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Foreword 

Advances in important areas of environmental and food analysis would be 
unthinkable without gas chromatography in capillary columns. Many years 
elapsed between the introduction of capillary columns (open-tubular columns, 
Golay 1958) into gas chromatographic analysis and the widespread adoption of 
this technique in practice. The reasons for this delay lay in the difficulties of 
column technology, instrumentation, and methodology encountered in the use of 
very narrow capillaries with their very small sample capacity. The process of 
acceptance received a considerable boost through the introduction of fused silica 
capillaries (Dandeneau, 1978). Thanks to the column geometry, capillary GC is 
a miniaturized separating analytical process. In general, GC can only be used for 
volatile compounds or those which can be vaporized without decomposition at 
high temperatures. Because of the low sample capacity of systems with capillary 
columns, environmental analysis with high resolution chromatographic methods 
places stringent demands on the separation, detection, and identification of 
analytes in matrices of complex composition. This is particularly true of samples 
containing very small concentrations of the toxic substances to be detected and 
determined. Such analysis is possible only with special sample introduction 
techniques. Detection with the necessary very low detection limits for toxic 
compounds can be accomplished with comparative ease on use of the ionization 
detectors available in GC. 

Even after sophisticated sample preparation, precise and accurate analyses of 
trace components in difficult matrices are possible only on optimal use of the best 
instruments and modem analytical methods of capillary GC. 

Particular difficulties are encountered, as in all analytical chromatographic 
techniques, in forensically reliable identification of target compounds. These can 
only be overcome by use of hyphenated techniques, preferentially GS/MS. 

This book, containing a collection of important applications, will be of great value 
to those engaged in the practice of environmental analysis. It demonstrates, for a 
number of typical examples of food and environmental analyses, how modem 
GC analysis with capillary columns can be successfully applied to this area. 

Miilheim an der Ruhr Prof: DK DK Gerhard Schomburg 



The objective of this book differs from that of most other publications on capillary 
gas chromatography. Instead of presenting all known methods of determination, 
it focuses on those which are important to the user. The book does not aim to 
transform the reader into a capillary GC expert, but instead addresses those readers 
who use capillary gas chromatography because of its various applications, i.e. 
practitioners. This is therefore a book by practitioners for practitioners. 

The content is based on a number of meetings held by the German Chemical 
Society on the same topic and comprises selected presentations delivered on those 
occasions. 

Well known and experienced authors have contributed their knowledge and 
experience to the individual chapters. All the applications described have been 
tried and tested and are reproducible on adherence to the basis rules of chroma- 
tography. 

I wish to express my gratitude to the authors for their readiness to contribute to 
this work. 

Special thanks goes to my family, without whose understanding this book would 
never have been published. 

Dinslaken, May 1997 Lothar Matter 



Contents 

1 

1.1 
1.2 
1.2.1 
1.2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 

1.3 
1.3.1 
1.3.2 
1.3.3 
1.3.4 
1.3.5 
1.3.6 
1.3.7 
1.3.7.1 
1.3.7.2 

1.3.7.3 
1.3.7.4 
1.3.7.5 

1.3.7.6 
1.3.8 

1.3.9 

1.4 

I . 5 

Application of the Rules of Chromatography to 
Capillary Gas Chromatography 
Lothar Matter ...................................................................................... 1 

Introduction ......................................................................................... 1 
Rules of Chromatography .................................................................. 2 
Sample Introduction ............................................................................ 2 

Column Length ................................................................................... 5 
Column Diameter ................................................................................ 5 
Film Thickness .................................................................................... 6 
Carrier Gas .......................................................................................... 6 

Choice of the “Right” Stationary Phase ............................................ 5 

Applications ........................................................................................ 7 
Determination of Pentachlorophenol in Wood ................................... 7 
Subjectivity of the Senses - Objectivity of Capillary GC .................. 8 

Separation of 33 Organochloropesticides ......................................... 11 

Detection of Irradiated Fat-Containing Foods ................................. 16 
Distinction between Animal Species in Heated Products ................ 18 
Detection of the Addition of Pork Dripping to Goose Dripping ...... 18 
Detection of the Addition of Cow’s Milk to Sheep and .................... 19 
Goat’s Milk Products 
Distinction between Beef and Pork Products ................................... 21 
Distinction between Hutch Rabbit and Wild Hare ........................... 22 
Distinction between Domesticated Pig and Wild Boar, and ............. 22 
between Veal and Beef 
Distinction between Game Species ................................................... 24 
Determination of Germination Inhibitors (IPC/CIPC) ..................... 24 
in Potatoes 
Interpretation of Chromatograms - An Example ............................. 26 

Determination of Bromocyclene and Musk Xylene in Fish ............ 10 

Sense and Nonsense of Analyzing PAH-Contaminated Soils ........... 12 

Summary ........................................................................................... 27 

References ......................................................................................... 28 



X Contents 

2 

2.1 

2.2 
2.2.1 
2.2.2 

2.3 

2.3.1 

2.3.1.1 
2.3.1.2 
2.3.1.3 
2.3.1.4 
2.3.1.5 
2.3.1.6 
2.3.2 

2.3.2.1 

2.3.2.2 
2.3.2.3 
2.3.2.4 
2.3.2.5 

2.3.2.6 

2.3.2.7 
2.3.2.8 

2.4 

2.5 

3 

3.1 

GUMS Determination of Residues and Contaminants 
Peter Fiirst ........................................................................................ 29 

Introduction ....................................................................................... 29 

Recording Mass Spectra .................................................................... 30 
Full Scan ............................................................................................ 30 
Mass Fragmentography ..................................................................... 32 

