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About this Series

This booklet is part of a series intended to provide both
recommended methods for the determination of water
quality, and in addition, short reviews of the more
important analytical techniques of interest to the water
and sewage industries.

In the past, the Department of the Environment and its

predecessors, in collaboration with various learned
societies, have issued volumes of methods for the
analysis ofwater and sewageculminating in 'Analysis of
Raw, Potable and Waste Waters'. These volumes
inevitablytook some years to prepare, so that they were
oftenpartially out ofdatebefore theyappeared in print.
Thepresent series will be published as seriesof booklets
on single or related topics; thus allowing for the
replacement or addition of methods as quickly as
possible without need of waiting for the next edition.
The rate of publication will also be related to the
urgency of requirement for that particular method,
tentative methods and notes 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 and equipment vary widely, where
necessary, a selectionof methods may be recommended
for a single determinand. It will be the responsibilityof
the users—the senior technical staff to decide which of
these methods to use for the determination in hand.
Whilst the attentionof 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 responsibilityof the Standing Committee
of Analysts (to review Standard Methods for Quality
Control of the Water Cycle). The Standing Committee
of Analysts is a committee of the Department of the
Environment set up in 1972. Currently it has 9 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
3.0
4.0
5.0

Microbiologicalmethods
Empirical and physical methods
Metals and metalloids
General nonmetallic substances
6.0 Organic impurities
7.0 Biological monitoring
8.0 Sewage Works Control Methods
9.0 Radiochemical methods
The actual methods and reviews are produced by
smaller panels ofexperts 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 a list of Methods in Print is given in the current
HMSO Sectional Publication List No 5.
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 and
minor additions to published booklets not warranting a
new booklet in this series will be issued periodically as
the need arises. Should an error be found affecting the
operation of a method, the true sensenot being obvious,
or an error in the printed text be discovered prior to
sale, a separate correction note will be issued for
inclusion in that booklet.

L R PITFWELL
Secretary
1

July 1987

Warning to Users

The analytical procedures given in this booklet should
only be carried out by competent trainedpersons, 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, and portable safety equipment
should be carried.
Care should be taken against creating hazards for one's
self, one's colleagues, those outside the laboratory or
work place, or subsequently for maintenance or waste
disposal workers. Where the Committee have
considered that a special unusual hazard exists,
attention has been drawn to this in the text so that
additional care might be taken beyond that which
should be exercised at all times when carrying out
analyticalprocedures. Reagentsof adequate purity must
be used, along with properly maintained apparatus and
equipment of correct specifications. Specifications for
reagents, apparatus and equipment are given in
manufacturers catalogues and various published
standards. Ifcontamination is suspected, reagent purity
should be checked before use.

Lone working, whether in the laboratory or field,
should be discouraged.

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,pointsthat experiencehas shownare
often forgotten include; laboratory tidiness, stray
radiation leaks (including ultra violet) use of correct
protective clothing and goggles, removal of toxic fumes
andwaste, containment in theevent ofbreakage, access
totaps, escape routes and the accessibilityofthe correct
and properly maintained first-aid, fire-fighting, and

rescue equipment. Hazardous reagents and solutions
should always be stored in plain sight and below face
level. Attention should also be given to potential vapour
and fire risks. If in doubt, it is safer to assume that the
hazard may exist and take reasonable precautions,
ratherthan to assume that no hazard existsuntilproved
otherwise.
There are numerous handbooks on first aid and
laboratory safety. Among suchpublicationsare: 'Guide
to Safe Practices in Chemical Laboratories' and
'Hazards in 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
BiochemicalSociety,London, which includes biological
hazards; and 'The Prevention of Laboratory Acquired
Infection' Public Health Laboratory Service
Monograph 6, HMSO, London.

