
Accuracy ofResults,
1980, also published in
this series.)

Al.5

Substance determined

All forms ofdissolvedpotassium.

Type ofsample

Rawand potablewaters.

Basis of the method

Flame photometry.

Range ofapplication

Up to 10mg/i without dilution. Higher levels
maybe determined afterdilution towithin this
range.

Calibration curve

Varieswiththe instrument; usuallylinearup to
10 mg/ibut may show slight curvature.

Al.6

Standard deviation
(total) (a)

Potassium concentration

Standard deviation

(mg/i)

(mg/i)

Al.7

Limit ofdetection(a)

0.08 mg/i (with 10 degrees offreedom). The
within batchstandarddeviation of a 0.5 mg/i
potassium standardwas 0.02 mg/i.

Al.8

Sensitivity (a)

1 mg/IK givesapproximately 10% fullscale

Al.9

Bias

Notknown.

Al.10

Interference (a)

Noimportant interferences known (see Section

0.038
3.00 (b)
0.072
5.00(b)
0.065
8.00 (b)
0.028
1.61(c)
4.61 (d)
0.061
estimate
has
19
(Each
degrees offreedom.)

deflection.

3).

A1.ll Time requiredfor
analysis (a)

Thetotal analyticaland operatortimes are the
same and for a batchof 10 samples are
approximately 40 minutes.

(a) These data were obtainedat the South West WaterAuthority1.
(b) Distilled water spikedwiththestatedpotassium concentration.
(c) Tap water.
(d) Tap water spikedto the statedpotassium concentration.
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A2 Principle

Potassium is determined using a flame photometerof which several types are
available. The sample, after dilution with water if necessary, is aspirated into a flame
(usually a mixture of air and either town gas or propane or butane) of sufficient
thermal energy to cause any potassium presentto emit its characteristic radiation. The
intensity of the emitted radiation is measured and related to the potassium
concentration in the original sample.

A2.l

A2.2 The method described measures potassium in the concentration range up to
10 mgll. Many raw andpotablewaterswill have potassium concentrations in this range
and consequently the potassium concentration may be determined directly. However,
some raw and potablewaterswill have potassium concentrations greaterthan 10 mgll.
Such waters should be diluted with potassium free water so that the potassium
concentration is less than 10 mgfl prior to the determination. Waters containing
suspended matter should be filtered through an acid (10% V/V hydrochloric acid)
washed 0.45 pm filter prior to the determination. Potable waters do not normally
require filtration.

A3 Interferences

The effect of sulphate, chloride, calcium, sodium and lithium ions on the
determination of 5 mg/l potassium has been determined by the South West Water
Authority2 and the resultsare reportedin Table 1. Sulphate ions had a slight effect,
and whilst this effectmay be important in a few specific situations, generally it is not
considered important in the determination of potassium in most raw and potable
waters.
A3.1

Theeffectofthe ionization buffercaesium on the determination of potassium
in the range 0 to 10 mg/l has also been determined by the South West Water
Authority2. This buffer had no effect over the potassium range tested and therefore
its use is not recommended. Typical results at a potassium concentration of 5 mg/l
given in Table 1.
A3.2

Table 1
Concentration
Substance

(mgfl)

Sulphate
as S042_
Chloride
as Cl-

250

Calcium

200

600

as Ca2
Sodium

as Na
Lithium
as Li
Caesium
as Cs

100
1,000
1,000

Added as
Ammonium
sulphate
Ammonium
chloride
Calcium
chloride
Sodium
chloride
Lithium
chloride
Caesium
chloride

Effect* in mgfl K at a
potassium concentration of 5 mgfl

+ 0.30
+ 0.00
+ 0.20
+ 0.10
— 0.10

+ 0.55

* lithesubstances did notinterfere theeffectwould be
expected (95% confidence) to
lie with the range 0.00 ± 0.21 mg/i K.

