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This booklet contains a selectionofmethods and reviews for the analysis of
surfactants* ofvarious types. Some ofthe methods have been fully tested, others onIy
have tentative status. This is indicated in the titles ofthe individual methods. To help
the usercompare results mention is made ofproprietary brands used in developing
and testing these methods. Equivalent materials may be substituted if the analytical
accuracy and precision are comparable.
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Warning to users

The analytical procedures given in this booklet should
only be carried out by competent trained persons, with

adequate supervision when necessary. Local Safety
Regulations must be observed. Laboratory procedures
should be carried out only in properly equipped laboratories. Field operations should beconducted with due
regard to possible local hazards, and portable safety
equipment should be carried. Care should be taken
against creating hazards. Lone working, whether in the
laboratory or field, should be discouraged. Reagents of
adequate purity must be used, along with properly maintainedapparatus andequipment ofcorrect specification.
Specifications for reagents, apparatusand equipment are
given in manufacturers' 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 such publications are: 'Code of
Practice for Chemical Laboratories' and'Hazardsin the
Chemical Laboratory' issued by the Royal Society of
Chemistry, London; 'Safety in BiologicalLaboratories'
(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.
Where the Committeehave considered thata special unusual hazard exists, attentionhas been drawn to this in
the text so that additional care might be taken beyond
that whichshould be exercised at all timeswhen carrying

out analytical procedures. It cannot be too strongly
emphasised that prompt first aid, decontamination, or
administration of the correctantidotecan save life; but
that incorrect treatment can make matters worse. It is
suggested that both supervisorsand operators be familiar

with emergencyprocedures before starting evena slightly
hazardous operation, and that doctors consulted after
any accident involving chemical contamination, ingestion, or inhalation, be made familiar with the chemical
nature of the injury, as some chemical injuries require
specialist treatment not normally encountered by most
doctors. Similar warning should be given ifa biological
or radio chemicalinjury is suspected. Somevery unusual
parasites, viruses and other micro-organisms are occasionally encountered in samples and when sampling in
thefield. In the lattercase, all equipment includingfootwear 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,pointsthat experience has shown are
often forgotten include: laboratory tidiness, stray radiation leaks (including ultra violet), use ofcorrect protective clothing and goggles, removal of toxic fumes and
wastes, containment in the event of breakage, access to
taps, escape routes, and the accessibility of the correct
and properly maintained first-aid, fire fighting, and
rescue equipment. If in doubt, it is safer to assume that
the hazard may exist and take reasonable precautions,
ratherthan to assume that no hazard exists until proved
otherwise.

© Crown Copyright1982
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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 short reviews of
the more important analytical techniques of interest to
the water and sewage industries. This booklet is one
such review. In the past, the Department of the
Environment and its predecessors, in collaboration
with various learned societies, has issued volumes of
methods for the analysis ofwater 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
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 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 selection of methods may be recommended for a single
determinand. It will be the responsibilityof the users—
the senior analytical chemist, biologist, bacteriologist
etc, to decide which of these methods to use for the
determination in hand. Whilst attentionof the user is
drawn to any special known hazards which may occur
with the use ofany particular method, responsibilityfor
proper supervision 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
Controlof the Water Cycle). The Standing Committee

of Analysts is one of the joint technical committees of
the Department of the Environment and the National
Water Council. It has nine Working Groups, each
responsible for one section or aspect of water cycle
quality analysis. They are as follows:
1.0 General principles of sampling and accuracy of
results

Instrumentation and on-line analysis
Empirical and physical methods
Metals and metalloids
General nonmetallic substances
Organic impurities
Biologicalmethods
Sludge and other solids analysis
Radiochemical methods
The actual methods etc are produced by smaller panels
of experts in the appropriate field, under the overall
supervision of the appropriate working group and the
main committee. The names of those associated with
this method are listed inside the back cover.
*2.0
3.0
4.0
5.0
6.0
7.0
*8.0
9.0

Publication of new or revised methods will be notified
to the technicalpress, whilst a list ofMethods in Print is
given in the current HMSO Sectional Publication List
No 5, and the current status ofpublication 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
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 WaterCouncil, 1 Queen Anne's Gate, London
SWIH 9BT. Should an error be found affecting the
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.

T A DICK
Chairman

L R PITTWELL
Secretary
25 September1981

Groups are in process of being
wound up. Their tasks are being redistributed among
the other working groups.

*These two Working
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Introduction
Thisbooklet gives methods for the analysis of the major surfactant (surface active agent) types when present at low
concentrations in waters and wastewaters. The threemajor categories dealt with are anionic, nonionic and cationic
surfactants. The most heavilyusedofthese are the anionic surfactants, these being salts whose detergencyproperty is
essentiallyvested in the anion. Amphoteric compounds, containing both cationic and anionic surfactant groupingsin
thesame molecule,arenot consideredin this booklet.Although they have valuefor specializedapplicationsthey areat
present ofminor overall importance.

Themain groups of syntheticanionic compounds in widespread use as surfactants* are alkyl arylsulphonates, long
chain fatty alcohol suiphates and alcohol ethoxysulphates; various other chemical types are used as anionic
surfactants to a lesser extent. In addition to there being a wide range of anionic surfactant classes, the individual
commercial products themselves are generally complex isomeric mixtures. Consequently manual and automatic
colorimetric procedures that are generally applicable for the determination of all anionic surfactants containing a
single sulphate or suiphonate grouping are describedin this booklet (seePart A), andestimations are made relativeto
the response of an arbitrary standard anionic surfactant, namely 'Manoxol OT'. In these methods anionic
surfactants are determined followingchloroform extraction of the ion-association complex formed with methylene
blue. Various other compounds present in environmental samples can also form chloroform extractable methylene
blue complexes,and at low surfactantconcentrations such compounds may have a significant effect. It is therefore
rathermore realisticto referto the material determined in such samples as 'methylene blue active substance' (MBAS)
rather than anionic surfactant. A procedure is also given in this booklet to allow anionic surfactant adsorbed on
sewage sludge to be recovered by solvent extraction (see Method A3). By determining the amount of MBAS in the
resulting extract the level of anionic surfactant on the sludge can be assessed.
Thesecond most heavilyusedgroup ofsurfactants arethe nonionic typeand in recent years theirrelative significance
has increased.The most important surfactants ofthis type in use are those produced by the condensation ofethylene
oxide with a hydrophobe suchas an alkyl phenol orfattyalcohol. Various analytical methods are given in this booklet
for these alkoxylated nonionic surfactants andthe reader may wellfind it helpful initially to readthe reviewof these
methods (see Method BI) which gives guidance on the relative scope and characteristics of the various methods.
In most of thenonionic methods analysis is carried out relative to an arbitrary standardnonionic surfactant product
such as 'Synperonic NP8' for essentially similar reactions to those outlined above for the analysis of anionic
surfactants, and results may be expressed as reagent active substance due to possible positive interferences in
environmental samples.

At present cationic surfactants, generally ofthe long chainalkyl anddialkyl quaternary ammonium salt type, have a
lower usage than both anionic and nonionic surfactants. Although relatively expensiveand poor in detergencyaction
their properties make them of value as fabric conditioners and germicidal detergents where their use is increasing.
Becauseoftheirmore recent introduction in significantamounts to the environment, methods for theirdetermination
at low levels in water and wastewaters are not as well established as the other two major surfactant classes.
Consequently,only a tentative spectrophotometricmethod for their determination is put forward in this booklet, ie,
theDisulphineBluemethod (seeMethod Cl),forthedeterminationofcationicsurfactantin biodegradationtestliquor
and effluent samples.However,theprocedure hastheadvantage that it incorporates an anion-exchangeseparation step
which allowscationic surfactant to be determined in the presence ofanionic surfactant and other anionic
components
that interfere in a direct colorimetricestimation. Determinations on environmental samples are made relative
to an
arbitrarystandard such as cetyl trimethyl ammonium chloride, and the results are often quoted as disulphine blue
active substance' (DSBAS), 'disulphine blue' being an anionic dyestuff which forms a chloroform soluble complex
with a cationic surfactantin the same way that niethylene blue' forms sucha complex with an anionic surfactant.

* Soaps, whichmay also beconsidered asanionic
surfactants, are salts oflong chain fattyacids; they do not respond to

the 'methyleneblue' analytical procedures describedherein.

A

Anionic Surfactants

Note,variousstandardsubstancesare usedin differentcountries. British preference at the present time is for sodium
dioctyl suiphosuccinateNa (C8H1702C.CH(S03)CH2.C02C3H17) also known as Manoxol OT. The French standard
referred to in some directiveson water quality as lauryl sulphate is sodium lauryl sulphate NaSO4C12H25.Conversion
factors are usedbased on molecularweight per active group. Thusas both ofthe above substances contain one active
(SO3or SO4) group and the molecularweightsare444 and 288 respectively the factorforconverting ManoxolOT units
to lauryl sulphate units is 282/444 = 0.635. For alkylbenzenesulphonates and the like the factor will depend on the
alkyl and other groups substituted onto the benzenering and may, formixtures, be empirical.
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Manual Determination of Anionic
Surface Active Materials by

Abbott's Modification of the
Methylene Blue Spectrophotometric
Method
Al .1 Performance
Characteristics
of the Method
(39)

Al.1.1

Substance determined Synthetic anionic surfactants and other anionic
surface active material of natural origin.

Al. 1.2 Type of sample

Settled sewage, sewage effluents,waters and certain

Al.l.3

Spectrophotometric measurement of the chloroform
extracted methylene blue/anionic surfactant complex
(1, 2, 3, 4).

Basis of method

A1.1.4 Range of
application (a)

tradeeffluents.

0.1—1.8 mg/i anionic surfactant as Manoxol OT for

100 ml sample.

A1.1.5 Calibration curve (b) Linear C = K (AT—AB)where
C = concentration ofsurfactant
(as mg/i Manoxol CT)

K = constant

AB = blank absorbance
AT = absorbancefor concentration C

A1.1.6 Standard deviation (a) Concentration of
Manoxol OT in
distilled water

Total
Standard
Deviation

(mg/l)

(mg/i)

0.16(a)

0.017
0.046
0.045

0.40(b)
1.6 (c)
7.45 (d)

0.31

Degrees of
Freedom
6
41

6
42

A1.1.7

Limit of detection (a) 0.02 mg/I. Calculated from the standarddeviation of
the blanks for 100 ml samples (6 degrees offreedom).

A1.1.8

Sensitivity(a)

0.04 absorbance units for 0.1 mg/i Manoxol OT with
100 ml samples and 10 mm cuvettes.

Al.l.9

Bias

Hasnot been detected see Section Al.3.

Al.1.10 Interference

See Section Al.3.

A1.1.11 Time required for

Approximate analytical and operatortime for a batch
offive samples or standards = 2 hours(excluding
initial reagent preparation). Approximate stock
reagent preparationtime = 1 hour (required only

analysis

periodically).

(a) and (c) Data obtained at the Laboratory of the Government Chemist on standard
distilled water solutions of Manoxol OT (100 ml samples).
Data obtained in 42 laboratories on a standarddistilled water solution of
(b)
alkyl benzene sulphonate. (Reported by Finney, EE and Nicholson, NJ in
Proc. Soc. for Wat. Treat. and Exam. 17, No 8 p 25 1968).
Dataobtained in 43 laboratories on filtered domestic sewagecontaining
(d)
7.45 mg/I ofalkyl benzene sulphonate. (Reported by Finney, EE and
Nicholson, NJin Proc. Soc. for Wat.Treat. and Exam. 17, No 8 p25 1968).
7

Al.2 Principle

A1.2.1

The Abbottmethod (3) is generallyconsidered to be an improved versionofthe
Longwell and Maniece procedure (2). The latter was accepted by the UK Standing
Technical Committee on Synthetic Detergents (1956) as the official methylene blue
method for determining anionic surface activematerial. However, improvementsin the
former method, ie use of pre-extracted reagents, etc have resulted in greater sensitivity
and reproducibilityfor methyleneblue estimations.
A1.2.2 Anionic surfactant is associated with the intensely coloured methylene blue
cationto form a chloroform extractable ion-association complex; the unassociateddye
has an extremelysmall solubilityin chloroform. The methyleneblue-anioniccomplex is
partitioned into chloroform from an alkaline methylene blue solution to avoid the
negative interference ofproteinaceous material present in environmental samples. The

chloroform phase is then back-extracted with an acidified methylene blue solution in
order to remove theinterference of those materials such as inorganic anions eg nitrate,
chloride etc, that form methyleneblue complexesof low chloroform extractability.The
absorbance ofthe final chloroform phase is determined at 650 nm.

Al.3 Scope and

For distilledwater solutionsof synthetic anionic surfactantthe method will give an
accurate determinationofthe surfactant present. However, forunknown water samples,
ie sewage, effluent and surface waters, the results obtained represent anionic surface
active material rather than synthetic anionic surfactant. In theory, any compound
containing a single strong anionic grouping (eg sulphate or sulphonate) and a hydrophobic moiety is capable offorming an extractable ion-associationcompound with the
methylene blue cation and can therefore positively respond in a determination for
synthetic anionics. It has been shown or predicted that organic sulphates, sulphonates,
carboxylates and phenols and even simple inorganic anions such as cyanate, nitrate,
thiocyanate and sulphide can be methylene blue active (5) (7). Although negative
interferences can also occur as a result of the direct competition of other'cationic'
materials for example proteins and quaternary ammonium compounds, for the anionic
surfactant, they are generally considered to be less important than positive interferences (8). However, the increased usage of materials such as cationic surfactant may
alter this situation. Thereaction conditionsin theAbbott method have been selected, as
far as possible, to eliminateor minimise some of the above interferants, in particular
proteinaceous material and inorganic anions which result in negative and positive
interferencesrespectively. Common constituents ofsewageand effluentsincludingurea,
ammonia and nitrate, as well as the preservativesformaldehyde and mercuric chloride
have been shown to give no interference at 100 mg/i (6). Sodergren (4) showed that
sodium chloride (100—30,000 mg/i), sodium sulphide (100 mg/i), sodium sulphate
(400 mg/l) and seawater do notinterfere.Nevertheless,not allnaturalinterferantscan be
eliminated to allow a direct methylene blue determination of the synthetic anionic
surfactant in environmentalsamples.For this reason, theentities detected by the method
aremorecorrectly referredto as anionic surfaceactive material ormethyleneblueactive
substances (MBAS). For domestic waste waters the MBAS response can generallybe
taken as an acceptable over-estimate of the synthetic anionics present, but synthetic
anionic surfactants may contribute only a small proportionto the total MBAS in some
surface waters (5) (9) (10) (11).

Al .4 Hazards

Sulphuric acid, chloroform and mercuric chloride are potentially harmful reagents.

Al .5 Reagents

Reagents should be analyticalreagent quality unless otherwise specified.

Limitations
(including
Interferences)

A1.5.1 Water—distilledor deionized.
A1.5.2

Sodium tetraborate, approx O.05M

Dissolve 19.0±0.1 g of sodium tetraborate decahydrate Na,B407.10H20 (laboratory
reagent) in 1.00±0.01 litre ofwater. Store in a glassstoppered glassbottle. This solution
is stable for at least two weeks.
A1.5.3 Sodiumhydroxide,approx O.1M

Dissolve4.00±0.05 g of sodium hydroxide pelletsin 1.00±0.01 litre ofwater. Store in a
polythene stoppered glass bottle. This solution is stable for at least two weeks.
g

A1.5.4

AlkalineBorate solution

Mix equal volumes of 0.05M sodium tetraborate solution (Al .5.2) and 0.1 M sodium
hydroxide solution (Al.5.3). Store in a polythene stoppered glass bottle. This solution is
stable for at least one week.
A1.5.5 Sulphuricacid, approx 0.5M
Carefully add 17±1 ml of concentrated sulphuric acid (d20 1.840) to approximately
500 ml of water. Cool and make up to 1.00±0.01 litre with water. Store in a glass
stoppered bottle.
A1.5.6

Chloroform

It is most important that a suitable grade of chloroform is used. The quality of com-

mercial chloroform is variable: when inferior grades are used, prolonged preliminary
extraction of reagents is required. To achieve the required degree of purity, all
chloroform to be usedshould be treated as follows:
A1.5.6.1

Commercial chloroform

a

Before use, all commercialchloroform is passed through glasscolumn containing selfindicating silica gel, 6—20 mesh, on top of neutral alumina (A1203). The length and

diameter ofthe glasscolumn, the height of silica gel and alumina in the column, and the
rate of flow of eluting chloroform do not appear to be critical. The approximate
dimensions are shown in Figure la.
A1.5.6.2 All used chloroformis dried over self-indicatingsilica gel (6—20 mesh) for a
minimum oftwo hours and then distilled in the apparatusshown in Figure lb. The first
200 ml of distillate are discarded, and the remainder is passed through a glass column
containing self-indicating silica gel on top ofneutralalumina (as shown in Figure 1(a)).
The alumina removes the more polar constituents, such as surfactants, that might be
present in the chloroform.

A1.5.6.3 AlternativemethodofPreparation ofChloroformfor Re-Use
Distil chloroform from anhydrous calcium chloride, discard the first 30—50 ml ofdistillate, collect the distillate following this and discard the final 50 ml of distillate. Wash
three times with distilled water.

Thechloroform is thenready for use without drying. This guarantees there will not be
any turbidity problems. The usedchloroform is stored in a dark bottle and recovered
immediatelyprior to use.
A1.5.7 Methyleneblue solution (250 mg/I)

Dissolve 0.250±0.005 g ofmethylene blue (BPgrade) in water and diluteto 1.00±0.01
litre with water. Store in a glass stoppered glass bottlein the dark. This solution is stable
for at leasttwo weeks.
A1.5.8 Manoxol OT solution (100 mg/I)

Dissolve 0.1000±0.0005 g of Manoxol OT (sodium dioctyl suiphosuccinate)in water
andmakeup to I litre in a volumetric flask. Store in a glass stoppered glass bottle in a
refrigerator below 5°C. This solution is stable for at least two months.
A1.5.9

Manoxol OT solution (10 mg/I) (1 ml = 10 jig)

Pipette 10 ml of the 100 mg/I Manoxol OT solution (Al.5.8) into a 100 ml volumetric
flask and make up to the mark with water. This solution is stable for at least one week.

Al .6 Apparatus

Unless otherwisespecified all glasswareusedfor quantitative volumetricmeasurements
should be accurate to a Class B tolerance or better as defined in the relevant British
Standards.

Commonlaboratory glassware including pipettes, volumetric flasks, burettes,
measuring cylinders,separating funnels fitted with PTFE stopcocks, and beakers.
A1.6.1

Glasswareshould not be washedin detergents but should becleaned using l0%
v/v hydrochloric acid, water and deionised water.
A1.6.2

A1.7 Sample
Collection and
Preservation

Because oftheirnature surfactants will be adsorbed on to any suspendedsolids as wellas
on the wallsofthe containing vessel. it must thereforebe clearlystated to the analystas to

what is required, ie the total surfactant oronly that in solution. Ifthe former is required it
must be firstascertainedwhether the level ofsolids in the sample willpermit a satisfactory
estimation of the total surfactant. When the latter is needed, centrifugation ratherthan
filtration of the sample should be employed to remove the suspended solids.
Sampling bottles should be completely filled with sample and if they are not to be
analysed within a few hours ofcollection the samples should be stored in a refrigerator
and sterilized,for example,by addition of i% v/v of a 40% formaldehyde solution. To
obtain a representative sample either stir the whole sample with a magnetic stirrer or
slowly invert the sample bottletwicebefore takingaliquots. As far as practical avoid the
formation offoam during the stirring or inversion but in any case do not withdraw an
aliquotwhile the bulk sample is foaming.

A1.8 Analytical Procedure
Step

Al.8.l

Al .8.2

Procedure
Preparation of Calibration Graph
out 0, 2,4, 6, 8, 10,
Using a 25 ml burettemeasure
18
ml
volumes
of
the
12, 14, 16,
10mg/i ManoxolOT
solution. Makeup in each case to approximately
100 ml, then carry out the procedure below(Steps
A1.8.2—8.9and 8.11) (note a). Deduct the absorbance
of theblank from those ofthestandard solutionsand
prepare graphs relating net absorbance to ig of
Manoxol OT for 10 and 40 mmcells.

