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This booklet contains guidance on methods fﬁ} determination of cyanide and

thiocyanate i |n soils. It should be read in ¢ tion with a previously published document
in this series!’ Using the procedures de ed in this booklet should enable laboratories
to satisfy the requwements of the Envi ent Agency’s Monltorlng Certification Scheme

(MCERTS) for laboratories underta @chemlcal testing of soils®®. However, if appropriate,
laboratories should clearly demon&te they are able to meet the MCERTS requirements.
Each method has been valid in only one laboratory and consequently details are
included for information pu s only, as examples of the type of procedures that are
available to analysts. Inf ion on routine multi-laboratory use of these methods would
be welcomed to asse ir full capabilities.

Whilst this booklet may report details of the materials actually used, this does not
constitute an endorsement of these products but serves only as illustrative examples.
Equivalent products are available and it should be understood that the performance
characteristics of the method might differ when other materials are used. It is left to users
to evaluate methods in their own laboratories.
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About this series

Introduction

This booklet is part of a series intended to provide
authoritative guidance on recommended methods of
sampling and analysis for determining the quality of
drinking water, ground water, river water and sea
water, waste water and effluents as well as sewage
sludges, sediments and biota.

Performance of methods

Ideally, all methods should be fully evaluated with
results from performance tests. These methods should
be capable of establishing, within specified or pre-
determined and acceptable limits of deviation and
detection, whether or not any sample contains
concentrations of parameters above those of interest.

In the procedures described in each method any
reference to the tolerances to be adopted with respect
to, for example the amount or volume of reagents to be
used is left to the discretion of the laboratory. These
tolerances should be as low as possible in order to
satisfy stringent performance criteria. Tolerances of
between 1 - 5 % have been shown to be satisfactory
for most purposes. Lower tolerances should result in
improved precision.

In the methods described, for example for

wavelengths, storage conditions, concentrations of t@'

same or similar reagents, etc, differences may
noted. This information is provided by indivi
laboratories operating under their own m
systems and is dependent on specific gon ns
pertaining to each laboratory. It is as&d this
information is supported by suffici a to justify its
inclusion. Users intending to us ry the quoted
wavelengths, storage conditi oncentrations, etc,

should ensure they are ap late to their own
laboratory and verify theifapplication to demonstrate

ent

appropriate performance of the method. In addition,
good laboratory practice and analytical quality control
are essential if satisfactory results are to be achieved.

Standing Committee of Analysts

The preparation of booklets within the series “Methods
for the Examination of Waters and Associated Materials”
and their continuing revision is the respogsibility of the
Standing Committee of Analysts. This ’x tee was
established in 1972 by the Departmgnt ofNhe
Environment and is now manage %e
Agency. ?T/

Environment

Methods are produced b
appropriate field, ofte

els of experts in the
-operation with working
groups and the mair'gnG ittee. The names of those
members principally aSsociated with these methods are
listed at the bac this booklet. A report describing all
SCA activitiesg e period 1 July to 30 June is
produced ?gn y and is available from the Agency’s

web-page\(Www.environment-agency.gov.uk/nls).

ion of the draft they seek. If users wish to receive

ies or advance notice of forthcoming publications, or
obtain details of the index of methods then contact the
Secretary on the Agency’s internet web-page or by post,
see address listed at the back of this booklet.

Us Qhould ensure they are aware of the most recent
V€r§
C

Great efforts are made to avoid errors appearing in the
published text. If, however, any are found, please notify
the Secretary.

Dr D Westwood
Secretary
February 2010

S
Warning to Q@S
The analyti cedures described in this booklet
should Q@arried out under the proper
supervisionf competent, trained analysts in properly
equipped laboratories.

All possible safety precautions should be followed and
appropriate regulatory requirements complied with.
This should include compliance with the Health and
Safety at Work etc Act 1974 and all regulations made
under the Act, and the Control of Substances
Hazardous to Health Regulations 2002 (S| 2002/2677).
Where particular or exceptional hazards exist in
carrying out the procedures described in this booklet,
then specific attention is noted.

Numerous publications are available giving practical
details on first aid and laboratory safety. These should
be consulted and be readily accessible to all analysts.
Amongst such publications are; “Safe Practices in
Chemical Laboratories” and “Hazards in the Chemical
Laboratory”, 1992, produced by the Royal Society of
Chemistry; “Guidelines for Microbiological Safety”, 1986,
Portland Press, Colchester, produced by Member
Societies of the Microbiological Consultative Committee;
and “Safety Precautions, Notes for Guidance” produced
by the Public Health Laboratory Service. Another useful
publication is “Good Laboratory Practice” produced by
the Department of Health.


http://www.environment-agency.gov.uk/nls

The determination of cyanide in soils and similar matrices
1 Introduction

Several methods are described in this booklet for the determination of cyanide, in various
forms, in soils and associated materials. Readers are directed to an earlier publlc:atlon(1 in
this series dealing with the determiantion of cyanide in waters.

In this booklet, cyanides are referred to in three distinct forms, namely:-

(i) easily liberated cyanide (also commonly referred to as free cyanide);
(ii) complex cyanide;
(iii)  total cyanide. '\Cb

In practice, the free or easily liberated cyanide is defined by the analytica % ions under
which hydrogen cyanide is liberated, for example from simple cyanlde nd is typically
determined at a specific pH.

Complex cyanide is usually defined (following the determinatlom% S|Iy liberated
cyanide) as the hydrogen cyanide produced from complex cyanidé compounds. Such
complex cyanides in environmental samples include the ir&mdes potassium
ferricyanide (K3;Fe(CN)g) and potassium ferrocyanide ( N)s) and complexes with
mercury and cobalt. However, strongly complexed cy %e (see Table F1 in the earlier
publcatlon in this series) may be incompletely de& ned.

N
Total cyanide is defined as the sum of the ea%\erated cyanide and the complex
cyanide. &

Details are described for the determinafign of easily liberated cyanide and total cyanide
following steam distillation of a buff @»soil or alkaline soil extract under acidic condition.
An aliquot of a pH-adjusted porti the distillate is then spectrophotometrically
determined at between 575 - BQ'nm using chloramine-T, isonicotinic acid and generally, a
barbituric acid derivative. @

A method is also desctj for the determination of thiocyanate. Thiocyanate may be
present in soils (su ‘écontaminated land from gasworks or similar sites) that contain
cyanide. The det of high total cyanide concentrations may trigger the need for the
analysis for thi ate. Thiocyanate is not broken down either in the easily liberated
cyanide or ['€yanide determinations, and consequently, potential cyanide from
thiocya not detected or included in these determinations. Details are described for
the ayg of thiocyanate (on an alkaline soil extract) based on the addition of
formaldehyde (to remove easily liberated cyanide) and spectrophotometric determination
at 600 nm using chloramine-T, isonicotinic acid and 1,3-dimethylbarbituric acid.

Guidance on how results can be expressed is given in Appendix 1.
2 Methods
The following sections are divided into three parts, namely

A methods for the determination of easily liberated cyanide;



B methods for the determination of total cyanide; and
C methods for the determination of thiocyanate.

Commercial apparatus are available allowing procedures to be carried out automatically,
enabling easily liberated cyanide and total cyanide, and possibly thiocyanate to be
determined simultaneously or sequentially. Usually, the spectrophotometric determination
is carried out on a reduced scale.

Methods are either applicable to air-dried soils and similar matrices or to samples “as
received” within the laboratory.

Where appropriate, each method contains details of performance, the distillatiox%‘
spectrophotometric techniques and similar information to enable procedures

undertaken. Standardisation of cyanide solutions can be undertaken using sjIver nitrate.
However, the purity of potassium cyanide used as calibration standard@ér ally
sufficient to negate the requirement to standardise cyanide solution N%is or laboratories
to decide whether standardisation of cyanide solutions is required=~Since each method
has been validated in only one laboratory details are included fgg i mation purposes
only as examples of the type of procedures that are available to ahalysts. Information on
routine multi-laboratory use of these methods would be we d to assess their full

capabilities. 6
3 Interferences AQ

The addition of Cu(l) can act as a catalyst for&%ecomposition of complex cyanides, for
example hexacyanoferrates. Laboratories d decide whether its addition is required
for the matrices analysed. The addition of@f sulphate, lead acetate, Sn(ll) or Cu(ll)
reacts with sulphide to form acid insol@ sulphide removing the interference caused by
sulphide. Laboratories should asce whether the presence of sulphide may be a cause
for concern.

When hydrogen cyanide is@ated from the sample via the distillation process and then
“fixed” in sodium hydroxi lution, this essentially eliminates many potential
interferences. Howev@e sample also contains water soluble monosulphide, hydrogen
iberated from the acidified sample and is also “fixed” in sodium

d may therefore interfere with the cyanide determination, especially
at sulphide co ations greater than about 500 mg/kg. A 5 mg/I sulphide solution gives
a response gquivalent to 40 pg/l as cyanide. Dilution of the sample aliquot to below this
level m ce or eliminate this interference but this practice may need to be balanced
againgt reducing the cyanide concentration to levels below those which can be adequately
detected.

sulphide may also
hydroxide solutio

Samples that contain organic compounds, such as PAHs and petroleum hydrocarbon
compounds, may produce a turbid solution following distillation of the acidified sample. The
presence of turbidity in the spectrophotometric determination will interfere with the
absorbance measurement. Methods that include alkaline extraction of the soil sample prior
to distillation are less susceptible to this type of interference.

Any compound that possesses the potential to react with the reagents and develop a
colour in the same spectral region, or affects the colour formation due to the presence of
cyanide has the potential to cause an interference.



Interfering substances in the analysis of cyanide by spectrophotometric methods include,
for example thiocyanate and iron, and nitrate and nitrite. The presence of thiocyanate and
iron in spectrophotometric extracts leads to results that are lower than would normally be
expected than if they were absent. The presence of nitrate and nitrite in
spectrophotometric extracts leads to results that are higher than would normally be
expected than if they were absent. In these cases, the steam distillation stage in the
analytical procedure will effectively remove these interferences, as these substances do
not tend to be labile under the conditions used.

4 Hazards

With only very few exceptions, cyanides are rapidly-acting poisons following injeséa‘
inhalation, or absorption through the skin. Cyanide solutions should not be pipeﬁ& y
mouth and fumes should not be inhaled. Skin contact should be avoided an y splashes
involving contact with cyanide solutions should be washed off immediatel ediate first
aid facilities should be avaliable if poisoning is suspected. Provision of Ni ed personel to
administer first aid should be considered when cyanide is to be det rm'kne .

Hydrochloric acid and sodium hydroxide cause burns and are ¢ %‘Ne. Barbituric acid
and tin(ll) chloride are irritants. Pyridine is flammable and harmful® Formaldehyde is toxic.
Thiocyanate, isonicotinic acid, 1,3-dimethylbarbituric acid,&sium hydrogen phthalate
and chloramine-T are irritants. 6

5 Sample collection and preparation . AQ

Where performance testing has been carried é@s\ing “as received” samples the method
may not be suitable for samples that are airQ' d. It should be ensured that a
representative sub-sample is taken for an@sls. Repeat determination should improve the
precision of the analysis if homogeneit@f the sample is suspect.

Where performance testing has b& carried out using air-dried samples the method may
not be suitable for samples coritaining significant amounts of water. The use of an air-dried
sample rather than an “as refeived” sample enables a more homogeneous sub-sample to
be taken for analysis. Th cedures used to prepare crushed, ground, sieved and/or air-
dried samples may, h er, adversely affect easily liberated cyanide present in the
original sample prio nalysis. Analysts should, therefore, ascertain whether the
procedures used gepare crushed, ground, sieved and/or air-dried samples affect the
resulting deterwion of easily liberated cyanide concentrations.

Care sr\o&e taken to ensure that the sub-sample used for analysis is homogeneous,
and r@ﬁ ntative of the bulk material sampled, especially when smaller quantities are
required*for repeat analyses where high concentrations of cyanide are found or suspected.
Further information can be found elsewhere in this series®.

6 References
1 Standing Committee of Analysts, “The determination of cyanide in waters and
associated materials (2007)”, Methods for the Examination of Waters and Associated

Materials, in this series, Environment Agency.

2 MCERTS performance standard for laboratories undertaking chemical testing of
soil. Version 3. (see www.mcerts.net).


http://www.mcerts.net/

3 Standing Committee of Analysts, “The preparation and pre-treatment of potentially
contaminated soils prior to chemical analysis (2006)”, Methods for the Examination of
Waters and Associated Materials, in this series, Environment Agency.



AA Determination of easily liberated cyanide by steam distillation of a buffered
air-dried soil at a pH value of 4, followed by spectrophotometric
determination using chloramine-T and barbituric acid

AA1l Performance characteristics of the method

AA1.1 Substance determined

AA1.2 Type of sample

AA1.3 Basis of method

AA1.4 Range of application

AA1.5 Calibration curve
AA1.6 Total standard deviation

AA1.7 Limit of detection

AA1.8 Sensitivity

AA1.9 Bias 0

A

Easily liberated cyanide in soil.

Air-dried samples of soil and contaminated
land, ground to less than 2 mm.

Hydrogen cyanide (as easily libera .

cyanide) is steam distilled from aihgzad soil

in the presence of zinc sulphat

buffer. An alkaline aliquot o\ stlllate is
icall

determined spectrophoto y using
chloramine-T and barx Cld at 575 nm.

Typically, up to 1 kg as cyanide, but
can be extende&se section AA5.7, note i.

Linear ov&t range of application.

Se(; T AA1.

N\
wally, 0.05 pg of cyanide can be detected
he aliquot taken as described. This

equates to about 0.5 mg/kg of cyanide in the
air-dried soil.

Typically, as described, 1 ug of cyanide
(equivalent to 10 mg/kg cyanide in air-dried
soil) gives an absorbance value of about
0.18.

See Table AA1.

ciogle

Hydra%‘\npyamde is liberated from soil at pH 4 in the presence of zinc sulphate and
potassium hydrogen phthalate buffer. Zinc sulphate suppresses the release of hydrogen
cyanide from complex cyanides. Following distillation, the liberated hydrogen cyanide from
simple cyanide salts is absorbed into sodium hydroxide solution and determined
spectrophotometrically at 575 nm using chloramine-T and barbituric acid. Complex
cyanides possess greater stability and are not usually affected under the conditions

described.

AA3 Reagents

All reagents should be of analytical grade quality and distilled or deionised water should be

used throughout.
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AA3.1  Zinc sulphate solution.  Dissolve 100 £ 2 g of zinc(ll) sulphate heptahydrate in
approximately 750 ml of water. Quantitatively transfer the solution to a 1000 ml measuring
cylinder and make to 1000 ml with water. Mix well and transfer to a suitable container. This
solution may be stored at room temperature for up to six months.

AA3.2  Buffer solution (pH 4). Dissolve 51.0 £ 0.2 g of potassium hydrogen phthalate in
approximately 900 ml of water. It may be necessary to heat the mixture to approximately
50 °C to completely dissolve the salt. When dissolved, allow the solution to cool to ambient
room temperature, and then quantitatively transfer to a 1000 ml measuring cylinder and
make to 1000 ml with water. Mix well and transfer to a suitable container. This solution may
be stored at room temperature for up to one month.

Using the quantities described has shown that for soils of pH values up to ar@'q\al to 12,
there is sufficient buffering capacity to achieve acidification to a pH value %

AA3.3  Sodium hydroxide solution (0.1 M). Dissolve 8.0 £ 0.1g o w%m hydroxide in
approximately 1800 ml of water. Transfer the solution to a 2000 m asuring cylinder and
make to 2000 ml with water. Mix well and transfer to a suitable ¢ arer. This solution may
be stored at room temperature for up to one month.

AA3.4  Sodium hydroxide solution (0.05M).  Dissol 4@1 0.1 g of sodium hydroxide
in approximately 1800 ml of water. Transfer the solutio a 2000 ml measuring cylinder
and make to 2000 ml with water. Mix well and trans @0 a suitable container. This solution
may be stored at room temperature for up to one th.