Applications of GC/MS to the Analysis of Residues ........................ 33 
and Contaminants in Foods . 
Identification of Unknown Substances and Confirmation ................ 33 
of Analytical Data by Recording Complete Mass Spectra 
Determination of Triazine Herbicides in Drinking Water ................ 33 
Confirmation of Chlorpyriphos-Ethyl in Oranges ............................ 36 
Detection of Dichloran in Nutrition .................................................. 37 
Identification of Propenophos in Tomatoes ...................................... 38 
Determination of Hormone Derivatives in Veal ............................... 40 
Detection of Neuroleptics in Pork .................................................... 41 
Detection and Determination of Residues and Contaminants .......... 43 
with the Aid of Mass Fragmentography 
Determination of Polychlorinated Dibenzodioxins .......................... 44 
and Dibenzofurans 
Determination of PCB and PCB Substitutes .................................... 52 
Determination of Polybrominated Flame Retardants ...................... 55 

Determination of Benzo[a]pyrene in Smoked Meat ......................... 60 
and Meat Products 
Determination of Chloramphenicol in Foods of Animal .................. 63 
Origin 
Determination of b-Sympathomimetics in Meat and Urine ............ 66 
Determination of Diethylsilbestrol in Meat by ................................. 69 
GC/LRMS and GC/HRMS 

Determination of Polychlorinated Terpenes ..................................... 57 

Summary ........................................................................................... 72 

References ......................................................................................... 72 

Determination of PAH in Foods 
Karl Speer ......................................................................................... 75 

Introduction ....................................................................................... 75 



Contents xi 

3.2 
3.2.1 
3.2.2 
3.2.3 

3.3 
3.3.1 
3.3.2 

3.4 
3.4.1 
3.4.2 

3.5 
3.5.1 
3.5.2 

3.6 
3.6.1 
3.6.2 

3.7 
3.7.1 
3.7.2 
3.7.3 
3.7.4 
3.7.5 
3.7.6 

3.8 

4 

4.1 

4.2 
4.2.1 
4.2.2 

4.3 
4.3.1 

PAH in Oils and Fats ........................................................................ 78 

Injection Systems .............................................................................. 84 
Results ............................................................................................... 85 

Analysis of Fats and Oils .................................................................. 79 

PAH in Vegetables ............................................................................ 89 
Analysis ............................................................................................. 89 
Results ............................................................................................... 93 

PAH in Fish Products and Mollusks ................................................. 95 
Analysis ............................................................................................. 95 
Results ............................................................................................... 96 

PAH in Coffee ................................................................................... 98 
Analysis ........................................................................................... 100 
Results ............................................................................................. 100 

PAH in Tea ...................................................................................... 100 
Analysis ........................................................................................... 101 
Results ............................................................................................. 101 

Analytical Procedures for Determination of PAH in Foods ........... 103 
Chemicals ....................................................................................... 103 
Glass Apparatus and Aids ............................................................... 104 
Procedure P1: Fish Products and Mollusks .................................... 105 
Procedure P2: Vegetables ............................................................... 109 
Procedure P3: Vegetable Oils and Fats ........................................... 111 
Procedure P4: Coffee ...................................................................... 113 

References ....................................................................................... 115 

The Mass Spectrometer as Detector in Capillary GC 
Hans-Joachim Hiibschmann ........................................................... 119 

Classical Detectors versus Mass Spectrometry .............................. 119 

Mass Spectrometry ......................................................................... 121 
High Resolution Mass Spectrometers ............................................. 121 
Low Resolution Mass Spectrometers ............................................. 123 

Ionization Processes ....................................................................... 124 
Electron Impact Ionization ............................................................. 124 



xii Contents 

4.3.2 
4.3.2.1 
4.3.2.2 
4.3.3 
4.3.3.1 
4.3.3.2 

4.4 
4.4.1 
4.4.2 
4.4.3 
4.4.3.1 
4.4.3.2 
4.4.3.3 

4.5 
4.5.1 
4.5.1.1 
4.5.1.2 
4.5.2 
4.5.2.1 
4.5.2.2 
4.5.2.3 

4.6 
4.6.1 
4.6.2 
4.6.4 

4.7 

4.8 

Chemical Ionization ........................................................................ 127 
Principle of Chemical Ionization .................................................... 129 
Reactant Gas Systems ..................................................................... 134 
Aspects of Switching between EI and CI ....................................... 137 

Ion Trap Spectrometers ................................................................... 138 
Quadrupole and Sector Field Spectrometers .................................. 138 

Special Aspects of GC/MS Coupling ............................................. 139 

GC/MS Coupling Techniques ........................................................ 141 

Choice of Carrier Gas .................................................................... 139 
Choice of Capillary Column .......................................................... 140 

Open Split ....................................................................................... 141 
Direct Coupling .............................................................................. 142 
Separator Techniques ..................................................................... 143 

Evaluation of GC/MS Analyses ...................................................... 144 
Presentation of the Chromatograms ............................................... 144 
Total Ion Current ............................................................................. 144 
Mass Chromatograms ..................................................................... 145 
Identification by Library Searches .................................................. 145 
Extraction of Spectra ....................................................................... 146 
Reference Mass Spectra ................................................................. 146 
Library Search Procedures .............................................................. 148 

Applications .................................................................................... 153 
Determination of Substituted Phenols in Drinking Water ............. 153 
Determination of PCB. PAH. and Ugilec in Soil ........................... 157 
Determination of Clenbuterol ......................................................... 168 

Summary ......................................................................................... 171 

References ....................................................................................... 171 

Index ............................................................................................................. 173 



1 Application of the Rules of 
Chromatography to Capillary 
Gas Chromatography 

Lothar Matter 

1.1 Introduction 

High resolution capillary gas chromatography is the analytical method of 
choice for organic trace analysis in foods and in the environment. Thanks to 
the wide range of detection methods (flame ionization, electron capture, 
nitrogen/phosphorus, flame photometric, mass selective, and ion trap detec- 
tion, to name but a few) it is possible too determine a variety of “contami- 
nants/impurities”, both qualitatively and quantitatively. 