A4 Hazards

The fumesfrom the flame photometer may contain toxic gases and therefore they
should be ducted away to the outside atmosphere.
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A5 Reagents

All reagentsand standards for the determination of potassiummust be stored in clean

polyethylene bottles. Analytical reagent grade chemicals are essential unless
otherwise stated.
A5.1 Water
The water used for blank determinations and for preparing reagents and standard
solutions should have a potassium content which is negligible compared with the
smallest concentration to be determined in the samples. Distilled water which has
been passed through a mixed bed cation-anion exchanger is suitable.
A5.2 10% V/V Nitric acid
Dilute 100 ± 1 ml of nitric acid (d20 1.42) with water to 1 litre.
A5.3

Standardpotassium solutions

A5.3. 1 Solution A 1 ml contains 1 mg potassium
Dissolve 1.907 ± 0.005 g of potassium chloride (dried for at least 1 hour at (140±
10°C) in water and dilute with water to 1 litre. This solution is stable for several
months.
A5.3.2 Solution B 1 ml contains 100 j.g potassium
Dilute 10.00 ± 0.02 ml of standardpotassium solution A with water to 100 ml in a
calibrated flask. This solution should be freshly prepared when required.

A6 Apparatus

A flame photometer using an appropriateinterference filter and equippedfor
an air/fuelflame. The fuel may be town gas, propane or butane.

A6.1

A6.2 All glassware should be of borosilicate glass. All glass and polyethylene ware
should be cleaned by filling with or soaking in 10% v/v nitric acid followed by
thorough rinsing with water. If possible, the apparatus should be reserved for
potassium determinations.
A6.3 Potassium is an ubiquitous element and precautions should be taken to guard
the apparatus against contamination from, for example, dust, smoke, cleaning
materials and perspiration.

A7 Sample Collection Collect the sample in

and Preservation

a clean

preservation is not required.

polyethylene bottle (see Section A6.2). Sample

A8 Analytical Procedure
READ SECTION A4 ON HAZARDSBEFORE STARTING THIS PROCEDURE
Step Experimental Procedure

A8. 1

Notes

Preparation of calibration curve (notea)
To a series of 100-ml calibrated flasks add 1.00, 2.50,
5.00,7.50 and 10.00ml (all ± 0.02 ml) of standard
potassium solution B and dilutewith water to the
mark. These solutions contain1.0, 2.5, 5.0,7.5 and

(a) This calibration procedure must be carried out
before analysisof eachbatchofsamples.

10.0mgllKrespectively.

A8.2 Set up the flamephotometer according tothe
manufacturer's instructions for determining
potassium. Aspiratewaterand adjustthe scale
reading to 0%. Aspiratethe 10 mg/lK standardand
adjustthe scalereading to 100%. Repeat the
aspiration ofwaterand 10 mg/ipotassium untilthe
0% and 100% readings respectively are obtained
withoutthe need forfurther adjustment. Aspirate
water.

A8.3 Aspiratethe 1.0 mg/lK standard and measurethe

instrument response.Aspirate water. Aspirate the
othercalibrationstandardswith an aspiration of
wateraftereachand measurethe instrument
responseofeach standard. Construct a calibration
curve ofpotassium concentration against instrument
response.

Filtration of samples
A8.4

Ifthe sample contains suspendedmattera suitable
portion should befiltered throughan acid (10% V/V
hydrochloric acid) washed0.45 pm filter. Ifthe
sampledoes not contain suspendedmatterproceed
to stepA8.5.

Dilution of samples(noteb)
A8.5

Ifthe sample or filtered samplecontains or islikely
to contain morethan 10mg/ipotassium then an

appropriate volume, V1 ml, ofthe sampleshould be

(b)

Ifthe potassiumconcentration is expectedto be
lessthan 10 mg/iproceed directlyto step A8.6.

dilutedwith waterto an appropriately larger
volume,V2 ml, so that the expected potassium
concentration is lessthan 10 mgIl.
V2

The dilution factor F = —

Vi

Analysis of samples
A8.6 Aspiratethe sample, filtered sampleor diluted
sample and measurethe instrument response.
Aspiratewater. Aspiratethe remaining sampleswith
an aspiration ofwaterafter eachand measurethe
instrumentresponse(notec).