Notes

(a) It is only necessaryoccasionallyto carry out
this procedure.

Analysis ofSample
Measure into a 250 ml glass-stopperedseparating
funnel 50 ml ofwater, 10 ml ofalkaline borate
solution and 5 ml of methyleneblue solution. Add
10 ml of chloroform, shake for 30 seconds, and allow
to seperate.

A1.8.3 Runoffthechloroform layeras completelyas possible (b) Whereverrunning offa chloroform layer from
theseparating funnel takecare that none ofthe
(note b) and rinse the aqueous layerwithoutshaking
with 2 to 3 ml ofchloroform. Repeat the extraction
aqueous phaseenters the tap of the funnel.
with a further 10 ml ofchloroform andrinse as before.
Discard the chloroform extracts (note c).

Al.8.4 Into asecond250mlglass-stopperedseparating funnel (c) The alkaline methylene blue may be cleaned up
measure 100 ml of water 10 ml ofalkaline borate
in one large separating funnel by taking suitably
solution and 5 ml ofmethyleneblue solution. Extract
increased volumes of alkaline borate and
with chloroform as in steps Al.8.2 and 8.3 (note c).

A1.8.5

methyleneblue solutions and extractingwith
appropriate volumes of chloroform.

To the extracted aqueous layer in the second
separating funnel add3 mlofsulphuricacid, mix well,
and ensurethat the tap and stemofthe funnel are dry.

Al.8.6 To thefirstseparating funnel add a suitable volumeof (d) Generally take up to 10 ml ofsettled sewage,
50 ml ofsewageeffluent,and 100 ml of river
sample,up to 100 ml containing 20 to 160 ig of
anionic surfactent (note d). Add 15 ml of chloroform,
water.
shake evenly and gently twicea second for 1 minute,
(e) It is frequently advantageous to incline the
preferably in a horizontal plane. Allow the layers to
funnel and rotate it slowly about an almost
separate as completelyas possibleand swirl the
horizontal axis in order to brake up the fine
funnel to dislodge droplets from the sides ofthe
emulsion coating the walls.
funnel (note e).
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Notes

Procedure

Step

Al .8.7 Allow to settle for two minutes then run as much as
possible ofthe chloroform layer intothe second
separating funnel containing the extracted and
acidifiedmethyleneblue solution. Shake the contents
ofthis funnel and allow thento separate as described
in step Al.8.6.
A1.8.8

Allow to settle for two minutes. Run the chloroform
solution through a small filter funnel plugged with
cotton wool, which has been freshly washed with
chloroform, into a clean dry 50 ml volumetric flask
(note b).

Al.8.9 Repeat steps Al.8.6to 8.8 from the addition of 15 ml
of chloroform onwards a further twice. Dilute the
combinedextracts in the volumetric flask to the mark
with chloroform.

Al.8.lO For each batch ofsamples for which steps Al.8.2—8.9
arecarriedout also complete these steps for a blank
determination on 100 ml of deionised water and one
standard from the range given in step Al.8.l.

Al.8.ll Measure the absorbancesof chloroform extracts for
standards, samplesandblank in 10mm cells against a
chloroform referenceat 650 nm. The volumetric
flasks should be shaken justbefore fillingthe cells
and the cells rinsed out three times with the
solutions beforetaking the reading. Wash out the cells
with chloroform aftereachreading (notes and g).

f

(f) Check the cell error frequently by measuring
theabsorbance difference whenchloroform is
used in both cells andcorrect for this error.
Ifthecell error increasesclean the cells by
immersion in dilute nitric acid, rinse with
deionised water anddry with acetone and
chloroform. Mark one cell and reserve for the
referencechloroform.
(g) If the absorbance of the test solution ofthe
sample when read in a 10 mm cell is less than
0.1 repeatreadings of standards, blank and
sample in 40 mmcells using the technique
described in step 8.11.

A1.8.12 Deduct the absorbance of theblankfrom that ofthe
sampleand from the calibration graphcorresponding
to thesize ofcellusedreadthenumber ofmicrograms
ofManoxolOTequivalentto thecorrectedabsorbance

(h) If the standard run with the sample batch
differs significantlyfrom the calibration graph
value, repeatthe method with all samples and
a fullrange of standards.

(note h).

Al .9 Calculation of
Results

Let V ml = volume ofsampleextracted
a tg = equivalentweightofManoxol OT as readoff thecalibration graph
Then the equivalent concentrationof anionic surfactantin the sample
= mg/l(expressedas Manoxol OT).
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A2

Determination of Anionic Surface
Active Material by an Automated
Version of the Abbott Methylene
Blue Method (Tentative Method)

A2.1 Performance

Characteristics
ofthe Method
(39)

A2.1.1

Substance determined Synthetic anionic surfactants and other anionic
surface active material of natural origin.

A2. 1.2 Type of sample

Settled sewage,sewageeffluentsand waters and
certain trade effluents.

A2. 1.3

Basis ofmethod

Automated solvent extraction (water/chloroform)
and colorimetric measurement of the anionic
surfactant as its methyleneblue complex(1) (2) (3) (4).

A2. 1.4

Range of
application (a)

Up to 20 mg anionic surfactantper litre as

Calibration curve (a)

Logarithmic; C = K (log B — logT)
where C= concentration as mg Manoxol OT per
litre

A2.1.5

Manoxol OT.

K = constant

B = baseline transmission (per cent)
T = transmission(per cent) for concentration
C
A2. 1.6 Standarddeviation (a) Concentration of
Manoxol OT in
distilled water

Total
Standard
Deviation

(mg/l)

(mg/l)

0.2
1.0
10.0
20.0

0.07
0.03
0.06
0.11

Degreesof
Freedom

9
9
9
9

A2.1.7 Limit ofdetection (a) 0.2 mg Manoxol OT per litre.
A2.l.8

Sensitivity(a)

A2.l.9

Bias

= 0.07T
Not known.

A2.l.10 Interference

See section 3 for substances tested.

A2.l.ll Time required for

Approx analytical time (80 + 4.3N)mm;
approxoperatortime (15 + 0.5N) mm;
where N = number ofsamples.

analysis

(a) These datawere obtained at the Water Research Centre (Stevenage Laboratory) (6)
using a procedureexactly the same as this method with a basic Technicon Auto
AnalyserAA1 system.
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A2.2 Principle

TheAbbottmethod (3) is generallyconsidered to be an improved versionofthe
Longwell and Maniece procedure (2). The latter was accepted by the UK Standing
Technical Committee on Synthetic Detergents (1956) as the official methylene blue
method for determininganionic surface active material. However, improvementsin the
former method. ie use of pre-extracted reagents, etc have resulted in greater sensitivity
A2.2.1

and reproducibility for methyleneblue estimations.
A2.2.2 Anionic surfactant is associated with

the intensely coloured methylene blue
cationto form a chloroform extractable ion-association complex; the unassociated dye
has an extremelysmall solubility in chloroform. The methylene blue-anioniccomplexis
partitioned into chloroform fron an alkaline methylene blue solution to avoid the
negative interference ofproteinaceous material presentin environmental samples. The
chloroform phase is then back extracted with an acidified methylene blue solution in
order to remove the interference of those materials such as inorganic anions eg nitrate,
chloride etc, that form methylene blue complexes of low chloroform extractability.
Theabsorbance of thefinal chloroform phase is determined at 650 mm.

A2.3 Scope and

Limitations
(including
Interferences)

A2.3. 1 For distilled water solutions of synthetic anionic surfactant, the method will
give an accurate determination of the surfactantpresent. However, for unknown water
samples, ie sewage, effluent and surface waters, the results obtained represent anionic
surfaceactive materialratherthan syntheticanionic surfactant. In theory, anycompound
containing a single strong anionic grouping (eg sulphate or sulphonate) and a hydro-

phobic moiety is capable offorming an extractable ion-association compound with the
methylene blue cation and can therefore positively respond in a determination for
synthetic anionics. It has been shown or predicted that organic sulphates, sulphonates,
carboxylates and phenols and even simple inorganic anions such as cyanate, nitrate,
thiocyanate and sulphide can be methylene blue active (5) (6). Although negative
interferences can also occur as a result of the direct competition of other cationic'
materials, for exampleproteins and quaternary ammonium compounds, for the anionic
surfactant, they are generallyconsidered to be less importantthan positive interferences
(8). However, the increasedusage of materials suchas cationic surfactant may alter this
situation. The reaction conditions in the Abbott method have been selected, as far as
possible, to eliminate or minimize some of the above interferants, in particular
proteinaceous material and inorganic anions which result in negative and positive
interferencesrespectively.Common constituents ofsewage and effluents includingurea,
ammonia and nitrate, as well as the preservativesformaldehyde and mercuric chloride
have been shown to giveno interference at 100 mg/l. Sodergren (4) showed that sodium
chloride (300—30,000 mg/i), sodium sulphide (100 mg/I), sodium sulphate (400 mg/I) and
sea water do not interfere.Nevertheless,not all naturalinterferants can be eliminatedto
allow a direct methylene blue determination of the synthetic anionic surfactant in
environmental samples. For this reason, the entities detected by the method are more
correctly referred to as anionic surface active material or methylene blue active
substances (MBAS). For domestic waste waters the MBAS response can generally be
taken as an acceptable over-estimate of the synthetic anionic surfactant present.
However,thereare goodindications that synthetic anionics may contribute only a small
proportion to the total MBAS in some surface waters (5) (9) (10) (11).
A2.3.2 Sodergren (4) established that there was more than a 90°/a probability of
obtaining the same value by the automated and manual procedures for homogeneous
aqueous samples containing Manoxol OT (0.02 to 2.7 mg/i). It has been observed,
however, that the automated procedure can give significantlylower MBAS values than
the manual method when applied to samples containing suspended solids (on which
anionic surfactant is concentrated). Two major factors probably account for the lower
recoveries of anionic material in the automated method, (i) suspended solids tend to
settle out in the samplingcupsofthe analyser while awaiting analysis and the adsorbed
surfactant is not quantitatively analysedand(ii) in the less vigorous extraction systemof
the analyser (ie mixing coils) a less complete recovery of surfactant from the sampled
solids is obtained compared with the manual procedure. The analyst should therefore
determinehowsatisfactorytheautomaticanalysis is forsamples containing high levels of
suspended solidsby correlating its performance with that ofthe manual method.

'3

A2.4 Hazards

sulphuric acid, other potentially harmful reagents used in this method are
chloroform, petroleum ether and mercuric chloride.
Besides

Chloroform is not expected to be a hazardduringits use in the analysis but an efficient
distillation unit, housed in a fume cupboard, should be employed for its recovery.
Petroleumether bp 40° to 600 isahighly flammableliquidandmustnot be used near any
naked light or flame. Smokingwhile using this material must be prohibited.
The eyes should be protected by wearing suitable glasses in the event ofthe bursting of
the plastic tubing on the Auto Analyser.

A2.5 Reagents

A2.5.1

Water

Use distilled or deionized water for wash water, blank determinations, and for
preparing standard and reagent solutions. This water should have the equivalent of
anionic-surfactantcontent which is negligible compared with the smallest concentration
to be determined in samples by this method.
A2.5.2 Sodium tetraborate,O.05M

Dissolve 19.05 g of sodium tetraboratein 1.0 litre of distilled water. Store in a glassstoppered glassbottle. This solution is stable for at least two weeks.
A2.5.3 Sodium hydroxide, approx O.1M

Dissolve4.00.2 g ofsodium hydroxide pellets in 1.0 litre water. Store in a polythenestopperedglass bottle. This solution is stable for at leasttwo weeks.
A2.5.4 Alkalineborate solution

Mix equal volumes of0.05M sodium tetraborate solution and 0.1 M sodium hydroxide
solution. Store in a polythene-stopperedglass bottle. This solution is stable for at least
one week.
A2.5.5

Sulphuric acid, approx O.5M

Carefully add 27±0.5 ml of concentrated sulphuric acid (d20 1.840) to approx 500 ml
water, cool and makeup to 1.0 litre with water in a volumetric flask. Store in a glassstopperedglass bottle.
A2.5.6

Chloroform

It is most important that a suitable grade ofchloroform is used. Thequality ofcommercial chloroform is variable: when inferior grades are used, prolonged preliminary
extraction ofreagents is required, and a high andcontinuous baseline drift results. To
achieve the required degree of purity, all chloroform to be used should be treated as
follows:
A2.5.6.1

Commercial chloroform

Beforeuse, all commercialchloroform is passed through a glass column containing selfindicating silica gel, 6—20 mesh, on top of neutral alumina (Al203 grade W200). The
length and diameter of the glass column, the height of silica gel and alumina in the
column, and the rate of flow of eluting chloroform do not appear to be critical. The
approximate dimensionsused at present are shown in Figure 1a.
A2.5.6.2

Usedchloroform

All usedchloroform is dried over self-indicatingsilicagel (6—20 mesh) for a minimumof
two hours andthen distilled in the apparatusshown in Figure lb. The first 200 ml of
distillate are discarded,and the remainder is passed througha glass column containing
self-indicatingsilicagel on top of neutral alumina (as shown in Figure la). The alumina
removes the more polar constituents, such as surfactants, that might be present in the
chloroform.
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A2.5.6.3

AlternativeMethod ofPreparation of Chloroirni

fr Re-Use

Distil chloroform from anhydrous calcium chloride, discarding the first 30—50 ml of
distillate. Collect the distillate following this and discard the final 50 ml of distillate.
Wash three times with distilled water.

Thechloroform is thenready for use without drying. This guarantees therewill not be
any turbidity problems. The used chloroform is stored in a dark bottle and recovered
immediately prior to use.
A2.5.7 Stockmethylene-blue solution
Dissolve 0.25±0.005 g of methylene-blue in water, transfer quantitatively to a 1 litre
volumetric flask and make up to the mark with water. Store in a glass-stopperedglass
bottlein the dark. The solution is stable for at least two weeks.
A2.5.8

Alkalinemethylene-blue solution

Measure60±0.5ml ofthe stock methylene-bluesolutionintoa 250 ml separating funnel
and add 100 mlofalkalineboratesolution. Extractthis mixture with four20 ml portions
ofchloroform. After the fourth extraction the chloroform layer should be colourless.
Wash the methylene-bluelayerwith 25 ml ofpetroleum ether(bp 40° to 60°C)(HIGHLY
FLAMMABLE LIQUID), run the lower layer into a 1 litre measuring cylinder
containing 200 ml ofalkalineborate solution, andmakeupto 1 litrewith water. Store ina
polythene-stopperedglass bottle in the dark. This solution is stable for up to five days.
A2.5.9

Acid methylene-blue solution

Measure 80 ml of the stock methylene-bluesolution intoa 500 ml separating funnel and

add40 ml ofalkaline boratesolution and 160 ml ofdistilled water. Extractthis mixture
with five 25 ml portions of chloroform. After the fifth extraction the chloroform layer
should be colourless.

Wash the methylene-blue layer with 25 ml of petroleum ether (bp 40° to 60°C)
(HIGHLYFLAMMABLE LIQUID), run thelower layerintoa 2 litre measuringcylinder containing 20ml of0.5M sulphuricacidandmakeup to themarkwith water. Store in
a glass-stopperedglass bottle in thedark. This solution is stable for up to five days.
A2.5.1O

Standard ManoxolOT solutions

A2.5,1O.1 Stock solution A,

1

ml

= 1 mg Manoxol OT

Dissolve 1.00*0.05 g of Manoxol OT (sodium dioctylsulphosuccinate) in water.
Transfer quantitatively to a 1-litre volumetric flask and make up to 1 litre with water.
Store in a glass-stopperedglass bottle in a refrigerator below 5°C.This solution is stable
for at least three months.
A2.5.1O.2 Stock solution B, 1 ml

= 0.1 mg. Manoxol OT

Add50.0 ml ofsolution A to a 500ml volumetricflask andmakeup to 500mlwith water.
Store in a glass-stopperedglass bottle in a refrigerator below 5°C. This solution is stable
for at least two months.

A2.5.1O.3 Prepare a series of standard solutions containing 1, 2, 5, 10, 15, and 20 mg
Manoxol OT per litre by adding 1.0 ml, 2.0 ml, 5.0 ml, 10.0 ml, 15.0 ml, and 20.0 ml
respectively, of solution B to 100 ml volumetric flasks and making up to the mark with
water. These solutionsare stable for at leastone week.

A2.6 Apparatus

The apparatusconsists basicallyof a sampler, proportioning pump, colorimeter, and
strip chartrecorder, assembledas shown in Figure 2.

A2.7 Sample

Because oftheirnature surfactants will be adsorbed onto anysuspendedsolids aswellas

Collectionand
Preservation

on thewalls ofthe containingvessel. Itmust therefore beclearlystatedtothe analyst as to
what is required, ie the total surfactant or only that insolution. Ifthe former is required it
must befirstascertained whether thelevel ofsolidsin the samplewillpermit a satisfactory
estimation of the total surfactant. When the latter is needed, centrifugation ratherthan
filtration of the sample should be employed to remove the suspendedsolids.

Sampling bottles should be completely filled with sample and if they are not to be
analysed within a few hours ofcollection the samples should be storedin a refrigerator
and sterilized, for example, with 1% of a 40% formaldehyde solution. To obtain a
representative sample either stir the whole sample with a magnetic stirrer or slowly
invert the sample bottle twice before taking aliquots. As far as practical avoid the
formation offoam during the stirring or inversion but in any case do not withdraw an
aliquotwhile the bulk sample is foaming. Samples expected to contain more than 20 mg
anionic surfactant as Manoxol OT per litre should be first dilutedwith water.

A28 Analytical Procedure
Notes

Step

Procedure

A2.8.1

StartingOperation
Connect the system as shown in flow diagram and
switch on photometer (note a) and selectthe
appropriatewave-length.(650 nm).

A2.8.2

Place the reagent lines intotheir respective reagents,
start the pumpand allow the reagentsto pump
through the system for 15 mm (note b).

(a) Allow photometer lampto warm upfor at least
15 mm.

(b) Straighten out any'snaked'pump tubes and
check that the bubble pattern and hydraulic
behaviour ofthe system are satisfactory. Ifnot,
eliminate difficulties before proceedingto
stage 3.

A2.8.3

Connect the second phase splitter to the flow cell

(notec).

(c) Pinch the acid-resistant tubing at the bottom of
the phase splitter with thefingers and
disconnect the screw-clipattachment. Gently
ease the finger pressure to allow chloroform to
flow out slowlyuntil it is seen to be free of
methylene-bluesolution then re-pinch the
tubing and connect to the flow cell inlet line.
Ensure that the chloroform layer in the phase
splitter does not drop so low that methyleneblue solution enters the flow-cell line. Ifthis
happens reconnect screw-clipattachment,
washout theflow-cellwith hot waterfollowed
by acetone, air dry, and repeat the connection
procedure.

A2.8.4 Switch on the drive for the recorder chart, and set
the pen to 95—100 per centT.
Sample Analysis
A2.8.5 For a typical 40-positionedsample tray* load in the
followingorder (note d):

Position Nos
diluted sewagesample
37
38
sewage sample
39, 40 distilled water

prelim.
check
samples

1—6

standardsolutions in ascending order

7—9
10—21

distilledwater
samples (note e)
ControlStandard (note f)
Intermittent Standard (note g)

22
23

(d) The tray can be loaded duringthe stabilization
period.
(e) A second portionofthe first sample in each
block of samples is analysed as the last sample
in eachblock, for quality-control purposes.
(1) A standard solution ofknown concentration
corresponding to 0.5 C is analysed at the end
of eachblock ofsamples for quality-control
purposes; C is the highestconcentration that
the calibration is intended to cover.
(g) One of the calibrating standards, in ascending

order,is repeated for calibration check

24—25

distilledwater

Repeatthesequence 10—25 inclusiveuntilall the
samples have been analysed (note h).

*applicableto the type indicated in the flow diagram.
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purposes.
(h) Standards not usedintermittently are to be
grouped in ascendingorderat the endoftherun.

Step

Procedure

Notes

A2.8.6 Start the sampler (note i) with a sample rate of20/h
and a sample: wash ratio 1:2 (note j).

