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DEVELOPMENT OF A GCMS PROCEDURE FOR IDENTIFICATION OF
ORGANIC SUBSTANCES IN MATERIALS TESTING LEACHATES

SUMMARY

Two protocols have been drafted, in BSi format, for the conduct of leaching tests to
produce leachates from materials intended for use in contact with drinking water, and for
the analysis of these leachates for unspecified organic substances using GCMS. This latter
protocol was based on the use of a suite of various types of deuterium-labelled
compounds to ensure that the methodology utilised was appropriate to allow the
requirements of the protocol to be met.

A within-laboratory performance test of these protocols was undertaken using three
materials agreed with the Department. These materials were polyethylene pipe, glass-
reinforced polyester (GRP) pipe and bitumen-lined ductile iron pipe. This test
demonstrated that, with minimal amendment, the required performance (in terms of limit
of detection and relative standard deviations for detected compounds) could be met. The
only amendment required was dechlorination of the leachate samples prior to analysis, as
it became clear that antioxidants leached from materials could be oxidised by residual free
chlorine in the leachates obtained using chlorinated water.

Four laboratories were involved in the subsequent interlaboratory performance testing of
the protocols. These were WRc, The Water Quality Centre (Thames Water), KIWA (The
Netherlands) and Centre de Recherche et de Controle des Eaux, Paris (CRECEP)
(France). This testing showed that comparable results to those from the initial within
laboratory testing could be obtained for the internal standards, although difficulties were
encountered by two laboratories in detecting the most volatile internal standard. In one
case, the chromatographic conditions were such that this internal standard should have
been detected, and it therefore appears that the technique used for concentrating the
extract prior to GCMS analysis was inappropriate. In the other case, the laboratory
concerned did not comply fully with the GCMS protocol. Various criteria, such as the
recoveries of the internal standards, the quality of the procedural blanks, the consistency
of the ratios of the peak areas of the compounds detected and the internal standards, and
the consistency of the mass spectra obtained were used to evaluate the performance of the
protocols.

Provided they are strictly adhered to, the protocols are satisfactory, in that they allowed
organic compounds added to leachates from materials at known levels to be reliably
determined at concentrations in the range 1-10 pg I'. The limit of detection was about
0.75 pg I'. However, for compounds leached from the materials being tested the
performance was more difficult to assess and there were discrepancies between
laboratories, both in terms of compounds detected and in quantifying these compounds.
Some of discrepancies may have been due to an increased variation arising from the
leaching process itself, and some problems were caused by difficulties in assessing
whether compounds detected in both leachates and blanks were classified as originating
from the materials tested.

Some recommendations are given regarding possible improvements to the protocols.
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1. INTRODUCTION

New materials (e.g. pipes or pipe-lining materials) designed to come into contact with
drinking water, must be approved by the Secretary of State under Regulation 25(1)(a) of
the Water Supply (Water Quality) Regulations 1989. Tests on these materials are
requested by the Committee which advises the Secretary of State (CCM) in order to
provide both qualitative and quantitative information on compounds which may leach
from them. If some constituents of the materials are of particular concern, it may be
necessary to apply specific analytical methods for their quantification in leachates
produced. The CCM may also request analysis using a basic gas chromatography-mass
spectrometry (GCMS) method, intended to detect, identify and quantify unsuspected
contaminants in materials leachates.

The current recommended method is described in Annex F of the Drinking Water
Inspectorate's (DWI's) Guidance Note on the Approval of Substances and Products used
in the Provision of Public Water Supplies. This method was developed several years ago
by WRe, and outlines the general procedures to be used, but there may be considerable
variation in the way in which different laboratories undertaking the analysis apply these
procedures. Harmonised European standards for the testing of products for use in contact
with potable water are under development in CEN. When agreed, these standards must be
published as national standards within the EU and EFTA countries. In order to promote
the adoption of the concept that general survey GCMS analysis should be a requirement
for this type of materials testing, standardised procedures of known performance are
required. The Drinking Water Inspectorate (DWI) therefore issued an invitation to tender
for a consultancy contract on the development of protocols for leaching tests and an
analytical method involving GCMS for the identification of organic substances i
leachates produced from materials intended for use in contact with drinking water. WRc
were chosen to undertake the work.

The objectives of the work were as follows:

a)  to draft methods for the conduct of the leaching test and analysis by GCMS, based
on the procedures described in Annex A of the tender documents (Annex F of the
DWI Guidance Note on the Approval of Substances and Products used in the
Provision of Public Water Supplies);

b) to ensure that the test procedures are described precisely and unambiguously in
accordance with the requirements set out in BS 0, Part 3, 1991 (A Standard for

Standards);

c)  to establish the limits of deviation and detection for specific substances in three test
materials to be specified by the Department's Nominated Officer;

d) conditional upon the demonstration of satisfactory performance characteristics
following initial testing, to arrange collaborative testing of the three test materials in
four different laboratories, one of which would be the contractor's laboratory and



two of which would be located outside of the United Kingdom but within a member
state of the European Union;

e) to evaluate and report upon the performance of the test methods within the
participating laboratories; and

f)  conditional upon the completion of the collaborative trial confirming .the

achievement of acceptable performance characteristics by the participating
laboratories, to attend two briefing meetings with BSi Committees to present the
draft BS procedures, and to respond to any comments made by the Committees.

As the within-laboratory and interlaboratory performance testing generated significant
quantities of data from a total of 80 GCMS runs, this report generally contains summaries
of these data in Appendices C (within-laboratory performance testing) and D
(interlaboratory performance testing). The data tables from the interlaboratory
performance testing are given in Appendix E, which forms a separate volume of this
report. The complete data reported by each laboratory, including mass spectra for all of
the compounds detected in each GCMS run will be held, for reference, at WRc.



2. WORK PROGRAMME

2.1 Protocols

The initial requirement was to draft two protocols, one for the leaching test and the other
for the GCMS analysis of the leachate produced.

Laboratory leaching tests on materials in contact with drinking water usually consist of
sequential stagnation periods, during which a test sample (of specified surface area) of the
product under test is in contact with a specified volume of test water. Contaminants
leaching from the material during that period are then determined in the test water. The
test protocol described in Annex F of the Guidance Note on the Approval of Substances
and Products used in the Provision of Public Water Supplies specifies three sequential
stagnation periods of 24, 48 and 72 hours. The test protocol currently under development
through CEN is based on three 72 hour periods.

It was considered inappropriate to draft a leaching test protocol for all types of materials
which would require testing for CCM purposes. The main purpose of the pro:ocol, in this
instance, was to ensure as far as possible that identical leachates were produced by each
laboratory undertaking GCMS analysis of the leachates. The protocol is therefore limited
to non-metallic (non-cementitious) factory-produced products. A single leaching period of
72 hours was chosen, as slight variations (e.g. + 1-2 hours) would be unlikely to be
significant.

The protocol for the GCMS analysis covers the internal standards to be used, the
extraction technique, the GCMS operating parameters, the production of the required
GCMS outputs and the basis for quantification. It was considered desirable to draft this
protocol to allow various manufacturers equipment to be used. Therefore the required
performance of the method is generally based on the internal standards rather than the
equipment, although some minimal equipment specifications are included.

These protocols are presented in Appendix A (leaching tests) and Appendix B (GCMS
general survey analysis) of this report.

2.2 Materials used for performance testing of the protocols

Following consultation with the Nominated Officer, three materials were chosen to check
the performance of the protocols. These were as follows:

25 mm (nominal) ID polyethylene pipe, obtained from and manufactured by BP;

50 mm (nominal) ID glass-reinforced polyester pipe (GRP), obtained from and
manufactured by Deutsche Fibercast GmbH; and



100 mm (nominal) ID bitumen-lined ductile iron pipe, obtained from Thames Water
and manufactured by Stanton and Staveley.

Sufficient lengths of each of these pipes were obtained to allow all of the experimental
work (within-laboratory and interlaboratory performance testing) to be undertaken with
the same batch of each of the materials. The polyethylene pipe was donated by BP.

2.3 Laboratories undertaking performance testing

An initial assessment of the performance of the two protocols was undertaken at WRc.
The subsequent interlaboratory performance testing was undertaken by WRc and the
following laboratories, chosen on the basis of their considerable experience of the use of
GCMS for the analysis of leachates from materials:

The Water Quality Centre (Thames Water) (UK);
Centre de Recherche et de Controle des Eaux (CRECEP) (Paris, France); and

KIWA N.V. (Nieuwegein, The Netherlands).



3. RESULTS

3.1 Protocols

3.1.1 Leaching tests
This protocol is presented in full in Appendix A.
The principle is as follows:

"Following a pre-washing period, the pipe test sample is filled with test water with which
it is kept in contact for 72 hours at 25°C. The resulting leachate, and an appropriate
corresponding procedural blank, are then analysed in accordance with the protocol
'GCMS general survey procedure for the analysis of leachates produced from leaching
tests conducted on materials for use in contact with drinking water’. For each product
leachates with chlorinated and unchlorinated test water are prepared.”

The protocol provides specifications for the test water and chlorinated test water, detailed
instructions for the leaching tests, and the defined requirements for a test report on the
leaching tests.

No amendments to this protocol were deemed necessary following the initial within
laboratory testing undertaken by WRc.

The protocol was supplied to the laboratories carrying out the inter-laboratory testing
several weeks prior to the commencement of these tests, to allow time for familiarisation
with the contents and resolution of any uncertainties regarding its application.

3.1.2 GCMS protocol
This protocol is given in full in Appendix B.
The principle is as follows:

"Leachate samples and procedural blanks obtained using chlorinated test waters should be
dechlorinated immediately following the completion of the leaching test, to prevent any
change in the concentration of compounds leached due to the continued presence of
residual free chlorine.

The leachate sample(s) and appropriate procedural blanks are spiked with the mixture of
isotopically labelled internal standard compounds, and solvent extracted with
dichloromethane. The extract is concenwated and analysed by GCMS. The mass
spectrometer is used in a repetitive full scan mode (mass range 20-700 amu) and the mass
spectra produced recorded by, and stored on, the GCMS data system.



A range of internal standards is added to the samples at known levels in order to (a) allow
compounds detected to be quantified, and (b) to provide quality control. This latter aspect
is particularly important in this type of analysis, where the compounds to be analysed are
not known until the analysis has been undertaken. The internal standards are chosen to
represent various types of compounds which may typically be present in water samples,
and isotopically labelled compounds are used to ensure that the internal standards are only
present in the samples due to deliberate addition. Provided that the standards are carefully
selected they may be distinguished mass spectrometrically from any naturally occurring
analogues which may be present.