AA3.5 Chloramine-T reagent. Dissolve gdir 0.01 g of chloramine-T in approximately
400 ml of water. Transfer the solution to ml volumetric flask and make to 500 ml with
water. This solution should be prepare@n the day of use.

AA3.6 Phosphate buffer solutie$ Dissolve 13.60 + 0.01 g of potassium dihydrogen
phosphate and 0.28 + 0.01 g dium hydrogen phosphate in approximately 800 ml of

water. Make to 1000 ml wi er. This solution may be stored at 5 + 3°C for up to one
week. @

AA3.7  Pyridine rbituric acid reagent. To approximately 400 ml of water, add
37.5 £ 1 ml of e and mix well. To this solution, add 7.5 + 0.1 g of barbituric acid and

mix well. To thi lution, add 5 + 1 ml of hydrochloric acid (AA3.11) and make to 500 ml
with watek. @s solution may be stored at 5 + 3°C for up to one week.

AAS.&%yanide stock standard solution (nominally 1000 mg/l). Dissolve 20.0 + 0.1 g of
sodium hydroxide in approximately 800 ml of water. Accurately, and as quickly as
possible, weigh out approximately 2.5 g (typically between 2.4 - 2.6 g) of potassium
cyanide and quantitatively transfer to the alkaline solution in a 1000 ml volumetric flask.
Make to 1000 ml with water. Mix well. This solution may be stored at 5 £ 3°C for up to one
month.

AA3.9 Cyanide standard solution (nominally 100 mg/l).  Add 10.00 + 0.05 ml of
cyanide stock standard solution (AA3.8) to a 100 ml volumetric flask and make to 100 ml
with 0.1M sodium hydroxide (AA3.3). This solution may be stored at 5 + 3°C for up to one
week.

11



AA3.10 Working cyanide standard solutions.  For example, into a series of five 100 ml
volumetric flasks, add 2.00, 4.00, 6.00, 8.00 or 10.00 ml of cyanide standard solution
(AA3.9) to each flask. Make each flask to 100 ml with 0.05M sodium hydroxide solution
(AA3.4). These solutions nominally contain 2.0, 4.0, 6.0, 8.0 and 10.0 mg/I of cyanide
respectively. This is equivalent to 2, 4, 6, 8 and 10 ug of cyanide in the 1 ml (i.e. V1 ml)
aliquot taken for the spectrophotometric determination (section AA5.5). These solutions
may be stored at 5 + 3 °C for up to one week.

AA3.11 Concentrated hydrochloric acid (SG 1.18).
AA4 Apparatus
In addition to normal laboratory glassware the following will be required. }\(b ’
in about

AA4.1  Steam distillation apparatus capable of producing 50 £ 5 ml of djétill

150 seconds. '\

AA4.2  Spectrometer capable of measuring light absorbance a '}m with 10 mm

path-length cells. '\

AA5 Analytical procedure OQ

Step  Procedure . A@Btes

AN
\V

AA5.1  Add 40 ml of sodium hydroxide sol tgﬁ (a) Commercial apparatus are
(AA3.3) to a V-ml receiving flask ically available for generating steam and
100 ml) of the steam distillati@pparatus undertaking the determination
(AA4.1). See note a. automatically.

AA5.2 Add M g (typically, 1 M 0.1 g)of an (b) If samples are to be reported
homogenised air- ground sample (see  on a dry weight basis (say at
section 6 and n to a distillation flask. 105 °C) rather than on an air-dried
To this flask, 0.0 £ 0.2 ml of zinc basis, it will be necessary to carry
sulphate sgitstidn (AA3.1) and 50 = 1 ml of out a dry solids content
buffer setalion (AA3.2) and mix well. determination on a separate
Imme y set up the steam distillation portion of the air-dried material.

qp%ra us (note ¢) and commence steam

istitation (AA4.1). Continue the distillation  (c) Ensure losses of hydrogen
il about 50 ml of distillate has collected in  cyanide are minimised.

the receiving flask.

AA5.3 When sufficient distillate has been collected
stop the distillation process and remove the
receiving flask. Make the volume in the
receiving flask to V ml (typically, 100 ml)
with water. The solution is now ready for
spectrophotometric determination but may
be stored at 5 £ 3 °C for up to 24 hours
before proceeding.

12



AA5.4 Blank solutions and soil should be analysed
with every batch of samples. For blank
solutions, the sample is replaced with an
equal mass of water. For soils, the sample
should be a typical soil analysed in the
laboratory containing neglible amounts of
easily liberated cyanide and complex
cyanide. The spiked soil should be spiked
separately with appropriate levels of cyanide
solutions. See note d.

Spectrophotometric determination
AA5.5 Toa V1 mlaliquot (typically, 1.0 ml) of the
working cyanide standard solutions
(AA3.10) see notes e and f, add 10 ml of
water, 8 ml of phosphate buffer (AA3.6),
quickly followed by 2 ml of chloramine-T
reagent (AA3.5). Mix well and allow the
solution to stand a short time, typically

5 minutes, see note g. To this solution, a$

10 ml of pyridine and barbituric acid solL
(AA3.7). Make the solution to V2 mi \&
(typically 50 ml) with water. Mix w d
allow the solution to stand for a time,
typically 1 hour, for the full co
develop. Read the absor of the
solution in a 10 mm pathsigngth cell at
575 nm (note h) usingwater as a blank

solution.
%,
&
O
GO

AA5.6 @re a calibration graph of absorbance
sus amount of cyanide in V1 ml of

working cyanide standard solution.

r to

AA5.7 Repeat section AA5.5 using an aliquot,
V1 ml, typically 1.0 ml, of the distillate from
section AA5.3, in place of the volume of
working cyanide standard solutions
(AA3.10) see note .

13

(d) Blanks may be used to
evaluate equipment contamination
and spiked soils to estimate batch
to batch recoveries. Easily
liberated cyanide should be added
to assess the recovery of
adequate amounts of easily
liberated cyanide. Complex
cyanide should be added to a
separate sample to assess
whether breakdown of complex
cyanide contributes to the~gasily
liberated cyanide deter&%i.

(e) Standar N@\de solutions
(AA3.10) not taken through the
distillatip{jl&bcess before being
determined spectrometrically, but
w@eed to be if recovery

e ates were needed to be
termined.

(f) Commercial apparatus are
available allowing this procedure
to be carried out automatically, but
usually on a reduced scale.

(g) Hydrogen cyanide reacts
slowly with chloramine-T to form
cyanogen chloride. Sufficient time
should be allowed for this reaction
to reach completion.

(h) This wavelength may not be
the wavelength of maximum
absorption.

(i) If the reading exceeds the
calibration range, a smaller aliquot
(V1 ml, AA8.7) may be taken and
the spectrometric determination
repeated, or the analysis repeated
using a smaller quantity of sample
(M g, AA8.2) or the distillate
volume (V ml, AA8.3) increased



and suitable aliquot taken as
appropriate.

AA5.8 From the calibration graph, obtain the
amount (A ug) of cyanide in the aliquot
(V1 ml, AA5.7) and determine the
concentration of easily liberated cyanide,
taking into account the volume (V1 ml,
AA5.7) of aliquot, the distillate volume (V ml,
AA5.3) and the amount (M g, AA5.2) of
sample taken.

NO
AA6 Calculations Q
The concentration, C, of easily liberated cyanide in the air-dried sampleﬂ%g en by

c = (A x V)/ (V1 x M) mg/kg (1>

A is the amount (ug) of cyanide in the aliquot (V1 ml) taken a de to V2 ml and
M is the amount (g) of air-dried soil distilled into V ml. 06

For samples where inert extraneous material (for exarr@ stones and bricks) is removed
prior to analysis, results may be reported with or WI t taking account of this material
removed. \

In addition, the reporting of results may also§éd to take into account whether results are

calculated on an air-dried basis (for exam t 30 °C) or on a dry weight basis
(say at 105 °C). See section 2. @

14



Table AA1 Performance data for easily liberated cyanide

Performance data are based on 11 duplicate batches of analyses carried out over a period
of 11 days, providing 22 results. The performance summary refers to data generated by an
automated discrete spectrophotometer using much smaller volumes. Manual
measurement of extracts or the use of different types of automated equipment may result
in different performance data being generated.

Low standard at 2 mg/kg as cyanide High standard at 8 mg/kg as cyanide

RSD Bias RSD Bias

171 -8.3 13 -8.3
Soil spiked at 80 mg/kg as cyanide '\(2) ’
RSD Recovery

Loam soil 11.3 110.9
Sandy soil 16 112.2 '\\(1/

Clay soil 12.6 111.4 r\
All values are percentages \
RSD is total standard deviation (1/
Data for air-dried sample \
Soil spiked with potassium cyanide solution (AA3.8) i.e. 800 pl to 10 g of @xil.
Easily liberated cyanide blanks were also prepared containing an aqu&otassium ferrocyanide trihydrate
; of

solution ([K4(CN)e]3H20) at 1000 mg/l, i.e. containing 2.705 g in 1% which 800 pl was spiked to 10 g of soil,
i.e. at

80 mg/kg. @

Data provided by Severn Trent Laboratories °\
L

o
&
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AB Determination of easily liberated cyanide by steam distillation of a buffered
“as received” soil at a pH value of 4, followed by spectrophotometric
determination using chloramine-T, sodium isonicotinate and sodium
barbiturate

AB1 Performance characteristics of the method
AB1.1 Substance determined Easily liberated cyanide in soil.
AB1.2 Type of sample “As received” samples of soil and

contaminated land.

AB1.3 Basis of method Hydrogen cyanide (as easily Iiberp%)
cyanide) is steam distilled fro a
received soil sample in the ce of zinc
sulphate, lead acetate an buffer. An
alkaline aliquot of the % e is determined

spectrophotometric sing chloramine-T,
sodium isonicotin d sodium barbiturate

at 600 nm.
QQ

AB1.4 Range of application Typically,.up%e’ 120 mg/kg as cyanide but
can be@wded, see section AB5.7, note k.

AB1.5 Calibration curve I\i@)ver the range of application.

\
o
AB1.7 Limit of detection 6 See Table AB1. Typically, 0.1 ug of cyanide

(00 can be detected in the aliquot taken as
$ described. This equates to about 0.2 mg/kg
Q’\, of cyanide in the “as received” soil.
%,

AB1.8 Sensitivity & Typically, as described, 1 ug of cyanide

AB1.6 precision e Table AB1.

(equivalent to about 2 mg/kg cyanide in “as
received” soil) gives an absorbance value of

OC) about 0.3.

AB1.9 Bias % See Table AB1.

ABZ&

Hydrogen cyanide is liberated from an “as received” soil sample at pH 4 in the presence of
zinc sulphate, lead acetate and potassium hydrogen phthalate buffer. Zinc sulphate
suppresses the release of hydrogen cyanide from complex cyanides. Lead acetate
suppresses the release of sulphide. Following distillation, the liberated hydrogen cyanide
from simple cyanide salts is absorbed into sodium hydroxide solution and determined
spectrophotometrically at 600 nm using chloramine-T, sodium isonicotinate and sodium
barbiturate. Complex cyanides possess greater stability and are not usually affected under
the conditions described.

Principle
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AB3 Reagents

All reagents should be of analytical grade quality and distilled or deionised water should be
used throughout.

AB3.1  Zinc sulphate solution.  Dissolve 100.0 £ 0.1 g of zinc(Il) sulphate heptahydrate in
approximately 750 ml of water contained in a 1000 ml volumetric flask. Make to 1000 ml with
water and mix well. This solution may be stored at room temperature for up to one year.

AB3.2  Buffer solution (pH 4). Dissolve 10.2 £ 0.1 g of potassium hydrogen phthalate in
approximately 900 ml of water contained in a 1000 ml volumetric flask. It may be essary
to heat the mixture to approximately 40 - 50 °C to completely dissolve the salt.. V@
dissolved, allow the solution to cool to ambient room temperature and makelﬁo ml with

water. Mix well. This solution may be stored at room temperature for up togi nths.

approximately 900 ml of water contained in a 1000 ml volumetric fl ix well and allow
the solution to cool. Make to 1000 ml with water and mix well. This $dlution may be stored
at room temperature for up to one month.

AB3.3  Sodium hydroxide solution (0.1 M).  Dissolve 4.0 £ 0.1g OE dium hydroxide in

AB3.4 Chloramine-T reagent. Dissolve 1.00 + 0.01 thIoramine-T in approximately
90 ml of water contained in a 100 ml volumetric flask. e to 100 ml with water and mix
well. This solution may be stored at 5 + 3°C (in are rator) for up to one month.

AB3.5 Cyanide stock standard solution (no \%I\Iy 1000 mg/l). Dissolve 20.0 £ 0.1 g of
sodium hydroxide in approximately 800 ml ter. Accurately, and as quickly as
possible, weigh out approximately 2.5 g (t@cally between 2.4 - 2.6 g) of potassium
cyanide and quantitatively transfer to t Ikaline solution in a 1000 ml volumetric flask.
Make to 1000 ml with water. Mix @@ms solution may be stored at room temperature for

up to one year \

ion (nominally 10 mg/l).  Add 1.00 = 0.05 ml of cyanide
/5) to a 100 ml volumetric flask containing 45 ml of sodium

. Mix well and make to100 ml with water. This solution may be
re for up to one month.

AB3.6 Cyanide standard
stock standard solution
hydroxide solution (A
stored at room tem

AB3.7 Work@annide standard solutions.  For example, into a series of five 100 ml
volumetric flagks, add 0.125, 0.25, 0.50, 2.0 or 6.00 ml of cyanide standard solution
(AB3.6 h flask. To each flask, add 10 ml of sodium hydroxide solution (AB3.3).
Mak%ﬂask to 100 ml with water. Mix well. These solutions nominally contain 0.0125,
0.025, 0050, 0.20 and 0.60 mg/I of cyanide respectively. This is equivalent to 0.125, 0.25,
0.50, 2.0 and 6.0 ug of cyanide in the 10 ml (V1 ml) aliquot taken for the
spectrophotometric determination (section AB5.6).These solutions may be stored at room
temperature for up to one week.

AB3.8 Lead acetate solution. Dissolve 60.0 + 0.1 g of lead acetate trihydrate in
approximately 750 ml of water contained in a 1000 ml volumetric flask. Make to 1000 ml with
water and mix well. This solution may be stored at room temperature for up to one year.

AB3.9 Sodium isonicotinate (recrystallised). Dissolve 3.30 + 0.05 g of sodium
hydroxide in 200 + 5 ml of water. To this solution, add 10.00 + 0.05 g of isonicotinic acid
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and dissolve. Evaporate the solution to dryness. The solid may be stored at room
temperature for up to six months.

AB3.10 Isonicotinate - barbiturate mixed reagent.  Dissolve 2.00 + 0.05 g of
recrystallised sodium isonicotinate (AB3.9) and 2.00 + 0.05 g of sodium barbiturate in
160 + 5 ml of water. It may be necessary to heat the mixture to 65 + 5 °C to facilitate
dissolution. Allow the solution to cool, and make to 200 ml with water. The colour of the
solution should be clear to pale yellow. This solution may be stored at room temperature
for up to one month.

AB3.11 p-Nitrophenol solution (0.1 % m/v).  Dissolve 0.10 £ 0.01 g of p-nitrophenol in
approximately 70 ml of ethanol contained in a 100 ml volumetric flask. Make to 1 with
ethanol and mix well. This solution may be stored at room temperature for up tN year.

AB3.12 Acetic acid solution (20 % v/v). Add 10.0 + 0.1 ml of acetic ac'\l
approximately 35 ml of water contained in a 50 ml volumetric flask. Mixhn@ and make to
50 ml with water. This solution may be stored at room temperature to one year.

AB4  Apparatus '\q/
In addition to normal laboratory glassware the following wi@Qequired.

AB4.1  Steam distillation apparatus capable of pro@ég about 180 ml of distillate in
about 400 seconds.

N\
AB4.2  Spectrometer capable of measurin{@absorbance at 600 nm.

AB5 Analytical procedure %(b'
RV
Step Procedure A\ Notes
Q>

AB5.1  Add 20 ml of svﬁ& hydroxide solution (a) Commercial apparatus are
(AB3.3) to (typically 200 ml) receiving available for generating steam and
flask of th&am distillation apparatus undertaking the determination
(AB4.4)(Sge note a. automatically.