(i) The first peak will appear afterapproximately
7mm.

a sample having a low concentration of
anionic surfactant immediatelyfollowsa
sample with a high concentration, the test will
be repeated on thelow sample at the end of
the run, separated by two distilled water

U) When

samples.

Samples whose concentration is found to be
> 20 mg/lare repeated aftersuitable dilution
with distilled water. End a run of samples by
repeating the calibration curve, ifconsidered
A2.8.7

When all the peakshave appeared and a final base
line has been obtained, switchoffthe drive for the
recorder chart.

necessary.

Calculation of Results
A2.8.8

Plot a calibration curve ofper centT against
concentration ofstandard solution (notes k and 1).

A2.8.9

Calculate the equivalentconcentration ofManoxol

I

(k) Take the mean percentage reading for of two
aliquots ofeachstandard. The calibration is
linearifplotted on semi-logpaper.
(1) All peaks heights ofstandards and samples are
first corrected forany base-linedrift.

OT in the samples.

A2.8.10 Shut-down procedure. (Required at the end ofeach
working day).
Transfer both the acid and alkaline methylene-blue
lines to water and pump water for 10 mm while
continuing to pumpchloroform through the
chloroform lines. Then pinch the flow cell inlet line,
disconnect, and reconnectthe screw-clip
attachment. When the flow cell is free ofchloroform,
pumpair through thechloroform reagent linesuntil
thefirst phasesplitter is free ofchloroform.
Placethe chloroform reagent linesintoa solution of
methanol containing approximately 10 per centv/v
of concentrated hydrochloric acid, and place the
otherreagent linesinwater;wash the systemthrough
for tenminutes, thenplace thechloroform reagent
lines in water and wash through for fifteen minutes.
The methanol/hydrochloricacid solution effectively
removesmethylene-bluewhich adheres to the glass
surfaces; it also removesany adsorbed surfactant.
Switchoffthe pumps, release the pump tubes, and
switch off the colorinieter. Wash the sample cups
(note m).

A2.9 Extensionof the
Concentration
Range ofthe
Method

(m)Ifcups are to be re-used wash well with hot
water.

Themethod has beentestedin theconcentration range 0 to 20 mg Manoxol OTperlitre.

The response is not linear at higher concentrations when employinga semi-logarithmic
plot. However, by using range expansion, x 10, a much lower working range of 0 to
2.0mg Manoxol OT per litrecan be accommodated, but each sampleshould be separated
by asolution of0.02MKH,P04potassium dihydrogenphosphate on the sample tray for
improvedprecision.
17

Extraction of Anionic Surface
Active Material from Sewage
Sludges (Tentative Method)

A3

A3.1 Performance

Characteristics
of the Method
(39)

This method has not been tested to the normal tentative method standard;
nevertheless the Committee think that it should be published.

A3.1.1 Substance determined Synthetic anionic surfactants and otheranionic
surface active material of natural origin.
A3.l.2 Type ofsample
A3.l.3

Basisof method

Wetor dry, primary, secondary and digestedsludges.
The concentration of the anionic surfactant extracted
from the sewagesludge by alkaline methanol is
determined by the standardmethyleneblue procedure
(Method Al).

A3.1.4 Range ofapplication

0.1—5.0% rn/rn as Manoxol OT on dry solids.

A3.l.5

Standard deviation

—

A3.l.6

Limit ofdetection

0.005% m/rn*.

A3.1.7

Interferences

Anything extracted whichinterferes with methylene
blueactive substance determination. (See Section
A3.3).

A3.l.8 Time required for
analysis

*

Based on extraction

Total time: 8 h for preparation of 12 aqueous samples
for MBAS analysis.

off g solids.

A3.2 Principle

Anionic surfactant present in sludge is first extracted into alkaline methanol. After
evaporation of the methanol, the residue is dissolved in water and analysed by the
standardmethyleneblue procedure. (Method Al.) (12).

A3.3 Interferences

The methylene blue analysis is not specific for anionic surfactant alone; many other
anion active materials (Synthetic and natural) have been shown to be responsive (see
Section Al.3). Therefore the analysis of the residue extracted from a sludgewill givea
total estimate of the anionic surface active material present (ie methylene blue active
substances, MBAS). In addition, negative interferencescan also occur in the methylene
blue analysis as a result of the direct competition of other cationic' material, for
example, proteins and quaternary ammonium compounds, for the anionic surfactant.
These have generally been considered to be less important than positive interferences
although the increased usage of cationic surfactant may have altered this situation.
Detergent-freesludgehas been found to have the equivalent of0.2% Manoxol OT rn/rn
equivalenton dried solids.
Sludgesheavilycontaminated with mineral oils might giverise to difficulties through the
precipitation ofoil in the cold methanol extracts and its subsequentinterferencewith the
methyleneblue analysis.

A3.4 Hazards
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A high standard of hygieneshould be maintained since primary and secondary sludges
may contain pathogenic organisms. Some of the reagents used, including methanol,
chloroform (for MBAS)and sodium hydroxide, are potentially harmful.

A3.5 Reagents

A3.5.1

Methanol, analyticalreagent grade

A3.5.2

Sodium hydroxide, analytical reagent grade O.1M methanolicsolution.

Dissolve 10±0.1 g sodium hydroxide in 250±5 ml methanol (caution).

A3.6 Apparatus

A3.6.1 250 ml round bottomed flask fitted with a reflux condenser.
A3.6.2 Steam bath or heating mantle.
A3.6.3

Buchnerfunnel and filter flask.

A3.6.4 WbatmanGF/C glass fibre filter papers of diameter 50 mm, or equivalent.
A3.6.5

Filter pump.

A3.6.6 Porous porcelainchips.

A3.7 Sample
Preservation

Sludgesamples should be analysedimmediately.Ifthis is notpossible, samplesshould be
stored at 1—4°C but for not more than 48 hours.

A3.8 Analytical Procedure

(See also note at the end ofthis procedure.)

Step

Procedure

Notes

A3.8.1

Weigh out accuratelyabout 10 ml sieved wet sludge
or about0.5 g dried sludge (note a).
Transfer with the aid ofa little methanol to a
250-mi round bottomed flask (note b).

(a) If necessary, coarse solids are removed by
sieving(about 5 mm). The dry weightof the
sludge must be determined (36). Dried sludgeis
ground and sievedbefore use (37).
(b) Glassware should be rinsedwith methanol
before use to avoid contamination.

A3.8.2

Add 150±5 ml methanol and 10±1 ml ofa 0.lM
methanolic solution of sodium hydroxide.

A3.8.3

Fit a refluxcondenser to the flask and reflux
vigorouslyfor about 30 mins over a steam bath or
heating mantle.

A3.8.4

After refluxing allow the sludge to settle in the flask
(note c) and decant the methanolic extract through
a glass-fibrefilter paper undersuction (note d) on a
Buchnerfunnel intoa 500 ml filter flask. Transfer
thewhole contents ofthe flask to thefilter funnel.

(c) Initial settling facilitates filtering.
(d) Use a filter pump.

A3.8.5

Rinse out the flask into the filter with 10—20 ml
methanol making sure all the solids are transferred.

A3.8.6

Wash the solidson the filter paper with three
separate 20 ml portions ofmethanol.

A3.8.7

Returnthe filtrate to the roundbottomed flask and
distiloff(note e) the methanol untilabout 10 ml

(e) Porousporcelain chips should be used to
prevent bumping.

Disconnect the flask and allow to cool for 10 mm.
(note f).

(f) This allows the remaining methanol to
evaporate.

remains.
A3.8.8
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Step

Procedure

Notes

A3.8.9

Rinse down the sides of the flask anddilute the
residue to not less than 250 ml with distilled water
(note g).

(g) Dilution is normally to 250 ml up to 1000 ml
depending upon the concentration of anionic
surfactant in the sample.

A3.8.10 Analyse this solution by the standard methylene
blue procedure (Method Al).

Note:A soxhlet extraction may be used instead of the refluxingin steps A3.8.l—A3.8.4using methanol only (13).
A3..9 Calculation
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Let the volume offinal extract be Vml and the concentrations ofMBASbe x mg/l. Ifth
weight of dry sludgeusedis w mg, the percentage MBAS in dry solids =

FRACTIONATING
COLUMN

50

SED CHLOROFORM

(a) Commercial chloroform

(b) Used chloroform

Fig. 1. Distillationof chloroform
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Nonionic Surfactants

A Review of Analytical Methods for
the Determination of Low Levels of
Alkoxylated Nonionic Surfactants in
Aqueous Samples

Introduction
Thetwo mostwidelyusedgroups ofnonionic surfactants, accounting for about 80% ofdomestic and industrial use in
Europe (14), are the alcohol ethoxylates (AE) and the alkylphenol ethoxylates (APE); these are prepared by the
reaction ofethylene oxide (EO) with fattyalcohols and alkyiphenolsrespectively:
ROH + n H2C-CH2 R(OCH,CH7) OH

-

0
where R is an alkyl (C8—C18) or alkylphenylgroup (octyl/nonylphenol)
n = an averageof4—20 (EO) units.

Otherless important classesofalkoxylated nonionic surfactants include thepolyoxyalkyleneoxide block copolymers
(containing ethylene oxide and propylene oxide (P0)), polyoxyethylene esters and polyoxyethylene alkylamides,
etc (15).

Theuse ofsubstantial quantities ofalkoxylated nonionic surfactant ofthe types indicated above has resulted in a need
for analytical methods that can be used to determine them in a numberof sample matrices. To date, only a small
numberofprocedures have gained any general acceptancefor determining low levelsofthese materials (0—20 mg/litre)
in a range ofaqueous sampleswhich include biodegradation test liquors, sewage,effluentsand surface waters. Fourof
the most applicable methods* for use in nonionic surfactant biodegradability studies and environmental monitoring
are considered. These are:
1. the Wickbold titrimetric method (and modifications)(16, 17), (Method B2),
2. theAmerican Soapand DetergentAssociation's (SDA) cobaltothiocyanate method (18), (Method B5).
3. the Patterson TLC method (19), (Method B3), and
4. a chemicalflssion—GLCprocedure (tentative method) (20, 21), (Method B4).
An important first step in all these procedures in theconcentration andseparation ofthe intact alkoxylated nonionic
surfactant free from interfering material in the aqueous sample prior to its analytical estimation. Concentration is
generallynecessatysince the analytical estimation steps lack sufficient sensitivity to enablea direct analysis of samples
(c. 1 mg required for accurate estimation) eveniftheycontain no interferingcomponents. In the Patterson TLCmethod
a series of solventextraction steps (water/chloroform) is used to concentrate and separate nonionic surfactant from
some of the interfering material in aqueous samples. The technique results in the extraction of nonionic surfactant
degradation products and polyoxyethylene glycols (ie non-surface active components). These materials do not
generallyinterfere in the TLC estimation ofintact nonionic surfactant since they have significantly different Rf's(and
if required can be separately assessed).For the other three procedures the intact nonionic surfactant is concentrated
and separated by theWickbold solvent sublation technique free (22) from non-surfactant material that could interfere
in its subsequent estimation. With this technique all surfaceactive materials including the nonionics are transported
from aqueous samples into an overlying layer of organic solvent (ethyl acetate) by bubbling gas (nitrogen or air)
through it. The phenomenonis due to the adsorption ofthe surfactant on the surface ofthe bubbles and its subsequent
transfer to the liquid-liquidinterface wherethe isolatedsubstancespartitionintothe organic solvent. On increasingthe
ethyleneoxidecontentofa surfactant structure the recoverabilityofa material inthis sublation stepcan besignificantly
reduced due to its increasing hydrophilic character. Nevertheless, acceptable recoveries have been obtained for
materials containing up to an averageof 50 (EO) units. It has been indicated that for samples containing high levels of
solids eg raw and settled sewage, additional sublations (to the two recommended by Wickbold) are often needed to

ensure acceptable recoveriesofnonionic surfactant (18).

The resulting sublation extracts are generally ion-exchangedundernon-aqueous conditions to remove ionic-surface
active materials, that can interfere in the subsequent estimation of the nonionic surfactant in these methods, eg
-cationicsurfactants, alcohol ethoxylate sulphates, etc. However,the ion-exchangestep in these procedures can be left
out provided that interferingmaterials are known to be absent from a sample, eg usually the case for biodegradation
testliquors.
*Other minor classes of non-alkoxylated nonionic surfactants such as the anhydrohexitol derivatives,sugar esters,
fatty alkanolamides andfatty amine oxides are unlikely to be responsive to these methods.

The solvent sublation step is equally applicable for preparing a nonionic surfactant extract suitable for a Patterson
TLC analysis (providing ion-exchange has been carried out for those samples requiring it).
The chemicalbasis ofthe analyticalestimationstep in threeofthe methods ie Wickbold, SDAcobaltothiocyanateand
Patterson TLC procedures is essentiallysimilar and depends upon the formation of heavy metal—alkoxylatednonionic surfactant complexes.The stoichiometryofcomplexformation is dependent on the length ofthe polyoxyalkylene
chain and little or no reaction is obtained for nonionic surfactants containing less than an average of 4 (E0) units.
Therefore, whereverpossibleresults should be expressed with the aid of standards for the surfactant underinvestigation eg in biodegradation test studies, etc. For samples in which the nature of the nonionic surfactant is unknown,
particularly true of environmental samples, results have to be expressed arbitrarily in terms of a suitable reference
surfactant. A nonyl-phenol ethoxylate with an average of eight to ten ethoxylate units (such as Synperonic NP8'
manufactured by ICI Ltd and 'Marlophen 810' manufactured by HUls AG) may be used for this purpose. The fourth
method, however, is basedon the chemicaldegradation of the nonionic surfactant to givespecific products that can be
analysed by GLC. The response ofthis method, unlike the other three, is dependent only on the polyoxyalkylenecontent of the extracted nonionic surfactant; both polyoxyethylene and polyoxypropyleneunits are assessed. A brief
description of each method is given below.

Wickbold titrimetricprocedure and modifications
This procedurehasbeenofficially adopted for the determination of nonionic surfactants in biodegradation test
liquors in German, French and UK methods and has also been incorporated into the draft EEC directive for determining the biodegradability of nonionic surfactants. A simple solvent sublation technique is used to concentrate

Bi .1

selectively intact nonionic surfactants free from non-surface active materials including polyoxyethylene glycols

(PEG's) and nonionic surfactant degradation intermediates. The residues isolated from environmental samples are
cation-exchangedto remove other interfering surface active materials, such as cationic surfactants, that are concentrated in the solvent sublation. The nonionic surfactant is precipitated from aqueous solution with a modified
Dragendorif reagent (barium chloride—potassium tetraiodobismuthate (III)); the resulting nonionic surfactant—
complex precipitate is dissolved and the liberated bismuth ion is titrated potentiometrically with pyrrolidine
dithiocarbamate complexoneas a measure of the nonionic surfactant.

In othermodificationsthebismuth is estimated (17and Method B2), probably with greater ease, by atomic absorption
or UV colorimetry. Since it is recognised that materials (synthetic and natural) other than nonionic surfactant can
positively respond to this method, the entities detected are commonly referred to as either Dragendorif active
substances (DAS) or bismuth active substances(BiAS).
The Wickbold procedure has been found to be applicable to a wide range of alkoxylated nonionic surfactants.
Although Wickbold indicated that alcohol ethoxylates and alkylphenol ethoxylates with an average of 6—30 (E0)
units could be assessedit has been found that compoundswith as many as 50 (E0) units and those containing (E0) and
(P0) units can also be estimated. The response ofa nonionic surfactant is dependent upon both its molecularweight
andpolyoxyalkylenechain length; shortchain nonionic surfactants containing an averageof4 or less (E0) units have
little or no response. The method has a limit of detection for alkoxylated nonionic surfactant of about 0.05 mg/l
(expressedas 'Synperonic NP8').

BI .2 SDA Cobaltothiocyanate Procedure
The AmericanSDA has claimed that its cobaltothiocyanate method (CT) is simpler and faster to operate than the
Wickbold titrimetric procedure in biodegradationand environmental studies. A modifiedWickbold solventsublation
step is used to concentrate selectively intact nonionic surfactant; for environment samples the resulting nonionic
surfactant residueis both anion and cation-exchangedto removeionic surfaceactive materials thatmight subsequently
interfere in the nonionic surfactant estimation. The nonionic surfactant is reacted with the ammonium cobaltothiocyanate in aqueous solution to form a coloured complex which is readily extractable into dichloromethane. The
intensity of the colour of the complex in the organic phase is a measure of the nonionic surfactant present. The CT
method, like the Wickbold, is not completely specific for nonionic surfactant and the entities detected are therefore
correctly referred to as cobaltothiocyanate active substances(CTAS). (See also Ref 38.)
The applicabilityof the method has been establishedfor alcohol and alkylphenol ethoxylateswith linearor branched
alkyl chain lengths ofC8 to C18 and ethoxylatechain lengths of4 to 20 (E0) units although other longer (E0) chain
length nonionic surfactants are expected to be responsive. The response of a nonionic surfactant is highly dependent
upon its polyoxylalkylenechainlength and molecular weight(probably more so than theWickbold procedure). It has
a limit of detection of about 0.1 mg/I.

Work has been carried out at the Water Research Centre on the automation of this procedure (23) allowing the
analysis ofthreesamples an hour. Although limitationswere experiencedin this approachit could form the basis for
further investigation.
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Bi.3 Patterson TLC Method
This procedure has found considerable application in the monitoring of nonionic surfactant in sewage, effluent and

surface waters particularly in the UK. A liquid/liquid solvent extraction technique is used to concentrate and
separate the nonionic surfactant from some of the interfering material in aqueous samples. The resulting nonionic
surfactant residue, made up to small volumewith chloroform, is spotted alongside standards on a TLC plate and run
in a suitablesolvent system.The samplespots arevisuallyquantified with theaidof thestandard spots aftertheplate is
sprayed to produce the coloured Dragendorif—nonionicsurfactant complex(seeWickbold method). It is the subjective comparative estimation of the nonionic surfactant in this procedure that has been seen as one of its major disadvantages for use in statutorybiodegradation tests.