(c) Aspirate a 10 mg/ipotassiumstandard after
every 10samplesandreadjustthe instrument if
necessary.

A8.7 When all samplesand standardshave been aspirated
watershould be aspiratedfor at least two minutes to
cleansethe instrument.

I

Calculation ofthe result
A8.8

If the sample wasaspirated withoutdilution the
potassium concentration is read directly from
the calibration graph.

If the sample wasdiluted (step A8.5) determine

the potassium concentration, A, in the diluted
sample from the calibration graphandcalculate
the potassium concentration, B, in the original
sample from

B =A X Fmg/IK

A9 Sources of
Error

The attentionwhich it is necessaryto pay to sources of error depends on the accuracy
required of the analytical results. The following sub-sections summarize the main
sources of error.
A9.1 Contamination
See Section A6.3. The technique and working conditions should be critically
examined and any important sources of contamination minimized.
A9.2 Interfering substances
See Section A3. The effect of possible interfering substances may be determined by
analysing samples spiked with potassium andvarious concentrations of the potential
interfering substance.
A9.3 Calibration curve
The calibration curve for this method may be slightlynon-linear in the specifiedrange
and the degreeof non-linearity may vary from instrument to instrument. It is essential
that a calibration curve be prepared(steps A8.ito A8.3)before analysis ofeachbatch
of samples.

Al0 Checking the
Accuracy of
Analytical
Results

All References

(Forfurther information see General Principlesof SamplingandAccuracy of Results
i980, alsopublishedin this series).
Once 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. Many types oftests are possible and they should be usedas appropriate. As
a minimum, however, it is suggested that a standardsolution of potassium ofsuitable
concentration be analysed at the same time and in exactly the same way as normal
samples (see Section A8). The results obtained should then be plotted on a quality
control chartwhich will facilitate detectionof inadequate accuracy, and will also allow
the standarddeviation of routine analytical results to be estimated.
.

1. Departmentof the Environment, File WS1646/53, Papers SCAI4.3/32and 35.
2. Departmentof the Environment, File W51646/53, Papers SCAI4.3133 and 35.

B. Dissolved Potassium in Raw and Potable

Waters 1980
By Atomic Absorption
Spectrophotometry

Note:

BI Performance
Characteristics
ofthe Method
(For further
informationon the
determination and
definition of
performance
characteristicssee
GeneralPrinciples of
Samplingand
Accuracy ofResults,
1980, also published in
this series.)

Throughoutthis method potassium is expressed as the the element K.

Bi.1

Substance determined

Allforms ofsoluble potassium.

B1.2

Type ofsample

Rawandpotablewaters.

Bi.3

Basis ofthe method

Atomic absorption spectrophotometry.

Bi.4 Rangeof application (a)

Upto 10mg/l

Bi.5

Normallylinearto 10 mg/i (see SectionB9).

Calibration curve (a)

Bi.6 Total standard deviation (a)

Potassium concentration
(mg/i)

Total standard
deviation (mg/i)

0.034
0.00(b)
2.00 (b)
0.032
0.119
8.00(b)
5.01 (c)
0.057
0.129
7.00(d)
(Eachestimation has 9 degrees offreedom.)

Bi.7

Limit ofdetection(a)

0.15 mg/i with 9 degrees of freedom.

B1.8

Sensitivity(a)

10 mg/l potassium gives an absorbence
ofapproximately 0.75.

B1.9

Bias

Noneknown.

B1.10 Interferences

Noneknown,see Section B3.