Whenever possible each compound detected is identified. The methods used to identify
organic compounds from their mass spectra do not form part of this protocol, but further
information on this subject is provided in the Appendix. Each compound detected may be
quantified by reference to the isotopically labelled internal standards.” '

Several of the internal standards selected were those listed in Annex F of the DWI
Guidance document. However two additional new internal standards were included, as
experience of analysing leachates from various materials suggested that it would be useful
to have an internal standard which was analogous to an anti-oxidant, and a late-eluting
(i.e. high boiling point) internal standard, as many compounds present in leachates eluted
a considerable time after the least volatile of the standards listed in Annex F
(dio-phenanathrene) in a general survey GCMS run. The two additional standards were
do-BHT  (dpo-2,6-di-t-butyl-4-methyl-phenol) and de-squalane (de-2,6,10,15,19,23-
hexamethyltetracosane). The total list of internal standards was as follows:

ds-benzene d;o-phenanthrene
do-BHT ds-phenol
ds-chlorobenzene de>-squalane
das-hexadecane djo-p-xylene

ds-naphthalene

Two different internal standard solutions are used in the protocol. Both of these contain
all of the compounds listed above, but the concentrations of the compounds differ. One
solution (in which the concentrations of the internal standards are in the range 1-16 ng pl?
is used to ensure that the chosen GCMS conditions meet the specification of the protocol
and that the GCMS system is performing satisfactorily. The other internal standard
solution (in which the concentrations of the internal standards are in the range
5-80 ng nl™) is used as a spiking solution to add the internal standards to the samples at
the correct concentration.

The concentration of the internal standards in the spiking solution, the volume of this
solution added to each sample, and the sample volume are such that three of the internal
standards (ds.-hexadecane, ds-naphthalene, and d;o-p-xylene) are present in the sample at
0.5 pg I, three (ds-benzene, ds-chlorobenzene and dio-phenanthrene) are present at
2 ngl”, and the remaining three (dx-BHT, ds-phenol and dg;-squalane} are present at
8 pg I'. These levels were chosen to allow the protocol to be performance tested over the
range 0-10 pg 17, and to establish the limit of detection.



A check on the effectiveness of the extraction and concentration procedures during the
production of the concentrated extract for GCMS from the leachate sample is provided by
the requirement that the recovery of three of the internal standards (ds-naphthalene,
present at 0.5 pg I'; dio-phenanthrene, present at 2.0 pg I'; de-squalane, present at
8.0 ug I'") must be in excess of 50%.

Operating conditions for the GCMS system are generally based on the int2rnal standards
used e.g. the most volatile internal standard (ds-benzene) must be detected and separated
from the solvent, and the least volatile internal standard (de;-squalane) must elute after
35 minutes. This requirement places constraints on the initial temperature of the GC
column, and it is now specified (following the inter-laboratory testing) that the
temperature programming rate cannot be greater than 8 °C min”, so that inappropriate
conditions cannot be used. Certain parameters are specified in terms of instrumental
performance e.g. the mass spectrometric resolution must be >700. This specification is
based on the knowledge that organic compounds with molecular weights up to 700 amu
can be detected in leachates from materials using GCMS. Unless the mass spectrometric
resolution is >700, the mass spectra obtained for such compounds are Ilikely to be
incorrect (the high mass ions may be incorrectly mass measured).

The performance of the GCMS system is monitored by ensuring that the response
obtained from a solution of the internal standards (the GC column check standard) does
not vary significantly (<30%) during the course of the analyses conducted, and that the
asymmetry of the peaks obtained for two of the internal standards (ds-naphthalene and
ds-phenol) is acceptable. The GC column check standard must be analysed prior to the
analysis of extracts from leachates, to demonstrate that the GCMS system performs
satisfactorily, and after every six extracts to ensure that the performance does not become
unacceptable during the course of a series of analyses.

It is considered that the specifications in the protocol should be met without difficulty by
most laboratories undertaking GCMS analysis for materials testing purposes, although it
is recognised that some may need to gain additional experience of appropriate
concentration techniques to ensure adequate recovery of all of the internal standards.

The information which should be presented in the test report is specified in the protocol.
Again, meeting these requirements should not present problems to competent
laboratories.

It was recognised that there could be a need for modifications to the protocol after the
within-laboratory and interlaboratory performance testing.

3.2 Within-laboratory performance testing of protocols

Following the protocol (3.1.1; Appendix A), leachates (one using chlorinated water, one
using unchlorinated water) were produced from each of the three chosen materials on two
separate occasions. This gave twelve leachates. Blanks were also produced on each
occasion for each water type, a total of four. Thus sixteen leachate samples were
submitted for GCMS analysis.



Concentrated extracts (in dichloromethane) were produced from the leachate samples,
following the procedures in the GCMS protocol (3.1.2; Appendix B). These extracts were
then examined by GCMS, using conditions which complied with the requirements of the
protocol. :

As noted above (3.1.2), internal standards were added to all of the samples at known
levels to allow the protocols to be performance tested. Compounds leached from the
materials tested could not be used for this purpose as their true concentration in the
leachates was not known. The range of interest for the performance testing had been
defined as 0-10 pg”, and it was necessary to demonstrate that a detection limit of
<1 pgI” could be achieved. The internal standards added to the samples at 2 pg I
(d¢-benzene, ds-chlorobenzene and dyo-phenanthrene) represent the lower end of the range
of interest, those added at 8 pg 1" (dx-BHT, ds-phenol and de-squalane) represent the
higher end of the range of interest, and those added at 0.5 pg I' (dss-hexadecane,
dg-naphthalene and djo-p-xylene) were used to establish the limit of detection.

The data for the internal standards obtained from the GCMS runs are presented in
Appendix C, and is summarised below. The data tables for each GCMS run, which
include details of all of the compounds detected, are also included in Appendix C.

The requirement to demonstrate that satisfactory recoveries (>50% for three specified
- internal standards) had been achieved during the extraction/concentration steps of the
analysis was satisfied. The average recoveries were as follows:

* ds-naphthalene - 55%
. djo-phenanthrene - 69%
e  de-squalane - 77%

The relative standard deviation (RSD) of the peak areas for the internal standards ranged
from 21% (for d;o-phenanthrene, present at 2.0 pg ") to 49% (for d-BHT, present at
8.0 pg I'"). For the internal standards present at 0.5 ng I' (dio-p-xylene, ds-naphthalene
and dss-hexadecane) the RSD was between 28% and 32%. Based on these RSD values,
the limit of detection (LOD; calculated on the basis of 4.65 X standard deviation) for these
three internal standards is about 0.75 pg I, which is below the desired LOD (1 ng ™.
Ignoring the high RSD for d-BHT (which is addressed below), the RSD values for the
remaining internal standards present at either 2.0 or 8.0 ng I' were between 21% and
42%, which is considered acceptable for this type of complex analysis.

In terms of quantification of other compounds detected in GCMS runs on extracts from
leachate samples, the likely RSD has been calculated by ratioing the responses of the
internal standards to the response obtained for dg-squalane, and determining the RSD for
each of these ratios. This suggests that RSD values in the range 25-46% are obtained
when using a response from an internal standard to quantify another detected compound.



The high RSD found for d-BHT was initially considered surprising, but on closer
examination it was apparent that on average the response was considerably lower (by
about 25%) for the leachates produced using chlorinated water, compared to the
leachates produced using unchlorinated water. Indeed, for one chlorinated water leachate,
no dyo-BHT was detected. Also the RSD for dyo-BHT (64%) was higher in the chlorinated
water leachates than in the unchlorinated water leachates (35%). It was considered that
this problem with d,-BHT was caused by residual free chlorine in the chlorinated water
leachates, which was oxidising this internal standard. The time delay between spiking the
leachate samples and the extraction step was always less than thirty minutes, so this
reaction is obviously rapid. This finding suggests that unless dechlorination is included in
the procedure, extremely variable results will be obtained for any antioxidants present in
leachates produced using chlorinated water. Therefore, prior to the interlaboratory
performance testing, the GCMS protocol was amended to include a dechlorination step,
so that any residual free chlorine was removed before addition of the internal standards.

On the basis of these results, it was recommended that the interlaboratory performance
testing of the protocols should proceed, provided a dechlorination step was incorporated
into the GCMS protocol. This recommendation was agreed by DWL

3.3 Interlaboratory performance testing of protocols

The laboratories involved in the interlaboratory performance testing of the protocols were
sent copies of the two protocols (Appendix A; Appendix B) several weeks prior to the
commencement of the exercise, so that staff involved with this work had an opportunity
to study them and query any ambiguities or points that were unclear. Examples of the
output reports that were specified in the protocols were included.

Some telephone discussions took place regarding potential difficulties relating to the
identification of compounds detected by GCMS in the concentrated extracts from the
materials leachates. It was agreed that since the primary aim of the exercise was to
establish the performance of the protocols, the identity of the compounds detected was of
secondary importance. The GCMS protocol includes a requirement to supply a mass
spectrum of each compound detected which is considered to have leached from the test
material, so it would be possible to carry out comparisons of the data produced by each
laboratory (simply by checking the mass spectra to ensure that the same compounds had
been detected) even if some of the detected compounds were not identified.

Following the agreement of the Department to the interlaboratory exercise, sufficient of
each of the three materials to carry out the leaching tests was sent to each laboratory.
Additionally, two solutions of the mixtures of internal standards were sent to the
participants. One solution contained the internal standards at the correct concentration for
use in checking that the GCMS system operating conditions conformed to the
specification in the GCMS protocol, and the other solution contained the internal
standards at the correct concentration for spiking the leachate samples prior to applying
the extraction/concentration procedures described in the GCMS protocol.



Following the completion of the performance testing exercise, the results were sent to
WRc for collation and assessment in terms of:

. recoveries of the internal standards;
] limits of detection for the internal standards;
. quality of the procedural blanks;

. consistency of the retention times of the internal standards and peaks
detected;

. consistency of the ratios of peak areas of the compounds detected and the
internal standards;

° consistency of the mass spectra;

e consistency of identification of the peaks detected.

3.3.1 Results produced by WRe

The protocol for the production of leachates (Appendix A) was used, as for 3.2, resulting
in sixteen samples for GCMS analysis. These were then analysed using the amended
GCMS protocol, with addition of ascorbic acid solution to dechlorinate the samples as
soon as the leaching period was over.

The data for the internal standards obtained from the GCMS runs are presented in
Appendix D, while the data tables for each GCMS run are presented in Appendix E (a
separate volume of this report).

Generally, compared to the initial within-laboratory performance testing, there was an
improvement in the data produced. The RSD of the peak areas for the internal standards
ranged from 15% (for ds-chlorobenzene and d;o-phenanthrene in the first batch of samples
analysed) to 52% (for ds;-hexadecane in the first batch). Obviously the inclusion of the
dechlorination step resulted in the marked change noted for dao-BHT (RSD reduced from
49% to 16% (batch 1)-23%(batch 2)). The recoveries of the specified internal standards
were also improved.

The quality of the procedural blanks was considered acceptable, although a series of
hydrocarbons was detected at low levels. It is known that there was a laboratory problem
at the time relating to the cleanliness of the glass-wool used to remove any ice frozen out
of the solvent extracts prior to their concentration. There was a marked improvement in
the chlorinated blanks, as no chlorinated artefacts (produced by reaction of residual free
chlorine with a stabiliser (amylene) in the dichloromethane used for the solvent extraction)

were detected.

