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SUMMARY

The purpose of this work has been to provide the Water
Industry with a cheap method of identifying unknown
organic compounds in the aquatic environment.
Pollution incidents frequently occur in which it is
necessary to identify an organic compound accidentally
or illegally discharged into the water catchment.
Analytical instrumentation normally applied to the
identification of organic compounds is relatively
expensive and usually beyond the means of Water Utility
Laboratories. A relatively cheap technique based on
gas chromatographic retention times has been
successfully developed.

Gas chromatography is a separation technique the
mechanism of which depends upon the differing
affinities of the organic compounds in a mixture for
the stationary phase of the gas chromatographic column.
Thus different components of the mixture are retained
on the column for different periods of time. If
chromatographic separation conditions can be precisely
standardised and the retention time of a component be
measured with sufficient accuracy, the data may be used
to give a precise identification of the component.

This report contains new relevant retention data
collected from the literature during the past year. It
has been appended to Tables III and IV of the First
Edition and in this version of the second edition the
data is broken down into two volumes according to the
type of stationary phase, methyl silicone or
polyethylene glycol, and presented in full in Tables I
and IT.

Water authorities and others are encouraged to generate
further data on organic compounds of concern for
incorporation into the data base. WRc will continue to
generate new data on compounds of concern as and when
the occasion demands as well as to collate suitable
data from the literature.
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INTRODUCTION

There is a need in the water industry at local
laboratory level for a cheap method of identification
of organic compounds. The objective of this work has
been to fulfill this need by developing a system by
which unknown compounds found in water may be
tentatively identified from their gas chromatographic
linear temperature programmed retention indices
(LTPRIs). Normally retention indices are calculated
under isothermal conditions and related to the
retention of members of a homologous series of n-alkane
standards and quoted in terms of carbon number x 100.
Environmental samples usually contain organic compounds
with a wide range of boiling points which cannot be
eluted from a gas chromatograph at one temperature. In
this work therefore the equivalent carbon number or
retention index was calculated using a 1linear
temperature programmed gradient. In use, measured
LTPRI values are compared with a central computer
library containing data of relevant compounds,
generated under ’‘ideal’ conditions and identifications
can be achieved without having to resort to the use of
more expensive equipment eg mass spectrometry. Ideal
conditions include the adoption of standard
chromatography columns which are capable of producing
results of the required precision and accuracy in
extended use.

COLUMN PREPARATION

The standard, fused silica capillary columns were
pregared by methods based on those developed by Grob et
al1(1+2) for the preparation of columns of borosilicate
(eg Pyrex) tubing: some modification is necessary to
adapt them to the different requirements of fused
silica. Columns have been prepared both from the
non-polar (polydimethylsiloxane) phase PS 255 and from
the polar (polyethyleneglycol) phases Carbowax 20M and
Superox 0.6. In all columns the liquid phase was
immobilised by free radical polymerisation. Both
column types have been thoroughly tested using the Grob
test mix which contains acidic basic and neutral
compounds and were shown to be inert and to display
reproducible retention properties, the LTPRIs of Grob
test compounds agreeing to within * 1 unit. From these
results it was concluded that the techniques used for
the preparation of columns are successful and that it
is possible to obtain consistent results from column to
column and more importantly, from batch to batch.

The standard columns have been employved to generate
retention data on selected organic ccmpounds of concern
in connection with pollution of the aquatic
environment.

Commercially available columns of the chosen phases
(polydimethylsiloxane and polyethylene glycol) have
also been examined and all found to conform to the
above mentioned requirements of reproducibility of
retention properties. Results, at least for non-polar
compounds, were consistent in terms of precision and
accuracy in comparison with 1laboratory prepared
columns.

1



CHROMATOGRAPHY CONDITIONS

The organic compounds were chromatographed on the
polydimethylsiloxane phase wusing the following
conditions:

Chromatograph: Erba Science FV4160

Carrier gas: Hydrogen; head pressure set such that
at ambient temperature (oven docor
open) the elution time for methane
(column hold-up time) is 120 s.

Injection: Split; injector wvent flow rate
approx. 30 ml/min (split ratio
approx 15:1), injector temperature
200°c.

Detection: Flame ionisation; detector

temperature 350°C; detector gas
pressures: hydrogen 0.4 kg/cm, air
1.5 kg/cn.

Oven temperature 30°C for injection then programmed
immediately to 330°C at 4°C/min and
held until no further n-alkanes
eluted.

Data processing: Peaks were acquired and retention
times measured using a Hewlett
Packard 3390A reporting integrator
fitted with input/ocutput board
(option 100) and interfaced with a
Digital Equipment Corporation VAX
11/780 computer which was used for
both data storage and calculation of
LTPRIs using a polynomial curve
fitting technique.

The conditions applied for gas chromatography on the
polyethyleneglycol phases were modified as follows:

Carrier gas: Hydrogen; head pressure set such that
at 60°C the elution time for methane
(column hold-up time) is 120 s.

Injection: Split; injector wvent flow rate
approximately 30 ml/min (split ratio
approx 15:1); injector temperature
200°c.

Detection: Flame ionisation: detector
temperature 250°C; detector gas
pressures: hydrogen 0.4 kg/cmz, air
1.5 kg/cm2.

Oven temperature: 60°C for injection then programmed

immediately to 220°C at 4°C and held
for 20 min.
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Initially, to ensure that there was no possibility of
incorrect identification of the peaks, solutions of
each compound at approximately the same concentration
(roughly 400 ug/ml for solids, 0.4 ul/ml for liquids)
were chromatographed separately on each column type.
Following these initial runs solutions of similar
concentrations were prepared containing mixtures of
compounds which would neither co-elute nor react with
each other in solution (which meant essentially that
acidic and alkaline compounds were kept separate).
These solutions were chromatographed twice and average
LTPRIs calculated from these results and those from the
solutions of the individual compounds.