The Patterson TLC method is applicable to commercial alkoxylated nonionic surfactants with ethoxylated chain
lengths of at least 4 (E0) units. Compounds containing both (E0) and (P0) units are also estimatable. However,
streaks rather than compact spots are formed on TLC plates with compounds that have more than about 20 (E0)
units. The response of a nonionic surfactant in the TLC estimation is dependent upon its molecular weight and
polyoxyalkylenechain length. The sensitivityof the method is significantly better (limit of detection about 0.01 mg/i
Synperonic NP8') than that ofthe Wickbold and CT methods.
B1.4 Chemical Fission—GLC Method (Tentative)
The chemicalfission—-GLC techniquehas been well establishedfor the macrodetermination of the polyoxyethylene
and/or polyoxypropylenecontent of a range ofaikoxylated compounds. Methods using this principleare now available for the microdetermination of. alkoxylated nonionic surfactant and degradation intermediates in aqueous
samples. However, for the specific determination of intact nonionic surfactant preliminary solventsubiation and ion
exchangesteps have to be incorporated intothe method; ifan estimate ofthe total aikoxylated material in a sample is
required an appropriatealternative concentration technique can be used(ie solvent extraction, simple evaporation).
The intact nonionic surfactant, isolated by solvent sublation, is reacted with hydrogen bromide to break the ether
linkages between adjacent oxyalkylene units to form the corresponding dibromoalkanes which are subsequently
quantitatively estimated by GLC.The amount ofnonionic surfactant is calculated from the levels ofdibromoalkanes
produced and with the aid of suitable referencestandards.
R0(CH2CH20) H + HBr R Br + n BrCH2CH,Br

-

CH3

R0(CH2CH,0)X (CH,.CH0)H ± HBr

-

CH3

R Br + x BrCH,CH2Br + y BrCH2CH.Br

Unlike the other three methods, the response of nonionic surfactant in the chemical fission—GLC procedure is
dependent only upon the polyoxyalkylenecontent of the nonionic extract; the method is therefore applicable to all
alkoxylatednonionic surfactants irrespectiveoftheir(E0) chain length provided that they are solvent sublatable. The
limit ofdetection for the method is claimedto be 0.005 mg/i (as 'SynperonicNP8').
B1.5
B1.5.1

The Applicabilityof the Methods to Aqueous Samples
BiodegradationTest Liquors

All fourmethods canbe usedto determine low levels ofa wide range ofcommercialalkoxylated nonionic surfactants
inbiodegradation testliquors with acceptable accuracyand precision. However,theWickbold and CT proceduresare
likelyto findthe greatest usage since they are simplerand quicker to operate. The use ofthe Wickboldsolventsublation
technique in these methods provides a convenient means of selectively concentrating small amounts of intact nonionic surfactant. The two methods are particularlysuited to the range of nonionic surfactant concentrations found in
biodegradation test liquors (0.1—20 mg/i) and give an unequivocal estimate (via a direct titration or absorbance
reading) of the nonionic present (unlike the Patterson TLC method which relies upon a subjective comparative
estimation).Although the WickboldandCT methods are probably more susceptibleto positiveinterferencethan the
other two methods this is unlikely to be important for biodegradation test liquors (ie where appropriate control
liquors are generallyavailable to correct for any interferingmaterial).
The Patterson TLC and chemicalfission—GLCmethods are very much less convenient but can offer some distinct
advantages over the simpler methods on occasions. For example, both methods are able to determine much lower
levels of nonionic surfactant (down to 0.005mg/i), the TLC method can give additional information on the nature of
the nonionic and its degradation intermediates and thechemicalfission—GLCprocedure can estimatea wider range
ofmaterials including theshort(E0) chain nonionic surfactants.
B1.5.2

Sewage, Effluent and Surface WaterSamples

In environmental samples there are many more materials that can interfere with the estimation of alkoxylated nonionic surfactants. Of the fourmethods, the Patterson TLC and chemicalfission—GLCprocedure are less likelyto be

susceptibleto the possible interference of naturally occurring material since they utilise chromatographic techniques
that result in an additional separation ofthe nonionic surfactant from interferants. Since these two methods are also
the most sensitivethey aremoreapplicable for monitoring the whole range of nonionic levels found in environmental
samples. Additional useful information is obtainable from the Patterson TLC method on the nature of the nonionic
surfactant, for example, an indication of the length of the ethoxylate chain and type of nonionic surfactant can be
given.

Although the Wickbold and CT methods can be applied to environmental samples (to determine BiAS and CTAS
levels respectively)they are not particularly suited (ie detection limit of 0.05—U. 1 mg/I) for the estimation of the low
levels of nonionic found in most UK sewage effluents and surface waters (<0.5 mg/I).

A summaryofthe main features ofthe fournonionic surfactant methods considered in this reviewis given in Table 1.
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samples.
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used for a range of

Highly applicable to
biodegradation test liquor
samples. Less suitable for
environmental
monitoring (particularly
at low levels).

Highly applicable to
biodegradation test liquor
samples. Less suitable
for environmental
monitoring (particularly
at low levels),

Application

.

Responsedependent only
on polyoxyalkylene
content -—applicable to all
solvent sublatabie
nonionics.

Response of nonionic
dependent upon its M.Wt.
and polyoxyalkylene chain
length. Estimationsfor
mixed nonionicsmust be
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Nonionics containing 4 or
less (EO) units are not
readily detected.

Additional
Comments

Determination of Ethoxylated
Nonionic Surfactants by the
Wickbold Method
(Tentative Method)

B2

B2.1 Performance

Characteristics
of the Method
(39)

B2.1.1

Substance determined Ethoxylated nonionic surfactants with 6—30 ethylene
oxide groups. Propoxylated surfactants also react.

B2.1.2 Type of sample
B2.l.3

Basis ofmethod

Settled sewage(a), sewage works effluents,waters
and certain tradeeffluents.
Concentration of the nonionic surfactant by
subiation followed by precipitation of the
concentrated extract with barium
tetraiodobismuthate (modified Dragendorif reagent).
Theprecipitate is dissolved and the liberated bismuth
is determined by titration (16).Alternatively atomic
absorption or ultra violet spectrophotometry may be
used to determine the liberated bismuth in the
sample aliquot.

B2.1.4 Range of application
(optimum)

250—800 .tg. Corresponding to 0.25—0.8 mg/l.

B2.l.5

Linear.

Calibration curve

B2.l.6 Standard deviation (b) A. Standardsolutions ofMariophen 810.
1

litre samples:

Standard
Deviation

Concentration mg/i
Nominal
Found
0.2
0.25
0.3
0.4
0.5
0.6
0.7
0.8
0.9
B.

mg/i

0.194
0.258
0.324
0.373
0.504
0.557
0.699
0.858
1.005

4

0.034
0.027
0.028

4
4
4
4
4
4
4
4

0.054
0.030
0.030
0.070

Crude Sewage 50 ml samples:

mg/i
5.97
C. Sewage Effluent
0.138

Limit of detection (c)

0.031

0.011

Found

B2.1.7

Degrees of
Freedom

1

Standard
Deviation
mg/i

Degrees of
Freedom

0.39

4

litre samples:
0.020

(1) Five determinations simultaneously:
2 x 2.t x SD
0.039mg/I

4

=

(2) Seventeensingle determinations:
2 x 2.t x SD = 0.086mg/I
t = tabulated value ofStudent's—t (single-sided)
SD = within batchstandarddeviation.
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B2.1.S

Sensitivity

(1) Titration method:
1 ml titrant
0.050mg'!.
(2) Atomic Absorption Spectrophotometry

=

Depends on the equipment characteristics.
(3) Ultra Violet Spectrophotometry (2 cm cell)
0.685 Absorbance at 263.5 nm per mg as
Marlophen 810.
B2.l.9

Bias

B2. 1.10 Interferences

Not known.
The known interferencesare anionic surfactants in
concentrations greater than 15 times the nonionic;
cationic surfactants and heavy metals except when
bismuth is determined by Atomic Absorption
Spectrophotometry.

B2.1.11 Time required for

analysis

10 samples:

total analytical times: approximately 8 hours,
total operatortimes: approximately 8 hours.

(a) The recovery of nonionic surfactant from settled sewage may not be quantitative.
(b) Results obtained by Water Research Centre (Stevenage Laboratory).
(c) Limit of detection for titrimetric method only.

B2.2 Principle

Themethod describedis based on experimental evaluatory work carried out in
the United Kingdom, on the Wickbold recommended method for thedetermination of
B2.2.1

nonionic surfactants (16, 17).
B2.2.2 Air or nitrogen is bubbled through the sample and the nonionic surfactants are
extracted from the aqueous phaseintoa less dense organic phaseby physical sorption at
the liquid/bubble interface.Thesurfactants are carried upwards by thecontinuous flow
of gas bubbles and dissolve in the organic solvent layer above. This process is termed
sublation.

The organic layer is separated from the aqueous phase and is concentrated by evaporation. The residue is reacted with barium tetraiodobismuthate (modified Dragendorif
reagent) to form an orange precipitate. This precipitate is filtered off, dissolved in
ammonium tartrate solution and the bismuth determined by titration. Alternatively
atomic absorption or ultraviolet spectrophotometry methods may be used(seeSections
B2.9.3 and B2.9.4 respectively).

B2.3 Interferences

There is no detailed information concerning interfering substances and their effect on
thismethod. Theextractionstage excludespolyethyleneglycols and themajority ofnon-

surface active substances which might otherwise interfere in the complex formation
stage of the analysis. Interferences due to other materials have not been evaluated.
Cationic surfactants interfere by reacting with the modified Dragendorif reagent and
must be removed ifnecessaryby a cationexchange procedure (seeSection B2.10).
Anionic surfactants do not interfere provided their concentration is less than 15 times
that of thenonionic surfactants.
Heavymetals will interfere in the titrimetric and ultra violet methods for the determination ofbismuth.

B2.4 Hazards

The following potentially hazardous reagents are used in this method. Glacial acetic

acid, sodium hydroxide, hydrogen peroxide, concentrated ammonia, nitric acid, barium
chloride.
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B2.5 Reagents

All reagentsarestored in glassbottles. AnalyticalReagent' grade chemicalsare suitable
except whereotherwiseindicated.
B2.5.1

Deionized water or water distilled from an all glass apparatus is suitable.

Ethyl Acetate
Freshly re-distilledtaking the fraction boiling between 76—78°C.
B2.5.2

B23.3 5% w/w SodiumBicarbonate
Dissolve 50±1 g sodium bicarbonate in 1 litre ofdistilled water. Stir whilst adding the
solid.
B2.5.4 Sodium Chloride
B2.5.5

GlacialAceticAcid

Acid ofpurity 99—100% only should be used.
B2.5.6 Methanol
B2.5.7 0.1%w/v Bromocresol Purple
Dissolve 0.1+0.005 g bromocresolpurple in 100 ml methanol.
B2.5.8

Precipitating—Complexing
Agent
This is themodifiedDragendorif reagent and is a mixture of2 volumesofsolution A and
1 volume of solution B described in Sections 5.8.1 and 5.8.2. The mixture is prepared
freshly each day and storedin a brown glass stoppered bottle.

PartialSolutionA
Dissolve 1.7+0.01 g basic bismuth (III)nitrate (BiONO3.3H20)in 20 ml (+ 1 ml) glacial
acetic acid and makeup to 100± 5 ml with water. Dissolve 65.0±0.5 g potassium iodide
in 200±5 ml water.
B2.5.8.1

Mix these two solutionsin a 1 litrevolumetric flask, add 200±5mlglacial acetic acidand
make up to 1 litre with water. After ensuring complete mixing, store the solution in a
brown glassstoppered bottle. The solution is stable for at least 10 days.

PartialSolutionB
Dissolve 290±0.5g barium chloride (BaC122H2O) in 1 litre of water in a volumetric
B2.5.8.2

flask.

B2.5.9 Ammonium Tartrate Solution
Dissolve 15.20±0.01 g ainmonium tartrate and makeup to I litre water in a volumetric
flask.

Alternatively 12.40±0.01 g tartaric acid and 12.40±0.01 ml of ammonia solution
(d20 0.910)are mixed in a 1 litre volumetric flask andmadeup to 1 litre with water.
Store the solution of ammoniumtartrate in a refrigerator.
B2.5.10 Dilute AmmoniaSolution

20±1 ml ofanunonia (d20 0.910) are added carefullyto 80±5ml waterin a conicalflask.
32.5.11 Acetate Buffer Solution
Dissolve 40±0.5g solid sodium hydroxide in 500±5ml water in a beaker and allow to
cool. Add 120±5 ml glacial acetic acid and allow to cool. After thorough mixing and
cooling,make up to 1 litre with water in a volumetric flask.
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82.5.12 O.0005M SodiumPyrrolidinedithiocarbamate(Carbate' solution)
Dissolve 0.103±0.005 g sodium pyrrolidinedithiocarbamate (C4H8N.CS Na. 2H,O) in
approximately 500 ml water in a 1 litre volumetric flask. Add 10*0.5 ml n-amyl alcohol
(pentan-1-ol)and0.5+0.0005 g sodium bicarbonate. Make up to 1 litre with water in a
volumetric flask. Store both the solution and the solid chemical in a refrigerator. The
ammonium salt may be used as an alternative.
B2.5.13

Copper Sulphate Solution

This is used to standardize the 'carbate' solution.
B2.5.13.1

Copper Sulphate Stock Solution (approx 0.005M)
Accurately weigh approximately 1.249 g copper sulphate (CuSO45H,O) add 50 ml of

0.5M sulphuric acidand make up to 1 litre with water in a volumetric flask. Broken and
soft crystals of copper sulphate should be rejected when making up this solution. The
actual molarity of this solution is calculated from the weightof copper sulphate actually
taken.

B2.5.13.2 Copper Sulphate StandardSolution (approx O.00025M)
Pipette 50 ml of the stock solution and 10 ml of0.5M sulphuric acidinto a 1 litre volumetric flask and makeup to 1 litre with water.

B2.5.14 PotassiumPermanganate Solution(approx 1% w/v)
Dissolve 10±1g potassium permanganate in 1 litre ofwater with a few drops ofconcentrated sulphuric acid(d,0 1.840) (see Section 8).
HydrogenPeroxide (10 Volume)
Acidify with a few drops of sulphuric acid(d20 1.840) before use. Extreme caution must
be observed when adding theacid.
B2.5.15

B2.5.16 AdditionalReagents for the determination of bismuth by Atomic Absorption
Spectrophotometry
B2.5.16.1

Nitric acid (Aristar Grade is recommended) d,0 1.420

B2.5.16.2

Bismuth,purepowder

B2.5.17 AdditionalReagents for the Determinationof Bismuth by Ultra Violet Spectro-

photometry
B2.5.17.1 Disodiwn EthylenediamineretraceticAcid EDTA (O.02M)
Dissolve7.5±0.5 g. EDTA in water and makeup to 1 litre in a volumetric flask.

B2.6 Apparatus

B2.6.1

Extraction Apparatus and Sublator

Thegeneral layout ofthe gas stripping and sublation apparatus is shown in Figure 3.
B2.6.2
B2.6.2.1

Apparatusfor Precipitation,Solutionand Standardization
1 vacuwnpwnp

B2.6.2.2 4 Buchnerfiltration flasks. (250 ml and 1000ml),fittedwith suitable adaptors
Sinteredglass crucibles Q,orosity 4 and capacity 40 ml)
Alternatively Gooch crucibles(diameter 21 mm) and glass fibrefilter papers(Whatman
B2.6.2.3

GF/A or GF/C or equivalent) may be used. Theuse of glass fibre filter papers with the
sintered glasscruciblesprolongs the useful life of the crucible.
B2.6.2.4

Magnetic stirrers

B2.6.2.5

Electric hotplate
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B2.6.2.6

Hot water bath

B2.6.2.7

10 rn/pipette

ofGradeA standard and other normal laboratory glassware.

B2.6.3 AutomaticTitration Apparatus

Anautomatic titratoris the least time-consumingmethod for measuringthe bismuth in
the final solution. A recording potentiometer using a bright platinum electrode and a
calomel (or a silver/silverchloride)referenceelectrode with a 250 mY range in conjunctionwith an automatic burette, 20—25ml capacity, arerequired. Theelectrodes must be
checkedregularly. The platinum electrode may be cleaned with abrasive paper when it
losesits brightnessand the saturated potassium chloride in the calomelelectrode should
be replaced at approximatelyfortnightly intervals, depending on thenumberof samples
titrated.

B2.7 Sample
Collectionand
Preservation

surfactants will be adsorbed on to any suspended solidsas well
of
the
as on the walls
containing vessel. It must therefore be clearlystatedto the analyst
as to what is required, ie the total surfactant or only that in solution. If the former is
required it must befirst ascertainedwhether the level ofsolidsin the samplewill permit a
satisfactoryestimation of the total surfactant. When the latter is needed centrifugation
ratherthan filtration ofthe sample should be employed to remove the suspendedsolids.
Because oftheirnature,

Sampling bottles should be completely filled with sample and if they are not to be
analysed within a few hours of collection the samples should be storedin a refrigerator
and sterilized for example with formaldehyde solution, a 1% v/v addition of a 40%
formaldehyde solution should be adequate. Beforetaking aliquots from the sample for
analysis, the whole should be stirred with a magnetic stirrer. Do not withdraw an
aliquot while the bulk sampleis foaming.

B2.8 Cleaning of

Apparatus

Detergentscontaining nonionic and/or cationic surfactants must not be used. All glassware must be cleanedbyusing 10% v/v HC1, water and distilledwater exceptfor the filter
crucibles.

Thepassageofwater through thesinter ofthe cruciblesshould bereasonablyfast(30 secs
for a sample), otherwisehigh blanks will be recorded as the crucibles become blocked.
They should be cleaned by storing them in acidified 1% w/v potassium permanganate
and thenrinsing in acidifiedhydrogen peroxide (10 vols) followed by a thorough rinse
with distilledwater. Backwashingis also recommended.

Do notwash anyglasswarein chromic acidas thisinterferes with thetitration stage ofthe
procedure.

B2.9 Analytical Procedure
Step

Procedure

B2.9.1

Sublation

B2.9.1.1

Add a known volume ofsample to the Wickbold
tube such that it contains between250 and 800 j.tg
nonionic surfactant.

B2.9.l.2 Add 100±1 ml sodium bicarbonate solution and
100±0.5g sodium chloride. If necessaryadd water
up to the level ofthe stopcock. Dissolvethe sodium
chloride by inverting the Wickbold tube several
times or by bubbling air or nitrogen through the
liquid.
B2.9.1.3

Add 100±1 ml ethyl acetate carefullyon top of
the aqueous phase.

B2.9.1.4 Fillthe Dreschel bottlein the gasline two-thirds full
with ethyl acetate.
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Notes

Step

Procedure

B2.9. 1.5

Pass a stream of air or nitrogen at the rate of
(a) Thereshould be no violent turbulence
0.6 1/mm through the apparatusfor 5 mm (note a).
between the 2 phases, otherwisethe ethyl
the
into
a
500
ml
acetate
will dissolve in the aqueous layer and
Discharge
organic phase
separating
funnel and return any water (from the aqueous
the
sublation. If as a result, thereis a
negate
to
the
Wickbold
tube.
Run
the
reduction
of
morethan 20% ofthe volume of
phase)
organic
from
the
funnel
into
a
250
ml
the
phase
separating
organic phase the sublation must be
beaker.
discarded and a fresh sample aliquot taken
for a newtest.

Notes

B2.9.l.6 Repeatsteps 3 and5, combining the 100 ml
aliquots in the beaker. Rinse the separating funnel
with a few mis of ethyl acetate and add the
washingsto the beaker.
B2.9.1.7

B2.9.1.8

In a fume cupboard, evaporate the ethyl acetate
extract to dryness on a steam bath with a gentle
stream of air directed onto the surface ofthe
solution to acceleratethe evaporation process
(note b).
Precipitation and Filtration
Dissolve the residue from step B2.9.1.7 in
5 ml±0.l ml methanol and add 40±1 ml water.

(b) The batch ofsamples may all be processed to

this step.

Any cationic surfactants present must be
removed before proceeding to step B2.9. 1.8
(see Section B2.10).

B2.9.1.9 Using a magnetic stirrer Stir the solution and add
3—5 drops of bromocresol purple. Ifnecessary add
glacial acetic aciddropwise until the solution turns
yellow.

B2.9.1.10 Add 30±1 ml of precipitating agent and stir for
10 mins. Leave to stand for at least5 mins.
B2.9.1.11 Place a sintered glass crucible (seeSection
(c) Ifused, the rubbercollars must not come into
B2.6.2.3) into a suitable adaptorattachedto a 500 ml
contactwith any of the reagents.
filter flask (notes c and d). Apply suction to the
(d) The life ofglass sinteredcruciblesmay be
flask using a vacuum pump,filter 2 x 40 ml
prolonged by inserting a glass fibrefilter
of
distilled
water
the
crucible.
aliquots
through
paper (GF/A or C is suitable).
B2.9.1.12 Filterthe precipitate through the crucible, carefully
transferring the plastic covered magnet ofthe
stirrerfrom the beaker to the crucible (note e).
B2.9.1.13 Take 100±1 ml ofglacial acetic acidand pour about
30—40ml into the beaker, swirling it aroundso as to
wash any precipitate left. Transfer the acid from the
beakerto thecrucible and filter through the
precipitate (note f).
B2.9.1.14 Repeat step B2.9.l.13 with further aliquots ofthe
acid untilall the 100 ml have been used to wash the
precipitate.
B2.9.2
B2.9.2.l

B2.9.2.2

Determination of Bismuth by
TitrationSolutionof Precipitate

Heat to about 80°C, 50±1 ml ammonium tartrate in

a 150 ml conicalflask on a hotplate.
Transfer the crucible to a 250 ml filter flask set up as
in step B2.9.l.ll.

(e) At this stage the transferofthe precipitate
into the crucible need not be quantitative
(see step B2.9.2.3).
(1)

Fillthe crucible to the top each time to wash
any precipitate on the sides of the crucible.