It cannot be too strongly emphasised that promptfirst
aid decontamination, or administration of the correct
antidote can save life; but that incorrect treatment can
make matters worse. 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 chemicalnature of
the injury, as some chemical injuries require specialist
treatment not normally encountered by most doctors.
Similar warning should be given ifa biologicalor radiochemical injury is suspected. Some very unusual
parasites, viruses and other micro-organisms are
occasionallyencounteredin samples and whensampling
in the field. In the latter case, all equipment including
footwear should be disinfected by appropriate methods
if contamination is suspected. If an ambulance is called
or a hospital notified of an incoming patient give
information on the type of injury, especially if
poisoning is suspected, as the patient may be taken
directly to a specialised hospital.
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Determination of Acrylamide Monomer in
Waters and Polymer

Introduction
in paper making, boiler
descalers and emulsifiers, to aid water clarification at water treatment works and for
conditioning sludges, etc. The manufacture of these polyelectrolytes results in
contamination of water and effluents by acrylamide monomer. The high chronic
toxicity of acrylamide makes it undesirable in potable water supplies, the maximum
recommended concentration being 0.25 ig/l.
Acrylamide polymers are used extensivelyas retention aids

Theuse of polyelectrolytescontaining acrylamide monomer maylead to unacceptable
levels in treated water since the monomer remains in aqueous solution after the
polymer has coagulated suspended matter owing to its high solubility in water (2 g/l).
Commercial polyelectrolytesused as coagulants in potable water treatment are not
permitted to contain in excess of 0.05% of acrylamide monomer. Unregulated
polyelectrolyteshowever, may be used for effluent or sludgetreatment and these may
contain up to 5.0°7o of monomer, although advances in the polymerization procedures
have reduced monomer levels in unregulated polymers to less than 0.3% in many
products. Note that some polyelectrolytepolymer treatment aids contain other acrylic
derivatives such as esters, amines and acids in order to vary their properties. Many are
copolymers.
Acrylamide, (CH2: CH.CO.NH2) official IUPAC name—Propenamide, is a white
crystalline solid, melting at 84°C. For more information see Beilstein, 'Handbuchder
organische Chemie', volume 2, second supplement p388.
This booklet contains two methods. One, Part A with a detection limit of 5 g/l
acrylamide, is intended for monitoring effluents prior to dilution by river or sewer; the
other, PartB is a method for determining monomer in polymer. Use ofmore sensative
electrochemical detectors may enable method A to achieve the maximum limits
required by potable water suppliers which are of the order of 0.25 jzg/l, but sufficient
testing has not yet been possible.

Determination of Acrylamide Monomer in
Waters

Al

Performance
Characteristics of the
Method

Al.l

Substance determined.

Acrylamide monomer.

Al .2

Type of sample.

Natural and polluted waters.

Al.3

Basis of method.

Direct analysis by high performance liquid
chromatography using ultraviolet detection.
(See also A7.2).

Al.4

Range of application.

Direct analysis; 5 Mg/I to 100 mg/I.

Al .5

Calibrationcurve.

Linear to 100 mg/I.

Al.6

Standard deviation.

0.5 mg/I synthetic0.023mg/l(9)

Al .7

Limit of detection.

5 Mg/I for freshwater samples. (See also A7.2).

Al.8

Sensitivity

Depends upon the instrument used.

Al .9

Bias

Not determined.

Al.l0 Interferences.

See Section A4.

Al.11 Time required for analysis. 20 minutes
A2

Principle

The methods described are based upon experimental work carried out at Plymouth
Polytechnic. Acrylamide may be analysed directly by high performance liquid
chromatography with ultraviolet detection following filtration and removal of

interferences (mixed resin method) at concentration in excess of 5 g/l. This method
is not amenable to seawater analysis.

A3

Field of
Application

The methods are applicable to (i) sewage effluents which may contain acrylamide as
a residue from the manufacture of polyelectrolytes or the treatment of sludge with
polyacrylamideflocculants, (ii) treated waters for which polyacrylamideswere usedas
an aid to coagulation, and (iii) river water which may have received effluents
flocculated with polyacrylamide or otherwise containing acrylamide.