Capillary gas chromatography is fast, highly sensitive, and accurate. It is one 
of the most powerful of all separation methods. However, its use calls for 
knowledge and skill; in other words, the dream of a “black box” or a single 
push-button instrument into which a sample is placed and which promptly 
yields the correct results with nothing more ado, will remain a dream for ever. 

Finding the appropriate solution for the analytical task at hand requires some 
degree of experience and a critical approach to the material. The analyst 
should/must be aware of the properties, composition, and pitfalls of the 
sample to be analyzed in order to choose and optimize the right analytical 
method. The generally valid rules of chromatography must be strictly applied 
in the field of capillary gas chromatography if useful results are to be obtained. 
If newly published work of interest is to be repeated then all the gas chroma- 
tographic parameters given in the publication must also be repeated. Details 
such as the temperature program, the carrier gas used, column length, column 
diameter, film thickness, phase, etc., play an important role in the description 

Food and Environmental Ana[vsis 6.v Capillary Gas Chromatography 
Lothar Matter 
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2 1 Application of the Rules of Chromatography 

of the method. This information is essential not only for evaluation of the 
method but also for the analyst interested in using the method [l-11. However, 
most publications, including many recent ones, fall far short of this mark [l-2, 
1-3, 1-41. 

The common remark or statement “just inject” should be consigned to the 
past. 

1.2 Rules of Chromatography 

In my opinion the most important rules of chromatography are the following 
(no claim is made to completeness of this list): 

- Sample introduction 
- Selection of the “right” stationary phase 

- Column length 

- Column internal diameter 

- Film thickness 

- Carrier gas 
- Clean separation of the components to be analyzed from the matrix 

1.2.1 Sample Introduction 

Correct sample introduction is a prerequisite for successful chromatographic 
analysis. Even today the manner is which this is performed is a matter of 
sometimes heated discussion. Back in 1983 Pretorius and Bertsch wrote: “If 
the column is described as the heart of chromatography, then sample intro- 
duction must be its Achilles tendon” [l-51. One can only concur with this 
statement. 

The requirements to be fulfilled by a sample introduction system can be 
described as follows [see 1-11: 

The injection method should not have a discriminatory effect on individual 
substances. Direct or indirect sample transfer (via an intermediate step) must 
occur ‘‘linearly’’ into the column, i.e. the original mutual ratios of the 
components of the sample must remain constant, at least for the substances 
to be determined. 
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- Accuracy: This important demand is often misunderstood and replaced 
by good reproducibility. A small standard deviation does not rule out 
systematic errordincorrect results. 

- Thermal and/or catalytic decomposition: The risk of decomposition 
and /or rearrangement on active surfaces should be reduced to a 
minimum, or, whenever possible, completely eliminated. If a septum is 
used, it is subject to constant thermal and mechanical stress and can 
also influence the chromatographic result by releasing volatile 
components (plasticizers ...). 

- N o  band broadening: The separation performance of the capillary 
column should not be impaired to any significant extent by the injection 
method employed. 

- Reproducible retention times: Unequivocal identification of retention 
times and exact reproducibility of sample components in a complex 
matrix go hand in hand. 

- Contamination: Entry of non-volatile or only slightly volatile sample 
components into the actual separation system leads to a drop in column 
performance through peak broadening, shortens the lifetime of the 
capillary column, or exerts other detrimental effects. 

In the area of trace analysis it is necessary to transfer the substances with 
minimalpossible losses into the system and to generate peaks that are as high 
as possible and have steep flanks. We shall not consider the various sample 
introduction techniques, such as split/splitless, PTV, and direct (or on-col- 
umn) injection because they are described at length in the literature. However, 
mention should be made of cold on-column injection according to G. Schom- 
burg and later modified by K. Grob which, in my opinion, represents the most 
reliable and most accurate sample introduction technique for high resolution 
capillary gas chromatography [l-6, 1-71. 

All other sample introduction systems in which the sample is first heated up 
in the injector and then transferred in vaporized form to the capillary column 
are subject to the danger of pyrolysis of sample components [l-81. They 
constitute sources of constant misinterpretation in organic trace analysis. The 
popular determination of hydrocarbons can be cited as an example. Figure 1-1 
(see p. 4) shows the result of a quantitative determination of hydrocarbons in 
a solution with a known content of eicosane, which was part of a round robin 
test for the recognition of irradiated chicken, pork, and beef by gas chroma- 
tographic identification of volatile hydrocarbons [ 1-91. 
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Determination of Hydrocarbons 
in a Standard Solution 
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Fig. 1-1: Determination of hydrocarbons in a standard solution. 

The figure shows the differences between the values found (mean of several 
determinations) and the actual amounts present. Of the 18 participating 
laboratories, only 4 reported values for all hydrocarbons which were very 
close to the actual values. It can also be said that the rules of chromatography 
were observed; the GC analysts knew what they were doing. 
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1.2.2 Choice of the “Right” Stationary Phase 

No generally valid rules exist for the selection of the right stationary phase 
for a given analytical problem. However, experience shows the following 
guidelines to apply: like dissolves in like. This means that the stationary phase 
should have a polarity similar to that of the substances to be separated (apolar 
phases for apolar substances, high boiling samples require high temperature 
stable phases). Apolar phases are more stable towards oxidative processes 
than polar ones. Inappropriate storage or leaks in operation of a capillary 
column (and hence uncontrolled entry of air) are “forgiven” more readily by 
apolar phases than by polar ones. 