The retention times of all the internal standards were consistent to within a few seconds.
When the variation was expressed as a percentage, the coefficients of variation (%RSD)

10



were in the range 0.02-0.20%. The consistency of quantification of detected compounds
was generally as good as expected, with RSDs of about 50%, but there was some
inconsistencies in the detection of compounds present at concentrations below 1 pg I
Similarly, for compounds apparently present at less than 1 ng I', there were some
inconsistency in the mass spectra obtained. For compounds present at higher levels this
was not a problem, although it was noted that for compounds present at levels >100 pg I!
the mass spectra were beginning to saturate.

3.3.2  Results produced by The Water Quality Centre

The data obtained for the internal standards from the GCMS runs are presented in
Appendix D, while the data tables listing the compounds detected in each GCMS run are
in Appendix E.

Peak areas were provided for all of the internal standards in most of the GCMS runs on
the extracts. The only exception was ds.naphthalene which could not be quantified in the
extracts from the leachates from the GRP pipe. This was due to the fact that this standard
co-eluted with benzoic acid, which was present in these leachates at very high levels.
Generally, the %RSD of the peak areas for the internal standards were within the range
15-51%, although the majority were within the range 15-40%. The %RSD for the internal
standards present at 0.5 pg I are consistent with a detection limit of <1 pg I'. The
retention times of the internal standards were consistent, with %RSD being between
0.07% and 1.06%.

There were some inconsistencies in the identification of compounds detected in the
leachates, particularly when the levels were <1 ng 1'. This is assumed to be partly due to
the fact that one analyst undertook the mass spectral data interpretation for the "Batch 1"
samples, while another analyst independently interpreted the "Batch 2" data.

3.3.3 Results produced by CRECEP

The data obtained for the internal standards from the GCMS runs are presented in
Appendix Dj; the data tables listing the compounds detected in each GCMS run are in
Appendix E.

Unfortunately this laboratory did not fully comply with the GCMS protocol, either for the
conditions to be used for the GCMS analysis, or with respect to the reporting
requirements. In the former case, the GC column used for the analysis was only 25m
long, rather than at least 50 m long, as specified in the protocol and although the
requirement that the retention time for the least volatile internal standard (ds,-squalane)
should be at least 35 minutes was met, the means of achieving this were inappropriate. As
a result, the most volatile internal standards (ds-benzene) could not be detected, even in
standard solutions.

The reporting requirements of the protocol demand that the mass spectra of all of the
compounds detected in the extracts of the various leachates, which are considered to have
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arisen from the material tested, should be included in the report detailing the results of the
test. Also, where compounds could not be identified, the tabulated results should have
reported the four most intense peaks in the mass spectrum, in decreasing order of
intensity. CRECEP only provided some examples of the mass spectra obtained, and did
not list the most intense peaks in the mass spectra of the unknowns. This made it
impossible to satisfactorily compare their data with data from other participating
laboratories.

From the data submitted the variation in the recoveries of the internal standards,
expressed as %RSD, ranged from 10% to 96% and as already noted ds-enzene was not
detected. The reproducibility of the GC retention times of the internal standards was
affected by the fact that different GC columns were used for some of the work. However
for the GCMS runs for the extracts from the "Batch 2" samples, the %RSD for the
internal standards detected was in the range 0.06-1.01%.

3.3.4 Results produced by KIWA

The data obtained for the internal standards from the GCMS runs are presented in
Appendix D and the data tables listing the compounds detected in each GCMS run are in
Appendix E.

KIWA did not fully comply with the requirements of the protocol, as the most volatile
internal standard (d¢-benzene) was not detected in the extracts from the leachates. As this
standard could be detected by them in GC standard solutions, it is assumed that this was
due to its loss during the concentration procedure employed. KIWA also provided results
as means of results from the two batches of leachates, so it is not possible to assess
between batch variability. Additionally, as Kovats indices were used rather than retention
times, it has not been possible to assess the variability of the absolute retention times.
However, the variability of the responses for the internal standards present at 0.5 pg I!
was good (within the range 8-15%), which indicates that the limit of detection of <1 pg 1!
was achieved.

o«
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4. DISCUSSION

The objective of this work was to establish whether the written protocols, when used by
laboratories with experience in materials testing, would ensure that consistent results
could be achieved for organic compounds leached from materials under test. The results
produced have been assessed to gauge how far this aim has been achieved.

For the internal standards, which were the only compounds present at known levels, the
performance of the protocols in terms of limits of detection and performance in the range
1-10 pg I'' have been assessed. Attempts have also been made to assess the performance
of the protocols in relation to compounds leached from the materials under test, the
criteria used being the peaks detected in the extracts from the leachates and their
identities, their reported concentrations and the quality of the mass spectra.

On the basis of the results for the internal standards, three of which were present at
0.5 pgI" three at 2 pg 1" and three at 8 pgl”, the limit of detection (based on 4.65 X the
standard deviation of the internal standards present at the lowest concentration) found by
three of the laboratories was less than 1 pg 1. For the remaining internal standards, which
covered the range of interest (1-10 pg 1), the relative standard deviations found by these
three laboratories were in the range 8-52%, the majority being in the range 15-30%.
However, one of these laboratories did not detect the most volatile internal standard (de
benzene) and therefore did not comply fully with the protocol. This laboratory also
reported the reported the results as means of the two batches, and therefore the %RSD
values are not strictly comparable to those reported by the other laboratories. The results
from the fourth laboratory were not satisfactory, either with respect to the lLimit of
detection or performance in the range 1-10 pg 1!, but as the GCMS protocol was not
followed (e.g. the GC column used was only 25 m long, rather than at least 50 m; the GC
temperature programme was inappropriate) this is perhaps not surprising and does serve
to illustrate the fact that following the protocol does lead to better results. The results for
the internal standards are summarised in Table 4.1, and are given in full in Appendix D.

The data have also been assessed with respect to the compounds detected in the extracts
from the leachates. However this assessment is not as straightforward as that of the
performance for the internal standards, as it is not known with certainty which of the
detected compounds are derived from the materials under test, and their true
concentrations are not known. The variability of the leaching process will also affect these
data.

For simplicity, and because the limit of detection required by the general survey GCMS
protocol was 1 pg I, only compounds with reported concentrations =1 pg I were
considered. Lower reported concentrations were considered where the same compound
was also reported in another leachate from the same product at a concentration above
1 pg1™. Tables 4.2 to 4.4 summarise the number of peaks detected whose concentrations
were above 1, 5, 10, and 100 pg I'' in each leachate extract, and considered by the testing
laboratory to originate from the test samples. Tables 4.5 to 4.10 show the compounds

13
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Table 4.2 Summary of GC-MS peaks detected in leachates from the
polyethylene pipe

Number of peaks detected at concentration

Product Leachate >Ipgl’ >5pgl’ >10pgl! >100pgl’ Named Unknown

PE-U WRcl-a 3 0 0 0 1 2

-b 8 0 0 0 0 8

II-a 3 0 0 0 0 3

-b 2 0 0 0 0 2

WQC-a 9 1 0 0 6 3

-b 4 0 0 0 3 1

CRECEP-a 5 2 0 0 3 2

-b 2 0 0 0 2 0

KIWA-a/b S 0 0 0 2 3
MIN 2 0 0 0
MAX 9 2 0 0
MEAN 4.6 0.3 0 0

PE-Cl1 WRcl-a 9 3 0 0 5 4

II-a 2 0 0 0 0 2

-b 1 0 0 0 1 0

WQC-a 0 0 0 2 2

-b 15 2 0 0 10 5

CRECEP-a 2 1 0 0 0

-b 2 1 1? 0 1 1

KIWA-a/b 1 0 0 0 1 0
MIN 1 0 0 0
MAX 15 3 1? 0
MEAN 4.5 0.9 0.1 0
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Table 4.3 Summary of GC-MS peaks detected in leachates from the GRP
pipe

Number of peaks detected at concentration

Product Leachate  >1pgl! >5pgl' >10pgl’ >100pgl’ Named Unknown

GRP-U WRcl-a 9 3 3 0 5 4
-b 10 8 6 0 7 3
II-a 9 2 2 0 5 4
-b 8 2 2 0 4 4
WQC-a 12 6 2 1 8 4
-b 19 6 4 0 14 5
CRECEP-a 2 2 2 1 2 0
-b 4 3 1 1 4 0
KIWA-a/b 4 3 0 0 4 0
MIN 2 2 0 0
MAX 19 8 6 1
MEAN 8.6 3.9 24 0.3
GRP-Cl WRcl-a 11 6 5 1 7 4
-b 13 8 7 1 9 4
II-a 8 4 2 1 5 3
-b 7 2 2 1 4 3
WwQC-a 19 10 6 1 12 7
-b 21 8 4 1 15 6
CRECEP-a 6 4 2 1 6 0
-b 4 4 1 1 4 0
KIWA-a/b 11 4 1 0 7 4
MIN 4 2 1
MAX 21 10 7 1
MEAN 11.1 5.6 3.3 0.9
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Table 4.4 Summary of GC-MS peaks detected in leachates from the
bitumen-lined ductile iron pipe
Product Leachate >1pgl' >SpgI' >10pgl? >100pgl’ Named Unknown
Unkniown
Bitumen-U WRcl-a 0 0 0 0 0 0
b 0 0 0 0 0 0
II-a 1 0 0 0 0 1
b 0 0 0 0 0 0
WQC-a 5 2 1 0 5 0
b 10 1 0 0 6 4
CRECEP-a 0 0 0 0 0 0
-b 0 0 0 0 0 0
KIWA-a/b 4 1 0 0 3 1
MIN 0 0 0 0
MAX 10 2 1 0
MEAN 2.2 04 0.1 0
Bitumen-Cl WRcl-a 2 0 0 0 1 1
Ib 3 1 0 0 2 1
II-a 0 0 0 0 0 0
b 1 0 0 0 0 1
WQC-a 13 2 0 0 10 3
-b 13 0 0 0 11 2
CRECEP-2 0 0 0 0 0 0
-b 0 0 0 0 0 0
KIWA-a/b 5 0 0 0 3 2
MIN 0 0 0 0
MAX 13 3 0 0
MEAN 4.1 0.3 0 0
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identified, or partially identified, by each laboratory in the extracts from the leachates of
the three pipes, tested with and without chlorine.

The results show that a reasonable degree of consistency has been achieved particularly in
the following respects:

. Most of the compounds detected in the leachates of both the polyethylene
(PE) and bitumen coated ductile iron pipes were present at concentrations
below 5 pg 1.

. Most laboratories detected peaks above 10 pg I' in the unchlorinated
leachates of the glass reinforced polyester (GRP) pipe and generally increased
leaching in the chlorinated leachates.

. With some exceptions, the major contaminants were detected and identified
by all laboratories, e.g. benzaldehyde, benzoic acid, dibuty! phthalate (GRP),
dimethylsuccinate (PE).