A4

Interferences

Natural organic material which interferes by absorption at 196 nm or 202 nm must be
removed with a mixed resin bed, (Section A9). Use of a second column type may also
be tried. Interference by contaminants in the resin must be removed by washing with
ethanol and regenerationwith sodium chloride. Soxhlet extraction with both water and
ethanol in succession may be necessary. Compounds absorbed onto glassware may
interfere and must be excluded by soaking all glassware in chromic acid and rinsing
with distilled water prior to use.
Distilled water prepared from tap water may contain acrylamide, thus it may be
necessaryto use spring or ground water for the preparation of distilled water. If this
is not available, aeration followed by ultra-violet irradiation can be used prior to
redistillation.
Acrylamidestock solutions should be prepared freshly for each batch of determinands
as loss of acrylamide may occur from 1.0 mg/I standards.

7

A5 Hazards

Chromicacid is hazardous and requires care in its use. The procedure described uses
acrylamide which is toxic. Avoid inhalation, skin contact and ingestion. Acrylamide
affects the peripheral nerve endings and may cause dizziness and hallucinations.

A6 Reagents

All standards and solvents should be of Analytical Reagent or HPLC grade quality,
unless otherwise stated.
A6.1 Amberlite resins XAD-2, IRA4O1 (CI), 1R120 (Na)7.l

The resins are washed with ethanol, sodium chloride (1M) and finally distilled water.
A6.2 Ethanol (absolute).
A6.3 Distilled water.
Prepared from water known to contain no acrylamide.
A6.4 Sodium chloride 1M.
Dissolve 7 ± 1 g sodium chloride analytical reagent grade in distilled water. Make up
to 1 litre in a measuring cylinder.

A6.5 Acrylamide monomer.
Electrophoresis grade, greater than 99Wo pure.

Al Apparatus

A high performance liquid chromatograph fitted with a solvent deliverysystem
capable of operating under constant flow, and with a remote sample injector loop of
A7.1

at least

l

capacity. The Chromatograph must be fitted with
silane
octadecyl
(ODS) column (see Section A9, note a).
110

a reverse phase

A7.2 Detector: A variable wavelengthUV spectrophotmeter capable of analysis at
196 nm and 202 nm with aproven UV sensitivityto acrylamideas verified by trial prior
to its use for quantitative work. The detector must be fitted with a chart recorder. An
electrochemical detector may prove to be more sensitive, but the analyst should
evaluate this. In which case lower limits of detection may be achieved.
A7.3 Microsyringe 100 ±
chromatograph.

lil

of suitable

design

for injection onto a liquid

A7.4 Refrigerator operating at 4 ± 1°C (flame proof).
A7.5 Glass fibre filters, porosity 0.7J.Lm, 7 cm diameter.
A7.6 Buchner filtrationapparatus, 7 cm diameter.
A7.7 Glass ion exchange column 24 x 1 cm fitted with a glass sinter to retain the
resin, and a solvent reservoir of 60 ml ± 5 ml capacity.

Sample Collection
and Preservation
AS

8

must be collected in 250 ml or larger glass stoppered bottles which have been
previously cleaned by soaking in chromic acid, washed with distilled water and oven
dried at 105°C. Samples should be stored in a refrigerator at 4 ± 1°C. If samples are
to be stored for longer than 5—16 hours depending on likely microbial activity they
should be boiled without loss of volatiles prior to storage.
Samples

A9 Analytical Procedure
Step

Notes

Procedure
Determination of Retention Time

A9.1

Dissolve 1.00 ± 0.01 mg acrylamide in 1 litre of (a) Only the Hypersil commercially available ODS
distilledwater. Inject 10 pl ofthis solution intothe
column was found suitable for this analysis at
the concentrations discussed, as acrylamide coHypersil ODS 100 mmx0.5mm column (note a
eluted with an unknown contaminant with the
and f) used with distilled water eluent andnotethe
other columns tried. (but see method B).
relative retention time. The instrument should be
2
detection
set to achieve a flow rate of mI/mm,
wavelength 202 nm (note b) chart speed (b) A wavelengthof 202 nm was used in preference
to 196 nm (the wavelength of maximum
0.5 cm/mm.
absorbance maximum for acrylamide)
because:—