Step

Procedure

B2.9.2.3

Addthehot ammonium tartrateto thecrucible until
it is totally full. Addthe excess to the original
250 ml beaker andswirl around to dissolve any

Notes

remaining precipitate.
B2.9.2.4 Apply suctionto the crucible when the precipitate

has dissolved andadd the ammonium tartratefrom
the beaker as the crucible empties.

B2.9.2.5

Wash the crucible with 2 x 40 ml aliquots of
water.

B2.9.2.6

Remove the suction and wash the base of the
crucible, and adaptor with ajet ofwater adding the
washingsto the filter flask. Transfer the stirrer
magnet and the flask contents back into the 250ml
beaker and rinse the flask twice with water adding
the washingsto the beaker.

B2.9.2.7

Stir the solution with themagnetic stirrer, add a few
dropsof bromocresol purple and thenadd
ammonia solution dropwise untilthe colour turns
violet. Add 10±0.5 ml ofacetate buffer (note a).

(a) See Section B2.9.3 and B2.9.4 for
alternative methods for the determination

ofbismuth.

B2.9.2.8 Pre-set the automatic titrator according to the

manufacturers instructions ready to carry out the
titration.

B2.9.2.9

Immerse the electrodes andburette tip in the
sample solution and titratepotentiometricallywith
0.0005M 'carbate' solution ujitil the jumpin
potential. The end pointis the intersection of the
potentialcurve. Let the volume at the end point be
y ml.

Standardizationof'cerbatesoIution
B2.9.2.iO Add 100 ml±l ml ofwater and 10 ml±0.5 ml of
acetate buffer to 10 ml (measured with a Grade'A'
pipette) of copper sulphate standardsolution in a
250 ml beaker (note b). Titrateas in step B2.8.2.3
andlet the average volume at theend point be x ml.
Thenf l0/x (note c).
Blank Determinations
B2.9.2.i1 Two blanks must be run through the whole

procedure with eachbatch ofsamples.Add
5±0.5 ml methanol and 40±1 ml water to a 250 ml
beaker and treat as a sample from step B2.9.2.9. Let
the average volume at the end pointof theirtitration
be z ml.

Calculation ofResults
B2.9.2.12 The amountof nonionic surfactant in the sample
= 54(y — z).f. .tg
= 0.054.(y — z).f. mg
Expression ofResults
B2.9.2.l3 Results are usually expressed in mg/iin the following
manner:
Less than 1 mg/i to 2 decimal places
more than 1 mg/I to 1 decimalplace
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(b) Standardization is carriedout in duplicate.
(c) is called the carbate factor(see step
B2.9.2.l2).

f

Step

Procedure

Notes

Controlof the factor ofthe

carbate'so/ut/on
B2.9.2.14 This should be determined before a series of
determinations (or when a new'carbate' solution is
made) as described in step B2.9.2.10. Ifthe volume
at theend point is x ml, thefactor, f, is calculated:

f= lO/x

Conversion Factor foreach
Non/on/cSurfactant
B2.9.2.l5 Every nonionic surfactant has a conversion factor,
depending on the length of the ethylene oxide chain.

As the typeof nsrnionic surfactantis usually
unicaownwhenanalysing sewages and effluents,
calculations are related to a standardsubstance. A
nonyl phenol ethoxylatewith an average of 10
ethylene oxide units has been chosen as the standard
substanceandhas a conversion factorof 54. From
it, the amount ofdetergent present in the quantity of
sample takenis found and expressed as of the nonyl
phenol ethoxylate. (A suitable standard is
Marlophen 810 or SynperonicNP8.)

82.9.3

B2.9.3.1

B2.9.3.2

Bismuth Determination by Atomic
AbsorptionSpectrophotometry

SolutionofPrecipitate
The precipitate is prepared as shown in Section
B2.9.1 steps 8 to 14.

Add2 ml concentrated nitric acid(d20 1.420) to the
washedprecipitate in the crucible. Impart a
swirling movementto the crucible but do not apply
vacuum. Add 2 to 3 ml water with swirling and
apply vacuum. Repeat the process twice (note a)
until the precipitate is dissolved and removed.
Rinse the crucible and adaptor with water to ensure
complete transfer intothe Buchner flask. An
alternative method ofdissolution is indicated in
noteb.

(a) Three2 ml portions ofnitric acid are usually
sufficient to dissolve the precipitate. Ifmore
is required the corresponding extra quantity
must be added to thestandardbismuth
solutions.

(b) Alternatively the precipitate maybe dissolved
using an appropriatevolume of ammonium
tartrate solution (see Section B2.9.2).
Standardbismuth solutions should contain
the same concentration ofammonium
tartrate solution.

B2.9.3.3 Transfer the solution in the Buchner flask to a
100 ml volumetric flask and makeup to the
100 ml mark with water.
B2.9.3.4

Set up the absorption spectrophotometer and
operate it in accordancewith the manufacturers'
instructions, measuringabsorbances ofsample and
standard (B2.9.3.5) solutions. Hence calculate the
concentratingof bismuth in the sample solutions
and thus the correspondingconcentrations of
nonionic surfactant in the original samples.
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Step

- B2.9.3.5

B2.9.4
B2.9.4.1

B2.9.4.2

Notes

Procedure

PreparationofStandard BismuthSolution
Accurately weigh out 0.500±0.005 g of pure
bismuth powder anddissolve in a few drops of
concentrated nitric acid and then dilute with water
to 500 ml in a volumetricflask. (1 ml of this solution
contains approximately 1 mg ofbismuth.) Prepare
standardsolutions from this solution which will
contain 1, 2, 3, 4 and 5 mg/iof bismuth. Ensure
that each standard solution contains approximately
the same concentration ofnitric acidas the sample
(ie 6 mis/lOO ml solution) (note a).
Bismuth Determination by UItra-Vioet
Spectrophotometry(2)
Isolate the nonionic surfactant as describedin
Section B2.9.1 steps 1 to 14.

Heatto about80°C on a hot plate, 50±1 ml of
ammonium tartrate contained in a 150 ml conical
flask.

a

B2.9.4.3 Transfer the crucible to suitably sized filter flask

fitted with a suitable adaptor.

B2.9.4.4

Dissolve the precipitated complex in 15 to 20 ml of
the hot ammoniuni tartratesolution.

B2.9.4.5

Use a further 15 ml ofthe tartrate solution to
rinse the sides ofthe beaker (seestep B2.9.2.9) to
dissolveany remaining precipitate.

B2.9.4.6

Filterthe contents of the beaker through the
sintered glass crucible (see step B2.9.1.1 1).

B2.9.4.7

Washthe crucible with the remainder of the tartrate
solution followed by 10 ml of water.

B2.9.4.8 Transfer the contents of the filter flask to the

beaker.
B2.9.4.9

Wash out the filter flask with two portions of water
(10 and 5 ml) andadd the washingsto the beaker
(notea).

B2.9.4.lO

Add 4 ml of0.02M EDTAsolution to the bismuth
solution obtained in step B2.9.4.9mix the solution
and transfer it to a 100 ml volumetricflask.

B2.9.4. 11 Wash the beaker with water and use the washingsto
makeup the solution in the flask to 100 ml
(noteb).

B2.9.4.12 Set up the UV spectrophotometer in accordance
with the manufacturers instructions.

a 2 cm cell readthe absorbance of the
solution obtained in step B2.9.4.llagainst a water
referenceat a wavelengthof 263.5 nm.

B2.9.4. 13 Using
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(a) The total volume ofsolution should be
approximately 75 ml.

(b) The final pH values of the samples are
generally in the range 4—5. Since the
adsorptivity of the bismuth—EDTAcomplex
at 263.5 nm remains constantover the pH
range 2—9, no pH control in the colorimetric
estimation is required.

Step

Notes

Procedure

Preparationof Calibration Curve
B2.9.4.l4 Prepare solutions containing 0, 200, 400, 600 and
1000 j.tg of the standard nonionic surfactant (note c)
by dissolving it in 5 ml ofmethanol and 40 ml of
water. Prepare the complexcompound as described
in section B2.9.1 and dissolve theprecipitate as
described in steps 2 to 11 above.
B2.9.4. 15 Read the absorbance of these standard solutions
with the cells used in step B2.9.4.13. Plot a

calibration curve correlating absorbance at a
wavelength of 263.5 nm against the concentration of
nonionic surfactant (note d).

(c) Suitable reference nonionic surfactants are
Marlophen 810 or Synperonic NP8.

(d) Both the tartrate ion and EDTA absorb
slightly at 263.5 nm andcontribute to the
absorbance reading for the reagent blank
(typical reagent blanks are 0.03—0.04
absorbance).

B2.9.4.16 Calculate the weight of nonionic surfactant in the

sample by reference to the standardcalibration
curve.

B2.1 0 Removalof

Interfering

Cationic
Surfactants

Cationic surfactants also react with tetraiodobismuthate to form an insoluble orange
precipitate and therefore must be removed iftheir presence is suspected.

Theresiduefrom step B2.9.l.7 should be dissolved in 20±1 ml methanol. Run this solution throughan ion-exchangecolumn, filled with 10 ml macroporous cation-exchange
resin (Dowex 50WX2-H form is suitable). Adjust the rate of flow to a series of fast
drops. Wash the column with 50—60ml methanol and addthe washingsto the first 20 ml
methanol. If the nonionic surfactant is known to contain 25 or more ethylene oxide
groups the methanol should be replaced bya mixture containing 80% methanol and 20%
methylenedichloride.

Evaporate the methanol solution on a water bath andtreat the residueas in step B2.9.1.8
and onwards.
Regenerate the cation-exchangeresin with 5% v/v hydrochloric acidin methanol before
use. Then wash with methanol untilthe effluent is no longer acidto methyl red. Keep the
resin undermethanol.
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Determination of Alkoxylated
Nonionic Surfactants by Thin Layer
Chromatography

B3

B3.1 Performance

Substance determined Alkoxylate nonionic surfactants (see Section

Characteristics
of the Method

B3.1.1

(39)

B3.1.2 Type ofsample

B3.2.3).

Settled sewage, sewageworkseffluents,waters and
certain trade effluents.

B3.1.3

Basisof method

Extraction of surfactantinto chloroform with
subsequent clean-up, evaporation to smallbulk and
final quantification by thin layer chromatography.

B3.1.4

Range ofapplication

0.05—2.5 mg/i for 250 ml sample.

B3.1.5

Calibration curve

Not applicable. Quantification by visual
comparison with 1—5 j.tg quantities of standard
material.

B3. 1.6

Standard deviation

Concentration
(mg/i)
0.4(a)
0.8(b)
1.2(b)

Total
Standard
Deviation
(mg/i)
0.06
0.14
0.21

Degrees

of

Freedom
7
6
11

B3.1.7

Limit of detection

0.5 j.tg on plate spot corresponding to 0.025 mg/l for

B3.1.8

Sensitivity

The spot on the TLCplate can be determined to

Bias

Not known.

B3.1.9

B3.1.10 Interferences

a 500 ml sample.
±0.5 .tg.

Anionic surfactants are partially coextracted and
can affect the accuracy ofthe determination by
changing the shapeof the nonionic surfactant
sample spot on the thin layerplate. Cationic
surfactants can similarly interfere and may also
affect the apparent nonionic surfactant
concentration since they are also often Dragendorif
reactive.

B3. 1.11 Time required for

analysis

For six samples, total analysis andoperatortimes
are approximately 8 hours including preparation of
materials and calculation ofresults.

(a) Results obtained on 250 ml samples in 8 laboratories on a detergent-freeeffluent
with added LissapolNX.

(b) Results obtained on 250 ml samples in 7 laboratories on a detergent-freeeffluent
with added Lissapol NX.
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B3.2 Principle

The method describedis based on the thin-layer chromatographic method for
thedetermination of nonionic surfactants developed in the Laboratory of the Government Chemist by S J Patterson et al (24) and evaluated in various OECD and other
B3.2.l

inter-laboratory studies.
Nonionic surfactant present in a strong magnesium sulphate solution of the
water sample is extracted into chloroform. Co-extracted impurities in the chloroform
are removed by saline acid and alkaline wash solutions. The cleaned-up chloroform
extract is evaporated to dryness and made up to small volume in chloroform. It is then
spotted alongside standards on TLC plates coated with silica gel and run in suitable
solvents. Nonionic surfactant is finally characterised and visually quantified on the
plates by formation ofa coloured derivative with a modified Dragendorif spray reagent.
B3.2.2

It is applicable to the commercial nonionic surfactants of the alkyl phenol
ethoxylate and alcohol ethoxylatetypes with chain lengths of at least 4 ethylene oxide
B3.2.3

groups. Alkyl phenol ethoxylateswith greaterthan about 20 ethylene oxide groups in
theirchain lengthsform a streak ratherthan a spot on the TLC plates. In somecases they
can be conveniently estimated against standards of a suitable molecular weight polyethyleneglycol. Compounds containing polypropoxylene units will react similarly.

B3.3 Interferences

Solvent extraction and clean-up removes many potentially interfering substances.
Others surviving in the chloroform solutionare not generally Dragendorif active substanceswith similar Rfcharacteristicsto nonionic surfactants.
Anionic and cationic surfactants are partially co-extracted and if present in high concentrations in the original water, may affect the accuracy of the estimation by changing
the shape and colour of the sample spot on the TLC single spot plate. If the ratio of
anionic to nonionic surfactant inthe sample is less than 10:1 the accuracy ofthe result will
not be significantly affected. In therarecaseswhere this interferenceis sufficient to affect
thenonionic surfactant determinationconsideration mayhave to be given to removalof
ionic surfactant species by passing the extract in a suitable solvent through ion exchange
resins (Ref 18, Method B2).

Fats and greases may interfere with the thin layer chromatography. They can be
separated in a preliminary clean-up on the TLC plate as described in B3.8.2.4.
Rarely an organic dyestuffmay be presentwhich interferes with the estimation. A preliminary clean-up on the TLC plate which is helpful in some cases is described in
B3.8.2.5.

B3.4 Hazards

Potentially harmful reagents used in this method include chloroform, diethyl ether,
sodium hydroxide, hydrochloric acid andbarium chloride.

B3.5 Reagents

Chemicalsshould be AR grade unless otherwise specified.
B3.5.1

Distilledor deionized water must be used to prepare reagent solutions.

B3.5.2

Extraction Reagents

B3.5.2.1

Chloroform

B3.5.2.2

Magnesium sulphate (MgSO4.7H,O)

B3.5.2.3 Acid wash solution

Dissolve 1000±10 gofsodium chloride in 3650+20ml ofwater in a 5 litre beaker. Heating may be used to increase the rate of solution. Allow to cool, then slowly add
330±10ml ofhydrochloric acid (d20 1.18) stirring well. Transfer from the 5 litre beaker
to a suitable polythene bottle.
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B3.5.2.4 Alkalinewash solution

Dissolve 1000±10 g of sodium chloride in 4000±20ml of water in a 5 litre beaker.
Heating may be used to increase the rate of solution. Allow to cool then add 320 g of
sodium hydroxide pellets (care, heat evolved). Stir well until the sodium hydroxide
dissolves.After cooling transfer from the 5 litre beaker to a suitable polythene bottle.
B3.5.3 Thin Layer ChromatographyReagents

Powderedsilica gel with gypswn binderofa suitable type.
G
(Kieselgel nach Stahl Type 60 manufactured by Merck is suitable).
B3.5.3.1

B3.5.3.2 Nonionic surfactant standard solution (1 mg/mI)
Accurately weighout 0.100±0.001 g of an alkyl phenol nonionic surfactantcondensed
with an averageof8 ethyleneoxide units (SynperonicNP8 manufactured by ICI Ltd is a
suitable material). Makeup to 100 ml as a chlorofonn solution in a volumetric flask.
B3.5.3.3 Diethylether
B3.5.3.4

Acetone

ModifiedDragendorffreagent
Suspend 1.7 g bismuth oxynitrate GPR in 220 ml glacial acetic acid.Add 40 g potassium
iodide dissolved in 100 ml of water. Mix well. (A clear solution is obtained without
heating.) Dilute the solution to 1 litre with water. Transfer to a brown glass bottleand
store in a dark place.
B3.5.3.5

B3.5.3.6

Spray reagent
Mix in the order given 10 ml modified Dragendorif reagent (B3.5.3.5), I ml orthophosphoric acid, 10 ml ethanol and 5 ml of a 20% w/w aqueous solution of barium chloride
(BaCl9.2H20).The spray reagent is usually satisfactory for 2 to 3 days.
B3.5.3.7 SolventSystemA
Mix 40 ml of ethyl acetate, 30 ml of water and 30 ml of glacial acetic acid and use the
same day.
SolventSystemB
Mix 70 ml ofethyl acetate, 15 ml of water and 16 ml of glacial acetic acid and use the
same day.
B3.5.3.8

B3.6 Apparatus

Normal laboratory apparatus for the extraction and concentration stage,
including separating funnels of2 litre and 500 ml capacities.
B3.6.1

B3.6.2 Normal thin layer chromatographyequipmentincluding:
Thinlayer glass plates 20 cm x 20 cm
Chromatographic tanks approximately 10 cm wide, 30 cm long and20 cm high.
B3.6.3 Dessicatoror air dryingcabinetcontainingsilica gel (for the storage of activated

plates).
Glasswareshould not be washed in detergents BUT SHOULD BE CLEANED
USING 10% V/V HYDROCHLORIC ACID, WATER AND DISTILLED WATER.
B3.6.4
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B3.7 Sample

Collection and
Preservation

Because of theirnature surfactants will be adsorbed on to any suspended solids as well
as on the walls of thecontaining vessel. It must therefore be clearlystatedto the analyst

as to what is required, ie the total surfactant or only that in solution. If the former is
required it must be first ascertainedwhether the level ofsolidsin the samplewill permit a
satisfactoryestimation of the total surfactant. When the latter is needed, centrifugation
ratherthanfiltration ofthe sample should be employed to remove the suspendedsolids.
Sampling bottles should be completely filled with sample and if they are not to be
analysed within a few hours ofcollection the samples should be stored in a refrigerator
and sterilized, for example, by a l% v/v addition of a
formaldehyde solution. To
obtain a representative sample either stir the whole sample with a magnetic stirrer or
slowlyinvert the sample bottletwicebefore takingaliquots. As far as practical avoid the
formation offoam during the stirring or inversion but in any case do not withdraw an
aliquot while the bulk sampleis foaming.
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B3.8 Analytical
Procedure

ReadSection B3.4 on Hazards before starting this Procedure.

Step

Procedure

B3.8.1

Extraction

B3.8.l.l

Add 150±2g magnesium sulphate to a 2 litre
separating funnel fitted with a PTFE tap. Add
250±5 ml of deionised or distilled water, shake until
solution is complete (note a).

Notes

(a) For a sample of river water, use 300±3 g
magnesium sulphate and500±5 ml
demineralised or distilled water.

B3.8.l.2 Measure 250+5 ml ofthe acidwash solution into a
second separating funnel of 500 ml capacity, fitted
with a PTFE tap.
B3.8.1.3 Measure 250±5 ml ofthe alkaline wash solution

into a third separating funnel of500 ml capacity,
fitted with a PTFEtap.

B3.8.l.4 Add 50±1 ml chloroform to all threefunnels, shake
each for 2 minutes and then allow to settle. Reject
the chloroform washings(note b).

(b) For a sample of river water, use
100±1 ml chloroform in the 2 litre
separating funnel.

B3.8.l.5 Add 250±2 ml (note c) unfiltered sample to the
washed magnesiumsulphate solution in the first
funnel (note d). Add 50+1 ml chloroform
(note e), shake gently (note f) for 2 minutes and
allow to stand untilthe emulsion formed shows no
furthersign ofsettling. Rotate thefunnel backand
forth to aid demulsification(note g).