B1.11 Time requiredfor

Thetotal analytical and operatortimes
are the same and for a batchof 10
samples are approximately 30 minutes.

analysis (a)

(a) These datawere obtained at theThames WaterAuthority' using thismethod
and a single beamatomic absorption spectrophotometer withtheburner rotated
20° to the optical axis.
(b) Distilled water spikedwith the statedpotassium concentration.
(c) Tapwater.
(d) Tap water spikedwith2.00mg/ipotassium.
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B2 Principle

B2.1 Potassium is determined by atomic absorption spectrophotometry by
aspirating a sample (oran acified sample) containing 1,000mg/i caesiumas an
ionization suppressant directly intoan air/acetyleneflame. The wavelengthrequiredis
769.9 nm. An important requirement is that the atomic absorption spectrophotometer
must be fittedwith asuitable red sensitive photomultiplier.
B2.2 The method described measures potassium in the concentration range up to 10
mg/l. Some waters will have potassium concentrations greaterthan 10 mg/i and such
watersshould be diluted with waterso that the potassium concentration is less than 10
mg/l prior to the detennination. Waters containing suspended matter should be
filteredthrough an acid (10% V/Vhydrochloric acid) washed 0.45 p.m filterprior to
the determination. Potable watersdo not normally require filtration.

B3 Interferences

B3.1 Investigations carried out by Thames Water Authority have shown that 1,000

mg/i caesium is requiredas an ionization suppressant during the determination.

B3.2 The effect ofvarious potentialinterfering substances has been determined by
Thames WaterAuthority2 and the results are given in Table2.

Table 2
Other

Concentration

Substance

(mg/i)

Sulphate

250

Chloride

Sodium

600
600
600
100

Calcium

200

as 5O42_
as C1
as Na

as Ca2

*

Addedas
Ammonium
sulphate
Ammonium
sodium
hydrogen
Sodium
chloride
Calcium
nitrate

Effect* inmg/i potassium
at a potassium concentration of:
2.00mg/i

8.00mg/i

— 0.03

+ 0.05

— 0.10
— 0.09

— 0.31

—0.06
0.00

—0.18

— 0.04

— 0.27

— 0.35

+ 0.04

If the othersubstance did not interfere theeffectwouid be expected (95%

confidence) to lie between 0.00 ± 0.03 and 0.00 ± 0.07 at 2.00mg/i Kand8.00 mg/i
K respectively.

B4 Hezards
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The exhaustfumesfrom the atomic absorption spectrophotometer are toxic and must
be ducted away to the outsideatmosphere.

B5 Reagents

Allreagentsand standards for the determination ofpotassium must be storedin clean
polyethylene bottles. Analyticalreagentgrade chemicalsare essential unless
otherwise stated.

B5.1 Water
The water usedfor blank determinations and forpreparingreagentand standard
solutions should have apotassium content which is negligiblecompared with the
smallest concentration to be determined in samples. Distilled waterwhich has been
passed through a mixed bed cation/anion exchanger issuitable.
B5.2 Standardpotassium solution 1 ml contains 0.2mg potassium
Dissolve 0.381 ± 0.005gofpotassium chloride (dried forat least1 hourat 140 ±
10°C) in water and dilutewith waterto 1 litre. This solution is stable for several
months.
B5.3 Hydrochloric acid(d20 1.18)
B5.3.1 10% V/VHydrochloric acid
Dilute 100 ± 1 ml ofhydrochloricacid(d20 1.18)withwater to 1 litre.
B5.4 10% V/VNitric acid
Dilute 100 ± 1 ml ofnitric acid (d20 1.42)with water to 1 litre.
B5.5 10% rn/VCaesiwn solution
Dissolve 127 ± 1 g ofcaesium chloride in wateranddilutewith waterto 1000ml in a
calibratedflask.

B6 Apparatus

Anatomic absorption spectrophotometerequippedfor an air/acetyleneflame
and with a potassium hollow cathode lamp,also fitted with a suitable red sensitive
B6.1

photomultiplier.

All glasswareshould beofborosilicate glass. Both glassand polyethylene
wareshouldbe cleaned byfillingwith orsoaking in 10% V/V nitric acidfollowed by
thorough rinsing with water. Ifpossible, the apparatus should be reservedfor
B6.2

potassium determinations.

B6.3 Potassium is an ubiquitous element and precautions should be taken to guard
the apparatusagainst contamination from, for example, dust,smoke, cleansing
materials and perspiration.