Wherever possible, stationary phases which contain a functional group giving 
a detector response should be avoided. Thus cyanopropyl phases should not 
be used with a nitrogen/phosphorus detector, or trifluoropropyl phases with 
the electron capture detector. The signals of both these detectors would be 
swamped by the normal level of bleeding of the column [l-lo]. 

1.2.3 Column Length 

The column length is dependent upon the degree of difficulty of the separation 
problem. The only general recommendation that can be made is that the 
column should not be longer than necessary for the problem at hand. The 
shortest column permitting a good separation should be selected. It is ineffi- 
cient to use excessively long columns for samples containing only few 
components requiring determination. The use of capillaries of lengths exceed- 
ing 60 or more meters lies in the separation of complex mixtures such as 
polychlorinated biphenyls. 

1.2.4 Column Diameter 

The internal diameter of columns used in capillary gas chromatography 
ranges between 0.53 mm (megabore columns) via standard columns with 
0.32 mm to columns with 0.10 mm i.d. (microbore columns). Microbore 
columns have a high separation performance per unit time but require state- 
of-the-art instrumentation and are not easy to handle. 

The normal standard columns (0.32 mm i.d.) or so-called narrow-bore capil- 
laries (0.25 mm i.d.) are used in most laboratories. 

So-called megabore columns (0.53 mm i.d.) have recently come into use as 
alternatives to packed columns. After examining all the facts supposedly 
favoring megabore capillaries, K. Grob and P. Frech came to the conclusion 
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that the widely propagated positive arguments do not stand up to critical 
examination. [l-111. All the separation problems for which megabore capil- 
laries are recommended are better solved on standard columns. Perhaps the 
great popularity of megabore columns lies in their ability to transform a 
packed column chromatograph into a capillary column instrument. The user 
thus has a capillary gas chromatograph, i.e. a state-of-the-art instrument. 

Mere reduction of the internal column diameter from 0.32 to 0.25 mm can 
reduce the analysis time in the case of complex samples. 

1.2.5 Film Thickness 

Playing with the film thickness of the stationary phase shows users possible 
approaches to mastery of their analyses or separation problems. Owing to 
interaction between phase and sample, a “ thick” film is suitable for separation 
of highly volatile substances. Sample capacity is greatly increased, i.e. the 
amount of substance which can be chromatographed without peak deforma- 
tion increases. Such thick film columns (film thickness greater than 1 pm) 
permit working at higher temperatures but are subject to greater phase 
bleeding at the upper temperature limit. 

A thin film column exhibits minimal bleeding at the upper temperature limit, 
a low sample capacity, and is highly suitable for low volatility components 
with high boiling points. The duration of analysis and peak broadening are 
minimized in the case of thin film capillaries (film thickness 0.1 pm). 

1.2.6 Carrier Gas 

The nature and flow rate of the carrier gas through the capillary are of 
immense importance in a gas chromatographic separation. The flow rate must 
be reproducibly and accurately adjustable and measurable in order to exploit 
the separation power and maximum performance of the column. Slight 
deviations in carrier gas flow have a pronounced influence on the separation. 
The carrier gases commonly used today are nitrogen, helium, and hydrogen, 
with hydrogen demonstrably giving the best results (also in the author’s own 
laboratory) [l-121. Hydrogen carrier gas extends the range of application, e.g. 
for high temperature gas chromatography, and is preferred over helium. In 
view of the fact that hydrogen is unreservedly accepted as combustion gas for 
the FID, objections still raised by “analysts” to hydrogen carrier gas are 
irrational and totally unfounded if a few basic safety rules are observed [l-131. 
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Clean separation of the components to be analyzed from the matrix 

This attitude must become part of the very make-up of every analyst con- 
cerned with high resolution capillary gas chromatography. 

13  Applications 

1.3.1 Determination of Pentachlorophenol in Wood 

The hazard to health posed by pentachlorophenol (PCP)as a wood impregna- 
tion agent led to the withdrawal of this substance from wood preservatives. 
German legislation laid down a limit of 5 mg/kg for products contaminated 
with PCP as a result of treatment. Only the part affected by treatment is 
relevant for determination of the concentration [l-141. Impregnated or coated 
wooden ceilings are considered here as an example. 

Figure 1-2 shows a section of a chromatogram of treated wood recorded by 
HRCGC-ITD (high resolution capillary gas chromatography with ion trap 
detection) after prior extraction and methylation [ 1-15]. The methylated, and 
hence more readily chromatographed, pentachloromethoxybenzene is seen 
to be separated from a contaminant in the mass range 278-282. Exact 
identification requires not only agreement between the mass fragments of the 
sample and those of authentic PCP standard but also the same retention time 
(mass fragments of PCP ester: 237-239; 265-267; 280-282). 

800 850 950 1000 1056 
13:21 1421 15:61 1551 16:41 1 7 3  

Fig. 1-2: PCP determination (HRCGC-ITD) in a sample of wood. Column: 60 m x 
0.25 mm i.d., DB-5,O.l Vrn film thickness/helium. 0.5 pl injection volume, splitless. 
T P  90 "C (1 min), then up to 260 "C at 10 "/min, 260 "C 20 min isothermal. 



8 1 Application of the Rules of Chromatography 

For ECD detection additional column chromatographic purification on 
Florisil or silica gel is recommended (removal of interfering “colorants” and 
polar components). 