AB5.2 A _epresentative amount (M g, typically, (b) If samples are to be reported

\@i 0.1 g) of an “as received” soil sample on a dry weight basis (at say
& ee section 6 and note b) should be added 105 °C) rather than on an “as

to a distillation flask. To this flask, add received” basis it will be necessary
10 - 20 ml of water, 10.0 £ 0.2 ml of zinc to carry out a dry solids content
sulphate solution (AB3.1) and determination on a representative

3.0 £ 0.1 ml of lead acetate solution (AB3.8) amount of the same “as received”
followed by 30 ml of buffer solution (AB3.2)  sample.
and mix well. Immediately set up the steam

distillation apparatus (see note c) and (c) Ensure losses of hydrogen
commence steam distillation (AB4.1). cyanide are minimised.
Continue the distillation until about 180 ml of

18



AB5.3

AB5.4

AB5.5

distillate has collected in the receiving flask.

When sufficient distillate has been collected,
stop the distillation process and remove the
receiving flask. Make to volume (V ml,
typically 200 ml) in the receiving flask with
water. The solution is now ready for
spectrophotometric determination.

Blank solutions and soil should be analysed
with every batch of samples. For blank
solutions, the sample is replaced with an
equal mass of water. For soils, the sample
should be a typical soil analysed in the
laboratory containing neglible amounts of
easily liberated cyanide and complex
cyanide. The spiked soil should be spiked
separately with appropriate levels of cyanide
solutions. See note d.

(d) Blanks may be used to
evaluate equipment contamination
and spiked soils to estimatg batch
to batch recoveries. Eapj

liberated cyanide sh e added
to assess the re f
adequate amoq\t easily

liberated cy hﬁf. Complex
cyanide i\ld e added to a
separaliwzmple to assess
whether breakdown of complex
cy contributes to the easily
g) ted cyanide determined.

Spectrophotometric determination ‘AQ

To an V1 ml aliquot, typically 10 ml @
working cyanide standard solution 3.7)
see notes e and f, add 2 drops ( ) of
p-nitrophenol solution (AB3. nd 2 drops

(0.1 ml) of acetic acid s B3.12).
See note g. To the cIea@utlon add

200 + 5 pl of chlora solution (AB3.5)
and allow the solué‘a\o stand for several
minutes, see no Add 5.0 £ 0.1 ml of
isonicotinate ;Qarbiturate mixed reagent
(AB3.10) QI ow the colour of the solution

to full p, see note i. Read the
absor e of the solution in a 10 mm path-

length Tell at 600 nm (note j) using water as
& solution.
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(e) Standard cyanide solutions
(AB3.7) are not taken through the
distillation process before being
determined spectrometrically, but
would need to be if recovery
values were needed to be
determined.

(f) Commercial apparatus are
available allowing this procedure
to be carried out automatically, but
usually on a reduced scale.

(g) If the colour of the solution is
not clear, add more acetic acid
solution (AB3.12).

(h) Hydrogen cyanide reacts
slowly with chloramine-T to form
cyanogen chloride. Sufficient time
should be allowed for this reaction
to reach completion.

(i) This usually takes about 40
minutes.



(j) This wavelength may not be the
wavelength of maximum

absorption.
AB5.6 Prepare a calibration graph of absorbance
versus amount of cyanide in V1 ml of
working cyanide standard solution.
AB5.7 Repeat section AB5.5 using an aliquot, (k) If the reading exceeds the
V1 ml, typically 10 ml, of the distillate from calibration range, a smaller aliquot
section AB5.3, in place of the volume of (V1 ml, AB5.7) may be taken and
working cyanide standard solutions (AB3.7)  the spectrometric deter! tlon
see note k. repeated, or the analys eated
using a smaller q sample
(Mg, AB5.2) or t @Ilate
volume (V ml, increased
and sultabl N t taken as
appropri \
AB5.8 From the calibration graph, obtain the
amount (A ug) of cyanide in the aliquot Q
(V1 ml, AB5.7) and determine the O
concentration of easily liberated cyanide, 6

taking into account the volume of aliquot
(V1 ml, AB5.7) the distillate volume (V
AB5.3) and the amount (M g, AB5.2

sample taken. &
>

&

AB6 Calculations (b~

The concentration, C, of easil&p'erated cyanide in the “as received” sample is given by
C = (A @ /(V1 x M) mg/kg

A is the amount (u yanide in the aliquot (V1 ml) taken and
M is the amou t@ “as received” soil distilled into V ml.

For samples-where inert extraneous material (for example stones and bricks) is removed
prior to S&ws, results may be reported with or without taking account of this material
rem

In addition, the reporting of results may also need to take into account whether results are
calculated on an “as received” basis or on an air-dried basis (say at 30 °C) or on a dry
weight basis (say at 105 °C). See section 2.
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Table AB1 Performance data for easily liberated cyanide

Performance data are based on 11 duplicate batches of analyses carried out over a period
of 11 days, providing 22 results. The performance summary refers to data generated by an
automated discrete spectrophotometer using much smaller volumes. Manual
measurement of extracts or the use of different types of automated equipment may result
in different performance data being generated.

Soil spiked at 2.4 mg/kg as cyanide  Soil spiked at 9.6 mg/kg as cyanide

Precision Bias Precision Bias
Top soil 24 -2.2 3.7 -1.6
Sandy soil 5.7 -3.1 4.2 -1% .
Clay soll 3.8 -3.1 2.6 &
Values as percentages

Precision as total relative standard deviation
Data for “as received” sample \O
Spiked with potassium cyanide solution (AB3.5) i.e. 24 pl to 10 g of soil, and 96 pl K'Ng f soil.

Soil type Limit of detection™ (mg/kg) (1>

Top soll 0.1
Sandy soil 0.1 Q
Clay soil 0.2 @)

Data provided by BAE Systems
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AC

Determination of easily liberated cyanide by steam distillation of an alkaline

extract of a sample of soil at a pH value of 3.8, followed by
spectrophotometric determination using chloramine-T, isonicotinic acid

and 1,3-dimethylbarbituric acid

Procedures are described whereby an alkaline extract of a sample of soil is treated with
zinc sulphate. Following addition of citric acid and sodium hydroxide, the mixture is then
steam distilled. A pH-adjusted portion of the distillate is then spectrophotometrically
determined. For “as received” soils, a representative portion of the soil is taken. For air-
dried samples, an homogeneous portion is taken. See section 6.

AC1

Performance characteristics of the method

el

AC1.1 Substance determined
AC1.2 Type of sample

AC1.3 Basis of method

,06

AC1.4 Range of application \
AC1.5 Calibration curve @

AC1.6 Total standa@a\/iation
AC1.7 Limit of @Qtion

2
N

AC1.8 Sensitivity

AC1.9 Bias

Easily liberated cyanide in son
Samples of soil and contem\{léd land.

The sample of soil i tracted with sodium
hydroxide solutiorh Ftc sulphate solution is
added to an aliquot of this alkaline extract
and the mixt&eam distilled under acidic
condition H value of 3.8 using a citric
acid-s &,% hydroxide buffer solution where
hydro cyanide (as easily liberated

QX@%& ) is liberated. A pH adjusted aliquot of
stillate is spectrophotometrically

\@lermined at 600 nm, using chloramine-T,

Isonicotinic acid and 1,3-dimethylbarbituric
acid.

Typically, up to 25 mg/kg as cyanide, but can
be extended, see section AC5.9, note k.

Linear over the range of application.
See Tables AC1 - AC3.

Typically, 0.1 ug of cyanide can be detected
in the aliquot taken as described. This
equates to about 0.5 mg/kg of cyanide in the
sample of soil analysed.

Typically, as described, 0.1 pg of cyanide
(equivalent to 0.5 mg/kg cyanide in the
sample of soil analysed) gives an
absorbance value of about 0.006.

See Tables AC1 - AC3.
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AC2 Principle

A representative or homogeneous portion of the sample of soil is extracted with 1M
sodium hydroxide solution. Zinc sulphate solution is added to an aliquot of this extract and
steam distilled under acidic conditions (at a pH value of 3.8) using a citric acid-sodium
hydroxide buffer solution. (Zinc sulphate suppresses the release of hydrogen cyanide from
complex cyanides). Following distillation, the liberated hydrogen cyanide from simple
cyanide salts is absorbed into a pH 5.2 buffer solution containing chloramine-T and
determined spectrophotometrically at 600 nm using isonicotinic acid and 1,3-
dimethylbarbituric acid. Complex cyanides possess greater stability and are not usually
affected under the conditions described.

AC3 Reagents '\Cb ’

All reagents should be of analytical grade quality and distilled or deionisegéwater should be
used throughout. }\

AC3.1  Zinc sulphate solution.  Dissolve 20.0 + 0.2 g of zinc(ll) }R%te heptahydrate in
approximately 1200 ml of water. Quantitatively transfer the soluti@ 2000 ml measuring
cylinder and make to 2000 ml with water. Mix well and transfer_to asuitable container. This
solution may be stored at room temperature for up to 1 Weeb

AC3.2 Buffer solution (pH 5.2). Dissolve 41.0 £ 0, f potassium hydrogen phthalate
in approximately 1000 ml of water. Add 4.60 + 0.05 &odium hydroxide and mix well. Add
6.0 £ 0.5ml of 30% v/v polyethyleneglycol Iaury% olution and mix well. Make to

2000 ml with water. Mix well and transfer to a %I) le container. This solution may be stored
at room temperature for up to 1 week. &

AC3.3 Chloramine-T reagent. Dis@ve 4.00 + 0.1 g of chloramine-T in approximately
1000 ml of water, and make to 200 @with water. Mix well. This solution may be stored at
5+ 3 °C for up to 1 week.

AC3.4 Colour reagent.
sodium hydroxide. To thi

pproximately 1000 ml of water, dissolve 14.0 + 0.2 g of
led solution, add 33.6 + 0.3 g of 1,3-dimethylbarbituric acid
and 27.2+ 0.3 g of is inic acid. Mix well. Add 6 ml of 30% v/v polyethyleneglycol
lauryl ether solutioré}make to 2000 ml with water. Mix well. Filter (nominal pore size
0.45 uym) this s I@ . This solution may be stored at room temperature for up to 1 week.

ide stock standard solution (nominally 100 mg/l). Dissolve

transfer to the alkaline solution in a 1000 ml volumetric flask. Make to 1000 ml with water.
Mix well. This solution may be stored at 5 + 3 °C for up to one month.

AC3.6 Sodium hydroxide solution (1M).  Dissolve 40.0 + 0.1 g of sodium hydroxide in
approximately 800 ml of water. Transfer the solution to a 1000 ml measuring cylinder and
make to 1000 ml with water. Mix well and transfer to a suitable container. This solution
may be stored at room temperature for up to 3 months.

AC3.7 Working cyanide standard solutions.  For example, into a series of five 100 ml

volumetric flasks, add 50 ml of 1M sodium hydroxide solution (AC3.6) followed by 1.0, 2.0,
3.0, 4.0 and 5.0 ml of cyanide standard solution (AC3.5) to each flask. Make each flask to
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100 ml with 1M sodium hydroxide solution (AC3.6). These solutions nominally contain 1.0,
2.0, 3.0, 4.0 and 5.0 mg/l of cyanide respectively. This is equivalent to 1, 2, 3, 4 and 5 g
of cyanide in the aliquot taken for the spectrophotometric determination (section AC5.5).
These solutions should be used on the day of preparation.

AC3.8 Distillation reagent.  Dissolve 100 £ 1 g of citric acid and 24.0 + 0.2 g of sodium
hydroxide in approximately 1000 ml of water. Mix well. Make to 2000 ml with water and mix
well. This solution may be stored at room temperature for up to 1 week.

AC4 Apparatus

In addition to normal laboratory glassware the following will be required.

AC4.1 Steam distillation apparatus capable of producing 10 ml of distillate@out
15 minutes

AC4.2 Spectrometer capable of measuring light absorbance at 6 (N\Nlth 10 mm
path-length cells.

AC5 Analytical procedure

Step Procedure @les
\
0\‘
AC5.1 Add M g (typically, 8.0 £ 0.1 g) of a (a) If samples are to be reported
representative or homogeneous nof on an air-dried basis (say at
the sample of soil (see section d note 30 °C) or a dry weight basis (say
a) to a flask. To this flask, adgsV ml, at 105 °C) rather than on an “as
typically, 40.0 £ 0.5 ml of @lum hydroxide received” basis, it will be
solution (AC3.6) and s well for necessary to carry out a dry solids
approximately \ content determination on a
30 minutes. FiIte&sample until at least  separate portion of the “as
10 ml of filtrat produced. See note b.  received” material.
00 (b) Centrifuging the mixture at
O 3000 rpm should speed up the
b filtration process.
AC5.2 ‘R(Qwsfer V1 ml (1.0 ml) of this clear (c) Commercial apparatus are
kaline extract to the steam distillation available for generating steam and

apparatus and dilute with 9.0 ml of water. undertaking the determination
To this flask, add 12.5 ml of zinc sulphate ~ automatically.

solution (AC3.1) see note c. To the

receiving flask, typically 50 ml, (i.e.V2 ml)

of the distillation apparatus (AC4.1) add

12.5 ml of pH 5.2 buffer solution (AC3.2)

and 12.5 ml of chloramine-T solution

(AC3.3)

AC5.3  To the diluted alkaline zinc sulphate (d) Ensure losses of hydrogen
mixture, add 4.2 ml of distillation reagent cyanide are minimised.
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(AC3.8) and immediately set up the steam
distillation apparatus (note d) and
commence steam distillation (AC4.1).
Continue the distillation until about 10 ml of
distillate has collected in the receiving
flask.

AC5.4  When sufficient distillate has been
collected stop the distillation process and
remove the receiving flask. Mix well, then
add 12.5 ml of colour reagent (AC3.4).
Make the volume in the receiving flask to .
V2 ml (typically, 50 ml) with water. The f\%

solution is now ready for Q
spectrophotometric determination. (1/

AC5.5 Blank solutions and soil should be (e) Blanks % used to
analysed with every batch of samples. For evaluate ent contamination
blank solutions, the sample is replaced and sm){imlls to estimate batch
with an equal mass of water. For soils, the  to batch récoveries. Easily
sample should be a typical soil analysed in Iibé@d cyanide should be added
the laboratory containing neglible amounts (to ess the recovery of
of easily liberated cyanide and complex equate amounts of easily
cyanide. The spiked soil should be splk liberated cyanide. Complex
separately with appropriate levels of \ cyanide should be added to a
cyanide solutions. See notes e an separate sample to assess

& whether breakdown of complex
(b» cyanide contributes to the easily
liberated cyanide determined.
$(b (f) For example, 1 ml of cyanide
stock standard solution (AC3.5) for
Q the easily liberated cyanide, i.e.
@ 100 pg of cyanide.

Spectro@rmetric determination

AC56 To a@hl aliquot (typically, 1 ml) of the (g) Standard cyanide solutions
k

Werkifig cyanide standard solutions (AC3.7) are not taken through the
\(&.7) see notes g and h, add 9 ml of distillation process before being
& water, 12.5 ml of buffer (AC3.2), quickly determined spectrometrically, but
followed by 12.5 ml of chloramine-T would need to be if recovery
reagent (AC3.3). Mix well and allow the estimates were needed to be

solution to stand a short time, typically determined.

5 minutes. To this solution, add 12.5 ml of
colour reagent (AC3.4). Make the solution  (h) Commercial apparatus are
to V2 ml (typically 50 ml) with water. Mix available allowing this procedure

well and allow the solution to stand at to be carried out automatically, but
37 °C for awhile, typically 30 - 60 minutes, usually on a reduced scale. When
for the full colour to develop, see note i. using commercial automatic

Read the absorbance of the solution in a apparatus, the standard cyanide
10 mm path-length cell at 600 nm (note j) solutions are distilled.
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AC5.7

AC5.8

AC5.9

using water as a blank solution.

Prepare a calibration graph of absorbance
versus mass of cyanide in V2 ml of mixed
solution.