(i) For commercially available apparatus,with
the high sensitivity setting of 0.004
Absorbance Units (fs) needed, at 196 nm,
the UV source may provide insufficient
quanta, which coupled with the reduced
sensitivity of the photomultiplier and
increased oxygen absorption from air may
give poor baseline stability. Even though
the acrylamide absorption is reduced at
202 nm, acceptable stability and sensitivity
can be obtained.
(ii) The elution peak of acrylamide lies close to
those of certain inorganic anions such as
nitrate. The use of 202 nm as a detection
wavelength considerably reduced the
interference from chloride. Interference
from chloride at greater than 4,000 mg/I
reduces the usefulness of the method for
saline water. The interference from an
unknown contaminant just after the
acrylamide peak was also reduced at
202 nm.
(c)

A detector must be capable of giving a peak

(d)

If nitrate causes problems use extra chloride

greater than 3 times base line noise for 100 pl
injection of 5 pg/I acrylamine (sensitivity
0.004 aufs).

Preparationof Calibration Standards
A9.2

Using the acrylamide solution prepared in Step
A9.1 (1 ml= 1 kg), by appropriate quantitative
dilution with water, prepare a series of standard
solutions containing 0.0, 5.0, 7.0, 10.0, 12.0, 15.0,
20.0, 50.0, 100 pg/I acrylamide.
General Procedure (see A9.8).
Preparation

A9.3

of the Exchange column

Prepare a mixed resin bed by filling the exchange
column (A7.16) with distilled water, and adding
equal volumes of anionic (note d), cationic and

form anion exchange resin. This resin must not

be used in the nitrate form.

Step

Notes

Procedure
finally hydrophobic resin to achieve approximately 8 cm column lengths of each resin. The
resins should be added in the above order as this
relates to their decreasing densities. Insert a glass
wool plug at the top of the column.

A9.4

Filter each solution through a glass fibre filter (e) Glass fibre filters must be used. Cellulose filters

tend to leach detectable traces of acrylamide
owing to the use of cationic polyacrylamidesas
retention aids in paper making. A pore size of
0.7 im is specified since larger pore size filters
allow unacceptable quantities of fines through,
which will adversely effect the performance of
the injection valve and column.

(note e).

A9.5

Pass the solution through the mixed resin bed (1) The column should be checked at appropriate
intervals (dependent of type of sample being
(note f), discard 1st bed volume, collect 2nd bed
volume, flush column with at least 3 bed volumes
analysed) for retention of acrylamide by
of distilled water prior to the next analysis.
passage of a 5 .ig/l acrylamide standard
followed by the appropriate analysis. Should
any retention of acrylamide be noted or if the
interference removal efficiency falls, the
column should be regenerated using ethanol,
and sodium chloride 1M. Should this clean up
prove unsatisfactory, replacement by another
column is advised. Flow rate through the
column is limited by the packing, flows of
between 2 and 10 mI/mm have proved suitable
for the analysis.

A9.6

Inject a 10.0 ± 0.1 to 100.0 ± 0.1 aliquotof the (g) For maximum sensitivity inject 100 gil for an
absorbance range of 0.004 Au full scale. At this
percolate into the liquid chromatograph underthe
for
A9.
1.
instrument settings given
step
(note g).
high sensitivitythe detector response may need
to be adjusted to bring it on scale prior to the

l

acrylamide peak.
A9.7

Measure the height of the peaks (note h).

A9.8

Carry out steps A9.4 to A9.7 with at least
duplicate portions of sample and calibration
standards, noting the amount injected at stepA9.6
in each case.