1.3.2 Subjectivity of the Senses - Objectivity of Capillary GC 

Sensory testing is still the principal method used for the testing of foods. 
Fortunately, such tasting is of a subjective nature, i.e. everybody experiences 
the characteristics of taste and odor in a difference way. Among other 
techniques; objective headspace capillary gas chromatography can serve as a 
backup for such subjective findings. For example, pentane and hexanal arise 
during the processing and storage of fat-containing food samples as a result 
of oxidative degradation of unsaturated fatty acids. They therefore represent 
key components for assessing rancidity of foods [l-161. A significant corre- 
lation was found between the organoleptic parameters (odor, taste, color) and 
the pentane content of edible fats under various storage conditions [l-171. It 
should be noted that pentane represents an indicator for the oxidative rancidity 
of an edible oil [l-181. The same effect of the interplay between subjective 
senses and objective headspace GC is illustrated in Figure 1-3. Here the shelf 
life of cooked ham (sealed in aluminum-plastic) is being examined. One 
package is tasted on receipt of the sample (part being weighed out for 
headspace GC analysis and frozen); the other package after appropriate 
storage until expiry of the minimum shelf life. Comparison of the sensory 
with the gas chromatographic findings unequivocally shows whether the shelf 
life was correct or too long. As another example of the objective confirmation 
of a subjective sensory finding is provided by the so-called “ medicine” taste. 

Fig. 1-3: Headspace 
analysis of cooked 
ham. Column: 60 m 
x 0.32 mm id., DB- 
Wax, 0.25 pm film 
thicknessihelium. - 
500 plinjectionvol- 
ume, split, 60 “C - ‘ 1 
isothermal. Sample as received End of minimum shelf life 
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A hibiscus tea infusion was found by a consumer and the author to have a 
significant " medicine-like" taste. After extraction and enrichment on a solid 
phase column, dichlorophenols could be identified as the reason for the 
sensory finding [l-191. 

Fig. 1-4: TIC chromatogram of a tee infusion (HRGC-ITD). Column: 30 m x 
0.32 mm i.d., DB-5,0.1 pm film thickness/helium. 0.5 pi splitless. TP: 40 "C (1 min), 
then up to 260 "C at 10 "/min, 260 "C (20 min) isothermal. 

Sanple Base Peak 63 Intensity 488 Scan nunber 382 - 

I I  1 1 1  .(I._ . ...,, , I  ,I. , , 

I ' i 3 1 ' I ' 1 8  
r 

Fig. 1-5: Mass spectrum of dichlorophenol- comparison sampleflibrary search. 
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Figure 1-4 shows the total ion chromatogram of the analyzed tea extract in 
the bottom part, and just the mass 162 at the top. The library search shows 
good agreement with dichlorophenols (Fig. 1-5). 

1.3.3 Determination of Bromocyclene and Musk Xylene in Fish 

Bromocyclene is used as active substance in veterinary preparations as an 
ectoparasitic (trade name " Alugan"). It is not (yet) permitted for use with 
fish. In 1992 this substance was discovered in trout in the course of country- 
wide monitoring of foods for organic pollutants (such as PCB) conducted by 
the German Federal Office of Health [l-201. A second compound was also 
found to be present, viz. musk xylene. Separation of the two substances was 
straightforward on observation of the rules of chromatography. Other aro- 
matic nitro musk compounds are also readily separated and determined. 

Musk xylene, ketone, tibetene, muscene, and ambrette musk are synthetic 
compounds not found in nature. They are used in cosmetics and detergents 
and cleaners and thus enter natural bodies of water and thence the food chain. 

1 

A 1 k 
Fig. 1-6: Organochlorine residues (HRGC-ECD) in a rainbow trout: (1) bromocy- 
clene; (2) musk xylene. Column: 60 m x 0.25 mm i.d., DB-5, 0.1 pm film thick- 
nessihydrogen. 0.5 p1 splitless. TP: 55 "C (1 min) then up to 145 "C at 30 "/min, 
145 "C 10 min isothermal, then up to 225 "C at 2 "/min, 225 "C 20 min isothermal. 
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Owing to their lipophilic nature, bioaccumulation, and persistence they are to 
be regarded as ubiquitous environmental contaminants. Figure 1-6 shows an 
ECD chromatogram of a concentrated fat extract of a rainbow trout. The two 
largest peaks, viz. bromocyclene and musk xylene, appear in the middle of 
the chromatogram. The other compounds are organopesticides and PCB. If 
traces of musk xylene suddenly appear in a blank run, it can be assumed that 
a musk-containing cosmetic is responsible [ 1-12]. 

1.3.4 Separation of 33 Organochloropesticides 

The following example is intended to demonstrate observation of the chro- 
matographic rules. Figure 1.7 shows the separation of 33 organochloropesti- 
cides in trace amounts ranging between 50 and 200 picogram, depending upon 
the substance. 

* 

I 20 In 

Fig. 1-7: Separation (HRGC-ECD) of organochloropesticides: 1: a-hexachlorocyclo- 
hexane; 2: hexachlorobenzene; 3: P-hexachlorocyclohexane; 4: lindane (y-hexachlo- 
rocyclohexane); 5: 6-hexachlorocyclohexane; 6: E-hexachlorocyclohexane; 7: PCB 
31; 8: PCB 28; 9: heptachlor; 10: PCB 52; 11: aldrin; 12: isodrin; 13: cis-heptachlor 
epoxide; 14: oxichlordan; 15: trans-heptachlor epoxide; 16: cis-chlordan; 17: o,p- 
DDE; 18: a-endosulfan; 19: PCB 101; 20: trans-chlordan; 21: dieldrin; 22: p,p-DDE; 
23: o,p-DDD; 24: P-endosulfan; 25: o,p-DDT; 26:ppDDD; 27: ethion; 28: PCB 153; 
29:ppDDT; 30: PCB 138; 31: methoxichlor; 32: PCB 180; 33: mirex. 
Column: 60 m x 0.25 mm id., DB-5, 0.1 pm film thicknesshydrogen (temperature 
program , see fig. 1-6). 
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The chromatogram recorded with temperature programming shows only 
negligible, if any, baseline drift. The peaks show no tailing. The sequence of 
the individual compounds is valid only for the capillary column used and the 
specific temperature program. 