Repeat section AC5.6 using an aliquot,
V1 ml, typically 10 ml, of the distillate from
section AC5.4, in place of the volume of
working cyanide standard solutions
(AC3.7) and volume of water.

solution in the same 10mm path len

(i) The reaction of hydrogen
cyanide with chloramine-T to form
cyanogen chloride and the
subsequent colouration reaction
are slow reactions. Sufficient time
should be allowed for these
reactions to reach completion.

(j) This wavelength may not be the
wavelength of maximum

absorption. .
NS

Q
,\\‘1/
\'\
N
OQ

calibration range, a volumetric

Read the absorbance of the sample ;@ (k) If the reading exceeds the
t‘

at 600 nm. see note k.
&0

&
N

From the calibration graph, obtain the
mass (A pg) of cyanide in the sample
solution (AC5.4) and determine the
concentration of easily liberated cyanide in
the “as received” soil, taking into account
the extraction volume, V ml, (AC5.1) the
volume distilled, V1 ml, (AC5.2) the
distillate volume, V2 ml, (AC5.4) any
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dilution may be prepared (using
water) and the spectrophotometric
determination repeated. If so, the
maximum amount of cyanide that
could be accommodated, and
hence, the maximum dilution that
could be tolerated, would need to
be known, and whether the
distillation process had adequately
recovered all of the cyanide
present in the sample.
Alternatively, the analysis should
be repeated using a smaller
quantity of sample (M g, AC5.1) or
the distillate volume (V2 ml,
AC5.4) increased and suitable
aliquot taken as appropriate.



dilutions (note k) and the mass (M g,
AC5.1) of sample taken.

ACG6 Calculations

The concentration, C, of easily liberated cyanide in the sample of soil analysed is given by

C = Dx(A x V)/(V1 x M) mg/kg
A is the mass (ug) of cyanide in the sample solution (AC5.7), .
M is the mass (g) of soil extracted into V ml, '\(b

V1 is the volume of extracted sample that is distilled (AC5.2) and Q
D is the dilution factor , if appropriate (1/

Any samples where the distillate volume, V2 ml, (AC5.4) is differen tb{h described will
need to take this into account. (1/

For samples where inert extraneous material (for example stones“and bricks) is removed
prior to analysis, results may be reported with or without ta&ccount of this material
removed.
In addition, the reporting of results may also needt& e into account whether results are
calculated on an “as received” basis, an air-drie g is (for example at 30 °C) or on a dry
weight basis (say at 105 °C). See section 2. 0

\

Table AC1 Performance data for e@ly liberated cyanide

Performance data are based on @uplicate batches of analyses carried out over a period
of 11 days, providing 22 resul he performance summary refers to data generated by an
automated discrete spectrg meter using much smaller volumes. Manual
measurement of extracts e use of different types of automated equipment may result
in different performan ta being generated.

S%&éd at 5 mg/kg as cyanide Soil spiked at 20 mg/kg as cyanide
S

D Bias RSD Bias
Loam soil‘ % 56 -21.1 4.0 -16.8
3.6 -14.5 2.7 -12.1

Sandy %
Clay,z6{a 6.4 -28.5 4.5 -20.3
All valuestare percentages

RSD is relative standard deviation

Data for “as received” sample

Spiked with potassium cyanide solution (AC3.5) i.e. 250 ul to 5 g of soil, and 1000 pul to 5 g of sail.
Data provided by Alcontrol Laboratories
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Table AC2 Performance data for easily liberated cyanide

Performance data are based on 11 duplicate batches of analyses carried out over a period
of 11 days, providing 22 results. The performance summary refers to data generated by an
automated discrete spectrophotometer using much smaller volumes. Manual
measurement of extracts or the use of different types of automated equipment may result
in different performance data being generated.

Soil spiked at 10 mg/kg as cyanide  Soil spiked at 40 mg/kg as cyanide

RSD Bias RSD Bias
Loam soil 13.3 -4.9 8.2 -12.1
Sandy soil 5.0 0.4 2.9 -3@) .
Clay soill 7.2 3.6 3.3 '3\
All values are percentages Q
Precision is total standard deviation

Data for air-dried sample
Spiked with potassium cyanide solution (AC3.5) i.e. 500 pl to 5 g of soil, and 2000 pl N of soil.
The concentration range is up to 5.0 mg/l in solution, equivalent to 50 mg/kg in thx -dried soil.

Data provided by Chemtest (1/

Table AC3 Performance data for easily liberated cya@

Performance data are based on 11 duplicate batche alyses carried out over a period
of 11 days, providing 22 results. The performance ary refers to data generated by an
automated discrete spectrophotometer using aller volumes. Manual
measurement of extracts or the use of differ;%s of automated equipment may result

in different performance data being gener%

Soil spiked at 10 mgw cyanide  Soil spiked at 40 mg/kg as cyanide

Precision Bias Precision Bias
Silt soil 12.7 $ -18.9 10.5 -9.3
Sandy soil 48 5O 0.9 4.7 0.9
Clay saoll 7.3 @Q -3.8 5.7 -1.2
Made ground 11 -13.2 9.2 -5.1

All values are percentage

Precision is total stand iation

Data for “as received. ple

Soils were spiked solution containing 1000 mg/l potassium cyanide (2.5 g per 1000 ml) 1000 mg/I

potassium hexac ferrate (2.12 g per 1000 ml) and 10000 mg/l potassium thiocyanate (16.7 g per 1000 ml)
containing 40 sodium hydroxide per 1000 ml. To two 10 g portions of sample, 2.0 ml was added to one
portion (i g/kg) and 8.0 ml to another (i.e. 800 mg/kg).
The cg%v ration range is up to 5.0 mg/l in solution, equivalent to 50 mg/kg in the “as received” soil.

pr

Data ided by Scientifics
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BA Determination of total cyanide by steam distillation of an acidified air-dried
soil sample followed by spectrophotometric determination using
chloramine-T and barbituric acid

BA1l Performance characteristics of the method

BA1.1 Substance determined

BA1.2 Type of sample

BA1.3 Basis of method

BA1.4 Range of application

BA1.5 Calibration curve
BA1.6 total standard deviation

BA1.7 Limit of detection
BA1.8 Sensitivity

BA1.9 Bias OC)

Total cyanide in soil.

Air-dried samples of soil and contaminated
land, ground to less than 2 mm.

Hydrogen cyanide (as total cyanidegys steam
distilled from air-dried soil samplefg
presence of copper sulphate, tih({) chloride
and phosphoric acid. An alkgli liquot of

the distillate is determine%
spectrophotometricall DG\in chloramine-T
and barbituric acid @%5 nm.

Typically, up to_ 100 mg/kg as cyanide but
can be exte ,'see section BA5.7, note j.
Linear @(he range of application.
S\@Me BAI1.

pically, 0.05 ug of cyanide can be detected
In the aliquot taken as described. This
equates to about 0.5 mg/kg of cyanide in the
air-dried soil.

Typically, as described, 1 pg of cyanide
(equivalent to 10 mg/kg cyanide in air-dried
soil) gives an absorbance value of about
0.18.

See Table BA1.

BA2 iple

Hydrggﬂ cyanide is liberated from soil in the presence of copper sulphate, tin(ll) chloride
and phosphoric acid. This usually occurs at a pH value of less than 1. Following
distillation, the liberated hydrogen cyanide from simple cyanide salts and complex cyanide
compounds is absorbed into sodium hydroxide solution and determined
spectrophotometrically at 575 nm using chloramine-T and barbituric acid.

BA3 Reagents

All reagents should be of analytical grade quality and distilled or deionised water should be

used throughout.
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BA3.1  Ortho-phosphoric acid (SG 1.69).

BA3.2 Copper sulphate solution (approximately 20 % w/v).  Dissolve 200 £ 5 g of
copper(ll) sulphate pentahydrate in approximately 750 ml of water. Make to 1000 ml with
water. Mix well and transfer to a suitable container. This solution may be stored at room
temperature for up to six months.

BA3.3 Concentrated hydrochloric acid (SG 1.18).

BA3.4  Tin(ll) chloride solution.  Dissolve 25 + 1 g of tin(ll) chloride dihydrate in

125 + 5 ml of hydrochloric acid (BA3.3). When completely dissolved, quantitatively transfer
to a 500 ml measuring cylinder and make to 500 ml with water. Mix well and trangfer to a
suitable container. This solution may be stored at room temperature for up to si'\ ths.

BA3.5 Sodium hydroxide solution (0.1 M). Dissolve 8 + 0.1g of sodiu d@xide in
approximately 1800 ml of water. Transfer the solution to a 2000 ml meap;}"p cylinder and

make to 2000 ml with water. Mix well and transfer to a suitable contai b& is solution may
be stored at room temperature for up to one month. (1&

approximately 1800 ml of water. Transfer the solution to a ml measuring cylinder and
make to 2000 ml with water. Mix well and transfer to a suitable container. This solution
may be stored at room temperature for up to one mont

BA3.6  Sodium hydroxide solution (0.05M).  Dissolve 4 + 8.1'}of sodium hydroxide in

BA3.7 Chloramine-T reagent. Dissolve 2.00 ENA K g of chloramine-T in approximately
400 ml of water. Transfer the solution to a 50 olumetric flask and make to 500 ml with
water. This solution should be prepared on kh\ ay of use.

BA3.8 Phosphate buffer solution. U.i;solve 13.60 + 0.01 g of potassium dihydrogen
phosphate and 0.28 + 0.01 g of so '@hydrogen phosphate in approximately 800 ml of
water. Make to 1000 ml with wat his solution may be stored at 5 £ 3°C for up to one

week.
Q

BA3.9 Pyridine and b ric acid reagent. To approximately 400 ml of water, add
37.5 + 1 ml of pyridin mix well. To this solution, add 7.5 + 0.1g of barbituric acid and
mix well. To this so , add 5 £ 1 ml of hydrochloric acid (BA3.3) and make to 500 ml
with water. Thi @n on may be stored at 5 + 3°C for up to one week.

BA3.10 C)@ide stock standard solution (nominally 1000 mg/l). Dissolve 20.0 £ 0.1 g of
sodiu xide in approximately 800 ml of water. Accurately, and as quickly as
possiDie, Weigh out approximately 2.5 g (typically between 2.4 - 2.6 g) of potassium
cyanide and quantitatively transfer to the alkaline solution in a 1000 ml volumetric flask.
Make to 1000 ml with water. Mix well. This solution may be stored at 5 £ 3°C for up to one
month.

BA3.11 Cyanide standard solution (nominally 100 mg/l).  Add 10.00 £ 0.05 ml of
cyanide stock standard solution (BA3.10) to a 100 ml volumetric flask and make to 100 ml
with 0.1M sodium hydroxide (BA3.5). This solution may be stored at 5 + 3°C for up to one
week.

BA3.12 Working cyanide standard solutions.  For example, into a series of five 100 ml
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volumetric flasks, add 2.00, 4.00, 6.00, 8.00 or 10.00 ml of cyanide standard solution
(BA3.11) to each flask. Make each flask to 100 ml with 0.05M sodium hydroxide solution
(BA3.6). These solutions nominally contain 2.0, 4.0, 6.0, 8.0 and 10.0 mg/l of cyanide
respectively. This is equivalent to 2, 4, 6, 8 and10 ug of cyanide in the 1.0 ml (V1 ml)
aliquot taken for the spectrophotometric determination (section BA5.5). These solutions
may be stored at 5 + 3°C for up to one week.

BA4

Apparatus

In addition to normal laboratory glassware the following will be required.

BA4.1

150 seconds.

BA4.2

BAS

Steam distillation apparatus capable of producing 50 + 5 ml of distillate 'Qstgout

N

Spectrometer capable of measuring light absorbance at 575 n 0 mm
path-length cells. m\

Analytical procedure (1/

Step Procedure Noted\ >

BA5.1  Add 40 ml of 0.1M sodium hydroxide @(a) Commercial apparatus are
solution (BA3.5) to a V-ml, typically 1 QA available for generating steam and
receiving flask of the steam dIStI||a’[ICb undertaking the determination
apparatus (BA4.1). See note a. automatically.

BA5.2 Add M g (typically, 10.0 + 0.1@01c an
homogenised air-dried gr sample (see
section 6 and note b) to stillation flask. 105 °C) rather than on an air-dried
To this flask, add 10 0.2 ml of copper basis, it will be necessary to carry
sulphate solution :2) and out a dry solids content
2.0 £ 0.1 ml of ti chloride solution determination on a separate
(BA3.4) and ml of phosphoric acid portion of the air-dried material.
(BA3.1) a well, see note c.

Immedi set up the steam distillation

(note d) and commence steam

ation (BA4.1). Continue the distillation

Q bout 50 ml of distillate has collected in  (d) Ensure losses of hydrogen

receiving flask. cyanide are minimised.

(b) If samples are to be reported
on a dry weight basis (say at

(c) The pH value of this
suspension is usually less than 1.

BA5.3 When sufficient distillate has been collected
stop the distillation process and remove the
receiving flask. Make the volume in the
reciving flask to V ml (typically, 100 ml) with
water. The solution is now ready for
spectrophotometric determination but may
be stored at 5 £ 3 °C for up to 24 hours
before proceeding
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BAS5.4

BAS.5

BAS5.6

BAS.7

BAS5.8

N

Blank solutions and soil should be analysed
with every batch of samples. For blank
solutions, the sample should be replaced
with an equal mass of water. For soils, the
sample should be replaced with an equal
mass of soil spiked with an appropriate level
of complex cyanide solution. See note e.

Spectrophotometric determination

To a V1 ml aliquot, typically 1.0 ml, of the
working cyanide standard solutions
(BA3.12) see notes f and g, add 10 ml of
water and 8 ml of phosphate buffer (BA3.8)
quickly followed by 2 ml of chloramine-T
reagent (BA3.7). Mix well and allow the
solution to stand a short time, typically 5
minutes, see note h. To this solution, add
10 ml of pyridine and barbituric acid solution
(BA3.9). Make the solution to V2 mi
(typically 50 ml) with water. Mix well and
allow the solution to stand for a short time,
typically 1 hour, for the full colour to
develop. Read the absorbance of the
solution in a 10 mm path-length cell at

nm (note i) using water as a blank sQlii

X
$®'
X

Prepare a calibr, graph of absorbance
versus amou cyanide in V1 ml of
working cyé)' standard solution.

Repe ction BA5.5 using an aliquot,
\/1%, ypically 1.0 ml) of the distillate from
ion BAS5.3, in place of the volume of
r

king cyanide standard solutions
(BA3.12) see note |.

From the calibration graph, obtain the
amount (A ug) of cyanide in the aliquot
(V1 ml, BA5.8) and determine the
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(e) Blanks may be used to
evaluate equipment contamination
and spiked soils to estimate batch
to batch recoveries.

(f) Standard cyanide solutions
(BA3.12) are not taken through the
distillation process befi ing
determined spectro ically, but
would need to be,f @very
values were ne ex o be
determined t\

(g) Co ial apparatus are
available allowing this procedure
to&rried out automatically, but

u ly on a reduced scale.

@ (h) Hydrogen cyanide reacts

slowly with chloramine-T to form
cyanogen chloride. Sufficient time
should be allowed for this reaction
to reach completion.

(i) This wavelength may not be the
wavelength of maximum
absorption.

(j) If the reading exceeds the
calibration range, a smaller aliquot
(V1 ml, BA5.8) may be taken and
the spectrometric determination
repeated, or the analysis repeated
using a smaller quantity of sample
(M g, BA5.2) or the distillate
volume (V ml, BA5.3) increased
and suitable aliquot taken as
appropriate.



concentration of total cyanide, taking into
account the volume of aliquot (V1 ml,
BA5.7) the distillate volume (V ml, BA5.3)
and amount (M g, BA5.2) of sample taken.

BAG Calculations
The concentration, C, of total cyanide in the air-dried sample is given by
C = A x V)/(V1 x M) mg/kg

A is the amount (ug) of cyanide in the aliquot (V1 ml) taken and made to V2 ml&%) ’
M is the amount (g) of air-dried soil distilled into V ml.