A9.9

Convert the peak height or area measurement to a
theoretical injection of 100 c.d at an appropriate
sensitivity by multiplying by
100

volume injected
A9.10

Using data from the calibration standards,
prepare a calibration graph of acrylamide
concentration versus response.

A9. 11

Read the concentration of acrylamide in the
samples analysed from the calibration curve.
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(h)

Peak area may be used as an alternative.

Determination of residual Acrylamide Monomer
in Polyelectrolytes

Bi Performance
Characteristics of the
Method

B1.1

Substance determined

Acrylamide monomer

Bi.2

Type of sample

Commercial polymers based on
polyacrylamide

B1.3

Basis of method

Solvent extractions, separations using High
Performance Liquid Chromatography with
detection by Ultraviolet absorption at
215 nm.

B1.4

Range of application

Tested up to 100 mg/l in extract, up to 0.1%
in the original sample.

Bl.5

Calibration curve

Linear to at least 100 mg/i in extract.

Bl.6

Stndard deviation

Acrylamide Standard
Concentration deviation
mg/i
mg/I
0.5
0.021

For HPLC Stage only

20
40
20)
40)

0.242
0.628
0.283
1.955

Degrees

of freedom
9
7
7
7
7

Typical sample
(approx.
Spiked sample
(approx.
Information obtained using liquid standards and solid samples spiked with
standards before extraction.

Bl .7

Limit of detection

0.1

Bl.8

Bias

Not known

Bl .9

Interferences

Compounds eluting at the same time as the
acrylamide monomer. These will be
dependant on the nature of the sample and
the chromatographic conditions used.

B1.10 Time required for analysis

B2 Principle

B2.1

mg/l in extract

The total analytical time for 1 sample is
approximately 25 hours. Operator time is
about 1 hour. For 8 samples the operator
time is about 4 hours.

Themethod described is that used by the Water and Waste WaterSub-Division

of the Laboratory of the Government Chemist.

B2.2 Acrylamide monomer is extracted from the polyelectrolyte by the procedure
described in the WRA Paper TIR 171. The acrylamide is then determined by High
Performance Liquid Chromatography using a reverse phase system and ultraviolet
detection at 215 nm. Identification is made by comparison with an external standard
and concentration determined by comparison with a calibration curve. By varying the
chromatographic conditions interferance by co-eluting compounds may be minimized.
B3 Hazards

Acrylamide is toxic and should be handled with care, avoid inhalation, skin contact
and ingestion.

B4

Reagents

Only analyticalreagentgradeor HPLC grade chemicals should be used unless otherwise stated.
B4.1 Water

The water used for blank determinations and for preparing standards and solvents

should contain a negligible amount of acrylamide, or substances of similar retention
time. Deionized water and double distilled water have been found satisfactory. (But
see first method Section A4).
B4.2 Methanol HPLC Grade
B4.3 Methanol/Water Solvent (80/20 v/v)
Thoroughly mix, without violent agitation, 800 ml of methanol with 200 ml of water,
degas by use ofan ultrasonic bath or by passing nitrogen through the mixture and store
in an amber glass reagent bottle.
B4.4 Acrylamide Standard Solutions
B4.4.1 Stock Solution 1 g/l
Dissolve 0.100 ± 0.001 g, of acrylamide (GPR) in 50 ml of methanol/watersolvent
(B4.3), then transferthe solution to a 100 ml volumetric flask and make up to the mark
with the solvent. Store in a tightly-stopperedglass reagent bottle in a refrigerator. The
solution is stable for at least four weeks.
Calibration StandardSolutions
B4.4.2 Solution A 50 mg/l

Pipette5 ml of stock standard solution (4.4.1) into a 100 ml volumetricflask andmake
up to the mark with methanol/water solvent (B4.3). This solution should be prepared
freshly each day.