1.3.5 Sense and Nonsense of Analyzing PAH-Contaminated Soils [l-221 

Polycyclic aromatic hydrocarbons are compounds with a number of fused 
aromatic rings. They are of both natural and anthropogenic origin and are 
formed by free-radical mechanisms, especially on incomplete combustion or 
pyrolysis of organic material. 

The compounds present in emission condensates or tar products can be 
divided into fractions of certain substance classes: 

1. PAH with 2 and 3 rings 

2. PAH with 4 or more rings 

3. Thiaaranes 

4. Nitro-PAH 

5.  Phenols 

6. Carbazoles 

7. Azaarenes 

8. Aromatic amines 

In animal experiments the first group shows a low carcinogenicity but a high 
acute toxicity. The situation is reversed with the higher PAH of the second 
group: low toxicity, high carcinogenicity. Of importance in the toxicological 
assessment are the synergic effects arising on combination of various PAH. 
Thus higher doses of carcinogenic PAH often lead to inhibitory action; in 
contrast, combinations of hardly effective individual doses can lead to poten- 
tiation. 

Studies performed on the individual compounds of the 8 classes of substances 
in animal experiments reveal extremely high carcinogenicity in some cases 
(e.g. for benzo[a]pyrene or naphthylamine). Epidemiological studies confirm 
the results of animal experiments. Recently, increased attention has been 
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focused not only on "classical" PAH but also on the phenols, quinones, and 
diols of PAH with regard to their carcinogenic action. However, their complex 
nature still precludes a clear picture of their toxicity. It should therefore be 
noted that not only the content of individual substances but the relative 
amounts of PAH determine their biological effects. 

In order to take full account of these toxicological aspects both the concen- 
trations of the individual substances and sum parameters of primary PAH are 
considered. The primary substances correspond to the 16 EPA and 6 TVO 
parameters. The sum parameters permit very good assessment of the hazard 
caused directly by soils. 

In order to assess the hazard to ground water posed by PAH-contaminated 
soils, the pollutants in the filtrate of a 24 h eluate are studied. Once again, the 
two sum parameters (6 TVO and 16 EPA parameters) are used. Assignment 
of the soils to various classes of disposal sites is also undertaken on the basis 
of these parameters. However, since we are dealing mainly with the higher 
fused and thus poorly water-soluble PAH, only very low concentrations of the 
compounds are to be expected in the eluate. 

What is the situation with the other compounds? 

To determine this, the original substance and eluates from highly contami- 
nated soil (sum of TVO-PAH > 1 g) were investigated by GC-ITD with and 
without clean-up. The instrumentation parameters were: 25 mm x 
0.32 mm i.d., FS SE 54, 0.25 vm film thickness, splitless injection (1 PI), 
300 "C, temperature program from 90 "C (1 min) at 15 "/min to 280 "C 
(15 min), ITD 800, mass range from 30 to 400 amu. 

The results are shown in Figures 1-8 to 1-11. 

Accordingly, after clean-up the original substance contains in addition to the 
TVO and EPA-PAH further alkylated PAH and lower concentrations of 
numerous N-, 0-, and S-containing aromatic substances. In the eluate without 
clean-up the PAH are present to a much smaller extent (low solubility in 
water). However, if we consider the heteroaromatics, they represent the main 
burden in the eluate. After column clean-up of the eluate the same amounts 
of PAH are still present but the heteroaromatics are now only present in low 
traces. 
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Fig. 1-8: TIC chromatogram of a PAH-contaminated soil without clean-up. 
For Figures 1-8 to 1-11: 
1: Naphthalene; 2: 2-methylnapthalene; 3: I-methylnapthalene; 4: acenaphthylene; 
5: acenaphthene; 6:  fluorene; 7: phenanthrene; 8: anthracene; 9: fluoranthrene; 
10: pyrene. 
I: quinoline; 11: quinoline; 111: methylquinoline; IV dibenzofuran; V N-containing 
aromatic; VI: 0-containing aromatic; VII: 0-containing aromatic; VIII: 0-containing 
aromatic; IX: benzoquinoline; X: pyridine derivative. 
A: S-containing aromatic; B: methylquinoline; C: N-containing aromatic; D: S-con- 
taining aromatic; E-G: alkylated PAH. 
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Fig. 1-9: TIC chromatogram of a PAH-contaminated soil with clean-up. 
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Fig. 1-10: TIC chromatogram of a PAH-contaminated soil eluate without clean-up. 
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Fig. 1-11: TIC chromatogram of a PAH-contaminated soil eluate with clean-up. 
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To summarize, it must be stated that estimation of the hazard posed to ground 
water by contaminated soil through a 24-h eluate and the PAHsum parameters 
is a rather unfortunate choice. The PAH studies mask the actual potential 
hazard posed by contaminated materials. The main burden in the eluate is 
presented by the more water-soluble heteroaromatics and not by the PAH. 
Ecotoxicological studies of the eluate should therefore also take account of 
the PAH analogs which have so far attracted little if any attention. There is 
little detailed information about the toxicity of the heteroaromatics. Their 
better degradability suggests a lower toxicity than that of PAH; however, a 
toxic action cannot be excluded [l-231. 