For samples where inert extraneous material (for example stones and 'gglﬁs removed
prior to analysis, results may be reported with or without taking acc&m{o this material

removed. (1/

In addition, the reporting of results may also need to take into_account whether results are
calculated on an air-dried basis (for example at 30 °C) or c)éery weight basis
(say at 105 °C). See section 2. 6

Table BA1 Performance data for total cyani(‘:leAg

Performance data are based on 11 duplicate ﬁ?es of analyses carried out over a period
of 11 days, providing 22 results. The perfor: e summary refers to data generated by an
automated discrete spectrophotometer us@ much smaller volumes. Manual
measurement of extracts or the use of@erent types of automated equipment may result
in different performance data being rated.

Low standard at 2 mg/kgéﬁeyanide High standard at 8 mg/kg as cyanide
ias

RSD RSD Bias
14.3 @-1 v 10.1 7.5
00 Soil spiked at 80 mg/kg as cyanide
O RSD Recovery
Loam soil 6 8.2 91.2
Sandy soil % 7.2 101.6
Clay sojl N\, 10.8 104.4

& lues are percentages

SD is total standard deviation
Spiked with an aqueous potassium ferrocyanide trihydrate solution ([K4(CN)s]3H,O) at 1000 mgl/l, i.e.
containing 2.705 g in 1000 ml, of which 800 ul was spiked to 10 g of soil, i.e. at 80 mg/kg.

Data provided by Severn Trent Laboratories
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BB Determination of total cyanide by steam distillation under acidic conditions
of an alkaline extract of an “as received” soil sample, followed by
spectrophotometric determination using chloramine-T, sodium
isonicotinate and sodium barbiturate

BB1 Performance characteristics of the method

BB1.1 Substance determined Total cyanide in soil.

BB1.2 Type of sample “As received” samples of soil and
contaminated land.

BB1.3 Basis of method Hydrogen cyanide (as total cyanic&gbsteam
distilled from an “as received” sample in
the presence of copper sulpﬁa}? in(Il
chloride and phosphoric es% n alkaline
aliquot of the distillate,is\determined
spectrophotometric sing chloramine-T,
sodium isonicotin d sodium barbiturate

at 600 nm.
QQ

B1.4 Range of application Typically,.up%e’ 120 mg/kg as cyanide, but
can beﬁwded, see section BB5.9, note k.

BB1.5 Calibration curve I\i@\)ver the range of applciation.

BB1.6 Precision (b e Table BB1.
BB1.7 Limit of detection 6 See Table BB1. Typically, 0.1 ug of cyanide
@* can be detected in the aliquot taken as
$ described. This equates to about 0.2 mg/kg
Q’\, of cyanide in the “as received” soil.
BB1.8 Sensitivity @ Typically, as described, 1 ug of cyanide
‘{Q (equivalent to about 2 mg/kg cyanide in “as
0 received” soil) gives an absorbance value of

00 about 0.3.

BB1.9 Biqs% See Table BB1.
AN

N
BBZ&

Principle

Hydrogen cyanide is liberated from an “as received” soil sample acidified with phosphoric
acid in the presence of copper sulphate and tin(ll) chloride. This usually occurs at a pH
value of less than 1. Following distillation, the liberated hydrogen cyanide from simple
cyanide salts and complex cyanide compounds is absorbed into sodium hydroxide solution
and determined spectrophotometrically at 600 nm using chloramine-T, sodium
isonicotinate and sodium barbiturate.
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BB3 Reagents

All reagents should be of analytical grade quality and distilled or deionised water should be
used throughout.

BB3.1  Orthophosphoric acid (SG 1.69).
BB3.2 Concentrated hydrochloric acid (SG 1.18).

BB3.3  Tin(ll) chloride solution. Add 4.0 £ 0.1 g of tin(ll) chloride dihydrate to a 100 ml
volumetric flask. Add 1.0 + 0.1 ml of hydrochloric acid (BB3.2) and make to 100 mlqish‘
water. Mix well. This solution should be prepared on the day of use. y\

BB3.4 Copper sulphate solution.  Dissolve 156.4 + 0.1 g of copper(ll ate
pentahydrate in approximately 750 ml of water contained in a 1000 ml \'\ tric flask.
t

Make to 1000 ml with water and mix well. This solution may be sto oom
temperature for up to one year. \

approximately 900 ml of water contained in a 1000 ml volu flask. Mix well and allow
the solution to cool. Make to 1000 ml with water and mi his solution may be stored
at room temperature for up to one month. @6

BB3.6 Chloramine-T reagent. Dissolve 1.00 W01 g of chloramine-T in approximately
90 ml of water contained in a 100 ml vqumet@sk. Make to 100 ml with water and mix
well. This solution may be stored at 5 + 3°CQ refrigerator) for up to one month.

BB3.5 Sodium hydroxide solution (0.1 M).  Dissolve 4.0 + 5 '\)f sodium hydroxide in
T

BB3.7 Cyanide stock standard solut@ (nominally 1000 mg/l). Dissolve 20.0 + 0.1 g of
sodium hydroxide in approximately ml of water. Accurately, and as quickly as
possible, weigh out approximatel g (typically between 2.4 - 2.6 g) of potassium
cyanide and quantitatively tra r to the alkaline solution in a 1000 ml volumetric flask.
Make to 1000 ml with water-MiX well. This solution may be stored at room temperature for
up to one year.

BB3.8 Cyanide s \%rd solution (nominally 10 mg/l).  Add 1.00 £ 0.05 ml of cyanide
stock standard sqimtien (BB3.7) to a 100 ml volumetric flask containing 45 ml of sodium
hydroxide solu B3.5). Mix well and make to100 ml with water. This solution may be
stored at r0@ eémperature for up to one month.

BB3. \@orklng cyanide standard solutions.  For example, into a series of five 100 ml
volumetric flasks, add 0.125, 0.25, 0.50, 2.0 or 6.00 ml of cyanide standard solution
(BB3.8) to each flask. To each flask, add 10 ml of sodium hydroxide solution (BB3.5).
Make each flask to 100 ml with water. These solutions nominally contain 0.0125, 0.025,
0.050, 0.20 and 0.60 mg/I of cyanide respectively. This is equivalent to 0.125, 0.25, 0.50,
2.0 and 6.0 pg of cyanide in the 10 ml (V1 ml) aliquot taken for the spectrophotometric
determination (section BB5.7). These solutions may be stored at room temperature for up
to one week.

BB3.10 Sodium hydroxide solution (1 M).  Dissolve 40.0 + 0.1g of sodium hydroxide in
approximately 900 ml of water contained in a 1000 ml volumetric flask. Mix well and allow
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the solution to cool. Make to 1000 ml with water and mix well. This solution may be stored at
room temperature for up to one year.

BB3.11 Sodium isonicotinate (recrystallised). Dissolve 3.30 + 0.05 g of sodium
hydroxide in 200 = 5 ml of water. To this solution, add 10.00 + 0.05 g of isonicotinic acid
and dissolve. Evaporate the solution to dryness. The solid may be stored at room
temperature for up to six months.

BB3.12 Isonicotinate - barbiturate mixed reagent.  Dissolve 2.00 + 0.05 g of
recrystallised sodium isonicotinate (BB3.11) and 2.00 + 0.05 g of sodium barbiturate in 160
+ 5 ml of water. It may be necessary to heat the mixture to 65 + 5 °C to facilitate
dissolution. Allow the solution to cool, and make to 200 ml with water. The colouCk{ the
solution should be clear to pale yellow. This solution may be stored at room tehQ ature
for up to one month.

approximately 70 ml of ethanol contained in a 100 ml volumetric fla ake to 100 ml with
ethanol and mix well. This solution may be stored at room tempe for up to six
months.

BB3.13 p-Nitrophenol solution (0.1 % m/v). Dissolve 0.10 + 0.01 2 |trophenol in

BB3.14 Acetic acid solution (20 % v/v). Add 10.0 + 0.1@‘ acetic acid to
approximately 35 ml of water contained in a 50 ml volupaetric flask. Mix well and make to
50 ml with water. This solution may be stored at roo perature for up to one year.

BB4 Apparatus \Q\
In addition to normal laboratory glassware& ollowing will be required.

BB4.1  Steam distillation apparatugﬁable of producing about 90 ml of distillate in
about 190 seconds. $

BB4.2 Spectrometer capa@f measuring light absorbance at 600 nm with 10 mm
path-length cells.

BB5 Analytical @gpdure
xO

Step Procédbre Notes
‘\'

BBS5. dd 10 ml of sodium hydroxide solution (a) Commercial apparatus are
(BB3.5) to a V-ml, typically 100 ml receiving available for generating steam and
flask of the steam distillation apparatus undertaking the determination
(BB4.1). See note a. automatically.

BB5.2 A representative amount, M g, typically, 10.0 (b) If samples are to be reported
+ 0.1 g of an “as received” soil sample (see  on a dry weight basis (at say
section 6 and note b) should be addedtoa 105 °C) rather than on an “as
175 ml extraction bottle. To the bottle, add received” basis it will be necessary
Ve ml, typically 50 + 1 ml of sodium to carry out a dry solids content
hydroxide solution (BB3.10). Seal the bottle  determination on a representative
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BBS5.3

BB5.4

BB5.5

BB5.6

and shake for approximately 60minutes.
Allow the contents of the bottle to settle.

To a distillation flask, add 10.0 £ 0.1 ml of
copper sulphate solution (BB3.4) and

2.0 £ 0.1 ml of tin(Il) chloride solution
(BB3.3). To this flask, add V3 ml, typically
30.0 £ 0.1 ml of the sodium hydroxide
extract (BB5.2) immediately followed by
30 ml of phosphoric acid (BB3.1) and mix
well. Immediately set up the steam
distillation apparatus (note c) and
commence steam distillation (BB4.1).
Continue distillation until approximately
90 ml of distillate is collected in about

190 seconds.

When sufficient distillate has been collected,
stop the distillation process and remove the
receiving flask. Make to volume, V ml
typically 100 ml, with water. The solution is
now ready for spectrophotometric
determination.

with every batch of samples. For bla
solutions, the sample is replaced

equal mass of water. For soils, tf@ mple is
replaced with an equal mass oil spiked
with an appropriate level o plex cyanide
solution. See note d. Alte$ ively, certified
reference materials cafy be used.

Spectrophoto @&determination

To an V1

working
see n%

uot, typically 10.0 ml of the
ide standard solutions (BB3.9)
e and f, add 2 drops (0.1 ml) of

R-nitrophenol solution (BB3.13) and 2 drops
\=ml) of acetic acid solution (BB3.14).

e note g. To the clear solution, add
200 % 5 pl of chloramine-T solution (BB3.6)
and allow the solution to stand for several
minutes, see note h. Add 5.0 + 0.1 ml of
isonicotinate - barbiturate mixed reagent
(BB3.12) and allow the colour of the solution
to fully develop, see note i. Mix well. Read
the absorbance of the solution in a 10 mm
path-length cell at 600 nm (note j) using
water as blank solution.
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amount of the same “as received”
sample.

(c) Ensure losses of hydrogen
cyanide are minimised.

% .
(19\
N
N

NV
RN

R\~
Blank solutions and soil can be anal)g({\
n

(d) Blanks may be used to
evaluate equipment contamination
and spiked soils to estimate batch
to batch recoveries.

(e) Standard cyanide solutions
(BB3.9) are not taken through the
distillation process before being
determined spectrometrically, but
would need to be if recovery
estimates were needed to be
determined.

(f) Commercial apparatus are
available allowing this procedure
to be carried out automatically, but
usually on a reduced scale.

(g) If the colour of the solution is
not clear, add more acetic acid
solution (BB3.14).



BB5.7 Prepare a calibration graph of absorbance
versus amount of cyanide in V1 ml of
working cyanide standard solution.

BB5.8 Repeat section BB5.6 using a V1 ml aliquot,
typically 10.0 ml, of the distillate from
section BB5.4, in place of the volume of
working cyanide standard solutions (BB3.9)
see note k.

&
L
o
&
O

BB5.9 From the calibration h, obtain the
amount (A ug) of e in the aliquot
(V1 ml, BB5.8) etermine the
concentratio tal cyanide, taking into

distill ume (V ml, BB5.4) and amount
(‘M® 5.2) of sample taken.

account th ation volume (Ve ml, BB5.2)
the voluéd( aliquot (V1 ml, BB5.8) the
I

(h) Hydrogen cyanide reacts
slowly with chloramine-T to form
cyanogen chloride. Sufficient time
should be allowed for this reaction
to reach completion.

(i) This usually takes about 40
minutes.

() This wavelength may not be the
wavelength of maximum (b .

absorption. '\

Q
,\\‘1/

(k) Ifth %lng exceeds the
calibr. range a smaller aliquot

(V ; BBS 8) may be taken and
th ectrometric determination

peated, or the analysis repeated
using a smaller quantity of sample
(M g, BB5.2) or smaller volume of
aliquot (V3 ml, BB5.3) or the
distillate volume (V ml, BB5.4) or
extraction volume (Ve ml, BB5.2)
increased and suitable aliquots
taken as appropriate.

\-
BB6&CaIcuIations

The concentration, C, of total cyanide in the “as received” sample is given by

C = (A x V x 60)/(V1 x V3 x M) mg/kg

A is the amount (ug) of cyanide in the aliquot (V1 ml) taken and

M is the amount (g) of “as received” soil extracted into Ve ml and distilled into V ml and V3
ml extract used. (This assumes the volume (Ve ml, typically 50 ml) of sodium hydroxide

and amount (10 g) of soil exhibits a volume of 60 ml).
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For samples where inert extraneous material (for example stones and bricks) is removed
prior to analysis, results may be reported with or without taking account of this material
removed.

In addition, the reporting of results may also need to take into account whether results are
calculated on an “as received” basis or on an air-dried basis (say at 105 °C) or on a dry
weight basis (say at 105 °C). see section 2.

Table BB1 Performance data for total cyanide

The performance summary refers to data generated by an automated discrete .
spectrophotometer using much smaller volumes. Manual measurement of extr. &ar the
use of different types of automated equipment may result in different perforn@}c data

being generated.

Certified reference material* Reference value Precision \ 'i>$
0)

(mg/kg) (%)
LGC 6144 (Gas work’s soil) 1306 9.5 24 .4
RTC 015 (Sandy loam) 6.04 1 -1.5
RTC 022 (Loam) 26.6 -22.3
Soil type Limit of detection™* 6

(mg/kg) . AQ
Sand 0.1 \Q\
Clay 0.2 &0
Top soll 04 (b'

* Determined over 11 days with 11 batches i licate
** Determined over 10 days with 10 batcheg iipduplicate
Precision as total relative standard devi

Data provided by BAE System\

&
N
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BC Determination of total cyanide by steam distillation of an alkaline extract of
a sample of soil at a pH value of 3.8 after exposure to ultra violet radiation,
followed by spectrophotometric determination using chloramine-T,
isonicotinic acid and 1,3-dimethylbarbituric acid

Procedures are described whereby an alkaline extract of a sample of soil is treated with
citric acid and sodium hydroxide, and then steam distilled. A pH-adjusted portion of the
distillate is then spectrophotometrically determined. For “as received” soils, a
representative portion of the soil is taken. For air-dried samples, an homogeneous portion
is taken. See section 6.

BC1 Performance characteristics of the method q) .
r\

BC1.1 Substance determined Total cyanide in soil.

BC1.2 Type of sample Samples of soil and contem\{léd land.

BC1.3 Basis of method The sample of soil i \tracted with sodium

hydroxide solutlortsq liquot of this alkaline

extract is stea led under acidic

conditions at % value of 3.8 using citric

acid/alkalisottion after exposure to ultra
éon, where hydrogen cyanide is

A pH adjusted aliquot of the

is spectrophotometrically

mined at 600 nm, using chloramine-T,

nicotinic acid and 1,3-dimethylbarbituric

(bgamd

BC1.4 Range of application (00 Typically, up to 25 mg/kg as cyanide, but can
\§ be extended, see section BC5.11, note m.

BC1.5 Calibration curve Q Linear over the range of application.

BC1.6 Total standard@&%lon See Tables BC1, BC2 and BC3.