Overall, however, the consistency of the results has not been as good as was expected, for
the following reasons: '

. The total number of compounds considered to originate from the test sample,
and reported at concentrations of =1 pg I' in the leachates of the same
product varied widely, sometimes within the same laboratory but more often
between laboratories (Tables 4.2 to 4.4). The within-laboratory variation may
well be due to the fact that, in some instances, different analysts undertook
the data interpretation for the two batches of extracts from the leaching tests.

] Compounds with comparable retentions and concentrations were judged by
some laboratories to originate from the test sample in certain leachates, but as
procedural contaminants in other leachates from the same product (e.g.
phthalates from GRP).

] Benzoic acid, detected in 15 extracts from GRP leachates at concentrations
ranging from 50 to 570 pg 1", was not reported in one leachate from one
laboratory (although on checking the data it was found to be present) and not
at all by another laboratory.

. Toluene, which is volatile and hence elutes soon after the solvent on most GC
column (although it elutes later than de-benzene, the most volatile internal
standard, and should therefore have been detected (if present in the extracts
from the leachates) by all laboratories), was detected in all 6 PE leachates by
one laboratory but reported by only one other laboratory in one extract.

Some of the differences could well be due to within- and between-laboratory variations in
the actual concentrations in the leachates. Additionally, not all details of the details of the
GCMS protocol were strictly followed, e.g.
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. under the GC conditions used, d¢-benzene, the most volatile internal standard,
could not be determined by two laboratories; in one case this was due to
inappropriate conditions and in another appears to have been due to its total
loss during the concentration stage of the extraction procedure. The GCMS
protocol does emphasise the requirement to be able to detect this internal
standard. One laboratory, in order to meet the requirement that de;-squalane
should elute after 35 minutes, chose to use a temperature programme
involving a rapid initial increase in temperature (from 35 °C to 65 °C at
10 °C min-1, immediately following the injection of the extract) followed by a
reduction in the programming rate (4 °C min™).

. results were not adequately reported e.g. in one instance, many detected
peaks were reported without any MS information (the protocol specified that
the four most intense peaks in the mass spectrum of each detected compound
considered to originate from the material under test should be listed) and
without making it clear whether the reported peaks originated from the test
sample.

. there was inadequate control of the GC column performance over a large
batch of GCMS analyses, where a possible increase in column adsorption at
the end of the run would not be detected and, consequently, polar compounds
such as benzoic acid might not give detectable peaks; the inclusion of a more
polar internal standard (e.g. a deuterated carboxylic acid such as
dz; hexadecanoic acid) could be used to check for such losses.

In all laboratories it seems to be impossible, under routine conditions, to ensure that the
levels of procedural/solvent contaminants is below 1 pg I'. Therefore the results for
compounds known to occur as contaminants, and which are detected at concentrations of
up to 5 pg I in one batch of leachates, are likely to be unreliable since it is difficult to
judge whether the increased concentration of such contaminants in the extracts from the
leachates is genuinely due to leaching from the sample or due to a variation in the
procedural contamination. Compounds such as aromatic hydrocarbons and chlorinated
solvents (often present in laboratory atmosphere) and phthalates are of concern in this
respect as they are frequent contaminants in procedural blanks (sometimes detected at
concentrations above 10 pg 17, or even 100 pg ") and are known to leach from plastic
materials. For example, toluene is known to leach from PE and phthalates from GRP
materials. The large concentrations of contaminants found in some instances should,
however, be minimised by better quality control.

It is quite likely that a number of the unknowns compounds reported by one laboratory
are the same compounds reported as unknowns, or identified compounds by another
laboratory. Where, from the tables of results provided, it was highly probable that an
unknown is the same as an identified compound, they have been included in Tables 4.4 to
4.9 in brackets. However, between laboratory comparisons were difficult because:

. GC peak retentions were expressed in different ways (absolute and relative
retention times, scan numbers, Kovats Indices);

25



GC columns of different polarity, run under different operating procedures
were used (the GCMS protocol does not specify the type of column to be
used or the exact operating conditions, but does provide specifications based
on the GC behaviour of the internal standards); '

the four major ions reported for the unknowns varied for the same compound
both within and between laboratories, although the latter variation was more
marked; while it should have been possible to resolve uncertainties by
- referring to GC retention times, as different GC columns and temperature
programming rates were used by different laboratories, comparisons can
sometimes be difficult and may require input from experts;

detailed comparisons of the mass spectra were very time consuming, and
again required input from experts; also not all of the relevant mass spectra
were provided (as required by the protocol) by all laboratories.
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Leaching tests for factory made or factory applied organic products for

use in contact with drinking water.

Procedure for the preparation of leachates for the validation of general survey gas
chromatography - mass spectrometry (GCMS) method

1 Scope

This protocol describes the procedure for the
preparation of leachates from factory-made
or factory-applied organic products. The
leachates are to be used for the identification,
by general survey gas chromatography- mass
spectrometry (GCMS) analysis, of
unsuspected contaminants leaching from the
material into water.

It has been prepared specifically for three
products, i.e.

e 2.5-cm internal diameter (i.d.)
polyethylene pipe (PE)

* 5 cmi.d. glass reinforced polyester pipe
(GRP)

e 10-cm i.d. bitumen-coated ductile iron
pipe (Bitumen)

as leachates from these products are to be
used for the validation of the general survey
GCMS method. However, it may be applied
to other pipes (except cementitious pipes)
with i.d. up to about 10 cm.

2 Definitions

For the purposes of this procedure, the
following definitions apply:

2.1 Test piece (TP). A part of the product to
be tested that has been received by the testing
laboratory and has been prepared in the same
way as the product and has had no additional
treatment.

2.2 Test sample (TS). One or more test
pieces used in a single leaching test, which

provide the required S/V ratio and sufficient
volume of the leachate for analysis

2.3 Test water (TW). Specified water for
the leaching test

2.4 Chlorinated test water (TW+ Cl).
Specified water for the leaching test
containing free chlorine.

2.5 Leachate . The aqueous solution
resulting from keeping the test sample in
contact with the test water under the
specified test conditions.

2.6 Procedural blank (PB). For laboratory
tests, a test water sample, known to contain
negligible levels of contamination which
would interfere with the analysis. PB is
subjected to the same test conditions (test
water, test temperature, leaching periods,
stoppers, etc.) as the TS, but does not come
into contact with the TS.

2.7 General survey GCMS. The acquisition
of a series of mass spectra (up to several
thousand) during the entire course of a gas
chromatographic run, by operating the mass
spectrometer in a continuous cyclic scanning
mode over a wide mass range. The purpose
of operating in this mode is to attempt to
detect as wide a range of compounds as
possible. Typical operating conditions would
include a mass range of 20-700 amu, with
total cycle times for this mass range of
approximately one second.

2.8 Surface to volume ratio (S/V). A ratio
of the surface area of the test sample exposed
to the test water to the volume of the test
water. The units are expressed as cm? /ml.
For cylindrical pipes S/V = 4/(internal
diameter in cm).



3 Principle

Following a prewashing period the pipe test
sample is filled with test water with which it
is kept in contact for 72 hours at 25°C.

The resulting leachate, and an appropriate
corresponding procedural blank, are then
extracted and analysed in accordance with the
protocol "GCMS general survey procedure
for the analysis of leachates produced from
leaching tests conducted on materials for use
in contact with drinking water".

For each product leachates with chlorinated
and unchlorinated test water are prepared.

4 Reagents
For the purpose of this procedure, the
following apply:

NOTE. COSHH assessment (or, outside the UK,
alternative risk assessments) should be consulted for all
reagents to ensure that they are handled in the -
recommended manner.

4.1 Tap water. With a free chlorine content
less than 0.2 + 0.05 mg -1,

4.2 Test water. The requirement for the test
water is that it shall be chlorine free,with a
total organic carbon (TOC) concentration of
Tess than 0.2 mg 1-1 and shall not contain
organic contaminants which may interfere
with the GCMS analysis of the leachates.

~ Any new supply of test water shall be
analysed before performing any leaching
tests to demonstrate that the level of any
impurities present do not interfere with the
detection of contaminants leaching from the
TS or the internal standards used in the
GCMS analysis.

" NOTE.Glass distilled or deionised water passed
through granular activated carbon should meet these
requirements. For a batch of TSs a single batch of test
water should be used for the preparation of all
leachates and procedural blanks and the volume should
also be sufficient to perform the specified prewashing.
Thus a single batch of test water should be prepared
and stored in a glass storage vessel.

4.3 Chlorinated test water. TW according
to 4.2 but having a free chlorine content of 1

+ 0.2 mg -1, prepared by adding a
sufficient quantity of a sodium hypochlorite
solution (see 4.4). Determine the free
chlorine concentration accurately in
accordance with a recognised method
(Standing Committee of Analysts "Chemical
Disinfecting Agents in Waters and Effluents
and Chlorine Demand” (1980) published by
HMSO, ISBN 0117514934, 1SO 7393-2, or a
national equivalent).

4.4 Sodium hypochlorite solution.
Prepared from a commercial solution of IN
sodium hypochlorite (NaOCl) and having a
known concentration of about 0.1% by mass
of free chlorine.

.NOTE. The sodium hypochlorite solution is not stable

and should be prepared on the day of use.

4.5 Non-ionic detergent solution. Add 600
ml + 10 ml of non-ionic detergent
concentrate to 15 + 0.1 1 of mains tap water
and mix well. Replace the solution after two
weeks, or when it becomes opaque,
whichever is the sooner.

4.6 Hydrochloric acid. Concentrated
(30%m/v) analytical reagent grade

4.7 Approx. 10% v/v Hydrochloric acid
solution. Slowly add 1.5 4+ 0.11 of
concentrated hydrochloric acid to 13.5

+ 0.1 1 of mains tap water while constantly
stirring, and mix well. Replace the solution
on a monthly basis.

5 Apparatus

5.1 General. Contamination may arise from
various sources e.g. plastic or rubber
materials. Therefore, as far as possible, it is
necessary to ensure that the TS, TW, and the
leachate only come into contact with inert
materials such as cleaned glassware, teflon,
and stainless steel.The use of procedural
blanks assists in detecting contamination.

Before use, clean all glassware, as well as
other materials that will come into contact
with the test water, using a non-ionic



detergent (4.5), rinse with hydrochloric acid
(4.7) (glassware only), with tap water (4.1)
and finally with test water (4.2).

5.2 1 litre glass bottles. Fitted with ground
glass stoppers or screw-top caps with PTFE
liners.

5.3 Temperature-controlled environment.
Suitable apparatus, such as water baths,
incubators or temperature-controlled
laboratories, to maintain the test temperature
at 25 + 29C . The apparatus shall be
operated in a way that assures that the
environment does not contaminate the
leachate.

The choice depends on the scale of work to
be undertaken.

5.4 Sealing devices. The pipe test pieces,
which are to be tested by filling with water,
must be sealed with devices that will neither
release substances which would be detected
when using the GCMS general survey
method, nor adsorb such substances which
may be released from the test material.