1.3.6 Detection of Irradiated Fat-Containing Foods 

Irradiation of some fat-containing foods such as meat can be detected quickly 
and unequivocally by GC-FID of GC-MS. On treatment of triglycerides with 
ionizing radiation, cleavage of chemical bonds occurs in primary and secon- 
dary reactions. Radiolysis products are formed which have one carbon atom 
(C, - 1) or two carbon atoms less (C, - 2) than the original fatty acids of the 
triglyceride. Given a knowledge of the fatty acid composition of the sample 
being investigated the principal radiolysis products can be predicted. After 
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20:o 
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100000 

10 12 14 16 18 20 22 
Time (inin.) 

Fig. 1-12: TIC chromatogram of irradiated (3  kGy) and non-irradiated chicken meat 
(fat fraction). 
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collecting the fat the apolar fraction is isolated and the hydrocarbons deter- 
mined by gas chromatography [ 1-91. Unequivocal identification requires 
strict application of the rules of gas chromatography. Figure 1-12 shows the 
radiation-induced hydrocarbons from the fat fraction of irradiated chicken 
meat, and Figure 1-13 those in irradiated pork and beef [l-241. 

The clear appearance of " new" hydrocarbons underscores the applicability 
of this method. 

I Abundance 

Time (min.) 

TIC of 17030301003.d 
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Fig. 1-13: TIC chromatogram of irradiated pork and beef (fat fraction). 
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1.3.7 Distinction between Animal Species in Heated Products 

Species differentiation in raw and heated foods is nowadays performed almost 
exclusively by electrophoretic methods. However, in heated foods and food 
mixtures this method does not provide unequivocal evidence for the animal 
species used. If only fat is available then these methods fail. In this case, 
capillary gas chromatographic fatty acid analysis (observing the rules of 
chromatography) is the method of choice [l-251. The following examples 
support this claim. 

1.3.7.1 Detection of the Addition of Pork Dripping to Goose Dripping 
Figure 1-14 shows the fatty acid methyl ester chromatogram of pure goose 
dripping. 
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Fig. 1-14: Range of fatty acids (HRGC-FID) present in pure goose dripping. See 
Figure 1-22 for GC conditions. 
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Calculation of the ratio of stearic acid to oleic acid reveals the admixture of 
pork dripping (to improve the spreading properties). While pure goose drip- 
ping shows a ratio of up to 0.13, obligatory labeling indicating addition of 
10% pork dripping is required if this  ratio is exceeded. 

1.3.7.2 Detection of the Addition of Cow’s Milk to Sheep and Goat’s Milk 
Products 

Adulteration of sheep or goat’s milk cheese by addition of cow’s milk is 
proven by means of the ratio of myristoleic to pentadecanoic acid (see [ 1-25]). 
In a 100% pure sheep or goat’s milk cheese this ratio is 0.20 at most, while a 
cheese prepared from cow’s milk shows a value of about 1. 

The fatty acid methyl ester spectrum of a pure sheep’s milk cheese is shown 
in Figure 1-15 while Figure 1-16 (see p. 20) indicates the addition of cow’s 

):O 
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114:O ;:0 18:l 
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Fig. 1-15: Range of fatty acids (HRGC-FID) present in pure sheep’s milkcheese. See 
Figure 1-22 for GC conditions. 
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Fig. 1-16: Range of fatty acids (HRGC-FID) present in sheep’s milk cheese adulter- 
ated with cow’s milk. See Figure 1-22 for GC conditions. 

milk although the product was declared as 100% sheep’s milk cheese. The 
ratio lies above 0.20. 

Effects of different fodder, breed, mode of cheese maturation, etc. play only 
a minor role [ 1-26, 1-27]. However, such investigations require unequivocal 
separation of the fatty acids, i.e. rigorous adherence to the rules of chroma- 
tography. 

Confirmation of the capillary GC findings is possible, for example, via the 
p-carotene content of the cheese. Sheep and goat’s milk cheese exhibit only 
low p-carotene contents (<1 pgkg) whereas cow’s milk contains more than 
1000 pg/kg of p-carotene. Admixture of cow’s milk is indicated by p-carotene 
contents in excess of 100 pgkg [l-281. 
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1.3.7.3 Distinction between Beef and Pork Products 
In distinguishing between pork and beef (raw, heated, individually or to- 
gether) eicosadienoic acid (C20:2) provides sure proof of pig as animal 
species [ 1-29]. It is present in amounts up to 0.7% (of total fatty acids) in pork 
fat but only 50.05% in beef fat. Figure 1-17 shows the range of fatty acids 
present in pork products. While pork fat contains only traces of myristoleic 
and pentadecanoic acids (50.05%) beef contains much higher amounts of 
these fatty acids. 

Linoleic acid can serve as a further distinguishing factor (beef c 2%, pork 
8-1 2%); however, different feeds may exert an influence here. 

16:l 
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Fig. 1-17: Range of fatty acids (HRGC-FID) present in pork. See Figure 1-22 for GC 
conditions. 
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1.3.7.4 Distinction between Hutch Rabbit and Wild Hare 

This example demonstrates a distinction between animal species caused, 
among other things, by feeding differences, and can also serve as evidence in 
the case of incorrect labeling. Figure 1-18 sows this difference. 

While the fatty acid spectrum of hutch rabbits contains higher amounts of 
linoleic acid, the wild hare exhibits a fatty acid distribution in which linolenic 
acid predominates [see 1-25]. 
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Fig. 1-18: Part of the range of fatty acids (HRGC-FID) present in hutch rabbit (left) 
and wild hare (right). See Figure 1-22 for GC conditions. 

1.3.7.5 Distinction between Domesticated Pig and Wild Boar, and 
between Veal and Beef 

Figure 1-19 indicates the difference between domesticated pig and wild boar 
and between veal and beef as bar charts. 