(c) Ifit is suspected that the sample will contain
more than 2.5 mg/lof nonionic surfactanta
smaller volume may be taken and the balance
madeup to 250 ml with deionized or
distilled water.
(d) For a river water take a sample of
500±5 ml.
(e) Use 4 x 100±1 ml portionsof chloroform to
extracta sample ofriverwater.
(f) Vigorous shaking of the first extract may lead
to the formationofan indefinitelystable
emulsion.
(g) Ifthere is very little separation ofa lower
emulsified chloroform layer, reduce
250±2 ml of effluent (diluted or otherwise)
to about 100 ml by boiling it in a beaker.
Cool andtransferto a 250 ml graduated
cylinder. Wash the walls of the beaker with
25 ml 1M hydrochloric acidand transferthe
washings to the graduated cylinder. Dilute
the solutionto 250 ml andthen treat as a
normal sample.

dl

Step

Procedure

Notes

B3.8. 1.6 Transfer the chloroform layer directly to the funnel
containing the acid wash if the emulsion formed in
step B3.8.1.5 is negligible.Ifthe emulsion layer has
persisted, run it through a conical pad made from
approximately 0.8 g of chloroform-washedwhite
cottonwool placed in a filter funnel.
B3.8.l.7 Extract the effluent for a further 3 times with
(h) When a river water is analysed, the first two
combined extracts are put through the acid
50±1 ml portions ofchloroform, shaking vigorously
andalkaline wash stage and thentransferred
(note e). Run each extract through the cottonwool
to a 500 ml round bottomflask. Thelast two
pad, if used, into the acidwash funnel (note h).
Wash the padwith about 10 ml chloroform.
extracts are then put through the acid and
alkaline wash stage. It is not necessaryto
rinse the funnels with chloroform for the
first two extracts.
B3.8.1.8 Shake the acidwash solution andcombined

chloroform extracts for 2 minutes. Allow to stand
andallow thelayers to separate; emulsification
should not give rise to any difficulties at this stage.
Transfer the chloroform layer to the alkaline wash
funnel. Wash the second funnel by shaking briefly
with 10 ml chloroform; transferthe washingsto the
alkaline wash.

B3.8.1.9 Shake thealkaline wash solution and chloroform
extract for 2 minutes; allow to stand until the layers
have separated. Run offthe washedchloroform
extract through a dry filter paper (previously
washed with chloroform; an 1 cm diameter
Whatman No 1 paper is suitable) intoa 250 ml
round bottom flask (noteh).
Rinse the aqueous solution by shaking brieflywith
10 ml chloroform and use this to wash the filter

l

paper.
B3.8.1.10 Distil off the chloroform in a fume cupboard until
about 2 ml remains. Transfer this residue to a test
tube ofthe type which takesa ground glass stopper.

B3.8.l.ll Washout the flask with 1—2 ml ofchloroform adding
the washingsto the contents ofthe testtube.
Evaporate the chloroform carefully on a water
bath.
B3.8.1.12 Repeat the washing and evaporation step
B3.8.l.ll a furtherthree times.
B3.8.2

Thin Layer Chromatography

B3.8.2.1 Shake 30±1 g Kieselgel G with 60±1 ml water for
2 minutes in a 150 ml capacity stoppered conical

flask. Immediately after shaking, spread the mixture
on to five platesto a thickness of250 tm. Allow the
platesto dry overnight (note a). Activate them the
followingmorning by heating themin an oven for
60 mins at 110±5°C.
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(a) Thepreparedplatesmaybe stored until
required over silica gel in a desiccator or
otherair tight container. The plates should be
re-activated on the morningof the day they
are required. Highambienttemperatures
adversely affect the 'compactness' ofthe
spots on the chromatograph. Under such
conditions the spots may be kept compact by
spreading the plate with the Kieselgel G to a
thickness ofabout 350 pm. The amount ofgel
and water must be scaled up accordingly.

Step
B3.8.2.2

Procedure

Notes

Prepare two chromatography tanks, each of

sufficient capacity to hold a singleplate, about 30

minutes before the platesare inserted. Line one tank
with a strip offilter paper running aroundthe
internal walls of the tank. Place the prepared volume
ofSolventA in this tank and allow the solventto
ascend the paper lining. Intothe second unlined
tank, place the preparedvolume of Solvent B.
B3.8.2.3

Dissolvethe residue ofthe extract in the test tube
(step B3.8.l.l2)by adding accurately 0.5±0.01 ml
chloroform washing down the sides ofthe tube.
Apply accurately spots of2, 5, 10 and 20 pi of this
chloroform solution and 1, 2, 3, 4 and 5 j.tl (ie 1 to
5 .ig) ofthe standardsolution ofnonionic
surfactant at suitable intervals along one plate
(Plate A), 15 to 20 mm above the bottom edge.
When 'overspotting' is required, allow each spot to
dry before applying the next. On another plate
(Plate B) apply 20 i.tl of the standard ofnonionic
surfactant, and 5, 10 and 20 3ji of the extract.

Ifappreciable fat orgrease are notpresent

proceed(083.8.2.5.
B3.8.2.4 Ifthe extract contains appreciable amounts of fat or
grease the thin layer plates should now be run in a
tank containing 100 ml of diethyl ether. Theether
should be allowedto rise about 150 mm above the
base line before the plate is removed and air dried
until there is no odour of ether. It is then further
dried for 10 minutes at 110°C in an oven and
allowed to cool.

Iforganic dyestuffsare notpresentin the
extract proceedto 83.8.2.6.

B3.8.2.5

If theextract contains an organic dyestuffwhich

may interfere with the subsequent chromatographic
estimation, a procedure similar to that used for the
removal offat and grease may be used. Acetone is
substitutedfor diethyl ether although success
cannotbe guaranteed.

Mark a line on the surface of the plates 100 mm
above the line containing the spottedmaterial. As
soon as the spots have dried insert Plate A
(B3.8.2.3) into the lined tank containing solvent A
and PlateB (B3.8.2.3)into the tank containing
solvent B. Allow the solvents to rise up the plate to the
lines marked on theirsurfaces.
B3.8.2.7 Remove the plates from the tanks, allow them to
(b) The nonionic surfactant has a typical RF
dry in air and then heat themin an oven set at
value ofabout 0.75. If the average ethylene
110°C for 10 minutes. Allow the plates to cool, then
oxide chain length of the surfactant differs
spray evenly with the sprayreagent takingcare not
appreciably from 10 units there will be a
to over wet the chromatogram. Cover the
corresponding shift in the RF value.
B3.8.2.6

chromatogram with a clean glass plate when
sprayingis finished (note b).
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Step

Procedure

Notes

B3.9 Determination of Nonionic Surfactants
B3.9.l
Between 5 and 30 minutes after spraying determine
(a) Ifa large amount ofanionic surfactant is
the amount ofnonionic material present by visually
present; this will run justabove (ca Rf0.80)
the nonionic surfactant, appearing as a
matching sample and standardspots on Plate A. If
thecolour density ofthe sample spots is greater than
slightly darker yellowspot against the yellow
the upper limit ofthe standards, thesample extract
background and causing distortion of the
should be diluted to a larger known volume in
nonionic surfactantspot. This is unlikely to
chloroform and further platesrun (note a). The
occur unless certain primary effluentsare
plate run in solvent B is examined to confirm that
being examined.
the material tested resolves into a streak or series of
Certain cationic surfactants interfere with the
estimation of the nonionic surfactant spot.
spots characteristic of polyalkoxylatednonionic
surfactants.
If such interferencesare present consideration
may need to be given to removal ofionic
surfactants from the sample extract using ion
exchange resins (see Section B3.3).

B3.1O

Calculation of
Results

Let m = igs of standard surfactant matching V1 spot of sample on Plate A.
LetV, ml be theoriginal samplevolume whichwas extracted to a 0.5 mlfinalchloroform
extract.

il

Then concentration of nonionic surfactant in the original sample

= mx 500

1 2
><

B3.11

Estimation of
Polyglycols and
Other Related
Materials

mg/l

Polyglycolsand their derivatives are Dragendorif active andform streaks in other positions on plate A (the single spot plate used for estimating nonionic surfactant in the
above procedure). By preparing suitable comparison standards a usefulestimate can be
obtained of the concentration of such material in the original sample, especiallyif the
nature ofthe original samplematerial is known. The mainapplications ofthis extension
ofthe method are:

SampleMaterial
1.

Polyglycols.

2. Very long ethyleneoxide chainlength
nonionic surfactants.
3.
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Initial degradation material from
rapidly degrading nonionic surfactant
substantially of a polyglycolnature.

SuggestedComparisonStandards
Polyglycolsof similar type and
molecular weight range.
Nonionic surfactantofcomparable
ethylene oxide chainlength.
Polyglycolofa molecular weight range
which gives a comparable RIrange on
the plate as the sample material.

Determination of the Oxyalkylene
Content of Non ionic Su rfactants by
Chemical Fission and Gas
Chromatography
(Tentative Method)

B4

B4.1 Performance

Characteristics
of the Method
(39)

B4.1.1

Substance
determined Alkoxylatenonionicsurfactants.

B4.1.2 Type of sample

Sewage (a), sewage effluents,biodegradation test

solutions and river waters.

B4.1.3

Basisof the method

Nonionic surfactants are concentrated by the
Wickbold method (Method B2 of this booklet) from
the sample and then subjected to etherfission with
hydrogen bromide. The bromoalkanes produced are
determined by gas chromatography.

B4.1.4

Range of application

3S.-350 j.ig of polyoxyethyleneor polyoxypropylene

B4.1.5

Calibration curve

Linear over the range of application.

B4.1.6

Standard deviation (b) Nonyiphenol
(total)
9-ethoxylate

(equivalent to about 50—500 ig of
nonylphenol-9-alkoxylate)in the extract.

jig
50
250
500

Standard
Deviation
jig
4.7
10.1

26.4

Degrees of
Freedom
5
5
5

B4.1.7

Limit ofdetection (b) 7.5 jig ofnonylphenol-9-ethoxylate.
(estimated)

B4.1.8

Bias

Not Known.

B4. 1.9

Interferences

Compounds which are foam sublatable and which
aftertreatment with the reagent give rise to gas
chromatographic peakshaving similar retention
times as 1,2-dibromoethane or 1,2-dibromopropane
underthe chromatographic conditions employed
(seeSection B4.3).

B4. 1.10 Time required for
analysis

10 hours total time for 2 or 3 samples andthe
necessarystandards and blanks. Operator time
approximately 7 hours.

(a) Therecovery ofnonionic surfactants from settled sewagemaynot be quantitative
but may be maximizedby increasingthe numberof solvent sublations.
(b) Data supplied by LankroChemicals Ltd obtained on biodegradation test
liquors.
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B4.2 Principle

The procedure describeddeterminessmall amounts of alkoxylated nonionic surfactants
extracted from aqueous media such as effluents, biodegradation test solutions etc. by
solventsublation (seeMethod B2 ofthis booklet).

The method (20, 25, 26) depends on the chemical fission of the ether linkage between
adjacent oxyalkyleneunits by means of hydrogen bromide in acetic acid under controlledconditions to form dibromoalkanes which are determined quantitatively by gas
liquid chromatography. A known amount of polytetrahydrofuran [polyoxy-(1,4butylene)] is incorporated into the reaction mixture to provide a measurable internal
fissionable standard. Under the conditions of reaction this generates 1,4-dibromobutane. The ratio of peak areas of dibromoethane or dibromopropane to that of the
dibromobutane is determined.A range ofstandards ofa nonionic surfactant is similarly
analysed, and a calibration graph of peak area ratios against quantity of surfactant
drawn up. The correspondingquantity of surfactant in the sample can then be found
from this graph.
The method is effective for the determination of nonionic surfactants containing the
oxyethylene,and/or oxypropylenemoeity and is independent ofthe molecularweightor
oxyalkylenedistribution. The method is not applicable to those moleculesin whichthe
oxyalkyleneunits are joined directly to a nitrogenatom eg alkanolamide; although it
does determine other oxyalkyleneunits coupled to themthroughoxygen.
B4.3 Interferences

The same considerations apply to the extraction stage as indicated in the Wickbold
method (seeMethod B2). Apart from these the only predictable interferencesarisefrom
materials giving chromatographic peaks with similar retention times to the dibromoalkanes underthe conditions used. Overlapping interfering peaks may be separated by
changing the gas chromatographic conditions, but any material containing the
I,4-dioxybutanegroup[-O-(CH,)4-O-]will produce 1,4-dibromobutane and thus interfere by increasing the peak area of the internal standard. If anionic or cationic surfactants which contain alkoxy groups are present, they may be removed using an
ion-exchangetechniquesimilar to that described in the cobaltothiocyanate method for
the determination of nonionic surfactants (see Method B5 ofthis booklet).

B44 Hazards

Ethyl acetate, dichloromethane, carbon disulphide and hydrogen bromide are all
potentially hazardous materials. Carbon disulphide and ethyl acetate are easily flammable and it is recommendedthat a 'NO SMOKING','NO NAKEDLIGHTS' rule be
operated. Hydrogen bromide gives offirritatingfumes and should be handled in a fume
cupboard.
THE SEALED GLASS REACTION TUBES USED IN THE FISSION STAGE
SHOULD BE PLACED INSIDE A SUITABLE CONTAINERCAPABLE OF RETAINING FRAGMENTS OF GLASS WHICH MAY RESULT FROM AN
EXPLOSION.

B4.5 Reagents

Analyticalreagentgradechemicalsshouldbe usedexcept where otherwise specified.
Hydrogenbromide 45% w/v in glacial acetic acid
This reagent is obtainable in 100 ml sealed ampoules and should be transferred to
separate S ml ampoules which are then sealed. One of these 5 ml ampoules is usedfor
each set of fission experiments on a given day. The remaining contents of an open
ampoule should be discarded.
B4.5.1

34.5.2 Polytetrahydrofuran
Thetechnicalproduct'Polymeg' supplied by the Quaker OatsCo Ltd, is suitable.
B4.5.2.1 PolyterrahydrofuranO.O2% w/v in ethylacetate
Weigh out 0.1000 0.001 g of polytetrahydrofuran and makeup to 500 ml with ethyl
acetate in a volumetric flask.
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B4.5.3

Nonionic surfactant

The material for standards may be varied depending on the material being analysed. For
general application a technical product of average structure nonylphenol-8-ethoxylate
is suitable, such as 'Synperonic NP8' obtainable from the Petrochemical Division of
Imperial ChemicalIndustries Ltd.
B4.5.3.1 Nonionic Surfactant0.02% w/v in ethyl acetate

Weigh out 0.1000±0.001 g of Synperonic NP8, or other standard material if appropriate,and make up to 500 ml with ethyl acetate in a volumetricflask.
B5.4.4 Ethyl acetate
B4.5.5 Dichioromethane
B4.5.6

Carbondisuiphide

B4.5.7 Methanol

B46 Apparatus

B4.6.1

Gas Chromatograph

Anygas chromatographic system capable ofproducing well separated and symmetrical
peaksfor I,2-dibromoethane,1,2-dibromopropane and1,4-dibromobutaneis adequate.
Instrument:
Column.
Stationary phase:
Temperature:
Carrier gas:

Dualflameionization chromazograph
2 m x 0.6 cm (approximately7ft x 0.25 in)
15% Apiezon L on UniversalB support
125°C, isothermal
Nitrogen,rate 40 mI/mm

B4.6.2 Glassware
Normal laboratory glassware is suitable.

B4.6.2.1

Thick walledglass tubes (8 mm internal diameter, 2 mm wall thickness).
Pyrex glass is suitable.
B4.6.2.2

It is vital that all glassware be thoroughly cleaned to remove all traces of
detergentsetc. CLEANING AGENTS INCORPORATING DETERGENTS MUST
NOTBE USED. Thefollowingprocedure has been foundsatisfactory:
B4.6.2.3

B4.6.2.3.1
B4.6.2.3.2
B4.6.2.3.3

110±5°C.
B4.6.3

Wash 3 timeswith hotdistilled water.
Wash 3 timeswith methanol.
Rinse with distilled water and finally dry in an oven at a temperature of

Variablepipettorcapable ofdispensing0—2 mls.

B4.6.4 Ancfflary Equipment
B4.6.4.1 Electric hot plate.
B4.6.4.2 Forced draught oven, controllable to a temperature of 150±2°C.
B4.6.4.3 Dryingoven controllable to a temperature of 110±5CC.
B4.6.4.4

Stainlesssteeltubing, 4 mminternal diameter.

B4.6.4.5

Gas chromatographinjection syringe, capacity 1 tl.

B4.6.4.6

Naturalgas-oxygentorch (for sealingglass tubes).
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B4.7 Sample

Collection and
Preservation

Because of their nature surfactants will be adsorbed on to any suspended solids as well
as on the walls of the containing vessel. It must therefore be clearlystated to the analyst
as to what is required. ie the total surfactant or only that in solution. If the former is
required it must be first ascertainedwhether the level ofsolids in the samplewill permit a

satisfactoryestimation ofthe total surfactant. When the latter is needed.centrilugation
ratherthanfiltration ofthe sampleshould be employedto remove thesuspendedsolids.
Sampling bottles should be completely filled with sample and if they are not to be
analysed within a few hours ofcollection the samples should be stored in a refrigerator
andsterilised, for example, with 10 ml of40% rn/v formaldehyde solution per litre. To
obtain a representativesample either stir the whole sample with a magnetic stirrer or
slowlyinvert the sample bottle twice before taking aliquots. As far as practical avoid the
formation of foam during the stirring or inversion but in any case do not withdraw an
aliquot while the bulk sample is foaming.
B4.8 Analytical Procedure
Step

Procedure

B4.8.1

Sample and Standard Preparation

B4.8.l.l Extract surfactant from aqueous samples by the
Wickbold sublation procedure (note a) thus

Notes

(a) See Method B2 of this booklet.

obtaining an ethyl acetate solution containing the
equivalent of 50—500 jig ofnonylphenol-8-ethoxylate.

B4.8.l.2 Add 1±0.01 ml ofthe 0.02% w/v ethyl acetate
solution ofpolytetrahydrofuran to the ethyl acetate
solution ofthe sample contained in a 250 ml
beaker.
B4.8.l .3 Add 1±0.01 ml of the 0.02%w/v ethyl acetate
solution of polytetrahydrofuran to a seriesof four
250 ml beakers each containing approximately
100 ml ofethylacetate. Add in turn 0.5, 1.0, 1.5
and 2.0 ml of the 0.02%w/v ethyl acetate solution of
nonionic surfactantstandard into the beakers.
B4.8.1.4 Add 1±0.01 ml ofthe 0.02% w/v ethyl acetate
solution ofpolytetrahydrofuran to a further 250 ml
beaker containing 100 ml ofethyl acetate (note b).

(b) This solution provides a method blank. It also
establishes the position of the
1,4-dibromobutane peak for each batchof
samples.

B4.8.2 Evaporation and Transfer to
Fission Tubes

B4.8.2.l Transfer the beakers preparedin steps B4.8.1.2 to

8.1.4 to a hot plate (placed in a fume cupboard)
and evaporate thecontentsofeach beaker to a
volume of approximately 5 ml.

B4.8.2.2 Transfer this volume from each ofthe beakers to
separate 10 ml beakers. Rinse each large beaker
with small voiwnes of ethyl acetate and transferthe
washings to the respective 10 ml beakers. Continue
evaporating the contents of the small beakers
almost, but not completely, to dryness.
B4.8.2.3 Transfer the contents ofthe small beakers into
separate glass tubes previously sealed at one end,
using 2 ml ofdichioromethane to effect the
transfer (note c).
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(c) This operation concentrates the sample intoa
small area ofthe base ofthe tube. It is
recommended that the volume in the tube does
not exceed 2.5 ml at any time to avoid the
possibilityof frothing.

Procedure

Step

Notes

B4.8.2.4 Direct a gentle current of air through 4 mm
internal diameter stainless steel tubes inserted into

theopen end ofthe glass tubes onto the surface of
theliquid to evaporate the dichloromethane.The
ends of the steel tubes should be maintained at
about 20 mmabove the surface ofthe liquid. The
basesofthe glass tubes should be in contactwith
the hot plate.

B4.8.2.5 The small beakers (step B4.8.2.3) should each be

rinsed with 2 x 2 ml volumes ofdichloromethane
and therinsing transferred to therespective glass
tubes during the evaporation process and the
evaporation process continued to complete
dryness.

B4.8.3

Ether Fission Procedure

B4.8.3.1

To each ofthe glass tubes containing the dried
residue add 0.4±0.05 ml ofthe hydrogen
bromide-aceticacid reagent and seal the open ends
with an oxy-acetylene flame (note d).