BC1.7 Limit of eé& Typically, 0.1 pg of cyanide can be detected
in the aliquot taken as described. This

equates to about 0.5 mg/kg of cyanide in the
sample of soil analysed.

BC1 g&nsmvny Typically, as described, 0.1 pg of cyanide
(equivalent to 0.5mg/kg cyanide in the
sample of soil analysed) gives an
absorbance value of about 0.006 abs units
over a 10 mm path length.

BC1.9Bias See Tables BC1, BC2 and BC3.
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BC2 Principle

A representative or homogeneous portion of the sample of soil is extracted with 1M
sodium hydroxide solution. An aliquot of the extract is steam distilled under acidic
conditions (at a pH value of 3.8) using citric acid and sodium hydroxide and simultaneously
irradiated with ultra violet (UV) radiation at 312 nm, i.e. UVb range. Ultra violet radiation
breaks down complex cyanide under acidic conditions, which then forms hydrogen
cyanide. Conversion of thiocyanate into cyanide is also prevented. Following distillation,
the easily liberated hydrogen cyanide and hydrogen cyanide from complex cyanide, is
absorbed into a pH 5.2 buffer solution containing chloramine-T and then determined
spectrophotometrically at 600 nm, using isonicotinic acid and 1,3-dimethylbarbitu%a9id.

BC3 Reagents '\

All reagents should be of analytical grade quality and distilled or delonlspé\(\lﬁer should be
used throughout.

BC3.1  Buffer solution (pH 5.2).  Dissolve 41.0 £ 0.5 g of pot gulm hydrogen phthalate
in approximately 1000 ml of water. Add 4.60 + 0.05 g of sodium hydroxide and mix well. Add
6.0 £ 0.5 ml of 30 % v/v polyethyleneglycol lauryl ether soh@nd mix well. Make to

2000 ml with water. Mix well and transfer to a suitable cant r. This solution may be stored
at room temperature for up to 1 week. @%

BC3.2 Chloramine-T reagent. Dissolve 4.00 END g of chloramine-T in approximately
1000 ml of water. Make to 2000 ml with watere)@§well. This solution may be stored at
5+ 3 °C for up to 1 week. &

BC3.3 Colourreagent. To approxi@tely 1000 ml of water, dissolve 14.0 + 0.2 g of
sodium hydroxide. To this cooled s @m, add 33.6 + 0.3 g of 1,3-dimethylbarbituric acid
and 27.2 + 0.3 g of isonicotinic ao’énd mix well. Add 6 ml of 30 % v/v polyethyleneglycol
lauryl ether solution and mak 000 ml with water. Filter (nominal pore size 0.45 um)
this solution. This solution ige stored at room temperature for up to 1 week.

BC3.4 Cyanide sto ndard solution (nominally 100 mg/l). Dissolve

40.0 £ 0.5 g of sodi ydroxide in approximately 800 ml of water. Accurately, and as
quickly as pos eigh out 0.250 + 0.001 g of potassium cyanide and quantitatively
transfer to the &lRaline solution in a 1000 ml volumetric flask. Make to 1000 ml with water.
Mix well. Tk@solutlon may be stored at 5 + 3 °C for up to one month.

BC3 @)dlum hydroxide solution (1M).  Dissolve 40.0 + 0.1 g of sodium hydroxide in
approximately 800 ml of water. Transfer the solution to a 1000 ml measuring cylinder and
make to 1000 ml with water. Mix well and transfer to a suitable container. This solution
may be stored at room temperature for up to 3 months.

BC3.6 Working cyanide standard solutions.  For example, into a series of five 100 ml
volumetric flasks, add 50 ml of 1M sodium hydroxide solution (BC3.5) followed by 1.0, 2.0,
3.0, 4.0 and 5.0 ml of cyanide standard solution (BC3.4) to each flask. Make each flask to
100 ml with 1M sodium hydroxide solution (BC3.5). These solutions nominally contain 1.0,
2.0, 3.0, 4.0 and 5.0 mg/l of cyanide respectively. This is equivalent to 1.0, 2.0, 3.0, 4.0
and 5.0 ug of cyanide in the aliquot taken for the spectrophotometric determination
(section BC5.7). These solutions should be used on the day of preparation.
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BC3.7 Distillation reagent. Dissolve 100 * 1 g of citric acid and 24.0 + 0.2 g of sodium
hydroxide in approximately 1800 ml of water. Mix well and adjust the pH to 3.8 with
concentrated hydrochloric acid. Make to 2000 ml with water and mix well. This solution
may be stored at room temperature for up to 1 week.

BC3.8 Complex cyanide stock standard solution (nominally 100 mg/l).  Dissolve

20.0 £ 0.2 g of sodium hydroxide in approximately 300 ml of water. Accurately weigh
0.106 = 0.001 g of potassium hexacyanoferrate (KsFe(CN)g)and stir until dissolved. Make
to 500 ml with water, mix thoroughly and transfer to an amber-coloured bottle. This
solution may be stored at 5 + 3 °C for up to a month.

BC3.9 Working complex cyanide ultra violet check solution (4 mg/l).  For e&%
transfer 4.0 ml of complex cyanide stock standard solution (BC3.8) into a 10
volumetric flask and make to volume with 1M sodium hydroxide and mix hly. This
solution should be used on the day of preparation.

\'\

BC4 Apparatus (1/
In addition to normal laboratory glassware the following are z\x

BC4.1 Steam distillation apparatus capable of produgin ml of distillate in about
15 minutes 6

BC4.2 Spectrometer capable of holding 10 mmr h -length cells and measuring light
absorbance at 600 nm. 0

BC4.3 Ultra violet light source (at 312 n@»l e. UVb range) and suitable housing to fit the
distillation flask without emitting radiati%to the immediate environment.

BC5 Analytical procedure $

R

Step Procedure (Q‘() Notes
BC5.1 Ad @ypically, 8.0+x0.1g)ofa (a) If samples are to be reported
re tative or homogeneous portion of on an air-dried basis (say at

. sample of soil (see section 6 and note a) 30 °C) or a dry weight basis (say
a flask. To this flask, add V ml, typically, at 105 °C) rather than on an “as
40.0 £ 0.5 ml of sodium hydroxide solution received” basis, it will be

(BC3.5) and shake well for approximately necessary to carry out a dry solids
30 minutes. Filter the sample until at least content determination on a
10 ml of filtrate is produced. See note b. separate portion of the “as

received” material.

(b) Centrifuging the mixture at
3000 rpm should speed up the
filtration process.

BC5.2 Transfer V1 ml, typically, 1.00 ml of this (c) Commercial apparatus are
clear alkaline extract (BC5.1) to the steam available for generating steam and
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BC5.3

BC5.4

BC5.5

BC5.6

BC5.7

BC5.8

distillation apparatus and dilute with 19.0 ml
of water. See note c.

Add 12.5 ml of pH 5.2 buffer solution
(BC3.1) and 12.5 ml of chloramine-T
solution (BC3.2) to a V-ml receiving flask
(typically 50 ml) of the steam distillation
apparatus (BC4.1).

Add 4.2 ml of distillation reagent (BC3.7)
and immediately set up the steam distillation
apparatus (note d). Expose the sample to
the ultra violet radiation source for a
minimum of 5 minutes (note €) and then
commence steam distillation (BC4.1).
Continue the distillation until about 10 ml of
distillate has collected in the receiving flask.

When sufficient distillate has been collecte
stop the distillation process and remove th
receiving flask. Mix well, then add 12.5
colour reagent (BC3.3) to the receivi ’g\
flask. Make the volume in the reciﬁ flask
to V2 ml, typically, 50 ml with w he

solution is now ready for specf@s otometric
determination. %

uld be analysed
mples. The blank

Blank and spiked soil
with every batch o
should be a cle anide-free soil. The
spiked soil s be spiked with an

appropriat | of complex cyanide
solution6§ notes fand g.

‘\@ aliquot of the working complex cyanide
\Qultra violet check solution (BC3.9) should be
taken through the whole procedure to check

the efficiency of the ultra violet digestion
process.

Spectrophotometric determination

To a V1 ml aliquot (typically, 1.0 ml) of the
working cyanide standard solutions (BC3.6)
see notes h and i, add 9 ml of water,

12.5 ml of buffer solution (BC3.1), quickly
followed by 12.5 ml of chloramine-T reagent

43

undertaking the determination
automatically.

(d) Ensure losses of hydrogen
cyanide are m|n|m|se

(e) The time of ex e to ultra
violet radiation ﬂﬁi be sufficient
to obtain ad recovery of an
aliquot o rklng complex
cyanld%a violet check solution

en through the whole
proce

O

(f) Blanks may be used to evaluate
equipment contamination and
spiked soils to estimate batch to
batch recoveries.

(g) For example, 1 ml of complex
cyanide stock standard solution
(BC3.8) i.e. 100 pg of cyanide.

(h) Standard cyanide solutions
(BC3.6) are not taken through the
distillation process before being
determined spectrometrically, but
would need to be if recovery



(BC3.2). Mix well and allow the solution to
stand at 37 °C, for a short time, typically,

30 - 60 minutes, see note j. To this solution,
add 12.5 ml of colour reagent (BC3.3). Make

the solution to V2 ml (typically 50 ml) with
water. Mix well and allow the solution to
stand for a short time for the full colour to
develop, see note k. Read the absorbance

of the solution in a 10 mm path-length cell at

600 nm (see note |) using water as blank
solution.

BC5.9 Prepare a calibration graph of abﬁ}r}ce
versus mass of cyanide in V2 m

>

(BC5.8).
BC5.10 Repeat section BC5.8 an aliquot,
V1 ml, typically 10 ml e distillate from

section BC5.5, in&ge of the volume of

working comple
(BC3.6) and e of water.

BC5.11 Read th Qsorbance of the sample solution
in the e 10 mm path length cell at
see note m

60

&
N

nide standard solutions
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olution.

estimates were needed to be
determined.

(i) Commercial apparatus is
available allowing this procedure
to be carried out automatically, but
usually on a reduced scale. When
using commercial automatic
apparatus, the standards are
taken through the distillation
process.

(j) This usually takes'%t utes.
Hydrogen cyanid s slowly

with chloramin orm
cyanogen ch% . Sufficient time
should b ed for this reaction
to rea mpletion.

(k{\%usually takes 30 minutes.

ThIS wavelength may not be the
wavelength of maximum
absorption.

(m) If the reading exceeds the
calibration range, a volumetric
dilution may be prepared using
water and the spectrometric
determination repeated. If so, the
maximum amount of cyanide that
could be accommodated, and
hence, the maximum dilution that
could be tolerated, would need to
be known, and whether the
distillation process had adequately
recovered all of the cyanide
present in the sample.
Alternatively, the analysis should
be repeated using a smaller
quantity of sample (M g, BC5.1) or
the distillate volume (V2 ml,



BC5.5) increased and a suitable
aliquot taken as appropriate.

BC5.12 From the calibration graph, obtain the mass
(A pg) of cyanide in the sample solution
(BC5.5) and determine the concentration of
total cyanide, taking into account the
extraction volume (V ml, BC5.1), the volume
distilled, V1 ml (BC5.2) the distillate volume,
V2 ml (BC5.5) any dilutions (note n) and the
mass (M g, BC5.1) of sample taken.
fa

O
BC6 Calculations '\

The concentration, C, of total cyanide in the sample analysed is given m\\(l/

C = Dx(A x V)/(Vl x M)  mglkg \
A is the mass (ug) of cyanide in the sample solution (BC5.11); '\
M is the mass (g) of sample extracted into V ml (BC5.1);

V1 is the volume of extract distilled (BC5.2) O
D is the dilution factor used, if appropriate, see note m!

Any samples where the distillate volume (V2 ml .5) is different to that used for
standard solutions will need to take this into t.

For samples where inert extraneous mate@&for example stones and bricks) is removed
prior to analysis, results may be report%with or without taking account of this material
removed.

In addition, the reporting of re %Lt's may also need to take into account whether results are
calculated on an “as receiv sis, an air-dried basis (for example at 30 °C) or on a dry
weight basis (say at 105 2 ee section 2.
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Table BC1 Performance data for total cyanide

Performance data are based on 11 duplicate batches of analyses carried out over a period
of 11 days, providing 22 results. The performance summary refers to data generated by an
automated discrete spectrophotometer using much smaller volumes. Manual
measurement of extracts or the use of different types of automated equipment may result
in different performance data being generated.

Soil spiked at 5 mg/kg as cyanide Soil spiked at 20 mg/kg as cyanide

RSD Bias RSD Bias
Loam saoil 4.0 -4.0 2.8 -12.8
Sandy soil 4.1 -2.5 3.0 12491,
Clay soil 4.9 -4.9 3.1 @

All values are percentages Q

RSD is relative standard deviation

Data for “as received” sample. \

Spiked with potassium hexacyanoferrate solution (BC3.8) i.e. 250 ul to 5 g of sail, KM 0 pl to 5 g of soil.

Data provided by Alcontrol Laboratories \

Table BC2 Performance data for total cyanide Q

Performance data are based on 11 duplicate batches oﬁrgyses carried out over a period
of 11 days, providing 22 results. The performance s ry refers to data generated by an
automated discrete spectrophotometer using muc ller volumes. Manual
measurement of extracts or the use of differen@es of automated equipment may result
in different performance data being generated”

Soil spiked at 10 mg/kg as cy(a“lde Soil spiked at 40 mg/kg as cyanide

Precision S Precision Bias
Loam soil 13.1 $@‘9.9 5.1 12.6
Sandy soil 5.6 -4.8 55 -11.8
Clay soil 5.6 XN a4 45 109
All values are percentages. Q
Precision is total standard d%@
Data for air-dried sample.
Spiked with potassium h anoferrate solution (BC3.8) i.e. 500 ul to 5 g of soil, and 2000 ul to 5 g of sail.
The concentration randg i$ up to 5.0 mg/l in solution, equivalent to 50.0 mg/kg in the air-dried soil.
Data provided emtest

&
N
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Table BC3 Performance data for total cyanide

Performance data are based on 11 duplicate batches of analyses carried out over a period
of 11 days, providing 22 results. The performance summary refers to data generated by an
automated discrete spectrophotometer using much smaller volumes. Manual
measurement of extracts or the use of different types of automated equipment may result
in different performance data being generated.

Soil spiked at 400 mg/kg as cyanide Soil spiked at 1600 mg/kg as cyanide

Precision Bias Precision Bias
Silt soil 6.1 -6.1 4.5 %‘
Sandy soil 2.7 -5.7 3.3 -
Clay soll 5.8 -8.0 3.6 -8.1

Made ground 4.4 -5.8 3.9 (19 -7.8
All values are percentages. \\
Precision is total standard deviation.
Data for “as received” sample. \
Soils were spiked with a solution containing 1000 mg/l potassium cyanide (2.5(g 1000 ml) 1000 mg/l
potassium hexacyanoferrate (2.12 g per 1000 ml) and 10000 mg/l potassiurNé yanate (16.7 g per

1000 ml) containing 40 g of sodium hydroxide per 1000 ml. To two 10 g pgortions of sample, 2.0 ml was
added to one portion (i.e. 400 mg/kg) and 8.0 ml to another (i.e. 1600@).
/

The concentration range is up to 5.0 mg/l in solution, equivalent tg 50 g in the “as received” soil.

Data provided by Scientifics
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CA Determination of thiocyanate by alkaline extraction of a soil sample,
followed by spectrophotometric determination using chloramine-T,
isonicotinic acid and 1,3-dimethylbarbituric acid

Procedures are described whereby an alkaline extract of a sample of soil is treated with
formaldehyde and then spectrophotometrically determined. For “as received” soils, a
representative portion of the soil is taken. For air-dried samples, an homogeneous portion

is taken. See section 6.

CA1l Performance characteristics of the method

CA1.1 Substance determined
CA1.2 Type of sample

CA1.3 Basis of method

CA1.4 Range of application

CA1.5 Calibration curve

CA1.6 Interferences $(b~

N\
CA1 7®al standard deviation

CA1.8 Limit of detection

CA1.9 Sensitivity

Thiocyanate in soil.
Samples of soil and contamlna@,}

The sample is extracted vx dium
hydroxide solution. F Ideyde is added to
an aliquot of this e and the pH of the
resultant solution pxéﬂmed to 5.2 before
being spectrophotometrically determined at
600 nm usinﬁ&ramine—l isonicotinic acid
and 1,3- Ibarbituric acid.

