Sheffield
Hallam _
University

" "#1$%&'$!



http://shura.shu.ac.uk/
http://shura.shu.ac.uk/information.html

i $%



%

2)-

%

()

2 *3)

!ll#$ % "

2 *3)

&&67 58.

) * + #* #

%Il
+

& &

45

6*+

5

#
Iy

* *

+

*



DETERMINATION OF PESTICIDES AND
CHLOROANISOLES IN WATER SAMPLES USING
GAS CHROMATOGRAPHY - MASS
SPECTROMETRY

Rohaidah Ibrahim

A Thesis Submitted In Partial Fulfilment Of The Requirements
Of Sheffield Hallam University For The Degree Of
MASTER OF PHILOSOPHY

Division Of Chemistry
Sheffield Hallam University

October 1997



warrrvrall
RS

R




ACKNOWLEDGEMENTS

The completion of this thesis would have been impossible without the help of
several people inside and outside Sheffield Hallam University. | am grateful to
my supervisors, Dr. Peter Drew and Prof. Michael Cooke for their patience,
advice, guidance and encouragement throughout the course of the work.
Many thanks to the members of the Deparment of Chemistry especially Paul
Clarkson, Dave Douce, Adrian King and everyone in laboratory 829 / 830 for
creating a friendly and lively atmosphere to work in. Also, special thanks to

Dr. Malcolm Clench for letting me use his carbaryl.

| would also like to thank all my friends especially Rahim, Osman, Raja and
Zailani for their helps, encouragement and friendship. Also, many thanks to
Jailani and family for looking after my son, Hadi, during the progress of this

work.

Grateful appreciation is also expressed to my sponsor, Malaysian -

Government and SIRIM Berhad.

Finally, my sincere thanks and deepest gratitude to my beloved husband,
Hirzun; and son, Hadi, for their love, patience and encouragement and also to

my family in Malaysia for whom | owe the success of this work.



ABSTRACT

Traditionally, pesticide residue analysis methods have focused on the
analysis of a single pesticide or a group of chemically related pesticides, but
this does not reflect the true varied distribution of residues within the
environment. Initially, in this project multi-pesticide residue analysis methods
were developed for capillary gas chromatographs using electron capture
detection. Variation in temperature conditions, ramp rates and carrier gas flow
rates were made to optimise both the resolution and speed of analysis for
mixtures of carbaryl (a carbamate), lindane (an organochlorine), chlorpyrifos
and chlorpyrifos-methyl (both organophosphorus compounds) and simazine
(a triazine herbicide). These methods were then applied to the determination
of pesticides spiked into surface and drinking water samples and the

recoveries measured.

The same procedure was applied to the chromatographic determination of
chloroanisoles, which are believed to result from biotic O-methylation of
phenols within the environment. Methods were optimised for the analysis of

eleven out of the possible nineteen chloroanisoles available.

Traditionally, such chromatography would have been preceded by solvent
extraction of residues, followed by concentration of the resulting organic
extract. These methods were compared with the use of the more recently
developed Solid Phase Extraction (SPE) cartridges. These allow the
extraction of organic materials from large volumes of aqueous samples onto a
cartridge followed by subsequent elution using a second solvent. Preliminary
work was done on SPE in order to find suitable solvent for both steps so that
the analytes could be selectively retained and subsequently released from the

cartridges.
ii



The next stage involved the extraction using SPE methods from water
samples from rivers around Sheffield. Samples were spiked with a range of
pesticides or chloroanisoles prior to extraction and the extracts analysed by
gas chromatography-mass spectrometry. Recoveries were found to vary
between compounds. Lindane, one of the pesticides used to spike the
samples was found to be already present in samples taken from the River
Rother at low part per billion levels. Possible sources for this finding are
discussed. The presence of chloroanisoles which had previously been

reported in this river was not observed.
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CHAPTER ONE - Introduction

1.0 INTRODUCTION

Trace organic analysis involves three main steps, these are sampling,
sample clean up and sample analysis. This chapter explains the
importance of correct sampling procedures and factors which affect them.
Some of the methods used for sample preparation are also discussed.
The chapter continues with a description of the use of gas
chromatography-mass spectrometry (GC-MS) as an analytical technique

for sample analysis.

1.1 __SAMPLE _PREPARATION FOR CHROMATOGRAPHIC

SEPARATIONS

1.1.1 Introduction

Chromatography is one of the techniques that dominate the field of
organic analysis. However, sometimes the samples are too complex, too
dilute or incompatible with the chromatographic system. Hence, in order
to be able to analyse the sample, a preliminary sample preparation
technique is required to obtain a sub-fraction of the original sample which
has been enriched in all substaﬁces of analytical interest. This is mainly
to ensure effective separation, detection and system compatibility in the

final chromatographic determination.



1.1.2 Sampling

The choice of sampling technique is crucial to succesful analysis. The
effects of the sampling technique chosen must be closely monitored, as it
is to some extent, reflected in the whole analysis. Incorrect sampling may
result in large and inconsistent variations in the data obtained, or simply
in no data due to loss of substances of analytical interest. A few factors
which must be taken into account during sampling include heterogeneity,

storage and preparation of sample and the time factor.

Heterogeneity

Aimost all samples are heterogeneous[1] in that the composition of a
small portion of a sample does not correspond to the average
composition of the whole material being analysed. Hence, in order to
obtain accurate results, the whole sample should be analysed. However,
as acquiring' htl"le whole sample is quite impossible, often representative
sub-samples are taken and analysed. Therefore, in order to havé
meaningful analytical data, a workable plan for acquiring samples has to

be implemented and validated by statistical techniques.