B4.4.3 Solution B 100 mg/i

Pipette 10 ml of stock standardsolution (B4.4.1) into a 100 ml volumetric flask and
make up to the mark with solvent (B4.4.3).
B4.4.4 Other concentrations (for example 0, 10 and 20 mg/l) may be required for
checking the linearity of the calibration. These are prepared by similar quantitative
dilution (by pipetting 0, 1 and 2 ml respectively and diluting to 100 ml as above).

B5

Apparatus

B5.1 Glassware—all glassware should be thoroughly cleaned using a suitable
detergent solution, then rinsed with water and finally acetone and dried in an oven at
about 200°C.
BS.2

Pipettes should be grade A with a suitable filling device.

B5.3 Microlitre syringe, 10

il capacity.

B5.4 Glass vials (approx 40 ml capacity) with PTFE lined screw caps.
B5.5 Laboratory Shaker
B5.6 A high performance liquid chromatograph fitted with a constantflow solvent
delivery system and a remote sample injection valve of 20 capacity.

l

B5.7 Detector. A variable wavelength UV spectrophotometric detector capable of
analysis at 215 nm or an adjacent suitable wavelength and operated according to
manufacturer's instructions.
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B5.8 Chart recorder, connected to the detector.

m

B5.9 Stainless steel HPLC column, 250 x 4.6 mm packed with a suitable 5
Octadecyl silane (ODS) support material (Spherisorb S 5 ODS has been found to be
suitable).
B6 Sample Pretreatment

Procedure

Step

Notes

Sample Extraction
Weigh 1.00 of air dried sample into a 40 ml glass (a) This procedure has been found to be satisfacvial (B5.4)andpipette in 10 ml ofmethanol!water
tory for a variety ofpolyelectroytesbut maynot
solvent (B4.3). Shake vigorouslyon a mechanical
necessarilybe the most suitable for all the many
shaker (B5.5) for 24 hours (Note a) and allow to
different types of polyelectroloyteproducts now
settle. Filteroffthe liquid, througha cotton wool
available.
plug in a funnel, and store the liquid in another (b) The sample is stable for at least a week under
vial in a refrigerator until required for analysis
these conditions.
(Note b).

B6.1

B7

Analytical Procedure

Step

Procedure

Notes

B7.l

Inject 10 .il of sample extract solution into the (c) Smple residues tend to build up on the column
HPLC column via the injection valve (Note c).
and the efficiency of the column deteriorates.
Theeluent used is water at a flow rate of 1 ml/min
Therefore providing satisfactory precision can
and detection wavelength 215 nm (Note d).
be obtained and the concentration of
acrylamide is sufficient, smaller injection
volumes may be used for instance 5 p1.

B7.1.1

Measure the height of the peak which has a (d) The maximum absorbance wavelength for
retention time corresponding to that of the
acrylamide is 196 nm but for filter spectroacrylamine standard Calculate the concentration
photometers the nearest filter is 215 nm. Use
of acrylamidefrom the calibration graph. (Section
the wavelength giving the best sensitivity. See
B8)
also A9.ll(note b).
Blank Determination

B7.2

(B7.l.1) omitting the (e) The detection limit and accuracy of the result
sample and substituting (Note e), the methanol!
depends on the condition and nature of the
water solvent (B4.3).
column at the time, the injection volume (see
Note c), the level of interfering substances in
blanks) and also upon the variability of the
blanks. Therefore at leasttwo blanks should be
analysed with eachbatch of samples. The blank
analysis must be carried out in an identical
manner to that used for the samples.
Repeat steps (B7.1) and

Calibration Standard
B7.3

A calibration standard should be run after every

four or fivesamples to check the HPLC column's
performance. Prepare a 50 mg!l standard solution
as described in section B8 for this purpose.
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B8 Preparation of the Calibration Curve

Initiallythelinear range of the method should be
established by the analyst. A series of calibration
standard solutions is prepared from the stock
standard (B4.4.1) (See B4.4.2—B4.4.4). The
solutions thus prepared usually contain 0, 10, 20,
50, 100 mg/l of acrylamide.