Typic @)up to 25 mg/kg as thiocyanate in

t ple analysed, but can be extended,
ection CA5.6, note i.

&inear over the range of application.

Since there is no distillation stage in this
procedure, interferences such as excessive
background colouration of the extract, and
substances in the extracted sample that
react with the spectrophotometric
determination, may cause interference.
Water soluble monosulphide and easily
liberated cyanide in the extract produce a
positive interference, causing a higher result
to be determined. See also section 4.

See Tables CA1, CA2 and CA3.

Typically, 0.1 pg of thiocyanate can be
detected in the aliquot of extract taken as
described. This equates to about 0.5 mg/kg
of thiocyanate in the sample analysed.

Typically, as described, 0.1 pg of thiocyanate
(equivalent to 0.5 mg/kg thiocyanate in the
sample analysed) gives an absorbance value
of about 0.005 units in a 50 mm path length
cell.
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CA1.10 Bias See Tables CA1, CA2 and CA3.

CA2 Principle

A representative or homogeneous portion of the sample of soil is extracted with 1M
sodium hydroxide solution. Formaldehyde is added to an aliquot of this extract (to
suppress any easily liberated cyanide present in the extract). This solution is then buffered
to a pH value of 5.2 and then spectrophotometrically determined at 600 nm, using
chloramine-T, isonicotinic acid and 1,3-dimethylbarbituric acid.

CA3 Reagents

All reagents should be of analytical grade quality and distilled or deionised w%@'\hould be
used throughout.

CA3.1  Sodium hydroxide solution (1M).  Dissolve 40.0 £+ 0.1 g of \n hydroxide in
approximately 800 ml of water. Transfer the solution to a 1000 mi uring cylinder and
make to 1000 ml with water. Mix well and transfer to a suitable ¢ r(gvrer This solution may
be stored at room temperature for up to 3 months.

CA3.2 Formaldehyde solution.  Dilute 10.0 ml of for a@nyde solution (37 m/m %) in
approximately 1000 ml of water contained in a 2000 ml metric flask. Add 6.0 ml of

30 % v/v polyethyleneglycol lauryl ether solution and @ well. Make to volume with water
and mix thoroughly. Transfer the solution to a suit container. This solution may be stored
at room temperature for up to 1 week.

O
CA3.3 Buffer solution (pH 5.2). DISSO@'] .0 £ 0.5 g of potassium hydrogen phthalate
in approximately 1000 ml of water A 1 0.05 g of sodium hydroxide and mix well. Add
6.0 ml of 30 % v/v polyethyleneglyc lﬁl ether solution and mix well. Make to 2000 ml
with water. Mix well and transfert ution to a suitable container. This solution may be
stored at room temperature forxg'to week.

CA3.4 Chloramine-T r %t. Dissolve 4.00 £ 0.1 g of chloramine-T in approximately
1000 ml of water. Tra e solution to a 2000 ml volumetric flask and make to 2000 ml
with water. This soI&%may be stored at 5 + 3 °C for up to 1 week.

CA3.5 Colon.@gent. To approximately 1000 ml of water, dissolve 14.0 + 0.2 g of
sodium hydgexide. To this cooled solution, add 33.6 + 0.3 g of 1,3-dimethylbarbituric acid
and 27. g of isonicotinic acid and mix well. Add 6 ml of 30 % v/v polyethyleneglycol
laury %é\solutlon and make to 2000 ml with water. Filter (nominal pore size 0.45 ym)
this solution. This solution may be stored at room temperature for up to 1 week.

CA3.6 Thiocyanate stock standard solution (nominally 100 mg/l). Dissolve

40.0 = 0.5 g of sodium hydroxide in approximately 800 ml of water. Accurately, and as
quickly as possible, weigh out 0.167 £ 0.001 g of potassium thiocyanate and quantitatively
transfer to the alkaline solution. Make to 1000 ml with water. Mix well. This solution may be
stored at 5 + 3 °C for up to one month.

CA3.7 Working thiocyanate standard solutions.  For example, into a series of five

100 ml volumetric flasks, add 50 ml of 1M sodium hydroxide solution (CA3.1) followed by
1.0, 2.0, 3.0, 4.0 and 5.0 ml of thiocyanate stock standard solution (CA3.6) to each flask.
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Make each flask to 100 ml with 1M sodium hydroxide solution (CA3.1). These solutions
nominally contain 1.0, 2.0, 3.0, 4.0 and 5.0 mg/I of thiocyanate respectively. This is
equivalent to 1.0, 2.0, 3.0, 4.0 and 5.0 ug of thiocyanate in the aliquot taken for the
spectrophotometric determination (section CA5.7). These solutions should be used on the
day of preparation.

CA4 Apparatus
In addition to normal laboratory glassware the following are required.

Spectrophotometer capable of holding a 50 mm path length cell and measuring at 600 nm.

CA5 Analytical procedure }\(b ’
a9

Step  Procedure Notes t\\ v

CA5.1 Add M g (typically, 8.0 £ 0.1 g) of a (@)lfs (Ls are to be reported

the sample of soil (see section 6 and note a) 30,2 r a dry weight basis (say
to a flask. To this flask, add V ml, typically, at4g5 °C) rather than on an “as
40.0 = 0.5 ml, of sodium hydroxide solution @ceived” basis, it will be

(CA3.5) and shake well for approxmatelQ necessary to carry out a dry solids
30 minutes. See note b. content determination on a

C\JQ separate portion of the “as
(bg received” material.

representative or homogeneous portion of on a’galr- ried basis (say at

(b) The use of automatic

(00 apparatus may normally require

$ the samples to be filtered after
\ extraction to prevent subsequent

blockage of instrumentation.
Centrifuging the mixture at 3000
& rom should speed up the filtration
0 process.
CA5.2 Trans@ 1 ml (1.0 ml) of this alkaline (c) This usually takes 5 minutes.
ctto a 50 ml vqumetrlc flask and add

& of formaldehyde solution (CA3.2). (d) This usually takes 30 minutes.

& ke to 50 ml with water and mix well. To
10 ml of this solution add 25 ml of pH 5.2 (e) This wavelength may not be
buffer solution (CA3.3) and 12.5 ml of the wavelength of maximum
chloramine-T solution (CA3.4). Mix well and  absorption.
allow time for the complexation reaction to
reach completion, see note c. Add 12.5 m|
of colour reagent (CA3.5), mix well and heat
the solution at 37 °C until the colouration
reaction reaches completion, see note d.
Read the absorbance of the solution in a
50 mm path length cell at 600 nm (note €)
using water as a blank solution.
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CA5.3 Blank and spiked soils should be analysed (f) Blanks may be used to evaluate

with every batch of samples. The blank equipment contamination and
should be a clean, thiocyanate-free soil. The spiked soils to estimate batch to
spiked soil should be spiked with an batch recoveries.

appropriate level of thiocyanate solution.

See notes fand g. (g) For example, 1 ml of

thiocyanate stock standard
solution (CA3.6) i.e. 100 ug of
thiocyanate.

Spectrophotometric determination

CA5.4 Take V1 ml, typically, 1.0 ml of the working  (h) This equates to '>0 3.0,
thiocyanate standard solutions (CA3.7) and 4.0 and 5.0 ug Of\l anate.

treat similarly as described in section CA5.2, '\
see note h. Read the absorbance of the t\
solutions in a 50 mm path length cell at \
600 nm (note e) using water as a blank t\(l/
solution.

CA5.5 Prepare a calibration graph of absorbance O
versus mass of thiocyanate in V1 ml of 6

working thiocyanate standard solutions‘ A
N\

(CA3.7).
O

CA5.6 From the calibration graph, obtain ass (i) If the reading exceeds the
(A pg) of thiocyanate in the sam olution). calibration range, a volumetric
6 dilution may be prepared using
(b' water and the spectrometric
$ determination repeated. If so, the
X maximum amount of thiocyanate
Q that could be accommodated, and
@ hence, the maximum dilution that

0& could be tolerated, would need to

be known. Alternatively, the

OC) analysis may be repeated using a
b smaller quantity of sample (M g,
. % CA5.1), or a smaller volume of
N\ extract, V1 ml, (CA5.2).

O

CA5.7 “Determine the concentration of thiocyanate,
taking into account the extraction volume
(V ml, CA5.1), the volume of extract used,
V1 ml (CA5.2) any dilutions (note i) and the
mass (M g, CA5.1) of sample taken.

CAb6 Calculations

The concentration, C, of thiocyanate in the sample of soil analysed is given by
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C = Dx(A x V)/(V1 x M) mg/kg

A is the mass (ug) of thiocyanate in the sample solution (CA5.7);
M is the mass (g) of soil extracted into V ml (CA5.1);

V1 is the volume of extract used (CA5.2); and

D is the dilution factor , if appropriate, see note j.

For samples where inert extraneous material (for example stones and bricks) is removed

prior to analysis, results may be reported with or without taking account of this material
removed.

In addition, the reporting of results may also need to take into account whether r%? are
calculated on an “as received” basis, an air-dried basis (for example at 30 °C) q\ dry
weight basis (say at 105 °C). See section 2.

Table CA1 Performance data for thiocyanate '\\(1/

Performance data are based on 11 duplicate batches of analyse \ried out over a period
of 11 days, providing 22 results. The performance summary ref Sg@data generated by an
automated discrete spectrophotometer using much smaller volumes. Manual
measurement of extracts or the use of different types of a@ted equipment may result
in different performance data being generated.

Soil spiked at 5 mg/kg as thiocyanate @ spiked at 20 mg/kg as thiocyanate
N\

RSD Bias RSD Bias
Loam soil 3.4 49 O 2.4 8.9
Sandy soil 3.0 -3.3 0 2.3 -6.2
Clay soil 3.4 847 2.5 9.5
All values are percentages. %
RSD is relative standard deviation. (b,
Data for “as received” sample. &

Spiked with potassium thiocyanate spju CA3.6) i.e. 250 pl to 5 g of soil, and 1000 ul to 5 g of sail.
Data provided by Alcontrol L tories

&
N
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Table CA2 Performance data for thiocyanate

Performance data are based on 11 duplicate batches of analyses carried out over a period
of 11 days, providing 22 results. The performance summary refers to data generated by an
automated discrete spectrophotometer using much smaller volumes. Manual
measurement of extracts or the use of different types of automated equipment may result
in different performance data being generated.

Soil spiked at 10 mg/kg as thiocyanate  Soil spiked at 40 mg/kg as thiocyanate

Precision Bias Precision Bias
Loam saoil 7.2 8.1 5.8 4.2
Sandy soil 5.8 9.6 4.4 % .
Clay soll 4.8 7.9 3.8 '\
Values are percentages. Q
Precision is total standard deviation.

Data for air-dried sample. \

Spiked with potassium thiocyanate solution (CA3.6) i.e. 500 pl to 5 g of soil, and 2 Od}kt 5 g of sail.
The concentration range is up to 5.0 mg/l in solution, equivalent to 50.0 mg/kg in Vkﬂr-dried soil.
Data provided by Chemtest (1}

Table CA3 Performance data for thiocyanate OQ

Performance data are based on 11 duplicate batche alyses carried out over a period
of 11 days, providing 22 results. The performance ary refers to data generated by an
automated discrete spectrophotometer using aller volumes. Manual
measurement of extracts or the use of differe es of automated equipment may result

in different performance data being gener%

Soil spiked at 2000 mg/k @thiocyanate Soil spiked at 8000 mg/kg as thiocyanate

Precision Bias Precision Bias
Silt soil 14.2 $ 7.3 7.7 3.4
Sandy soil 115 x. 3.8 7.1 1.3
Clay sall 15.9 @Q -5.1 10.6 -2.6
Made ground 15.6 -6.2 11.4 -4.7

Values are percentages.

Precision is total stand iation.

Data for “as received. ple.

Soils were spiked solution containing 1000 mg/l potassium cyanide (2.5 g per 1000 ml) 1000 mg/l potassium

hexacyanoferrate 2 g per 1000 ml) and 10000 mg/I potassium thiocyanate (16.7 g per 1000 ml) containing 40 g
of sodium hy ide per 1000 ml. To two 10 g portions of sample, 2.0 ml was added to one portion (i.e. 2000
mg/kg) a QI to another (i.e. 8000 mg/kg).

The cg%v ration range is up to 50.0 mg/l in solution, equivalent to 500 mg/kg in the “as received” soil.

Data provided by Scientifics
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Appendix 1 Expression of results

The following tables, Table |1 and Table 12 highlight the types of samples that are
commonly analysed in laboratories.

Table 11 Sample description
Sample Sample type
code
A “As received” in the laboratory
B “As received” in the laboratory (but with inert material rem%eQ)
C Inert material }\
D Air-dried (i.e. sample A is air-dried) Q
E Air-dried (i.e. sample B is air-dried) (1/
F Dry weight (i.e. sample A or D is dri
G Dry weight (i.e. sample Bor E i 'ggj

moisture in equilibrium with the matrix.

Samples D and E when air-dried at temperatures, for example up to 30 °C, ge?ml/ly ontain residual
Samples F and G when dried at temperatures, for example at 105 °C, genera

ontain no moisture.

Table 12 Example sample composition OQ
Sample Composition @6 Total Result on
code . A sample sample
\Q\ analysed
@) (mg/kg)
Soil  Water Re;z'iual Inert
@o ure material
A 780 150 20 50 1000 XA
B 780 15@ 20 0 950 XB
C 0 0 0 50 50 -
D 780 & 20 50 850 XD
E 780 @ 0 20 0 800 XE
F 7 0 0 50 830 XF
G ﬁ\ 0 0 0 780 XG
Figures represent amo@ material present in grams

A typical soill sbple submitted to a laboratory (i.e. the “as received” sample) comprises an
amount of matter (including organic and inorganic fractions) mixed together with water
(asm ng ortion of which may be bound to soil particles). A representative amount of
the “ds\eteived” sample is usually taken for analysis. The result is then usually reported
on the “as received” sample (i.e. sample A) but may be reported on another sample type,
for example sample D, and expressed on an air-dried basis; less likely, is the report of this
result expressed on sample type F, i.e. expressed on the dry weight basis. These results
may be reported as moisture-corrected values.

Most of the water in the “as received” sample is lost during air-drying processes (usually at
temperatures less than 30 °C) used to prepare an air-dried material for analysis. Residual

moisture is usually present in equilibrium with the matrix. An homogeneous portion of the

air-dried sample, sample D, is usually taken for analysis. The result is then reported on the
air-dried sample, i.e. sample D; again less frequently, is the report of this result expressed
on sample type F, i.e. expressed on the dry weight basis.
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Only at elevated temperatures (for example at 105 °C) is all of the water driven off. This
sample, sample F, is rarely analysed, but may be the basis on which results are
expressed, i.e. the result is expressed on a dry weight basis.

The sample may contain inert or extraneous material such as large stones, plant debris
etc. This inert material may or may not be removed prior to drying or analysis. If inert
material is removed prior to drying or analysis, this should be reported and the amount
removed recorded.

How the sample is pre-treated and prepared will depend on individual laboratory practices
and procedures. The fact that different practices and procedures are used is not aq issue
provided all information is available to establish exactly what has occurred, so thatwhen
inter-laboratory comparisons are made, “like-for-like” comparisons are madeQ

In many laboratories, the “as received” sample is analysed. Usually, a entatlve
portion of the sample submitted to the laboratory is taken and analy sults are then
expressed on the “as received” basis. Alternatively, results may bg(é essed on an air-
dried basis (i.e. sample type D, with no material removed) or o weight basis (i.e.
sample type F, again with no material removed).