The first choice of seal would be glass
stoppers, provided that they are effective .
Alternatives are glass stoppers with a PTFE
seal or PTFE stoppers. Test pieces of the

10 cm i.d. ductile iron pipes can be sealed
using a stainless steel plate at each end of the
test piece, held together by four threaded
connecting rods and nuts. A small amount of
a silicone sealant may be used on the outside,
between the TP and the bottom stainless steel
plate to stop minor leaks. The top plate has
to include two openings for filling and
emptying, which are stoppered during the
test (see Figure 1).

Note. The silicone sealant should be aquarium grade.

6 Sample preparation

6.1 Sample storage. If the test pieces have
to be stored, this should be done in the
absence of light, at ambient temperature, and
in an environment free of contamination

e.g.metal boxes or containers, or wrapped in
tissue paper or other material that does not
affect the leaching test.

6.2 Preparation of test samples. Seal one
end of each pipe test piece with an
appropriate stopper (5.4) and check with a
small amount of tap water that no leaks
occur.

6.3 Sample prewashing. Fill each test piece
with unchlorinated TW, seal the top end of
the pipe and leave for 24 + 2h at 25 +
20C.

Empty the test pieces and flush them with tap
water (4.1) for 60 + 10 min at a constant
flow of 5 + 2 m min"1 and subsequently
rinse with the appropriate TW (4.2 or 4.3)
for 2 + 1 min.

7 Test procedure

7.1 Test samples. The protocol for the
GCMS analysis requires that at least 1 litre
of the leachate is available. The test samples
(2.2) will therefore consist of the following:

Pipe No of Length 1.d. Volume
P (cm) (em) (D)

PE 2 100 2.5 1.0
GRP 1 60 5.4 1.4
Bitumen 1 25 11.0 2.3

Note. All measurements are approximate

7.2 Procedural blanks. Include with each
batch of samples a blank sample (2.5); where
only glass stoppers or stainless steel plates
are used to seal the tests pieces, a glass
container (5.2) is suitable. Where other
stoppers or sealants are used (e.g. the
silicone sealant), the PB shall also include
the sealing device.

7.3 Test design. Each product shall be
tested on two separate occasions, with
chlorinated and unchlorinated TW(4.2 and
4.3). When the three products specified in



this protocol are tested simultaneously, the
test design shall be as follows:

Batch 1 PE - TW(1)
PE - TW+CI(1)
GRP - TW(1)
GRP - TW+CI(1)
Bitumen - TW(1)
Bitumen - TW +CI(1)
PB -TW(1)
PB -TW+Ci(1)
Batch 2: PE - TW(2)
PE - TW++CI(2)
GRP - TW(2)
GRP - TW+CI(2)
Bitumen - TW(2)
Bitumen - TW+CI(2)
PB -TW(2)
PB -TW+CI(2)

NOTE. When products are tested separately, additional
procedural blanks shall be prepared as appropriate.

7.4 Leaching. Immediately after pre-
washing, fill the test pieces with the
appropriate test water. Insure that the test
piece is completely filled, i.e. there is no free
head space in the test piece, seal the top end
and leave for 72 + 3 h at 25 + 20C.

7.5 Leachate collection. After the leaching
period, determine the residual free chlorine
in the leachate, and collect a sample for
analysis as described in the "GCMS general
survey procedure for the analysis of leachates
produced from leaching tests conducted on
materials for use in contacte with drinking
water". Where the test sample consist of
more than one test piece, combine the
leachates in one sampling bottle.

8 Test report

The test report shall include the following
information:

(a) a reference to this document;

(b) the name and address of the laboratory
undertaking the testing; the date of the report
and a unique laboratory number;

(c) the date of reception of the test pieces;

(d) the identity of each test sample;
(e) details of storage conditions;
(f) the date of the start of each test;
(g) details of the test water used;

(h) description of the method used to seal
the test pieces ends;

(i) volume of the test water and S/V during
the test ;

() free chlorine concentrations at the
beginning and the end of the 72-hours
leaching period for tests with chlorinated
TW; and

(k) any deviation from the test procedure
specified in this document.

NOTE. An example Test Report is provided in the
Appendix.
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Example test report for leaching test



TEST LABORATORY: WRc Medmenham
Form No: 1.

Product type: Bitumen lined ductile iron pipe

Laboratory’s Product Ref No: 8782/Bitumen

LEACHING/MIGRATION TESTS -~ PRODUCT TEST PIECES RECORD

Test pieces received from: WRc Medmenham
Date received in the Laboratory: ?
No of test pieces received: 2.

Dimensions:
Length: 25.0cm
OD: 11.72cm
ID: 10.74cm

Appearance of test pieces on receipt:
Uncovered.

Dusty appearance.

Undamaged.

Storage conditions of test pieces before tests:
At room temperature in original packaging.

Test procedure document:
Procedure for the Preparation of Leachates according to protocol supplied.

Tests to be carried out:
Leaching study (72 hour duration) in non-chlorinated and chlorinated test water

Determinands to be measured:
Organic leachates by General Survey GC-MS according to protocol supplied.



TEST LABORATORY: WRc Medmenham
Form No: 2a.

Product type: Bitumen lined ductile iron pipe

Laboratory’s Product Ref No: 8782/Bitumen/Batch 1 {

LEACHING/MIGRATION TESTS - TEST SAMPLE RECORD

Sample identification Number/code: Bitumen-TW(1) {
Sample preparation '

No of test pieces for test: one

Surface area for test: ~843.5cm? ‘
Method(s) of sealing pipe ends (bottom/top): {
Stainless steel plates positioned top and bottom of pipe section and held in position with,
lengths of studding and nuts. Between the bottom plate and pipe was a PTFE plate.

{
Prewashing procedure: |
Tap water (free chlorine <0.2mg/1
Flow: Actual: 221/min Theorectical: 271/min for 0.5cm/s

Test Conditions

Test Water: Deionised and carbon filtered tap water

- Origin: Medmenham raw water passed through a mixed-bed ion-exchange resin

- Conductivity: <12Q/cm

- Method for determination of chlorine: Chemical Disinfecting Agents in Water and
Effluents, and Chlorine Demand 1980, HMSO. Section C, Titrametric DPD Method.

-~ Chlorination; Not applicable

- Volume of test water used: 2250cm3

- Surface to volume ratio: 0.37cm2cm-3

- Temperature °C: 25

Deviations from test procedure



TEST LABORATORY: -
Form No: 2b.

Product type: Bitumen lined ductile iron pipe

Laboratory’s Product Ref No: 8782/Bitumen/Batch 1

LEACHING/MIGRATION TESTS - TEST SAMPLE RECORD

Sample identification Number/code: Bitumen-TW+Cl (1)
Sample preparation

No of test pieces for test: one

Surface area for test: ~843.5cm?

Method(s) of sealing pipe ends (bottom/top):

Stainless steel plates positioned top and bottom of pipe section and held in position wit!
lengths of studding and nuts. Between the bottom plate and pipe was a PTFE plate.
Prewashing procedure:

Tap water (free chlorine <0.2mg/1

Flow: Actual: 221/min Theorectical: 271/min for 0.5cm/s

Test Conditions

Test Water: Deionised and carbon filtered tap water

- Origin: Medmenham raw water passed through a mixed-bed ion-exchange resin

— Conductivity: <12Q/cm

- Method for determination of chlorine: Chemical Disinfecting Agents in Water and
Effluents, and Chlorine Demand 1980, HMSO. Section C, Titrametric DPD Method.

- Chlorination; Free chlorine (mg/l) Initial value Final value
1.2 0

~ Volume of test water used: 2250cm3

- Surface to volume ratio: 0.37cmZcm- 2

- Temperature °C: 25

Deviations from test procedure



TEST LABORATORY W(Rc MEOMEN M |
BATCH No | .

SMMPLES PR, GRP, Ri€aumen

LEACHING/MIGRATION TESTS - TEST EVENTS RECORD

Table of Test Events for a batch of test samples including prewashing, leaching of
samples, preparation of procedural blanks, and collection of analytical samples
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APPENDIX B

GCMS GENERAL SURVEY PROCEDURE FOR THE
ANALYSIS OF LEACHATES PRODUCED FROM LEACH-
ING TESTS CONDUCTED ON MATERIALS FOR USE IN
CONTACT WITH DRINKING WATER



GCMS general survey procedure for the analysis of leachates produced from
leaching tests conducted on materials for use in contact with drinking water.

1 Scope

This protocol describes the procedure for the
determination of organic compounds in
leachates produced during field and
laboratory leaching tests. It involves
extraction of the leachates to produce solvent
extracts, and analysis using general survey
gas chromatography-mass spectrometry
(GCMS) of these solvent extracts.

Prior to analysis, the substances to be
determined are unknown. The method is
therefore primarily qualitative, but estimates
of the levels of the compounds detected can
be obtained by relating their response to the
response of isotopically labelled internal
standards which are added to the sample.
However in arriving at these quantitative
estimates, various assumptions have to be
made, and generally they are of uncertain
accuracy. If accurate quantitative information
is required, the compounds to be determined
must be specified prior to analysis and the
GC-MS analysis performed using a different
protocol.

This procedure can only be applied to those
organic compounds which are amenable to
the solvent extraction procedure, elute from
the gas chromatographic column used after
the extraction solvent and within the
temperature range employed, and which
produce ions within the mass range 20-700
amu when electron impact ionisation is
utilised.

2 Definitions

For the purposes of this procedure, the
following definitions apply:

2.1 Leachate. The aqueous solution
resulting from leaving water in contact with
the test sample under the specified test
conditions.

2.2 Solvent extract. A solution containing
compounds partitioned from the sample into
the extracting solvent (in this case
dichloromethane).

2.3 Procedural blank. For laboratory tests,
a test water sample, known to contain
negligible levels of contamination, which is
treated in the same way as the leachate, but
which does not come into contact with the
material tested, and which is then analysed in
the same way as the leachate. For field tests,
a sample of the water to be used for the
leaching test, sometimes referred to as the
inlet water, may be used as a procedural
blank. Procedural blanks are used to check
for potential contamination of either leachates
or solvent extracts during the whole of the
procedure, from sampling (which may be
undertaken outside the laboratory, and
involve sample transport) through to
analysis.

2.4 Laboratory blank. A water sample,
known to contain negligible levels of
contamination, to which internal standards
have been added, and which is then analysed
in the same way as the leachate. Laboratory
blanks are used to check for potential
contamination of either leachates or solvent
extracts which has occurred within the
laboratory undertaking the analysis. The
maximum allowable concentration of an
individual contaminant in blanks is 2 pg I
if a laboratory cannot meet this requirement,
sufficient replicate blanks must be analysed
to establish a realistic limit of detection for
leachates, for compounds (e.g. phthalates)
commonly present in blanks.

2.5 Internal standard. A compound added
to a sample to be analysed as soon as the
sample is taken. Ideally an internal standard
should be present in the sample only as a
result of deliberate addition.