B7 Sample

Collection and
Preservation

Collect the sample in a clean polyethylenebottle (see Section B6.2). Sample
preservation by acidificationisnot necessary. However, the determination can be
carriedout on samples preserved byacidification(hydrochloricor nitric acid)
provided that all samples, standards andblankscontain the same concentration of
acid.
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B8 Analytical Procedure
READ SECTION B4 ON HAZARDSBEFORE STARTING THIS PROCEDURE
Step Experimental Procedure

Notes

Filtration ofsamples

B8.1

Ifthe sample contains suspended matterasuitable

portionshould be filteredthroughan acid (10% V/V
hydrochloric acid) washed 0.45 m filter. Ifthe
sample doesnot containsuspended matterproceed
to step B8.2.
Dilution of samples(notea)

B8.2

If the sample or filteredsample contains orislikely
to containmorethan 10mg/l potassium thenan

appropriate volume, V1 ml, of the sample should be
diluted with waterto an appropriately larger
volume, V2 ml,so that the expected potassium
concentration is less than 10 mg/l.

Thedilution factorF =

(a) Ifthepotassium concentration is expected to be
less than 10mgflproceed directly tostep B8.3

Vi

Preparationofsamples
B8.3 Add 1.00± 0.02 ml of 10% rn/V caesium solution to
100 ± 5 ml ofsample, filteredsample or diluted
sample in a measuring cylinder and mixwell.
Blankdetermination (noteb)
B8.4

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

samples) ofdeterminations using the same batch of
reagentsas for samples. Add 1.00± 0.02 ml of 10%
rn/V caesium solution to 100 ± 5 ml ofwaterin a
measuring cylinder andmixwell.

(b) Ifthe sample waspreserved by acidificationthen
the same concentration ofacidmust be addedto
the blank and calibration standards.

Calibrationstandards (noteb)
B8.5 Duplicatecalibrationstandards
mustbe run with
eachbatch (up to 10 determinations) usingthesame

batchofreagentsas for samples. Dilute 5.00± 0.01
ml ofstandardpotassium solution (SectionB5.2)
with water to 100 mlin a calibratedflask (note c).
Add 1.00 ± 0.02 ml of10% rn/V caesium solution
and mix well. Prepareanotheridentical standard.
Atomic absorption stage

B8.6 Set up the instrument according to the
manufacturer's instructions for an air/acetylene
flame. The wavelength requiredis 769.9nm.
B8.7 Aspiratewater andadjust the zero. Aspirateone of
the calibration standards and adjustthe instrument
to give a suitable response.
B8.8 Aspiratewaterandreadjust the zero ifnecessary.
Aspirateboth the calibration standards with an
aspirationofwaterafter eachand measure the
instrument responses C1 and C2.

(c) Thiscalibration standardcontains 10 mgfl
potassium.

Step Experimental Procedure

Notes

B8.9 Aspirate the blank and measure the instrument
response B1. Aspiratewater. Aspirate the samples
(stepB8.3)with an aspiration ofwateraftereach.
Measure the instrument response ofthe sample S.
(noted).
B8. 10 To check for any instrument drift aspirate both
calibration standards and the blankwith an
aspiration ofwater aftereachandmeasurethe
instrument responses C3, C4 and B2 respectively.If
C1, C2, C3 and C4 and B1 and B2are in satisfactory
agreement calculate the means C and B.

(d) Ifthe sample contains more than 10 mg/l K see
step B8.2.

CalculationofResults (note e)
B8. 11 Calculate the potassium concentration, A, in the
sample from

s—_XlOmg/l
A=_C-B

(e) This calibration assumesa linearcalibration
curve. Linearity mustbe checked (see Section
B9).

foran undiluted sample and from

A=Fx_S—
C-B_xlOmg/l

for a dilutedsample.