In some laboratories, the “as received” sample is analyse cgter having its extraneous
material such as large stones etc removed. However, i{ i3not always clear how the result
is expressed. The result may be expressed on the ceived” basis (i.e. sample type A,
or as sample type B (i.e. on the “as received’ s taking into account removal of the
extraneous material). Alternatively, the result e reported on an air-dried basis (i.e.
sample type D, with no extraneous material oved) or on a dry weight basis (i.e. sample
type F, again with no extraneous material oved). Also, results may be expressed on an
air-dried basis (i.e. sample type E, wit traneous material removed) or on a dry weight
basis (i.e. sample type G, again v@&neous material removed).

In some laboratories, sample DAis analysed (i.e. the air-dried sample with no extraneous
material removed) and res ressed on an air-dried basis. In some laboratories,
sample E is analysed (i. air-dried sample with extraneous material removed) and
result expressed on a ried basis, but not making it clear whether removal of
extraneous materia&é

een taken into account or not.
Few Iaboratoriﬁalyse sample F or G and report result expressed on sample F or G. In
addition ev% er laboratories analyse the extraneous material removed, i.e. sample C.

Unles@ment information is made available, it is impossible to make direct like-for-like
inter-laboratory comparison of results provided by different laboratories undertaking
different practices.

Table I3 highlights the calculations (based on the example composition values given in
Table 12) used to express the results of the types of samples that can be analysed. For
inter-laboratory comparisons it is essential to know what type of sample has been
analysed and how, and on what sample type, the result is expressed.
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Table I3 Sample analysed and expression of result

Sample Result of Result expressed on
analysed sample sample type
analysed
(mg/kg)
A XA A
B
D
E
F
G
B XB A
B
D
E
F
G
D XD A
B
D
E
F QO
B
E XE
78
& o
&
F
(QQ G
F 60 A
B
& 0
E
N F
L& G
G XG A
B
D
E
F
G

7,
L@

Calculation for how result is to
be expressed*

(mg/kg)

XA
(XA x 1000) / (1000-50)
(XA x 1000) / (1000-150)
(XA x 1000) / (1000-200)

(XA x 1000) / (1000-1
(XA x 1000)/ (100022

(XB x (1 OOO'X‘W/QOOO
(XB x (1000480))/ (1000-150)
(XB x (1 gg}))) / (1000-200)

)

(XB x %o *50)) / (1000-170)
(XB x (1000-50)) / (1000-220)

*

(XD x (1000-150)) / 1000
D x (1000-150)) / (1000-50)
XD

(XD x (1000-150)) / (1000-200)
(XD x (1000-150)) / (1000-170)
(XD x (1000-150)) / (1000-220)

(XE x (1000-200)) / 1000

(XE x (1000-200)) / (1000-50)

(XE x (1000-200)) / (1000-150)
XE

(XE x (1000-200)) / (1000-170)

(XE x (1000-200)) / (1000-220)

(XF x (1000-170)) / 1000
(XF x (1000-170)) / (1000-50)
(XF x (1000-170)) / (1000-150)
(XF x (1000-170)) / (1000-200)
XF
(XF x (1000-170)) / (1000-220)

(XG x (1000-220)) / 1000

(XG x (1000-220)) / (1000-50)

(XG x (1000-220)) / (1000-150)

(XG x (1000-220)) / (1000-200)

(XG x (1000-220)) / (1000-170)
XG

* These calculations are based on the example composition values given in Table 2.
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Address for correspondence

However well procedures may be tested, there is always the possibility of discovering
hitherto unknown problems. Analysts with such information are requested to contact the
Secretary of the Standing Committee of Analysts at the address given below. In addition, if
users wish to receive advance notice of forthcoming publications, please contact the
Secretary.

Secretary

Standing Committee of Analysts

Environment Agency (National Laboratory Service)

56 Town Green Street .
Rothley f\%
Leicestershire

LE7 7NW (1/
www.environment-agency.gov.uk/nls '\\

Environment Agency
Standing Committee of Analysts Q
Members assisting with these methods O

Without the good will and support given by these in leuals and their respective

organisations SCA would not be able to contln produce the highly valued and
respected blue book methods. &0

P Clark Severn Trent Services — Analytical Services
D Fitzpatrick (b~ Alcontrol Laboratories

| Forber $ Alcontrol Laboratories

E Hawkins \ Chemex Environmental

K Jones Q Chemtest Ltd

M Lattughi @ BAE Systems / RPS Mountainheath

| Lewis @ Alcontrol Laboratories

J Mace 0 Severn Trent Services — Analytical Services

R Monk 0 Chemtest Ltd
A Peirce bo Scientifics

T Roche | % Alcontrol Laboratories

P Taw WSP Group
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CONTACTS:

ENVIRONMENT AGENCY HEAD OFFICE
Rio House, Waterside Drive, Aztec West, Almondsbury, Bristol BS32 4UD

www.environment-agency.gov.uk
www.environment-agency.wales.gov.uk

ENVIRONMENT AGENCY REGIONAL OFFICES

ANGLIAN SOUTHERN
Kingfisher House Guildbourne House
Goldhay Way Chatsworth Road

Orton Goldhay
Peterborough PE2 5ZR

MIDLANDS

Sapphire East

550 Streetsbrook Road
Solihull B91 1QT

NORTH EAST

Rivers House

21 Park Square South
Leeds LS1 2QG

NORTHWEST
PO Box 12

Richard Fairclough House

Knutsford Road
Warrington WA4 1HG

&
N

Worthing
West Sussex BN11 1LD

SOUTHWEST
Manley House
Kestrel Way
Exeter EX2 7LQ

THAMES

Kings Meadow House
Kings Meadow Road
Reading RG1 8DQ

‘ Peterborough
ANGLIAN

MIDLANDS

Solihull 4

WALES

Cambria House
29 Newport Road
Cardiff CF24 OTP

THAMES  London
[}

’ Reading
SOUTHERN

SOUTH WEST

ENVIRONMENT AGENCY
GENERAL ENQUIRY LINE

08/08 506 506

ENVIRONMENT AGENCY

FL O OD L I

0845988

/]

sN:;_8E

ENVIRONMENT AGENCY
EMERGENCY HOTLINE

0800 80 70 60
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	back2.pdf
	August
	Methods for the Examination of Waters and Associated Materials
	Health and safety
	A1 Introduction
	A3 Principle
	A5 Reagents

	Figure AD3 Filta-Max xpress™ pressure elution station
	B1 Introduction
	B3 Principle
	B4 Apparatus
	B5 Reagents
	D10 Quality control
	Intestinal species
	Multi-site species
	References
	Phase 1 study - Data from the comparison of a trial method and reference method for recovering and enumerating Cryptosporidium oocysts - single laboratory study.
	   Difference
	Number
	Between sites

	Phase 2 study - Data from the comparison of a trial method and a reference method for recovering and enumerating Cryptosporidium oocysts - inter-laboratory study
	Mean 
	Range

	Phase 1 study - data from trial IMS-1 method and a reference IMS-2 method for the recovery of Cryptosporidium oocysts - single laboratory trial
	Mean 

	Phase 2 study - data from the trial IMS-1 method and the reference IMS-2 method for the recovery of Cryptosporidium oocysts - inter-laboratory study
	Mean 
	Between sites
	Table 3.1 Statistical analysis of a previous reference IMS method with a new reference IMS method


	Paired sample
	Previous reference

	Difference
	Previous reference IMS method
	Conclusion
	“Flask”- or “pear”-shaped body
	“Flask”- or “pear”-shaped body
	“Flask”- or “pear”-shaped body
	Striated body


	last3.pdf
	August
	Methods for the Examination of Waters and Associated Materials
	Health and safety
	A1 Introduction
	A3 Principle
	A5 Reagents

	Figure AD3 Filta-Max xpress™ pressure elution station
	B1 Introduction
	B3 Principle
	B4 Apparatus
	B5 Reagents
	D10 Quality control
	Intestinal species
	Multi-site species
	References
	Phase 1 study - Data from the comparison of a trial method and reference method for recovering and enumerating Cryptosporidium oocysts - single laboratory study.
	   Difference
	Number
	Between sites

	Phase 2 study - Data from the comparison of a trial method and a reference method for recovering and enumerating Cryptosporidium oocysts - inter-laboratory study
	Mean 
	Range

	Phase 1 study - data from trial IMS-1 method and a reference IMS-2 method for the recovery of Cryptosporidium oocysts - single laboratory trial
	Mean 

	Phase 2 study - data from the trial IMS-1 method and the reference IMS-2 method for the recovery of Cryptosporidium oocysts - inter-laboratory study
	Mean 
	Between sites
	Table 3.1 Statistical analysis of a previous reference IMS method with a new reference IMS method


	Paired sample
	Previous reference

	Difference
	Previous reference IMS method
	Conclusion
	“Flask”- or “pear”-shaped body
	“Flask”- or “pear”-shaped body
	“Flask”- or “pear”-shaped body
	Striated body


	lastthree.pdf
	The Microbiology of Drinking Water \(2007\) – �
	isolation and enumeration of sulphite-reducing clostridia
	and Clostridium perfringens by membrane filtration
	Methods for the Examination of Waters and Associated Materials

	3Results and discussion
	Table 1Numbers and types of waters and isolates of presumptive Clostridium perfringens analysed by 13 participating laboratories
	Table 2Summary of comparative results from NMLG tests and acid phosphatase test for presumptive Clostridium perfringens isolated from various waters
	NMLG profile


	4Conclusions
	Table 3NMLG reactions of acid phosphatase-positive and acid phosphatase-negative presumptive Clostridium perfringens isolates from various waters
	Cl. perfringens
	Cl. perfringens
	Cl. perfringens
	
	
	Cl. beijerinckii / Cl. butyricum
	
	
	Cl. bifermentans







	5References
	6Acknowledgements
	Members assisting with these methods
	p26.pdf
	Table 3NMLG reactions of acid phosphatase-positive and acid phosphatase-negative presumptive Clostridium perfringens isolates from various waters

	last2pages.pdf
	Methods for the Examination of Waters and Associated Materials
	AThe enumeration of heterotrophic bacteria by pour and spread plate techniques6
	BThe enumeration of heterotrophic bacteria by a multiple substrate most probable number technique12
	Address for correspondence25
	
	
	
	2Definitions




	Table 1  Numbers of samples with suitable data for analysis
	
	
	
	
	Chlorinated
	Unchlorinated

	Chlorinated
	Unchlorinated






	Lab
	Lab
	Type
	blankpage2.pdf
	ENVIRONMENT AGENCY
	Methods for the Examination of Waters and Associated Materials
	
	
	
	
	Part 1 - Water quality and public health
	Part 3 - Practices and procedures for laboratories
	Part 4 - Methods for the isolation and enumeration of coliform bacteria and Escherichia coli (including E. coli O157:H7)
	Part 5 - A method for the isolation and enumeration of enterococci by membrane filtration
	Part 7 - Methods for the enumeration of heterotrophic bacteria by pour and spread plate techniques




	Contents
	
	
	About this series




	1Introduction
	2Tastes and/or odours in drinking waters
	3Assessment of tastes and/or odours in drinking water
	4Aesthetic problems in drinking water
	5Sampling
	
	6References


	Members assisting with this booklet


	last3pages.pdf
	Methods for the Examination of Waters and Associated Materials
	AThe enumeration of heterotrophic bacteria by pour and spread plate techniques6
	BThe enumeration of heterotrophic bacteria by a multiple substrate most probable number technique12
	Address for correspondence25
	
	
	
	2Definitions




	Table 1  Numbers of samples with suitable data for analysis
	
	
	
	
	Chlorinated
	Unchlorinated

	Chlorinated
	Unchlorinated






	Lab
	Lab
	Type
	blankpage2.pdf
	ENVIRONMENT AGENCY
	Methods for the Examination of Waters and Associated Materials
	
	
	
	
	Part 1 - Water quality and public health
	Part 3 - Practices and procedures for laboratories
	Part 4 - Methods for the isolation and enumeration of coliform bacteria and Escherichia coli (including E. coli O157:H7)
	Part 5 - A method for the isolation and enumeration of enterococci by membrane filtration
	Part 7 - Methods for the enumeration of heterotrophic bacteria by pour and spread plate techniques




	Contents
	
	
	About this series




	1Introduction
	2Tastes and/or odours in drinking waters
	3Assessment of tastes and/or odours in drinking water
	4Aesthetic problems in drinking water
	5Sampling
	
	6References


	Members assisting with this booklet


	p22part6.pdf
	3Results and discussion
	Table 1Numbers and types of waters and isolates of presumptive Clostridium perfringens analysed by 13 participating laboratories

	p25part6.pdf
	Table 3NMLG reactions of acid phosphatase-positive and acid phosphatase-negative presumptive Clostridium perfringens isolates from various waters
	Cl. perfringens
	Cl. perfringens
	Cl. perfringens
	
	
	Cl. beijerinckii / Cl. butyricum
	
	
	Cl. bifermentans







	p24part6.pdf
	Table 2Summary of comparative results from NMLG tests and acid phosphatase test for presumptive Clostridium perfringens isolated from various waters
	NMLG profile


	p262828B.pdf
	Cl. perfringens
	Cl. perfringens
	Cl. perfringens
	
	
	Cl. beijerinckii / Cl. butyricum
	
	
	Cl. bifermentans






	4Conclusions
	5References
	6Acknowledgements

	Address for correspondencep30.pdf
	Members assisting with these methods

	aboutthisseries.pdf
	FEB20b
	Methods for the Examination of Waters and Associated Materials
	A1 Introduction
	A4 Principle
	A6 Health and safety
	A8 Reagents

	A9.2.4 Concentration of particulates from filter washings by centrifugation
	A12 Quality assurance
	B1 Introduction
	B3 Definitions
	B4 Principle
	B5 Limitations
	B6 Health and safety
	B7 Apparatus
	B8 Reagents
	Figure B2 Observed symptoms of excessive aspiration speeds
	B10 Calculations
	B12 Quality assurance
	B13 References
	Intestinal species
	Multi-site species
	References
	Phase 1 study - Data from the comparison of a trial method and reference method for recovering and enumerating Cryptosporidium oocysts - single laboratory study.
	   Difference
	Number
	Between sites

	Phase 2 study - Data from the comparison of a trial method and a reference method for recovering and enumerating Cryptosporidium oocysts - inter-laboratory study
	Mean 
	Range

	Phase 1 study - data from trial IMS-1 method and a reference IMS-2 method for the recovery of Cryptosporidium oocysts - single laboratory trial
	Mean 

	Phase 2 study - data from the trial IMS-1 method and the reference IMS-2 method for the recovery of Cryptosporidium oocysts - inter-laboratory study
	Mean 
	Between sites
	Table 3.1 Statistical analysis of a previous reference IMS method with a new reference IMS method


	Paired sample
	Previous reference

	Difference
	Previous reference IMS method
	Conclusion
	“Flask”- or “pear”-shaped body
	“Flask”- or “pear”-shaped body
	“Flask”- or “pear”-shaped body
	Striated body



	addressfor corres in PART6.pdf
	Members assisting with these methods

	blank.pdf
	Methods for the Examination of Waters and Associated Materials
	About this series 8
	Warning to users
	F1 Introduction


	F6 Health and safety
	Tryptone soya broth       30 g
	Water         1 litre
	F8.2 Buffered peptone water(6)


	Peptone         10.0 g
	Sodium chloride        8 g
	Potassium chloride        20 mg
	Disodium hydrogen phosphate      1.15 g
	Polyoxyethylene-sorbitan monolaurate (for example, Tween 20) 0.5 ml


	Water          1 litre
	2.1 Confirmation of isolates from drinking water samples
	2.4 Source of ONPG discs for TNA plate method
	3 Results and discussion

	Table 1: Number of isolates confirming as non-E. coli coliform bacteria, non-E. coli faecal coliform bacteria or E. coli by either or both of the LPW and TW tube tests and TNA methods for the confirmation of coliform bacteria and E. coli


	LPW at 37 °C
	LPW at 44 °C
	E. coli

	LPW + TW at 44 °C
	All coliform bacteria

	Total
	Total
	Confirmed as E. coli
	Identification
	LPW +ve
	LPW -ve
	LPW +ve
	LPW -ve
	TW   +ve
	TW   -ve
	Buttiauxella agrestis
	Total (n = 152 isolates)


	4 Conclusions
	5 Acknowledgements
	6 References

	Members assisting with these methods