Inject each of these solutions into the HPLC and
measure the peak height as for the sample
extracts. Construct a calibration curve by plotting

peak height against concentrations of acrylamide.

In subsequent batch analysis it will only be
necessary to check the slope of the calibration
curve by the use of a single standard in the upper
range of sample concentrations, provided it is
within the linear range. Standards of 50 or
100 mg/I are normally used. (See section B7.3)

Calculation of
Results
B9

Thepeak height ofthe HPLC peakcorresponding to acrylamideis measured and using
the calibrationgraph described above (Section B8) the concentration of acrylamide in
the sample extract may be found. Any blank values must be deducted from these
results. The concentrations of acrylamide monomer in the original sample may be
calculated as follows:
[(Conc. in extract) — (Blank conc.)]x 10 mg/kg.

Sources of Error
(applicable to both
methods)

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.
1

Contamination

It is desirableto carryout the analysis in a laboratory in which no appreciableamountsofacrylamide or its polymers
are handled. The technique and working conditions should be criticallyexamined and any sources of contamination
eliminated or minimized. In particular, it is desirable to reserve the glass apparatus used for these determinations
solely for this purpose and to carry out a preliminary series of blank determinations to ensure low blank values
before analysing any samples.
2

Acrylamide Monmomer Content of the Water used for Blank Determinations

If the water used for the blank determinations contains

acrylamide the results will be falsely low. Ideally the
concentration in the water used for each blank determination should be measured and an appropriate correction
made.
Whether the acrylamide content of the water used is negligeablemay be ascertained by obtaining a sample ofwater
known from its origin or pretreatment to be free from acrylamide, and comparing analyses.
3

Interfering substances

Theeffect of possible interfering substances may be determined by analysing samples spiked with acrylamide and
various concentrations of the potential interfering substances.
4

Calibration standards

Theprocedure assumes a linear calibration curve and the linearity must be checked. A calibration standardshould
be run for each batch of analyses.
14

Estimation of the Accuracy of Analytical Results

Introduction

Quantitative investigation of

the accuracy achievable when these methods are used
appears to be limited to work in only a few laboratories. Before firmly recommending
the method for general use, it is desirable to know the accuracy achievable in other
laboratories. It would, therefore,be ofgreat value if any laboratoryusing or considering the use of this method could estimate the accuracy ofits own analytical results and
reportthe findings to the Secretary of the Department of the Environment's Standing
Committee of Analysts.

The precision achieved and the effects of any interfering substances that may be
present in samples are of particular interest. Any information on these aspects would
be useful, but the value of such information would be greatly enhanced if it were
obtained to a common plan so that the information can be compared and valid
conclusions drawn. Accordingly, suggestions for a suitable experimental design and
analysis of results are given in the following sections and it is strongly urged that
laboratories follow this design wheneverpossible. The design has been chosen to be as
simple as possible; more complex designs are possible and would give more
information.
Basis of
suggested Tests
2

The limit of detection is governed by the within-batch variability of blank determinations. The precision of analytical results may depend on the concentration of
acrylamidein 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

Description
Blank
Another blank
Standard solution (low range)
Standard solution (high range)
Typical sample
Same sample spiked

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

procedure specified in the method be rigidly followed. These solutions should be
analysed in random order in each batch of analyses. Solutions I to 4 should be
prepared each day exactly as described in the method and should always contain the
same concentrations of acrylamide. The same batch of water should be used on each
day to prepare all four solutions. For solutions 5 and 6 a total of 5 litres of typical
sample are required. Prepare solution 6 each day when required by spiking solution 5.
When analysing solution 6 it may be necessaryto takean appropriately smaller aliquot.