B9 Checking the

Unearityof

5:hbtb0h1

Theproceduregiven in this Sectionmust be carriedout on at leasttwoindependent
occasionsbefore application ofthis method to any samples and regularlythereafter.
Pipette into a seriesof 100-nil calibrated flasks 1.00, 2.00, 3.00, 4.00and5.00ml (all ±
0.01 ml) of standardpotassium solution (see Section B6.2) and dilute with water to
100 ml.These solutions contain 2, 4, 6, 8 and 10mg/i potassium respectively. Add 1.00
± 0.02 ml of 10% mIV caesium solution to each flask and mix well. Carry out the
proceduregiven in stepsB8.6to B8. 10 inclusive. Plot the instrument response against
mg/i potassium.
Thecalibration curve is normally linearto 10mg/i potassium; 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
standard in step B8.5is not appropriate,nor is the range given in B1.4. In such a case
the calibration standardchosen for step B8.5 should be the highest concentration on
the linear portionof the curve and the concentration range of the method should be
adjusted accordingly.
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BI 0 Sources of
Error

The attentionwhich it is necessary to pay to sources of error depends on the accuracy
required of the analytical results. The following sub-sections summarize the main
sources of error.
BlO.1

Contamination

See Section B6.3. Thetechnique and workingconditionsshould be criticallyexamined

and any important sources of contamination minimized.

Interfering substances
See Section B3. The effect of possible interfering substances may be determined by
analysing samples spikedwith potassium and various concentrations of the potential
interfering substance.

B1O.2

B1O.3

Calibration standards

Thecalibration curve for this method has beenfound to be linearthoughits slope may
vary from one set of determinations to another. Such variations are caused by changes
in the sensitivity of the atomic absorption spectrophotometer. Therefore a duplicate
calibration standard must be run for each batch of analyses and steps B8.5 onwards
give the necessary procedure. This procedure assumes a linear calibration curve and
linearity must be checked (see Section B9).

BII Checking the

(For further information see General Principles of Sampling and Accuracy of Results
1980, also published in this series).
Once the methods have been put into normal routine operation many factors may
subsequently adversely affect the accuracyof the analyticalresults. It is recommended
that experimental tests to check certain sources of inaccuracy should be made
regularly. Many types of tests are possible and they should be usedas appropriate.As
a minimum, however, it is suggested that a standardsolution of potassium ofsuitable
concentration be analysed at the same time and in exactly the same way as normal
samples (see Section B8). The results obtained should then be plotted on a quality
control chartwhich will facilitate detectionofinadequate accuracy, and will also allow
the standarddeviation of routine analytical results to be estimated.

B12 References

1. Departmentof the Environment, File WS/646/53,Paper SCA!4.3/38
2. Departmentof the Environment, File W51646153,Paper SCAI4.3/39.
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Appendix
Estimation of the Accuracy of Analytical Results
Using the Potassium Methods

Introduction

Quantitative investigation of the accuracyachievable when the potassium methods are

usedappearsto be limited to work at SouthWest WaterAuthority for MethodA and
the Thames Water Authority for Method B. Before firmly recommending the
methods for general use, it is desirable to know the accuracy achievable in other
laboratories. It would, therefore, be of great value if any laboratory using or
considering the use of these methods, could estimate the accuracyofits own analytical
results and report the findings to the Secretary of the Metals and Metalloids Working
Group of the DOE/NWC 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 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
conclusionsdrawn. 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 chosen to be as
simple as possible; more complex designs are possible and would give more
information.

2 Basis of

Suggested Tests

The limit of detection is governed by the within-batch variability of results at zero
determinand concentration. The precision of analytical results may depend on the
concentration of potassium in the sample analysed and on the type of sample, eg
worse precision may be obtained with samples than with standardsolutions. 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

Description

1

Blank

Method B

1 mg/l K

1 mg/I K

5 mg/i K

6 mg/I K

Another blank

2
3

Standard solution
Standard solution
Typical sample
Same sample spiked with

4
5

6
+

Method A

5 mg/l K

6 mg/i K

To be regarded as samples having zero determined concentration and not as true
blanks.