2.6 General survey GCMS. The acquisition
of a series of mass spectra (up to several
thousand) during the entire course of a gas
chromatographic run, by operating the mass
spectrometer in a continuous cyclic scanning
mode over a wide mass range. The purpose
of operating in this mode is to attempt to
detect as wide a range of compounds as
possible. Typical operating conditions would
include operation in electron impact mode, a
mass range of 20-700 amu, with total cycle
times for this mass range of approximately
one second. '

2.7 Total ion current (TIC). The sum of all
the separate ion currents carried by the
individual ions contributing to a mass
spectrum.

2.8 TIC chromatogram. A graphical
representation of the TIC versus time. The
trace is similar to a GC chromatogram.

2.9 Electron impact ionisation. Ionisation
by a beam of electrons.

2.10 Mass spectrometric resolution. A
measure of the capability of the mass
spectrometer to correctly detect two mass
spectral peaks, having similar m/z values, as
separate peaks. Generally denoted by M/dM,
where M is the higher m/z value and dM is
the difference between the two masses e.g. a
mass spectrometer set up so that the
resolution is 700 will satisfactorily resolve
and assign the correct masses to mass
spectral peaks at m/z 699 and m/z 700.

2.11 m/z. The mass-to-charge ratio of an
ion. As most ions produced by electron
impact ionisation are singly charged, this
ratio usually corresponds to the mass of an
ion; however, exceptionally, ions may
possess multiple charges.

2.12 Asymmetry factor (Ag). A measure of
the adsorption of a compound during gas
chromatographic analysis; it may be derived
from the equation

As = (a + b)/2b

‘where a is the distance from the leading edge

of the peak to the point on the baseline at
which a perpendicular dropped from the peak
maximum crosses it, and b is corresponding
distance from the trailing edge of the peak.

3 Principle

Leachate samples and procedural blanks
obtained using chlorinated test waters should
be dechlorinated immediately following the
completion of the leaching test, to prevent
any change in the concentration of
compounds leached, due to the continued
presence of residual free chlorine.

The leachate sample(s) and appropriate
procedural blanks are spiked with the
mixture of isotopically labelled internal
standard compounds, and solvent extracted
with dichloromethane.

The extract is concentrated, and analysed by
GCMS. The mass spectrometer is used in a
repetitive full scan mode (mass range 20-700
amu) and the mass spectra produced recorded
by, and stored on, the GCMS data system.

A range of internal standards is added to the
samples at known levels in order to (a) allow
compounds detected to be quantified, and (b)
to provide quality control. This latter aspect
is particularly important in this type of
analysis, where the compounds to be
analysed are not known until the analysis has
been undertaken.

The internal standards are chosen to
represent various types of compounds which
may typically be present in water samples,
and isotopically labelled compounds are used
to ensure that the internal standards are only
present in the samples due to deliberate
addition. Provided that the standards are
carefully selected they may be distinguished,
mass spectrometrically, from any naturally
occurring analogues which may be present.

Whenever possible each compound detected
is identified. The methods used to identify
organic compounds from their mass spectra



do not form part of this protocol, but further
information on this subject is provided in the
Appendix.

Each compound detected may be quantified
by reference to the isotopically labelled
internal standards.

4 Safety

All reagents, solvents and standards used are
classified as hazardous and COSHH
assessments should be consulted for all
materials used, to ensure that they are
handled in the recommended manner.
Caution must be exercised when preparing
stock and working standard solutions; skin
contact, ingestion and inhalation must be
avoided.

GCMS systems typically operate from a
nominal mains voltage (e.g. 220-240V;
exceptionally, some MS systems require a
"3-phase” supply at 415V) However, certain
parts or components of the mass
spectrometer may be at a very high electrical
potential (up to 8 kV), relative to earth. Due
care must be exercised during the operation
of GCMS systems.

5 Reagents

5.1 General. All chemicals and reagents
must be of sufficient purity so that they do
not give rise to significant interferences
during the GCMS analysis. Contamination
may arise from various sources e.g. plastic
or rubber materials. The use of procedural
blanks and laboratory blanks assists in
detecting and identifying the source of any
contamination.

5.1.1 Blank Water. A supply of water which
contains negligible levels of organic
compounds detectable by GCMS. Distilled
water may be suitable for this purpose, but
should be checked prior to use.

5.1.2 Dichloromethane. Glass distilled grade
is recommended. Other grades may be
suitable, but it is necessary to demonstrate
that the level of any impurities present does
not interfere with the detection of
determinands of interest or the internal
standards, or introduce unacceptable
contamination.

5.1.3 Sulphuric acid solution (0.5M). Slowly
add 14.0 ml +/- 0.5 ml of concentrated
sulphuric acid (specific gravity 1.84) to 300
ml +/- 1 ml of double distilled water, and
make up to 500 ml +/- 1 ml.

5.1.4 Sodium Hydroxide (0.5M). Dissolve
2.00 g +/-0.01 g sodium hydroxide pellets
in double distilled water and make up to 500
ml +/- 1 ml.

5.1.5 Acetone. Glass distilled grade.

5.1.6 Non-ionic detergent. Add 600 ml +/-
10 ml of non-ionic detergent concentrate to
151 +/- 0.1 1 of mains tap water and mix
well. The solution should be replaced after
two weeks, or when it becomes opaque,
whichever is the sooner.

5.1.7 Approx. 10% v/v Hydrochloric Acid
solution. Slowly add 1.5 +/- 0.1 1 of
concentrated hydrochloric acid to 13.5 +/-
0.1 1 of mains tap water while constantly
stirring, and mix well. The solution should
be replaced on a monthly basis.

5.1.8 Ascorbic acid solution. Dissolve 4g
ascorbic acid in 1.0 1 blank water (5.1.1).
This solution should be freshly prepared for
each batch of samples, and prior to use
should be extracted with dichloromethane (2
x 200 ml) to remove any potential
interferences.

5.2 Standards.

5.2.1 Isotopically labelled internal
standards.

The following compounds are used as
internal standards:



d¢-benzene
d,y-2,6-di-t-butyl-4-methylphenol
ds-chlorobenzene

dy4-hexadecane

dg-naphthalene

d3-palmitic acid *
d,o-phenanthrene

ds-phenol

dg,-squalane

d,op-xylene

* - d3;-palmitic acid was not used as an
internal standard during the performance
testing of this protocol; it was added
following the performance testing because it
was considered necessary to ensure that
laboratories using this protocol should be
able to detect acidic compounds present in
leachates.

5.2.2 Internal standards, stock solutions.
Make up the following individual stock
solutions in acetone:

dg-benzene* 2 mg/ml
d,-BHT* 8 mg/ml
ds-chlorobenzene 2 mg/ml

- das-hexadecane 0.5 mg/ml
dg-naphthalene 0.5 mg/ml
ds¢-palmitic acid 8 mg/ml
d,¢-phenanthrene 2 mg/ml
ds-phenol 8 mg/ml
d,o-p-Xylene 0.5 mg/ml

* due to its volatility, it is difficult to make
standard solutions of d¢-benzene by
weighing; it is recommended that suitable
volumes of dgs-benzene, based on its density
(1.4986 @ 20°C), are used.

* BHT = 2,6,-di-t-butyl-4-methylphenol

Make up the following stock solution in
dichloromethane:

dg,-squalane 8 mg/ml

5.2.3 Internal standards, intermediate
solution. Add 2.5 ml +/- 0.025 ml of the
dg,-squalane stock solution to a 25 ml
volumetric flask. Remove as much as
possible of the dichloromethane using
nitrogen blow down. Then put 2.5 ml +/-

0.025 ml of each of the remaining individual
internal standard stock solutions (5.2.2) into
the volumetric flask and make up to 25 ml

"+ /- 0.025 ml with acetone.

5.2.4 Internal standards, GC column test
solution. Add 200 pl +/- 2 ul of the internal
standards intermediate solution (5.2.3) to a
10 ml volumetric flask and make up to 10 ml
+/- 0.01 ml with dichloromethane.

5.2.5 Internal standard, spiking mixture.
Add 1 ml +/- 0.01 ml of the internal
standards intermediate solution (5.2.3) to a
10 ml volumetric flask and make up to 10 ml
+/- 0.1 ml with acetone.

Standard solutions 5.2.2 and 5.2.3 are stable
for at least six months, provided they are
stored in the dark at -18° C, or below.
Standard solutions 5.2.4 and 5.2.5 should be
renewed every three months or sooner if,
during their use, an indication is obtained
that the concentrations of any of the internal
standards have changed. o

6 Apparatus

6.1 Glassware. All glassware should be
cleaned using an aqueous solution of a
proprietary detergent specially designed for
the removal of organic materials (5.1.6).

6.1.1 Sample bottles. 1 litre glass bottles
with ground glass stoppers or screw tops
fitted with PTFE liners.

6.1.2 Separating funnels. 2 L capacity.
6.1.3 Measuring cylinders. 1L and 100 ml.

6.1.4 Volumetric Flasks. Various e.g. 10 ml,
25 ml, and S0 ml .

6.1.5 Pipettes and syringes. Various e.g. 1
ml, 2.5 ml pipettes, 100 pl and 500 pl
syringes.

6.1.6 Analytical balance, capable of
weighing 0.1000 g +/- 0.0001 g, for



preparation of internal standard stock
solutions.

6.1.7 Analytical balance, capable of
weighing 2.00 g +/- 0.01 g, for preparation
of reagents.

6.1.8 Flasks, various.

6.1.9 Concentration apparatus, required to
reduce the volume of the solvent extract from
200 mi to 500 pl. During this operation,
which may proceed in several steps, losses of
volatile compounds must be minimised. The
response obtained for the most volatile
internal standard (d¢-benzene) should be
checked to ensure that losses of this
compound in the concentration step do not
exceed 50%. One method of checking for
losses is given in the Appendix.

6.2 Instrumental

6.2.1 Capillary gas chromatograph with
temperature gradient facility, equipped with
an on-column injector (optional), with
autosampler (optional), and interfaced to a
mass spectrometer (6.2.7) via a GCMS
interface(6.2.6).

6.2.2 GC capillary column, length at least
50m, coated with a bonded phase. May
optionally be used in conjunction with
6.2.3.

6.2.3 Deactivated silica pre-column, optional
(requires 6.2.4 if used); length 1 m,
appropriate internal diameter.

6.2.4 Press-fit capillary connector, optional,
to connect 6.2.3, when used, to 6.2.2,

6.2.5 Carrier gas, (for the GCMS system)
helium (99.999% purity) connected to the
gas chromatograph via in-line traps for the
removal of hydrocarbons, moisture and
oxygen. Some GCMS operators prefer to use
hydrogen as carrier gas; this is acceptable
provided that the performance achieved is
satisfactory. (N.B. Additional safety
precautions may be required when
hydrogen is used as carrier gas.)

6.2.6 GCMS interface The GCMS interface
should be operated so that no degradation of
the GC resolution is observed, and the least
volatile internal standard (dg,-squalane) is
efficiently transferred to the mass
spectrometer.

6.2.7 Mass spectrometer. capable of
operating as follows:

(a) over the required mass range (20-
700 amu);

(b) at a resolution >700;

(c) with a scan cycle time for the
required mass range of 1 second or
less;

(d) in the electron impact ionisation
mode.