Storage and Preparation of Samples
The storage of sample prior to analysis is a very important factor. The
interaction between the sample and the container, itself, may result in

error. Another source of error is the variation of sample composition over

the period of storage and preparation. Therefore, different samples



require different storage procedures in order to reduce this problem to a

minimum.

Time Factor

The importance of the time at which samples are taken can be seen in
various analyses, and can produce significant variations. For example, in
environmental analysis, the time factor must be taken into account in any
sampling programme. This affects the results since at different times,
particularly different seasons, the sample taken from the same location

may contain different level of analytes of interest.

1.1.3 Sample Cleanup

Isolation and Concentration Techniques Using Physical Methods
One of the techniques that have been used for the isolation of volatile
compounds frém liquid samples or the soluble portions of solid samples is
distillation.[2] In this technique, the physical basis of separation depends
on the distribution of constituents between the liquid mixture and the
vapour in equilibrium with that mixture. In general, the effectiveness of
the separation is very much dependent on not only the physical
properties of the compounds but also on the method of distillation and the
equipment used. The most widely used distillation techniques include
simple distillation, fractional distillation and steam distillation. However, in

areas involving pesticide residues, assisted or sweep co-distillation is



used to isolate the volatile compounds in animal and vegetable fats and

oils at very low concentration.[3]

Assisted sweep co-distillation involves an injection of fluid sample by
syringe through a septum injector into an all-glass fractionating tube
designated to fit within a multi-port heating block. The fractionating tube,
which is either packed with silanised glass beads in the annulus between
the centre tube and the glass wall or is fabricated to provide a close fit
between the inert and outer tubes is designed so as to allow the sample
to pass down the central tube along with the carrier gas prior to coming
out and up onto the glass tube wall. The stripping of the volatile
pesticides which are collected in a trap containing sodium sulphate and
partially deactivated Florisil (magnesium silicate), is facilitated by the high
temperature and the high flow of the carrier gas through the tube. In
general, the %re'covery of pesticides depends on the volatility of each

pesticide and its resistance to thermal or catalytic decomposition.

Apart from the isolation process, the pre-concentration of samples is also
a very important step in sample cleanup procedure. There are several
methods which can be used to reduce the sample size. Some are listed
below;

1. Sublimation : this is a direct vaporisation and condensation of a solid

without passing through a liquid phase. This method is useful for any



compounds that can be sublimed at reasonable temperatures, e.g:
polycyclic aromatic hydrocarbon.

2. Freeze concentration : a method used for the concentration of
aqueous solutions of organic volatile and substances that are heat labile.

3. Solvent sublation : this method is generally used for the isolation and
concentration of surface-active materials by combining foam fractionation
with liquid-liquid extraction. The efficiency of this method depends on
several factors including bubble size, gas flow-rate and column height.

4. Reverse osmosis : a separation technique suitable for pre
concentrating from relatively large volumes of dilute solutions such as
drinking water. The method makes use of membranes with small pore
diameters with the operating pressure higher than the natural osmotic
pressure for the system resulting in the movement of solvent, usually
water, from sglution of high anal;yte concentration to that of low analyte
concentration. As the rate of permeation of organic solutes through the
membrane depends on the chemical compatibility of the membrane and
analyte, instead of sieving, it can therefore be used to separate solutes of

similar size.[4]

Isolation and Concentration Techniques Using Solvent Extraction

Solvent extraction may also be used for the isolation and concentration of
a sample. This technique has some advantages over physical methods
which include the choice of a large selection of pure solvents to give a

wide range of solubility and selectivity, simple equipment and also



solution-phase samples that are convenient and compatible with the
sample requirements of chromatographic instruments, that may be

employed, subsequently in the analysis.

1. Liquid-liquid Extraction

Liquid-liquid extraction (LLE) can be either a continuous or discontinuous
process. Discontinuous liquid extraction involves the attainrhent of
equilibrium between two immiscible phases whereas under continuous
conditions, equilibrium is not necessarily obtained. An example of
discontinuous extraction is liquid-liquid extraction which can either be
used for sample isolation or sample cleanup. Examples of continuous
extraction include Soxhlet extractors and countercurrent separators such
as centrifugal disk devices. In both extraction procedures, the efficiency
of extraction solvents depends on the affinity of the solute for this
solvent, (as r;éasured by the efficiency coefficient) phase ratio and the
number of extraction steps. The difference in partition coefficients
between solutes gives a measure of selectivity of the extraction
procedure.

Continuous liquid extraction techniques are normally used in the case
where sample volume is large, the extraction rate is slow or when the
distribution constant is small. Generally, the extraction can be done in
several hours resulting in concentration gains by a factor of up to 105.[5]
In the case of solid samples such as plant material, some of the principle

methods for liquid extraction include shake-flask methods and Soxhlet



extraction- It is generally observed that between the existing methods,
Soxhlet extraction gives higher recovery of many analytes from diverse
matrices.[5] The basis of this method is that a suitable solvent is
vaporised, condensed and allowed to percolate through the solid sample
contained in an extraction thimble. The solvent is then returned
discontinuously to the boiling flask via a siphon arrangement which
increases the contact time of the sample with the solvent. The main
disadvantages of this extraction are that the extraction time is generally
long and the extracted compounds have to be stable at the boiling point
of the extraction solvent as they are eventually accumulated in the boiling
flask. In general, such conventional liquid extraction results in the dilution
of the sample in a large volume of solvent in comparison to the volume to
be used for chromatographic analysis. Hence, a concentration procedure
is required. The methods used for the concentration of solvent extracts

are listed and 'described in Table 1[6].
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