Thetotal period of the tests may be any convenient time so long as the concentration
of solution 5 does not change appreciably. The results of the analyses of solutions 5
and 6 will provide a check on the effect of sample type on precision. Any deviation
of the recovery of spike addition from 100% may give an indication of the presence

of interfering substances.
3
Evaluation of
Results

The raw experimental results should be sent directto 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 analyses. However, for those
laboratories wishingto make the calculations themselves, the details are given below.
Convert all resultsto concentrations as described in the method. Deduct the first
of the two blank values (solution 1) from each of the other solution values.
3.1

3.2

Calculate the mean concentration of the n results for each solution.

3.3

Calculate the standard deviation, s, of the n results for each solution from:

s=

,I (x—)2
V n—I

where x =the result from the ith batch

=the mean value of

x1.

3.4 Calculate the within-batch standard deviation,

/
V

(x11

—

s of

the blank from:

X2)2

2n

where x1, =the 1st blank result (solution 1) from the ith batch
x2 =the 2nd blank result(solution2) from the ith batch.
3.5 Calculate the mean percentage recovery, R, of the spike in solution

R=(65)

6 from:

xlOO
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where x5 =the meanvalueof the results for solution 5
x6 = the

3.6

mean value of the results for solution 6.

Summarize the results as in the following table:
Solution

2
3
4
5
6

Blank
Standard,
Standard,
Sample

No of
results

Mean
Concentration

Standard
Deviation

n

jg/l

ig/l

Mean
Recovery

'o

—
—
—
—

Solution 5+

The appropriate sample description should be entered in the space for solution 5. The
standarddeviation from step 3.4 is entered for the blank solution 2 and the standard
deviations from step 3.3 are entered for solutions 3 to 6.

4
Checking the
Accuracy of Analytical
Results

Once the methods have been put into normal routine operation many factors may
subsequentlyadverselyaffectthe accuracy of the analytical results. It is recommended

that experimentaltests to check certain sources of inaccuracy should be made
regularly. Many types of tests are possible and they should be used as appropriate. As
a minimum, however, it is suggested that a standard sample of suitable concentration
should be analysed at the same time and in exactlythe same wayas normal samples.*
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.

*As acrylamidemonomer solutions are not very stable, it is suggestedthat the standard
be prepared afresh when required and that an additional allowance be made for
variation of the standard.

5

Polymer Method

For polymers the analysis canbe checked in two sections: Extraction—SectionB6, for
which use of several different grades of polymer could be used; and the main
analysis—SectionsB7, 8 and 9, which can be tested as for water, using synthetic
extracts of known concentration.

Address for
Correspondence

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

The Secretary
The Standing Committee of Analysts
The Department of the Environment
Romney House
43 Marsham Street
LONDON SW1P 3PY
England

Department

of the Environment

Standing Committee of Analysts
Membership responsible for this method

Mr B T Ashurst
Mr H T Barnhoorn
Mr F B Basketter
Dr G A Best
Mr J Betterley
Mr P Chave
Dr B T Croll
Dr J A Dadswell
Mr T A Dick
Mr M Fielding
Mr M C Finniear
Mr M 0 Firth
Mr G I Goodfellow
Mr M W Home
Dr D T E Hunt
Mr M R Hurcombe

Mr R Law
Mr J S Leahy
Mr N de J Loaring
Mr R Mackinson
Mr .1 C McCullins
Mr D Meek
Mr P Morries

Mr J F' Paiframan
Dr S J Patterson
Mr K W Petts
Dr R Perry
Mr L R Pittwell
Dr J E Portmann
Mr J Prest
Mr L D Purdie
Mr B D Ravenscroft
Mr L A Richards
Mr M L Richardson
Prof J P Riley

2
1
1
1

2
1

1.2
1
1

2
1

2

Dr D Taylor
Dr K C Thompson
Dr S Torrance
Mr N J Truslove

I

2
1
1

DrAMUre

2

Mr R J Vincent
Mr A Waggot

1

2
2

Dr D A Williams
Mr D Wood
Dr R Wood
Main Committee Member
Working Group Member

1

2
1

Printed

2
1

2
2
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1

2
1
1
1

2
1
1
1

2
2
1
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2
1
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