B4.8.3.2 Place the sealed tubes in a forced draught oven at
150±2°C and leavefor 3 hours (note e). Remove
and allow to cool to room temperature.
B4.8.3.3

(d) This seal is the weak pointof the fission tube
and unless it is sound it can give wayunder
the pressure generated by the fissionreaction.
It is recommended that the operatorprepares
each tube in duplicate untila reliable sealing
technique has been developed.
(e) The oven must be connected to a fume
ducting system and for safety reasons the
tubes must be enclosed in a metal container.

Cut open thetubes and transfer thecontents to

separate screw capped glass bottles (10 ml capacity)
using in each case 4 ml of water to complete the
transfer. Add 0.5±0.05 ml carbon disuiphide to
each bottle. Replace the screw cap, shake the
bottles vigorouslyfor 1 minute and allow the layers

to settle.

64.8.4 Gas Chromatography
B4.8.4.l Set up the gas chromatograph in accordance with
the manufacturer's instructions.
B4.8.4.2 Using the syringewithdraw a 0.5 i.tl aliquot from the
lower (organic) layer in one ofthe bottles; inject this
volume intothe gas chromatograph. Carryout each
injection in duplicate. Repeat for all sample,
standardand blank solutions.
B4.8.5 Calculation of Results
B4.8.5.1 Determine the gas chromatogram peak areas of
1,2-dibromoethaneand 1,4-dibromobutane by

triangulation or integration.

B4.8.5.2 Calculate the ratios of the peak areas of
dibromoethane to dibromobutane for each

individual chromatogram.
B4.8.5.3 Average duplicate ratio values in all cases.
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Procedure

Step

Notes

B4.8.5.4 Prepare a standard graph plotting dibromoethane/
dibromobutane peak area ratios against weight of
nonionic surfactant standard (note f).

B4.8.5.5

(f) The 0.5, 1.0, 1.5 and 2.0 ml volumes of
standardnonionic surfactant solution
pipetted out in step B4.8.1.3 correspond to
100, 200, 300 and400 .tg ofnonionic
surfactant respectively.

Readoff weights ofnonionic surfactant in sample
aliquots by finding the weightscorresponding to
sample dibromoethane/dibromobutane peak area

ratios on the standard graphprepared in step
B4.8.5.4.

B4.9 Nonionic

Surfactants
Containing
Polyoxypro-

pylene Units

If any of these compounds are present,

they will be indicated by the presence of
in the gas chromatographic determination. If required, quantitative measurement may be obtained using a suitable oxypropylene containing standard
(eg polypropyleneglycol). A similar calculation, but suitably modified,tothat in Section
B4.8 may be made.
1,2-dibromopropane

Determination of Ethoxylated
Nonionic Surfactants by the
Cobaltothiocyanate Method

B5.1

Performance
Characteristics
ofthe Method

This method has not been tested by the committee to its normal standards for
tentative methods. Some data is available in the original paper on which this
method is based (Ref 18).

(39)
B5.1.1

Substance determined

B5.1.2 Type of sample
B5.1.3

B5.2 Principle

Basisofmethod

Ethoxylated nonionic surfactants with 6—30
ethylene oxide units. Propoxylated surfactants
also react.
Settled sewage, sewageeffluents,raw and potable
waters and biodegradation test liquors.
Concentration of the nonionic surfactant by
sublation, removal of ionic material from the
concentrate with ion exchange resins,
determination of nonionic surfactant by
measurement ofthe absorbance ofa methylene
chloride solution of the cobaltothiocyanate
complex at 620 nm.

B5.1.4 Range ofapplication

0.2 mg to 2 mg in sample aliquot.

B5.1.5 Calibration curve

Linear over the range ofapplication.

a

B5.1.6

Standarddeviation

See reference 18 for range ofdata.

BS.l.7

Limit ofdetection

0.1

B5.l.8

Sensitivity

Absorbance of0.2—0.36(2 cm cell) for 1 mg of
surfactant, the absorbance varying in this way
dependent on the relative amountof ethylene
oxide chainmaterial presentin the molecule.

B5.1.9

Bias

Not known.

mg/ifor 500 ml environmental sample (18).

B5.1.l0 Interferences

See Section B5.3.

B5.1.11 Time requiredfor
analysis

8 hours.

10 samples: total analytical and operatortime:

The procedure is based on the reaction of alkoxylated nonionic surfactant with
ammonium cobaltothiocyanate to form a highly coloured solvent extractable ionassociationcomplex. This particular method, publishedon behalfofthe American Soap
and Detergent Association by S L Boyeret al (18), is a modificationof the Brown and
Hayes procedure (27), and has an improved sensitivity and specificity for nonionic
surfactant. It uses a preliminary solvent sublation step, essentially as described by
Wickbold (16) for the separation of low concentrations (0.1—20 mg/i) of nonionic surfactants in aqueous samples. A method, similar in principle, has been published by Hey
and Jenkins (38). Ionic surface active materials concentrated in the sublation are subsequentlyremoved by an ion-exchangetechnique.

5'

The response of nonionic surfactant in this method is highly dependent upon its
polyoxyalkenechain length in addition to its molecular weight. Therefore, whenever
possible, results should be expressed with the aid of standards for the surfactant under
investigation. For samples in which the natureofthe nonionic is unknown, particularly
trueofenvironmental samples,results have to be expressed arbitrarily in terms ofa suitablereferencesurfactant. A nonylphenol ethoxylate with an average ofeight ethoxylate
units (such as SynperonicNP8 manufactured by ICI Ltd) is generallyconsideredacceptablefor this purpose.
B5.3 Interferences

There is no detailed information concerning interfering substances and their effect on
this method. The extraction stage excludes polyethylene glycols and the majority of
non-surface active substanceswhich might otherwise interfere in the colorimetricstage.
Since it is acknowledged that materials other than nonionic surfactant can positively
respond to this method, particularly for environmental samples, the entities detected are
commonly referred to as cobaltothiocyanate active substances (CTAS). In some
samples, for example settledsewages,multiple sublations are required or low recoveries
will be obtained. For samples containing high levels of suspended solids, for example
sewagetreatment liquors, fourseparate sublationsteps have been foundto be necessary
to ensure acceptable recoveries of nonionic surfactant (90% recovery). Ionic surface
active agents may be removed by the use ofion exchange resins.

B5.4 Hazards

Potentially harmful reagents used in this method include methanol, dichioromethane
and sodium hydroxide.

B5.5 Reagents

UseAnalytical Reagent grade chemicals exceptwhere otherwise identified.
B5.5.1

Deionizedwater or distilledwater from an all glass apparatusis suitable.

B5.5.2

Sodium Chloride

B5.5.3 SodiumBicarbonate

B5.5.4 Ethyl Acetate
B5.5.5 SodiumSulphate (anhydrous)

B5.5.6 Methanol
B5.5.7 Anion-exchange resin, hydroxide form, 50-100 mesh (for example 'Bio-Rad
AGI-X2' converted from chloride to hydroxide by elutingwith 1 N sodium hydroxide
followed by methanol untilwater is displaced).
B5.5.8 Cation-exchangeresin, acidform, 50—100 mesh (for example Bio-Rad 50W-8).
B5.5.9

Dichioromethane

B5.5.lO Ammonium CobaltothiocyanateReagent
Dissolve 30*0.1 g of cobalt nitrate hexahydrate and 200±0.1 g of ammonium thiocyanate in water and dilute to 1000 ml with water in a volumetric flask. This reagent is
stable for at least 1 month at 25°C.
B5.5.11

Nonionic Surlactant Standard Solution (0.1 g/l)

Weigh out 0.1000±0.0005 g of an alkyl phenyl ethoxylate of average ethylene oxide
chain length about eight units (Synperonic NP8 manufactured by ICI Ltd is suitable).
Makeup to 1000 ml with water in a volumetric flask.
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B5.6 Apparatus

B5.6.1

Extraction Apparatusand Sublator

The general layout of the gas stripping and sublation apparatusis shown in Figure 3.
A spectrophotometerequipped with 2 cm cells suitable for measuring absorbances at 620 nm.
B5.6.2

A centrifuge equipped to hold tubes of approximately 12 ml capacity and
operating at up to 4000rpm.
B5.6.3

B5.6.4 Steam bath

B5.6.5 Glass chromatographic column approximately 30 cm long and 1 cm diameter
equipped with a tap to control the rate ofelution.

B5.7 Sample

Collection and
Preservation

Because oftheirnature surfactants will be adsorbed on to any suspendedsolids as wellas

on the walls ofthe containing vessel. It must therefore be clearly stated to the analyst as
to what is required, ie the total surfactant or only that in solution. If the former is required it must be first ascertained whether the level of solids in the sample will permit a
satisfactory estimation of the total surfactant. When the latter is needed, centrifugation
ratherthan filtration ofthesample should be employed to remove thesuspended solids.
Sampling bottles should be completely filled with sample and if they are not to be
analysed within a few hours ofcollection the samples should be stored in a refrigerator
and sterilized, for example, with 10 ml of 40% rn/v formaldehyde solution per litre. To
obtain a representative sample either stir the whole sample with a magnetic stirrer or
slowly invert the sample bottletwicebefore taking aliquots. As far as practical avoid the
formation of foam during the stirring or inversion but in any case do not withdraw an
aliquotwhile the bulk sample is foaming.

B5.8 Cleaning
Apparatus

Detergents containing nonionic and/or cationic surfactants must not be used. All glassware must be cleaned by using 10% v/v HC1, water and distilled water.

B5.9 Analytical Procedure
Step

Procedure

B5.9.1

Concentration by Sublation

Notes

B5.9.l.l Measureout a known volume of sample
containing up to 2 mg ofnonionic surfactant into
the sublator.
B5.9.1.2

Add 100±1 g sodium chloride and 5±0.05g
sodium bicarbonate to the sublator (note a).

(a) Thesodium chloride andbicarbonate maybe
added as solids or in solution. In the former
case agitationor bubbling with air or nitrogen
to effect solution is necessary.

B5.9. 1.3 Dilute with water until the level is brought up to the

upper stopcock.
B5.9.l.4 Add 100±1 ml ethyl acetate carefully on top ofthe
aqueous phase.

1

Step

Procedure

B5.9.l.5 Pass a steam of air or nitrogen at a rate of about
30 1/houruntil 4 litres of gas have bubbled through
the liquid (note b) the gas having been passed
through a Dreschel bottle containing ethyl acetate.

Notes
(b) There should be no violent turbulence
between the two phases, otherwise the ethyl
acetate will dissolve in the aqueous layer and
negate the sublation. Ifas a result there is a
reduction of more than 20% of the volume of
the organic phase the sublation must be
discarded and a fresh sample aliquot taken for
a new test.

B5.9.l.6 Drain the ethylacetate layer into a 500 ml
separating funnel and return any aqueous phase to
sublator.
B5.9.l.7 Repeat stepsB5.9.l.4 to B5.9.l.6 a further three
times (note c).

(c) Two of these further sublations may be
omitted for samples low in suspended solids,
for example, many river waterand
biodegradation test samples, but not sewage
samples.

B5.9.1.8 Add 10—15 g anhydrous sodium sulphate to the
extracts in the separating funnel and shake.
Decant the liquor intoa 600 ml beaker. Wash the
sodium sulphate with a further 20 ml of ethyl
acetate;decant intothe beaker. Evaporate the
extract to dryness on a steam bath directing a
gentle stream ofair or nitrogen onto the surface of
the solution to accelerate the evaporation process.
The sample should be removed from the steam
bath as soon as the solvent has evaporated.
B5.9.2 Removal of Ionic Material (noted)
B5.9.2.1

Inserta small glass wool plug at the base ofthe
chromatographic column andpour in sufficient
anionic resin in a methanol slurry to fill the
bottom 10cm ofthe column.

B5.9.2.2 Coverwith a plug ofglass wool and add a similar
quantity ofcationic resin in a methanol slurry
(note e).

(d) If ionic materials are known to be absent this
stage may be omitted.

(e) The column thus preparedmay be used for the
treatment ofup to six samples before
repacking.

B5.9.2.3 Dissolve the residue from step B5.9.l.8 in methanol
and quantitatively transferto thechromatographic
column in 5—10 ml ofmethanol.
B5.9.2.4 Elute with methanol at a rate of 1 drop per second
into a clean dry 150 ml beaker untila volume of
125 ml has been collected.
B5.9.2.5 Evaporate the eluate to dryness on a steam bath,
directing a gentle stream ofair or nitrogen onto the
surface ofthe solution to acceleratethe evaporation
process. The sample should be removed from the
steam bath as soon as the solventhas evaporated.
B5.9.3

Colorimetric Estimation (CTAS)
B5.9.3.l Dissolve the residue from step B5.9.2.5 or step
B5.9.l.8 as appropriate in 15.0±0.05 ml of
dichloromethane. Pipette 10.0± 0.05 ml of this
solution into a 125 ml separating funnel (note f).

cit

(f) During this andsubsequent steps minimize
evaporation of the dichloromethane solution

to avoid volume changes.

Step
B5.9.3.2

Notes

Procedure

Add 5 ml of thecobaltothiocyanate reagent and
5 seconds.
shake vigorouslyfor
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B5.9.3.3 After the layers have separated, drain the

dichioromethanelayer into a centrifuge tube and
centrifuge at about 4000 rpm for 3 minutes.

B5.9.3.4 Transfer the dichioromethane layer into a 2 cm cell
with the aid of a Pasteur pipette and measure the
absorbance of the solution against dichloromethane
at 620 nm in the spectrophotometer.
B5.9.4 Preparation of Calibration Graph
B5.9.4.1 Pipette out 0, 2, 5, 10 and 20 ml aliquots of the
nonionic surfactant standardsolution (B5.5.1l) and
make up to approximately 500 ml with distilled
water in each case (note g).
B5.9.4.2

a

(g) Where specific nonionic surfactant is known
to be present in the samples use this

surfactantto prepare standards.

Carry out steps B5.9.l and B5.9.3 above.

B5.9.4.3 Draw a graph ofabsorbance readings against
weight of surfactant (note h).

(h) The full range ofstandards need only be run
periodically. At leastone standard and a
blank should be analysed with each batch of
samples.

B5.9.4.4 Using the calibration curve produced in step
B5.9.4.3, convert absorbance values produced by

sample solutions into weights ofsurfactant.

85.9.5 Calculation of Results
Let the initial volume ofsample taken = V ml and
the weight ofCTAS found = a mg. Then
concentrationof nonionic surfactant in the
samples as CTAS
— (a x 1000) mg/I
V
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Fig. 3. Detail of gas stripping and sublation tube apparatus
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Cation Ic Surfactants

ci

The Disuiphine Blue

Spectrophotometric Method for
the Determination of Cationic
Su rfactants

Thecompleteproceduredescribed
(incorporatingconcentration,separationand colonmetric estimation stages) can determine cationic surfactant in biodegradation test
liquors and effluents in the presenceofanionic surfactant and other anionic components
ie substances which cause negative interferences in existing direct colorimetric procedures. However, for samples known to contain no interfering anionic components a
directdisuiphineblue determination on theaqueous sample canbe made to estimate the
cationic surfactant present.

Cl .1 Performance
Characteristics
of the Method

Cl. 1.1 Substance determined Long chain syntheticcationic surfactants andother
cationic material ofnatural origin (see Section Cl.3).
Cl.l.2 Type of sample

Biodegradation test liquors such as those
recommended for use in the OECD Screen and
Confirmatory tests (28).

Cl. 1.3 Basis of method

Extraction of the cationic surfactant from the
residue of an evaporated sample, its separation from
anionic material on an ion-exchangeresin and
colorimetric estimation as its disulphine blue
complex in chloroform (A max 628 nm).

Cl.l.4 Range of application

0.1—10.0 mg/I cationic surfactant as

cetyltrimethylammoniumchloride for a maximum
sample size of200 ml.

Cl.l .5 Calibration curve

Linear over the range ofapplication.

C1.1.6 Standard deviation

Concentration of
cationic*
surfactant

Total
Standard
Deviation

(mg/l)

(mg/i)
0.13
0.06
0.03
0.03

5(a)
5 (b)
1

(c)
0.65 (d)

7
6
5
5

Cl.l.7 Limit of detection

0.05 mg/l as cetyitrimethylammoniumchloride for
100 ml sample volumes calculated as a between
batch standard deviation with 10 degrees of
freedom.

C1.l.8

0.075 absorbance units for 0.1 mg/i cetyltrimethyl
ammonium chloride for 100 ml samples and 10 mm
optical cells.

Sensitivity

*Data supplied by Unilever Research, Port Sunlight Laboratory.
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Degrees of
Freedom

Cl.l.9

Bias

Unknown.

Cl.1.l0 Interferences

See Section C1.3.

Cl.l.11 Time required for

12 hours total time for 10 samples and the necessary

analysis

standards and blanks. Operatortime approximately
8 hours.

(a) Data for distearyldimethylammoniumchloride in OECD Confirmatory inlet
liquor on 50 ml sample volumes.
(b) Data for cetyltrimethylammoniumchloride in OECD Confirmatory inlet liquor
on 50 ml sample volumes.
(c) Data for distearyldimethylammoniumchloride in OECD Screen Liquor on
100 ml sample volumes.
(d) Data for cetyltrimethylammoniumchloride in OECD Screen Liquor on 100 ml
sample volumes.

C1.2 Principle

The methoddescribed(29) can determine cationic surfactant in biodegradation test
liquors and effluentsin the presenceofanionic surfactant and other anionic components
which normally negativelyinterfere with existingdirect colorimetric procedures (30—33)
ie these fail because the anionic surfactant interacts more strongly with cationic than
does the anionic dye reagent.
The cationic surfactant is concentrated by evaporation of the aqueous sample and
separated from the resulting solid residues by a methanol extraction step. The resulting
extract is treated undernon-aqueous conditions (methanol) on an ion-exchange resin in
the chloride form to remove interfering anionic components. The isolated cationic
surfactant is reacted with the intenselycoloured disulphine blue anion in aqueous solution to form a chloroform extractable ion-association complex. Theabsorbance of the
final chloroform phase is determined at 628 nm.
However, for test liquors that contain no interfering anionic components a direct disuiphine blue determination on the aqueous sample can be made to estimate the cationic
surfactant present.

Cl .3 Scope and
Limitations,
including
Interferences

Only the long alkyl chain quaternary ammonium compounds will react to form stable
chloroform-extractable disuiphine blue complexesin the colorimetric estimation step.
Alkyltrimethylammoniumand dialkyldimethylammoniumcompounds with more than
ten and eight (or more) carbons respectively in the alkyl groups have beenfound to form
completelyextractable complexeswith disulphine blue. On this basis, the commercially
important cationic surfactants should be responsive to the disuiphine blue reaction.

To date, the complete procedure has only been validated for a comparatively small

number ofcationic surfactants ie distearyldimethylammonium chloride, cetyltrimethylammonium chloride, octadecyltrimethylammonium chloride. didecyldimethylammonium chloride, didodecyldimethylammonium chloride and dodecylbenzyldimethylammonium chloride. The recovery of standard additions (5 mg/i) of these
surfactants from biodegradation test liquors containing an excess ofanionic surfactant
has generally been better than 95. The applicability of the procedure for any new
surfactant should be checked out in advance by determining its recoverabilityfrom control test liquor samples. It may be found to be necessary to adapt the analytical conditions somewhat (ie number ofextractions, extractant, etc) in order to obtain an acceptable recoveryfor other materials.
As a class of surfactants, in aqueous solution they are highly substantive to negatively
charged surfaces(includingglass).It is for this reason that the cationicextracts, following
theinitial evaporation step, arekeptin organic solvents to minimiselossesofcationic by
adsorption. The pre-condition of the equipment to cationic surfactant will also help to
reduce such losses(seeCl, Sections 5.5, 8.2, 8.3, 9.2.2 and Cl.9.4.6 note k). The removal
of anionic surfactant in the ion-exchangestep must be consistently high if it is not to
interfere negativelyin the estimationofthe cationic. The efficiency of each batch ofnew
resin should therefore be checked usingstandard cationic-anionicsolutions.