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

procedure specified in Section A8 of the Method A and Section B8 of Method B be
rigidly followed except that a second TRUE blank should be run with that prescribed
in exactly the same manner(ie each ofthe two true blanks should be aspirated in the
batch of samples). The six solutions described above should be analysed in random
order in with each batch analyses. Solutions 1 to 4 should be prepared each day
exactly as described in the method.
On any one day the same batch of water should be used to prepare these four
solutions. For solutions 5 and 6 a total of 2 litres of typical sample are required.
Prepare solution 6 eachday whenrequiredby spikingsolution 5 as follows: add with a
pipette 1.0 ml of standardpotassium solution A (see A5.3.1) to 200 ml of solution 5
for Method A and 3.0 ml of standard potassium solution (see B5.2) to 100 ml of
solution 5 for Method B. When analysing solution 6 in MethodB it may be necessary
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to take intoaccount step B8.2 note a and to take an appropriately smaller aliquot. The
total period of the tests may be any convenient time so long as the potassium
concentration in solution 5 does not change appreciably (up to 2 weeks). The results
ofthe analyses of solution 5 and 6 will provide a check on the effectof sample typeon
precision. Any deviation of the recovery of spiked potassium from 100% may give an
indication of the presence of 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
laboratories wishing to make the calculations themselves the details are given below.
Convert all results to concentrations as described in the method. Deduct the
meanresponse ofthe first trueblankwhen performing the conversions for solutions 1,
3, 4, 5 and6 and deduct the meanresponse for the second true blankwhenperforming
the conversion for solution 2.
3.1

3.2 For solutions 3, 4, 5 and 6 calculate the mean concentration of the n results for
eachsolution. For solutions 1 and 2 calculate the overall meanconcentration of the 2 n
results.

For solutions 3, 4, 5 and 6 calculate the standarddeviation, s, of the n results for
each solution from:
3.3

J(X1_)2
n—i

where X1 = the resultfrom the ith batch
= the mean value of X1.
3.4 Calculate the within-batch standard deviation, swr, of the results
concentration from:

=

at

zero

J (X1 nX22

where X1, = the resultfor solution 1 from the ith batch (see 3.1)
X2 = the resultfor solution 2 from the ith batch (see 3.1).
Note:
is not to be confused with the within-batch standard deviation of
blank determinations,
from which the limit of detection is often

s

s,

calculated.
3.5

Calculate the meanpercentage recovery, R, of the spiked potassium in solution

6 from:

(1.005?-X5) x 100 for method A
R = _____________
5

R=

—

(1.03

6

x 100

or

for Method B

where X5 = the mean value of the results for solution 5
= the mean value of the results for solution 6.

3.6 Summarize the results as in the following table:

Mean Potassium Standard
Solution

No of

Concentration

results

mg/i

Deviation
%

Mean
Recovery
%

For Method A:
1 and2 Blanks
3 Standard, 1 mg/i K

4 Standard, 5 mg/i K
5Sample
6 Solution 5 + 5 mg/i K
For MethodB:
1 and 2 Blanks
3 Standard, 1 mg/i K
4 standard, 6 mg/i K
5Sample
6 Solution 5 x 6 mg/i K

2n =

n=
n=

n=

n=
2n =

n=
n=

n=

n=

—
—
—
—

—
—
—
—

The appropriate sample description should be entered in the space for solution 5.
The standard deviation from step 3.4 is enteredfor the row for solutions 1 and 2 and
the 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 Conunittee of Analysts
The Departmentof the Environment
2 Marsham Street
LONDON,SW1P 3EB

Addressfor
Correspondence

However thoroughly a methodmay be tested, there is always the possibilityof a user
discovering hitherto unknown problem. Userswith information on this booklet are

a

requestedto write to:

The Secretary
The Standing Committee of Analysts
The Departmentof the Environment

2 Marsham Street

LONDON SW1P 3EB
England

Printed in EnglandforHerMajesty's Stationery OfficebyLinneys of Mansfield
Dd.716623 C14 8/81
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