In all cases 1.0 ul of pollutant solution was
coinjected with 1.8 ul (corresponding to 1 ul plus the
volume of the syringe needle) of a solution containing
a mixture of n-alkanes (C6-26, C28, €30, C32, C36, C38
and C40) each at a concentration of approximately 40
ng/ul.
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CALCULATION OF LINEAR TEMPERATURE PROGRAMMED RETENTION
INDICES

The Xovats method of assigning retention indices
calculates the logarithmetic retention of a solute
interpolated between those of two standard
compounds(3). The standard compounds can be comprised
of any homologous series of organic compounds. The
standards most commonly adopted are the n-alkane
series. The logarithmic relationship which prevails
under isothermal gas chromatographic operating
conditions 1is replaced under 1linear temperature
programmed elution by a near-linear relationship
expressed by the equation of Van Den Dool and Kratz(4),

trx - trz
I = 100z + 100 [

tez+1 - tRz

where I = linear temperature programmed
retention index
tRx = retention time of unknown
TRz = retention time of the n-alkane
eluting immediately before the
unknown
trz+1 = number of carbon atoms in the

n-alkane eluting immediately before
the unknown

However, it has been clearly demonstrated that the
linear relationship between retention data for the
n-alkane series does not strictly hold true esgecially
at the low molecular weight end of the series(3). Thus
other approaches to the fitting of a mathematical
function to retention time data have been explored.
These have included the application of g?lynomial fits
and various cubic spline techniques(srsr D

The method employed in these studies for calculating
linear programmed retention indices is a computerised
polynomial routine which uses the Water Research Centre
in-house computer - a DEC VAX 11/780. It utilises two
Fortran sub-routines which are derived from the DEC VAX
NAG library and which are not generally accessible.
However the following text provides references which
give the information on which the sub-routines are
based.

The method employed is due to Forsythe(g) and is based
upon the generation of a set of polynomials orthogonal
with respect to summation over the normalised data set.
The extensions due to Clenshaw(®) to represent these
polynomials as well as the approximating polynomials in
their Chebyshev-series forms are incorporated. The
modifications suggested by Reimsch and Gentleman(10) to
the method originally employed by Clenshaw for
evaluating the orthogonal polynomials from the
Chebysev-series representations are used to give
greater numerical stability.
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The routine determines the least sgquares polynominal

approximations of degrees 0, 1 ..... K to the set of
data points (X(R). Y(R)) with weights W(R) (R =
1,2,....M). The value of K + 1 when K is the maximum

degree required is specified by the user.

The approximation of degree I has the property that it
minimises SIGMA(I), the sum of the squares of the
weighted residuals EPS(R) (R = 1,2, ...M), where

EPS(R) = W(R) % (Y(R) -F(R))

and F(R) is the value of the polynomial of degree I at
the Rth data point.

Each polynomial is represented in the Chebyshev-serles
form with normalised argumentX This argument lies in
the range -1 to +1 and is related to the original
variable X by the linear transformation

X = (2 x X - XMAX - XMIN)/(XMAX - XMIN).

Here XMAX and XMIN are respectively the largest and
smallest values of X(R). The polynomial approximation
of degree I is represented as

0.5 x A (I +1,1) x Tg (X) + A (I + 1,2) x T7 (X)

+A (I +1,3) XTp (R) + ... +A (I +1,I +1)
XTI (X)

where T3 (X) is the Chebyshev polynomial of the first
kind of degree J with argument (X).

For each value of I (I = 0,1,...K) the routine produces
the values of A (I + 1, J + 1) (J = 0,1 ...I), together
with the value of the root mean square residual

S (I + 1) defined by the square root of SIGMA (I)/(M -
I - 1). In the case M = I + 1 the routine sets the
value of 8 (I + 1) to zero.

A further routine evaluates the polynomial:
0.5 x A (1) Xx To (X) + A (8) X T1 (%) + A (3)
X T, (X) + .. + A (NPLUS 1) x Ty (X)

for any value of X satisfying -1 < X > 1. Here Tz (X)
denotes the Chebyshev polynomial of the first kind of
degree J with argument X. The value of NPLUS1 = N + 1
is prescribed by the user.

While the mathematics of this system of calculation
appears complex it is nevertheless simple in operation
and provides reliable "best fit" data. Should suitable
computer facilities and software not be available,
readily acceptable results have been cbtained u51n§
graphical techniques employing semi-log graph paper



RETENTION INDICES LISTINGS

The retention indices listings are organised in two
tables containing both "pure" data generated under the
prescribed conditions at WRc and data collated from the
open literature under conditions which closely adhere
to the standard. Table 1 gives a truncated version of
the library organised in order of increasing retention
index. Besides the compound name the only other
relevent information provided is the stationary phase
employed. Table 2 provides a similar listing but in
alphabetical order of compound name and it also
contains full information on column origin, stationary
phase, column material, column type, column dimensions
carrier gas, sample type and bibliographic reference.

Computer based files of LTPRI and associated data have
been set up for receiving, searching, and formatting
information. Hard copy versions of the data base for
more general distribution can be produced to order.
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TABLE 1

SECOND TIER LIBRARY OF LINEAR TEMPERATURE
PROGRAMMED RETENTION INDICES
TRUNCATED VERSION IN RETENTION INDEX ORDER
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