Thedisulphinebluereactionisnot specific for syntheticcationicsurfactant in biodegradation test liquors. Any long-chainamines 34)and othercompounds that can he protonatedin weakly acidic conditions,or whichcontain a quaternary nitrogengroup. may also
form extractable disuiphineblue compounds that can positively interfere. For example,
the OECD synthetic sewage,which contains no added cationic surfactant gives a measurable disuiphine blue active substance (DSBAS)level (0.1—0.3 mg/I). Therefore, con-

trol liquors are generallyrequired to correct for low levels of other materials that are
reactive to disuiphine blue before the actual cationic surfactant content of the test
liquor can be determined. For wasteandsurfacewater samples,the levels ofnaturalsubstances that react with disulphineblue are likely to be so high that the procedurecannot
be used for monitoring their cationic surfactant contents; for example. surface waters
are found to have Disuiphine Blue Active Substance (DSBAS) levels in the range
0.1—0.3 mg11 expressedas distearyldimethylammonium chloride.

Cl .4 Hazards

Chloroform,glacialaceticacidand methanol are potentially harmful reagents.

Cl.5 Reagents

Reagents

C1.5.1

should be analyticalreagent quality except where otherwise identified.

Water—distilled

C1.5.2 Disulphine bluesolution (Acid Blue 1; CI 42045; 1.3 x 10 3M)
Dissolve 0.16=0.005 g of disulphine blue in 20 ml of 10% (v/v) ethanol in water and
dilute to 250±2.5 ml with water. Store in a glassstoppered glass bottle. This solution is
stable for at least threemonths.

Cl.5.3 Acetate buffer solution, 2M, pH5
Dissolve 114.8±0.1 gm of anhydrous sodium acetate in water, add 34.8±0.05 ml of
glacial acetic acid and make up to 1.00+0.01 litre with water. Store in a glass stoppered
glass bottle. This solution is stable for at least three months.
C1.5.4

Standard cationicsurfactant solutions (10 and 100 mg/I)

For biodegradationstudies thesurfactant undertestwill generallybe used to prepare the
calibration curve. However, a useful reference surfactant is cetyltrimethylammonium
chloride.
C1.5.4.] Cationicsurfactant solution (100 mg/i)
Dissolve 0.1000 ±0.0005 g ofactive cationic surfactant inwaterandmake up to litre in a
volumetric flask. Store in a glass stoppered glass bottle in a refrigerator below 5°C.
This solution is stable for at least two months.
C].5.4.2 Cationic surfactant solution (10 mg/i)
Add 10+0.01 ml of the 100 mg/l cationic surfactant solution (C1.5.4.1) into a 100 ml
volumetric flask and make up to the mark with water.
Methanolsolution ofcetyltrimethylammoniwn chloride (approximately100 mg/I)
For use in pre-conditioningtheresin material.
C1.5.5

Cl.5.6

Alkylbenzene suiphonate (ABS) solution (approximately1000 mg/i)

Use an ABS such as Marion A350 (manufactured by Hüls AG). This solution is used to
make up the anionic surfactant concentration to about 10 mg/i in those samples containing low levels ofanionic componentseg biodegradation test effluents. This has been
found to aid the recovery ofcationic surfactant (as its neutral ion-associationcomplex)
from the dry residueofan evaporated sample.
C1.5.7 Chloroform
C1.5.8 Methanol
C1.5.9 Anion-exchange resin, chloride form, 50—100 mesh such as Biorad AGI-X2.
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Cl .6 Apparatus

C 1.6.1 Unless otherwise specified all 1asswareused tor auanhititie vo'umetric
measurementsshould be accurate to a Class B tolerance or better.

Cl.6.2 Standard laboratory glassware including pipettes. volumetric flasks. burettes.
measuringcylinders. separating funnels fitted with PTFE stopcocks and beakers.

C1.6.3 The extraction device described by Taylor and Fryer (35) is used to transfer the
chloroform extracts from centrifugetubes to optical cells (see Figure 4).
C1.6.4 A spectrophotometer equipped with matched 10 mm glass optical cells.
C1.6.5 Glass centrifuge tubes with conical bases—nominalvolume of 40 ml.

Cl.6.6 Centrifugeequipped to takethe above tubes.
C1.6.7 Steam bath
C1.6.8 Ion-exchange columns of conventional design having a 19/24 joint to take a
250 ml separating funnel as a solventreservoir (see Figure 5).
C1.6.9 Variablehighspeedelectrical stirrer—fittedwith a small glassspiral stirring rod.

Cl .7 Sample

Collectionand
Preservation

Because oftheir nature surfactants will be adsorbed on to any suspendedsolids as wellas

on the walls ofthe containing vessel. It must therefore be clearly stated to the analyst as
to what is required, ie the total surfactant or only that in solution. If the former is required it must be first ascertained whether the level ofsolids in the sample will permit a
satisfactory estimation ofthe total surfactant. When the latter is needed,centrifugation
rather than filtration ofthe sample should be employed to remove the suspendedsolids.
Sampling bottles should be completely filled with sample and if they are not to be
analysed within a few hours ofcollection the samples should be stored in a refrigerator
and sterilized,for example,with 10 ml of 40% rn/v formaldehyde solution per litre. To
obtain a representative sample either Stir the whole sample with a magnetic stirrer or
slowly invert the sample bottle twice before taking aliquots. As far as practical avoid the
formation of foam during the stirring or inversion but in any case do not withdraw an
aliquot while the bulk sample is foaming.

Cl .8 Cleaningof
Apparatus

Cl.8.1 The beakers used in thesample concentration and ion-exchangesteps must be
cleanedby successively washing them in hot tap water (twice), deionized water (twice)
and finally methanol (twice). Allow the beakers to air dry before use.

Cl.8.2 The centrifuge tubes used in the colorimetric estimation step must be washed
with tap water (twice) and deionized water (twice) only. In this way the tubes remain
suitably conditioned'to reagent and samples. Occasionally, a more rigorous methanol
wash may be required but the tubes will then need to be re-conditioned.
C1.8.3 Pre-condition all new glassware to cationic surfactant by soaking in a 100 mg/I
aqueous cationic surfactant solution (see Cl.5.4.l). Wash free of any excess soluble
cationic by washing with water and methanol before using.
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Cl .9 Analytical Procedure
Procedure

Step

Notes

Cl .9.1 Separation and Concentration of
CationicSurfactant

C1.9.l.l

Proceed directlyto SectionCl.9.4.7 if the sample
contains no anionic surfactant or other anionic
interferencesand carry out a direct colorimetric
estimation. For samplescontaininganionic
surfactant take a volume of unfiltered test sample

g

ofcationic
(note a) containing 25—1000
surfactant and evaporate to dryness in a 250 ml
beaker. A volume ofstandard control solution
equivalent to that taken for the test determination
is also evaporatedto drynesson a steam bath. Make
up the anionicsurfactant concentration to about
10 mg/l, using the ABSreagent, (Cl.5.6),in those
samples containing low levels of anionic
components eg biodegradation test effluents
(note b).

(a) The volume of sample should preferably not
exceed 200 ml.
(b) Thisaids the recovery of cationic surfactant
(as its neutral ion-association compound) from
the dry residueofan evaporated sample.

Cl .9.1.2 Break-up the sampleresiduethoroughly with a glass
rod and extract it with 20 ml ofboilingmethanol.
Filter the cationic extract through a small cotton
wool pad plugged into the neck of a filter funnel
and collect the filtrate in a 250 ml beaker. Wash the
pad with 10 ml ofcold methanol.

Cl .9.1.3

Repeat the extraction with two further 20 ml
portionsof boilingmethanol. Finally wash the
extraction beaker, pad and filter funnel with 20 ml of
cold methanol. Evaporate tile combinedextracts to
drynesson a steam bath.

Cl .9.2 Preparation of Anion-Exchange Columns

Cl .9.2.1 Plugthe lower constriction abovethe tap of the
column with a small wad of cotton wool and fill one
third full with methanol. Slurry 12 ml of wet resin

(c) Soak the resin in methanol for —l hr prior to
preparing columns to allow for shrinkage.

into the column with methanol (note c). If
necessary stir the resin bed with a glass rod to
remove anygas bubbles and plugthe top with a
small pad of cotton wool.

Cl.9.2.2 Pre-condition the resin bed to cationic surfactant by
passing 10 ml of cetyltrimethylammonium chloride
solutionin methanol at a rate of2 ml min1.
Wash the columnby passing 600 ml ofmethanol at
a rate of 2—3 ml min 1, Check that all free cationic
has been removed from the resin by carrying out a
control blank determination (note d).

C1.9.2.3 Ensure that the resin bed is free from gas bubbles
before use.

Cl .9.3 Ion-ExchangeRemoval ofAnionic

Interferences
Cl.9.3.l Dissolve the cationic residuein 10 ml of methanol,
usinga glass rod to break-up any residue, and
transfer the whole extract to the top ofa prepared
ion-exchangecolumn (C1.9.2).
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(d)Evaporate a 100 ml of the final eluate and
proceed as indicated in Section C1.9.4.1—

9.4.6. The column blank should be similarto
the reagent blankfor the colorimetricstep
(0.02—0.03absorbance).

Step

Procedure

C1.9.3.2 Pass the sample through the resin bed at a rate of
less than 1 ml min'. and collect the eluate in a
250 ml beaker. Use a further two 10 ml portions of

methanol to ensure quantitative transfer of the
sample to the column. Wash the sample through the
column with 100 ml of methanol at a rate of
2—3 ml min I (note e). Evaporate the column
eluate to dryness carefully on a steam bath.

Notes

(e) Wash the columns with a further 150 ml of
methanol after each separation. The capacity
of theresin bed is such that a column can
be used 5—10 times.

Cl .9.4 Colorimetric Determination of
Cationic Surfactant

Ion-exchangedSamples (note f)

Cl.9.4.l Redissolvethe cationic surfactantresidue(from
C1.9.3.2) in 20 ml of boiling water-saturated
chloroform (note g and h). Allow the boiling solvent
to be in contact with the residue before using a
glass rod to break it up.

(f) An alternative colorimetricextraction
technique. which uses separating funnels, is
given in Cl.11.
(g) Prepared by partitioning chloroform with
water for 1 mm in a separating funnel.
(h) For residues that are very sticky and insoluble
in chloroform a small measured volume of
methanol (eg 2.5 ml) is used initially to
dissolve the extract before the further addition
of 15 ml of cold water saturated chloroform
(which generally results in precipitation of
extraneous material). A similar washing
procedure to that used in Cl.9.4.2 results in
quantitative recovery of cationic surfactant.
Thefinal chloroform solution should contain
no more than 2.5°z (v;v) of methanol.

C 1.9.4.2 Transfer the cationic extract to a suitably sized
graduated flask (50/100/200ml). The volume ofthe
flask is chosen so that a 10 ml aliquot ofthe final
solution contains 5—50 .xg of cationic. Use a further
portionofhot solvent and several portions of cold
solvent to wash the beaker and make the solution up
to the appropriate volume.
C1.9.4.3 Add 2.5±0.5 ml of2M acetate buffer and 1 ml of
disuiphine blue reagent into a 40 ml conical
centrifuge tube (note i) and add 150.5 ml of
distilled water. Pipette 10±0.05ml of the
chloroform solution into the tube.

(i) Previouslyconditioned to reagents and

C1.9.4.4 Stir the contents ofthe tube vigorouslyfor 90±5
secs with the high speed stirrer, so that the two
layers are completelymixed (note j). Centrifuge for
about 30 sec to separate the layers.

(j) The speed setting and the length of stirring
should be closely controlled.

sample.

Cl.9.4.5 Attacha rubber teat to the short arm of the
extraction device(see figure4). Introduce the long
arm through the aqueous layer into the chloroform
layer maintaining a slight positive pressure on the
teat to produce a slowstream ofair bubbles.
Secure the bunginto the mouth ofthe centrifuge
tube and then remove the teat.

C 1.9.4.6 Transfer thechloroform extract directly to a glass
10 mm optical cell (note k) by applyihg pressure
with the syringe via the needle. Washthe cell once
with the extract and then immediatelymeasure the
absorbance of the extract at 628 nm against a
chloroform reference.

(k) Previouslyconditioned with a disulphine
blue-cationic chloroform standard solution.
Quartz optical cells should not be used because
of their high substantivity for the disuiphine
blue complex.

Step

Notes

Procedure

AqueousSamples that Containno Anionic
Cl .9.4.7 Place a measured volume of aqueous sample,up to
15 ml, into a centrifuge tube. Makeup the volume of
the aqueous phase to 15±0.5 ml (ifrequired) and
add 2.5±0.5 ml of 2M acetatebuffer and 1±0.5 ml
ofdisuiphine blue reagent.Pipette 10±0.05 ml of
chloroforminto the tube. Proceed from C1.9.4.4 to
C1.9.4.6.

Cl .9.5

Preparation of Ca'ibration Graph
C1.9.5.l Add by burette 0, 1, 2, 3, 4 and 5 ml (0—50 p.g) of a
10mg 11 cationic surfactant solution (note 1) into
a series of 40 ml centrifuge tubes and make up the
volume to 15 ml with distilled water. Add 2.5 ml of
acetatebuffer, 1 ml of disuiphine blue reagentand
10±0.05 ml ofchloroform(note m) and proceed
from C1.9.4.4to Cl.9.4.6.
C1.9.5.2 Construct a calibrationgraph of absorbance against
the concentration (tg) of cationic surfactant

(note n).

Cl .10 Calculation of
Results

where a

(which is based
on the use of
separating
funnels)
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appropriate methanol chloroform mixture (no
more than
(v/v) methanol) to perform
the standard determinations.

2.5

(n) Identicalcalibrations were obtained

regardlessof whether the cationic standards
were prepared in water or chloroform.
Calibrations showing a tendency to intersect
the concentration axis rather than pass
through the origin may be due to equipment
not being sufficiently conditionto reagents and
samples. Thefull range .of standardsneed only
be run periodically. The top 50 .tg standard
should be analysedwith each batch ofsamples.

The followingexpression can be usedto calculate the amount (mg/l) ofcationic in the
aqueoussamples (put through the complete procedure)

C mg/I

C1.l1 Alternative
Techniquefor
the
Colorimetric
Estimation

This is generally a known sample of the
surfactant undertest.
(m)For sampleresiduesre-dissolvedin methanol
(see note h) use an equivalent volume of an
(1)

axV
10

x

= numberofjig cationic foundin a 10 ml aliquot (correctedfor controlliquor)
= volume ofthe final chloroformextract
= volume ofaqueous sample taken.

Re-dissolve the cationic residue obtained from the ion-exchange separation (ie steps
9.1—9.4)in 20 ml ofwarm, water-saturatedchloroformand add to a 100 ml separating
funnel containing 2.5 ml acetatebuffer, 15 ml water and I ml of disulphine blue. Shake
the separating funnel on a flask shaker at a fixed rate for 5 mins. Allow the phases to
separate and run the chloroform phase into a 50 ml graduatedflask. Repeatthe transference and extraction steps with a further 20 ml portion of warm, water-saturated
chloroform. Combine the chloroformextracts and make up to the mark with chloroform. Readthe absorbance ofthe solution at 628 nm in a 10mm cell. Furtherdilution of
extractsmaybe necessaryto bring them into the range ofa 0—250 jig calibration curve.
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Checking the Accuracy of the
Analytical Results

In normal routine operation many factors may subsequently affect the accuracy of the
results. Therefore it is recommendedthat the accuracy should be tested initially and then
at regular intervals thereafter. This may be done by analysing a standardsolution of
known concentration in the same manner as normal samples; that is by carrying out the
whole procedure.

References
(1)

(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Jones JHJ, Ass Agric Chem 1945, 28, 398.
LongwellJ and ManieceWD,Analyst, Lond, 1955, 80, 167—171.
AbbottDC,Analyst, Lond, 1962, 87, 266—293.
SodergrenA, Analyst, Lond, 1966, 91, 113—118.
Wedster HL and Halliday J, Analyst,Lond, 1959, 84, 552—559.
Water Research Centre, TechnicalMemorandumTM117, 1976.
Fairing JD and ShortFR, Anal Chem 1956, 28, 1827—1834.
Edwards GPandGinnM, Sewagemd Wastes, 1954, 26, 945—953.
Sullivan WT and Swisher RD. EnvironmentalScience and Technology 1968, 3,
481—482.

(10) Wickbold R, Tenside Detergents, 1976. 13, 32—34.
(11) Waters J, Vom Wasser, 1976, 47, 131—140.

(12) Husmann W, Malz F and Jendreyko H, Forschber,Landes N Rhein-Westf, 1963.

No 1153, 20—21.

(13) Roberts FW and Lawson GR, Wat and Waste TreatJ 1958—60,7,14—17.
(14) Cleaning and Conditioning Agents. Their Impact on the Environment in the EEC.
Environmental Resources Ltd. Published by Graham and Trotman Ltd for the
Commission of the European Communities,Luxembourg, 1977.
(15) 'Nonionic Surfactants', Surfactant Science Series, Vol 1, Editor MJ Schick,Marcel
Dekker mc, New York, 1967.
(16) Wickbold R, TensideDetergents, 1972, 9, 173—177.
(17) Waters J and Longman GF, AnalyticaChimicaActa, 1977, 93, 341—344.
(18) BoyerSL eta!, EnvironmentalScienceand Technology, 1977, 11, 1167—1171.
(19) Patterson SJ, Hunt EC and Tucker KBE, JProc Inst Sew Purf 1966, 190.
(20) Kaduji II and Stead JB, Analyst, 1976, 101, 728—731.
(21) Tobin RS, Onuska Fl, Brownlee BG, Antony DHJ and Comba ME. Water
Research, 1976, 10, 529.
(22) Wickbold R, Tenside Detergents, 1971, 61.
(23) Petts KW and SlineyI, Wat Res 1981, 15, 129.
(24) Patterson Si, Hunt EC and Tucker KBE, Procofthe Inst ofSewagePurficazion,
Part 2, 1966, pp 3—11.
(25) Stead JB and Hindley RH, JofChromatography1969, 42, 470—475.
(26) Luke BG, ofChromatography 1973, 84, 43—49.
(27) Brown EG and Hayes TJ, Analyst, 1955. 80, 755—767.
(28) Pollution by Detergents.Determinationofthe BiodegradabilityofAnionic Synthetic
SurfaceActiveAgents, Organisationfor Economic Co-operation and Development.
Paris, 1972.
(29) Waters J and Kupfer W. Anal Chim Acta, 1976, 85, 241.
(30) Scott GV, Anal Chem, 1943, 1968, 40, 768.
(31) Auerbach ME,Anal Chem. 1943. 15, 492.
67

J

J

(32) Auerbach ME.Anal Chem, 1944. 16, 739.
(33) Shiham I and Pinfold TA. Analyst, 1969, 94, 387.
(34) Biswas HK and Mandal BM. Anal Chem, 1972 44, 1636.
(35) Taylor CG and FryerB, Analyst, 1969, 94, 1106.
(36) Boron in Waters, Effluents, Sewage and Some Solids 1980. Methods for the Exam-

ination of Waters and Associated Materials, Appendix II, HMSO London.

(37) The Sampling and Initial Preparation of Sewage and Waterworks' Sludges, Soils,
Sediments and Plant Materials Prior to Analysis, 1977, Methods for the Examina-

tion ofWaters and Associated Materials, HMSO. London.

(38) Hey AE and Jenkins SH. WaterResearch, 1969, 3, 887—889.
(39) General Principles of Sampling and Accuracy of Results 1980, Methods for the

Examination of Waters and Associated Materials, HMSO, London.

Addressfor
Correspondence

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

requested to write to:

TheSecretary
TheStanding Committee ofAnalysts
TheDepartment ofthe Environment
Romney House
43 Marsham Street
LONDON SW1P 3PY
England.
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Department of the Environment/National Water Council

The Compilation of these methods was originally proposed by the Standing Technical Committee on Synthetic
Detergents. This booklet was compiled by the Analytical Working Group of the Technical Sub-Committee for
publication by the Standing Committee of Analysts. On the disbandment ofthe Synthetic Detergents Committee, the

Analytical Working Group continued as a full panel of the Standing Committee of Analysts. Organics Impurities
Working Group.
Members of these organizations during the preparation of this booklet were:
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