6.2.8 Mass spectrometry data system.
capable of operating as follows:

(a) acquiring data from the mass
spectrometer under the conditions
noted in 6.2.7;

(b) producing a TIC chromatogram;

(c) measuring peak areas on the TIC
chromatogram;

(d) producing background-subtracted
averaged mass spectra;

(e) producing hard-copy outputs of
TIC chromatograms and mass
spectra.

6.2.10 Mass spectral library, installed on
the mass spectrometry data system, or
available as a hard copy document, e.g.
Environmental Protection Agency - National
Institute of Health Mass Spectral Data Base,
or The Eight Peak Index.



7 Sample collection

7.1 Bottles. Leachate samples should be
collected in glass bottles (6.1.1). Before use,
the bottles should be washed using a non-
ionic detergent (5.1.7), rinsed with
hydrochloric acid solution (5.1.8) and finally
with blank water (5.1.1).

7.2 Sample collection. When taking a
leachate sample, the bottle should be rinsed
with the sample prior to taking the sample
for analysis. For the leachate samples
produced using chlorinated test water,
ascorbic acid solution (2 ml; 5.1.8) should be
added to the sampling bottle before collecting
the sample to be analysed. For leachate
samples produced using test water (with no
chlorine), there is no requirement to add
ascorbic acid. Sample bottles should be
completely filled with the sample so that
there is no head-space above the sample.
This is to prevent the loss of volatile
components from the sample.

7.3 Sample storage. The analysis of
samples should commence as soon as
possible following sample collection.
However, if there is an unavoidable delay
between sampling and analysis, samples are
preserved by storage (in the dark) at 4°C
+\- 2°C in a refrigerator. Samples should
not be stored for longer than 48 hours prior
to extraction.

8 Analytical procedure

The procedure is divided into five stages as
follows:

(a) Extraction

(b) GCMS analysis

(¢) Identification of individual compounds.
(d) Quantification of each compound.

(e) Quality control.

8.1 Extraction procedure

8.1.1 Transfer 1 L +/- 10 ml of the sample
to a 2 1 separating funnel. '

8.1.2 Add 100 pl of the internal standard
spiking mixture (5.2.5), into the sample,
using a syringe (250 ul capacity), ensuring
that the tip of the syringe needle is below the
surface of the sample. The levels of the
internal standards in the sample will then be
as follows:'

dg¢-benzene 2.0 pg/l
d,-BHT* 8.0 ug/l
ds-chlorobenzene 2.0 ug/l
d;4-hexadecane 0.5 pg/
dg-naphthalene 0.5 pg/l
d3;-palmitic acid 8.0 ug/l
d;o-phenanthrene 2.0 pg/l
ds-phenol 8.0 ng/l
dg,-squalane 8.0 pg/l
d;o-p-xylene 0.5 pg/l

* BHT = 2,6-di-t-butyl-4-methylphenol

8.1.3 Check the pH of the sample and adjust
to pH 2.0 +/- 0.2, if necessary, by dropwise
addition of either sulphuric acid solution
(5.1.3) or sodium hydroxide solution (5.1.4)
as appropriate.

8.1.4 Add dichloromethane (100 mi +\-5
ml) to the spiked, pH adjusted sample in the
separating funnel and extract by shaking for
3 minutes (+\- 10 seconds). Remove the
dichloromethane (lower layer) into a 250 ml
round-bottomed flask (6.1.7). Repeat the
extraction with a further aliquot (100 +\- 5
ml) of dichloromethane, and add the
dichloromethane to the flask in which the
initial extract is stored, so that the two
extracts are combined.

8.1.5 Dry the solvent extract by freezing
out any water present by storing in a freezer
(-18°C) overnight.

8.1.6 Carefully decant the solvent extract
from the flask into the apparatus to be used
for concentrating the extract (6.1.8). Any
ice particles present may be removed by the
extract through a quartz-wool plug.

8.1.7 The solvent extract should then be
reduced in volume to 500 +/- 50 pl. As
noted earlier (6.1.9), it is essential to ensure



that losses of the most volatile standard (d6-
benzene) do not exceed 50% during this
concentration step.

8.1.8 Store the concentrated extract in a
freezer at -18°C or below, until required for
GCMS analysis.

8.2 GCMS analysis

8.2.1 Mass spectrometer operating
parameters. The mass spectrometric
operating conditions should be set, following

the manufacturers instructions, as follows:

Ionisation Technique: Electron Impact(EI)

Electron Energy 70 eV

Mass Range 20 - 700u

Scan speed >1 scan per second
Scan mode repetitive

8.2.2 Setting up the mass spectrometry data
system. The manufacturers instructions
relating to tuning, calibration, data
acquisition and processing should be
followed.

8.2.3 Initial tuning and calibration of the
mass spectrometer. Tune the mass
spectrometer to ensure satisfactory sensitivity
and mass spectrometric resolution using
appropriate peaks produced by a calibrant
such as perfluorokerosene (PFK) or
heptacosafluorotributylamine (Heptacosa)
introduced from a heated septum inlet, at the
beginning of each day. As the means of
carrying this out is dependent on the type
and model of mass spectrometer used, the
manufacturer's instructions should be
followed.

All the major (>5% of the intensity of the
base peak of the calibrant used) reference
peaks in the mass range 20-700 amu in the
calibration table held on the MS data system
should be found in the scan used for
calibration purposes.

8.2.4 Setting up the GCMS system. The GC
column should be installed according to the
manufacturers instructions, and its
performance (e.g. in terms of separation

number and adsorption) checked against the
column performance data supplied by the
manufacturer. Proprietary standard solutions
are available for this purpose (see Appendix).
Provided this measure of the performance of
the column is satisfactory, the GC column
test standard solution (5.2.4) should be used
to establish the initial performance of the
column for this particular mixture. The
temperature programme used for this purpose
should be the same as that used for the
GCMS analysis of the concentrated solvent
extracts, and the programming rate must
not, at any stage of the GCMS run, exceed
8°C per minute. ds-Benzene must be
detected and separated from the solvent peak.
The recommended initial temperature of the
GC column is 30°C. The retention time of
dg;-squalane must be between 35 and 45
minutes. All of the internal standards must
be detected. Particular attention should be
paid to the asymmetry of the peaks for dg-
naphthalene and ds-phenol. The individual
asymmetry factors (Ag) for these two peaks
should be measured, and provided
0.67<A<2.0, the GC column is
satisfactory.

If the quality of the chromatography does
not meet these requirements, the cause
should be investigated and corrected before
continuing with the analysis. If necessary, a
new GC column should be installed.

The sensitivity of the mass spectrometer
should be adjusted so that the mass spectra
obtained from the internal standards present
at the highest level (ds-phenol, d,-BHT and
dg¢,-squalane, each present at 16 ng/ul in the
GC column test standard solution (5.2.4)) are
not saturated.

The mass spectra obtained from the system
performance test should be inspected by the
analyst to ensure that they match mass
spectra previously acquired on the same
GCMS system under identical operating
conditions. The m/z value of base peak
should be consistent, and the intensities of all
peaks having an intensity > 10% of the base
peak should not vary by more than 30% of
their intensity, compared to previously



acquired spectra. If the GC column test
standard solution (5.2.4) has not previously
been analysed, it should be run once a day
on the GCMS system on five separate days to
obtain typical spectra of all of the internal
standards.

Check that the mass spectrometer has stayed
within calibration by checking that the high
mass ions (> m/z 300) in the mass spectra
acquired for dg,-squalane are correctly mass
measured. If this is not the case, the mass
spectrometer must be recalibrated, and this
check repeated.

8.2.5 GCMS operating conditions for
analysis of solvent extracts. All solvent
extracts are analysed using identical GCMS
operating conditions to those used for the
analysis of the system performance test
(8.2.1). The performance of the system is
checked at the end of every batch of solvent
extracts run, or after every sixth solvent
extract if batch sizes are greater than six, and
the criteria noted above (8.2.4) are checked
to ensure that the performance of the system
has not deteriorated. If any if the criteria are
not met, the analysis must be stopped and the
causes must be investigated and corrected
before continuing with the analysis.

8.2.6 Production of required outputs from
the mass spectrometry data system. The
following outputs are required for each of the
GCMS run carried out on a solvent extract:

(2) a hard copy of the TIC trace,
covering the mass range 20-700 amu,
for the GCMS run (if a "solvent
delay" is included as part of the data
acquisition, the TIC trace will not
include a peak for the solvent; this is
acceptable);

(b) a listing of the retention times
(correct to +/- 1 second) of the peak
maximum of all of the peaks
detected; this should include the
retention times of the internal
standards;

(c) the areas of all of the detected
peaks , including the internal
standards;

(d) hard copies of a mass spectrum
obtained for each of the peaks
detected considered to originate from
the test sample; this should be the
best spectrum obtainable following
manipulation of the data by the data
system; normally this would include
background subtraction and
averaging of several mass spectra
obtained for each compound.

Compounds detected which are not
considered to arise from the material being
tested, or which are not internal standards,
are included in the above requirements,
except where stated otherwise. However, an
indication should be given of which of the
detected compounds fall into this category,
and their probable origin e.g. contaminants
in the solvent used for the solvent extraction.

8.3 Identification of compounds detected

It is beyond the scope of this procedure to
give detailed instructions regarding the
identification of unknowns from their
electron impact mass spectra and the analyst
should refer to standard texts on the subject.
However, the general approach normally
used is outlined in the Appendix.

8.3.1 Certainty of detection. Three categories
are used to define the confidence level
associated with compound identification, as
follows:

(a) positive identification - the mass
spectrum and GC retention time of
the detected compound are the same
as those obtained from a pure
standard of the compound run under
identical GCMS conditions on the
GCMS system used to analyse the
solvent extract;

(b) tentative identification - a
possible identification has been
obtained either from computerised



library searching of a mass spectral
data base, or manual searching of a
printed mass spectral data base, or by
interpretation from first principles by
the mass spectroscopist, but a pure
standard has not been run under
identical GCMS conditions on the
GCMS system used to analyse the
solvent extract, or is not available;

(c) unknown - this covers all
compounds detected which do not
fall into the above categories; the
four most intense peaks in the mass
spectrum should be noted, in
descending order of intensity, with
the base (100%) peak being
emphasised by underlining (e.g. 147,
43, 71, 91), together with the
retention time or scan number, for
each detected peak in this category.

8.4 Quantification of compounds
The concentration of a determinand D in a

sample extract ([D]), is calculated from the
equation:

Pk Area(D) x I.S. Conc'n

[D] =
Pk Area(1.S.)

where
Pk Area(D) is the peak area for

determinand D in the solvent
extract TIC chromatogram;

Pk Area(I.S.) is the peak area of the chosen
internal standard in the
solvent extract TIC
chromatogram;

is the concentration of the
internal standard; if this is
expressed as ug/l, [D] will
also be ug/l.

I.S. Conc'n

Each detected compound is quantified by
comparing its response to the nearest (in

terms of GC retention time) of the internal
standard present at 2 or 8 ug/l, with the
exception of ds-phenol which is not used for
quantification. The internal standards present
at 0.5 ug/l are not used for quantification.

No attempt should be made to adjust [D] for
extraction efficiency.

8.5 Quality control

It is difficult to apply conventionally
accepted analytical quality control criteria to
this type of analysis, as the determinands are
unknown prior to the analysis. The use of
isotopically labelled internal standards
provides a degree of quality control, in that
their detection and the response obtained
provide information on the success of the
sample preparation and GCMS procedures.

As a minimum, the following QA/QC
procedures must be followed:

8.5.1 Mass calibration of the mass
spectrometer. This should be checked on
each day that analysis of solvent extracts is
carried out. The calibrant normally used for
mass calibration may be used for this
purpose; if any of the calibrant masses are
incorrectly assigned, the mass spectrometer
should be re-calibrated.

8.5.2 System performance check. The
performance of the GCMS system should be
checked on each occasion a batch of solvent
extracts is to be run, by analysing the GC
column test standard (5.2.4). The response
obtained for each of the internal standards
should be compared to that obtained when
setting up the GCMS system (8.2.1), and
provided that the peak areas are within 30%
of these, and that the asymmetry factors (Ag)
for dg-naphthalene and ds-phenol are
acceptable (0.67 <Ag<2.0), the performance
is satisfactory. The retention times of each of
the internal standards should be checked, and
should be consistent (rsd <2% on an
absolute basis).

System stability checks are carried out by
analysing the GC column test standard after



every six solvent extracts. The criteria for
satisfactory performance are as given above.

8.5.3 Establishing acceptable performance
Jor the method. An acceptable GCMS
response for the internal standards detected
in the solvent extracts from leachates, is
based upon the response obtained from
solvent extracts from blank water samples
which have been spiked with the internal
standards at the same levels as used for
leachate samples. The analytical procedure
(8.1 through 8.2.7) should be followed, and
the recoveries of dg-naphthalene, d, ;-
phenanthrene and dg,-squalane calculated.
The recoveries for each of these compounds
should be > 50%. A procedure for
performing this calculation is given in the
Appendix.

8.5.4 Monitoring internal standards detected
in solvent extracts. All of the isotopically
labelled standards listed in section 5.2.1,
added to each leachate sample to be analysed,
must be detected in the GCMS run of the
solvent extract. The retention times of the
internal standards should be consistent (rsd
<2%) in all of the solvent extracts analysed.
The absence of any of the internal standards,
or a poorer than expected response for any of
the standards, indicates that either

(a) the extraction step has not been
carried out correctly; or

) the concentration of the solvent
extract has not been undertaken
correctly;

(c) the GCMS system is not
functioning correctly.

The cause of the problem should be
investigated and addressed.
9 Test report

The test report shall include the following
parameters:

(a) a reference to this standard document.
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(b) the name and address of the laboratory
undertaking the testing; the date of the report
and a unique laboratory number;

(c) results from the GCMS examination of
each solvent extract reported in a tabular
format, together with the TIC chromatogram
for each solvent extract and a TIC
chromatogram for the internal standards GC
column test solution (5.2.4). Data tables
should list all of the peaks detected, but
those peaks considered not to originate from
the material being tested should be indicated
and suggestions as to their origin provided.
The use of procedural blanks and laboratory
blanks are useful in this respect.

The retention time of each compound listed
should be stated and the identity of the
compound given (see 8.3.1). The estimated
concentration of each compound considered
to originate from the material under test
should be given in ug/l (8.4), and the
internal standard used to derive this estimate
should be noted.

In cases where compounds detected in
procedural blanks or laboratory blanks are
also detected in solvent extracts from
leachates, if the apparent levels in the
procedural or laboratory blanks and extracts
are low (< 2 ug/l) and do not differ by more
than 25% (of the highest level), the levels
and differences are not considered
significant, and no level should be indicated
in the table of results. In cases where the
apparent levels of such compounds are lower
in a solvent extract than in the procedural or
laboratory blank, no level should be
indicated in the table of results. However,
when the apparent levels of such compounds
are higher in the solvent extracts than in the
procedural or laboratory blanks, and >2
ug/l, a "blank subtracted” level should be
reported i.e. the apparent level in the
procedural or laboratory blank is subtracted
from the apparent level in the solvent extract.

(d) print-out (or copy) of a mass spectrum
for each of the compounds detected which
are considered to originate from the material
being tested. This should be the best



spectrum obtainable, and may be background
subtracted and produced by averaging several
spectra.

(d) any deviation from the test procedure
specified in this document should be noted in
the Test Report.

(e) an example Test Report is provided in the
Appendix.

11



APPENDIX

1. Outline of general approach for
identification of compounds detected.

The data acquired during the GCMS run for
each solvent extract is normally stored on the
mass spectrometry data system as a discrete
data file which may be inspected either while
the run is proceeding, or after the run has
been completed.

The data is usually initially displayed on a
data system visual display unit (VDU) as a
total ion current (TIC) chromatogram. Each
compound detected should appear as a peak
on the TIC trace, and the mass spectra
produced by each compound can be
displayed on the VDU using the appropriate
commands.

Normally, the mass spectrum initially chosen
for display will be that produced when the
concentration of the compound of interest is
at its maximum (i.e. at the top of the peak)
However, if it is suspected that the eluting
peak is a mixture (i.e. two or more
compounds are not satisfactorily separated by
the GC column), or if the mass spectrum is
saturated (due to the dynamic range of the
mass spectrometer being exceeded), other
spectra may be chosen for display.

An obvious indication that a mass spectrum
is saturated, or overloaded, is provided by
the presence of more than one peak in a mass
spectrum at an intensity of 100%. Mass
spectra from scans obtained before or after
the intensity maximises should be inspected
to obtain a representative mass spectrum for
the compound of interest, although if a single
spectrum is chosen it should be ascertained
that it is not distorted ("skewed").

Mass spectra may be averaged across a peak
(provided it is considered that the peak is due
to a single compound) to minimise any
distortion of the spectra which can occur if
the concentration of a compound entering the
mass spectrometer changes significantly
during the course of a single mass
spectrometer scan. This can occur when a
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GC peak is very sharp e.g. only 2-3 seconds
wide. However, before averaging several
spectra through a peak, each spectrum should
be checked to ascertain whether any are
saturated.

A background subtraction should also be
performed, either on a mass spectrum from a
single scan or on an averaged spectrum, in
order to remove spurious peaks such as those
produced by residual air in the mass
spectrometer, or from GC column bleed.

The mass spectrum obtained for each peak
detected is generally initially inspected
visually. Depending on the experience of the
mass spectroscopist, it may be possible to
identify the compound giving rise to the
spectrum without recourse to reference mass
spectra held in a libraries (on the data
system, or in reference books).

If the mass spectrum is not visually
recognised, a library search is usually carried
out on the data system. It is recommended
that a reverse searching procedure should be
used. The closeness of the match between the
unknown and the chosen library spectra is
usually expressed in terms of three
parameters - fit, purity and reverse fit.
However, the best match chosen by the data
system does not necessarily lead to the
identification of the unknown, and the mass
spectroscopist has to apply his/her
judgement, taking into account such factors
as the GC retention time, in order to decide
whether the identification suggested by the
computerised library search is accepted. If
there is any doubt concerning such an
identification it is noted as a tentative
identification, and if it is necessary to
confirm the identification pure standard of
the compound in question could be obtained
and run on the GCMS system in order to
check the mass spectrum obtained and the
GC retention time. The same principles apply
to potential identifications resulting from
manual inspection of mass spectral reference



collections in books such as "The Eight Peak
Index".

If it is supected that a TIC peak is a mixture
of two or more compounds, mass
chromatography may be of use in deciding
whether this is the case, and by careful
choice of mass spectra it may be possible to
produce spectra corresponding to each co-
eluting component. However, where two
compounds have identical retention times this
may not be possible, and further progress is
dependent on the experience of the mass
spectroscopist.

It is inevitable that a significant proportion of
the compounds detected in many general
survey GCMS runs will only be tentatively
identified, and that some will be unidentified,
as the reference collections of mass spectra
currently available represent a very small
proportion (< 10%) of the known organic
compounds that are amenable to GCMS
analysis.

2. Checking suitability of apparatus used
for concentrating solvent extracts.

It is necessary to be able to reduce the
volume of the dichloromethane solvent ,
extracts from about 200 ml to 500 ul without
significant losses of volatile components
which may have been present in the leachate
sample. To check that this can be
satisfactorily achieved, it is recommended
that a 500 ul portion of the GC column test
standard solution (5.2 .4) is diluted to 200 ml
with dichloromethane, and the resulting
solution concentrated to 500 ul, using
appropriate apparatus or equipment. This
concentrate should be run on the GCMS
system under exactly the same conditions as
used when using the GC column test standard
solution for checking for satisfactory GC
performance, and the TIC trace compared to
a TIC trace obtained when the GC column
test standard is run. Provided the loss of the
most volatile internal standard, dg-benzene,
is not more than 50% the technique used for
the concentration of the solvent extracts is
considered satisfactory.
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3. Procedure for calculation of recoveries
of internal standards.

The concentrations of the various internal
standard solutions, the volume of the leachate
analysed, the final volume of the solvent
extract, and the volumes injected onto the
GCMS system, as described in this protocol
are such that the TIC chromatograms
generated for the internal standards GC
column test solution (5.2.4) and the
concentrated extract (8.1.8) are directly
comparable, so that the following equation
can be used to calculate % recoveries:

pk. area of IS, in extract
x 100

% Recovery =
pk. area of IS, in standard

4. Standard solutions for checking GC
column performance.

Several chromatography supply companies
produce mixtures specifically designed to
evaluate the performance of GC columns, in
terms of parameters such as column
efficiency and adsorptive or 'active’ sites. If
the GC column used is from a manufacturer
who does not provide a suitable test
chromatogram, the column should be
evaluated before use with solvent extracts of
leachates, using this type of test mixture.

5. Example of Test Report.
This is given on the following pages.

6. Performance testing data for this
protocol

A tabulated summary of the data obtained
during the within-laboratory and
interlaboratory performance testing of this
protocol is given following the example of
the test report. Competent laboratories
intending to use this protocol should be able
to produce comparable data.



EXAMPLE OF TEST REPORT

[NB - only single examples of the various
outputs (TIC chromatograms, mass spectra
etc.) are provided in this example. Test
reports produced as a result of using this
protocol should contain all of the required
outputs, as specified in Section 9 of the
protocoll.
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APPENDIX C

DATA TABLES (INTERNAL STANDARDS AND OTHER

COMPOUNDS DETECTED) FOR GCMS RUNS UNDER-

TAKEN FOR WITHIN-LABORATORY PERFORMANCE
TESTING OF PROTOCOLS
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APPENDIX D

DATA TABLES (INTERNAL STANDARDS) FOR GCMS
RUNS UNDERTAKEN FOR INTERLABORATORY PER-
FORMANCE TESTING OF PROTOCOLS
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