The ratio of heptadecanoic to palmitic acid (C17:0/C16:0) x 100 indicates 
which animal species is present (genuine wild boar). 
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A distinction between chicken and turkey meat is also possible with the aid 
of this ratio. Figure 1-20 shows the fatty acid methyl esters present in a chicken 
meat product. 
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Fig. 1-19: Distinction between domesticated pig and wild boar, and veal and beef. 
See Figure 1-22 for GC conditions. 
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For determination of PAH in urban air [4-181 dust filters were extracted with 
toluene, the extract was cleaned-up by solid phase extraction (benzenesul- 
fonic acid/silica gel) and analyzed by GUMS. 

GC conditions: SPI injector, 110 "C, 300 "/min to 30 "C (45 min); DB 5 
capillary column, 30 x 0.25 mm x 0.25 pm/helium, temperature program 
100 "C (3 min), 10 "/min to 200 "C, 5 "/min to 310 "C (10 min). 

MSparameters: ITS40 GC/MS system, EI ionization, scan range 100-520 u, 
scan rate 1 s-', direct coupling 280 "C. 

The entire chromatogram (total ion current) of a dust filter sample is shown 
in Figure 4-24. A section is shown in Figure 4-25 for the retention time range 
of 10 min to 13 min, with the mass trace mlz 182 being depicted under the 
total ion current. In this range dimethylbiphenyl isomers elute which were 
identified by comparison of their mass spectrum (Figure 4-26) with the NIST 
library (Figure 4-27). Since the isomers have almost identical spectra, mass 
spectrometry cannot be used for assignment of the isomers. 
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Fig. 4-24: Total ion current chromatogram of a dust filter extract. 
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Fig. 4-25: Analysis for PAH via the mass chromatogram m/z 182. 

115 

188 110 128 130 14E 158 169 178 188 198 ZE#3 210 ;rB 

Fig. 4-26: El mass spectrum of a dimethylbiphenyl isomer. 
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Library Search D:UW)IWROBE-l 6cquim.i: Jun-26-1991 Scan number 688 
C m w n t :  Filtcrslust 3 Filter M: Ioluoi k l l c  h p l a t x  (1MB) 

1-4 l W 1  Bsnrerr, 1-wthy1-4- (phcny ilethJ1)- u)s6zB-83-7 * 

Rank 1 Index 15768 Forrrula: C 1 4 . H l 4  
l b l e c u l u  w i g h t  1Bz hritrtim] Fit= Wi- Cast 628-83-7 

Fig. 4-27: Identification through an INCOS library search (NIST library). 

2ez - 

Fig. 4-28: Analysis for PAH via the mass chromatogram m/z 202 with the mass spectra 
of fluoranthenc and pyrene. 
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Fig. 4-29: Identification through an INCOS library search (NIST library). 

A similar situation is shown for fluoranthene and pyrene in Figure 4-28. The 
elution of the components is shown by the specific mass chromatogram m/z 
202. Owing to the pronounced similarity of their spectra, the result of the 
library search (Figure 4-29) suggests both isomers with a high degree of 
correspondence (FIT > 900). Such cases require a combination of retention 
time and mass spectrum for identification. 

4.6.4 Determination of Clenbuterol 

Clenbuterol is not only used for doping in competitive sport. It is a recognized 
human and veterinary drug, but is also misused as an aid in fattening animals 
for slaughter. Identification of clenbuterol in meat requires analytical method 
offering a high degree of certainty in the trace range. For this reason, GUMS 
with chemical ionization has become the established method for clenbuterol. 

Prior to GUMS analysis [4-191 clenbuterol is derivatives with hexamethyl- 
disilazane to form the trimethylsilyl compound (clenbuterol-TMS). Methane 
is used as reactant gas. 
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GC conditions: Injector 270 "C isothermal, splitless, DB 5 capillary column, 
30 m x 0.25 mm x 0.1 pm/helium, temperature program, 80 "C (1 min), 
20 "/min to 160 "C, 10 "/min to 250 "C (1 min). 

MSpurumeters: ITS4O-GC/MS system, CI ionization, manifold tem erature 
180 "C, reactant gas methane, scan range 120-400 u, scan rate 1 s- , direct 
coupling 280 "C. 

? 

The CI mass spectrum of clenbuterol-TMS (Figure 4-30) shows the quasi- 
molecular ion (M + H)' m/z 349 with the isotope pattern of two CI atoms as 
base peak. The fragmentation occurring is unavoidable on use of methane as 
reactant gas. 

In a typical CI chromatogram (Figure 4-31) the elution of clenbuterol-TMS 
is clearly evident from the specific mass trace m/z 349/351. These ions are 
also used in quantification. Figure 4-32 shows the calibration of clenbuterol- 
TMS in the range of 25 pg to 2 ng as the amount injected. 
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Fig. 4-30: CI mass spectrum of clenbuterol-TMS, reactant gas methane. 
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Fig. 4-31: Total ion current and mass chromatogram of a clenbuterol analysis, CI 
methane. 

Fig. 4-32: Calibration function for clenbuterol determination by CI-GC/MS. 
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4.7 Summary 

The mass spectrometer represents an extremely powerful and flexible detec- 
tion system for high resolution gas chromatography. Depending upon the 
choice of analyzer, exact mass determinations, screening, and multicompo- 
nent analysis are all possible with the appropriate degree of precision and 
reliability for the task at hand. The broad range is partly due to the universal 
nature of El ionization. In addition, extremely specific detection tasks become 
possible through the choice of high resolution or chemical ionization tech- 
niques. 

Today’s ideal GC/MS coupling techniques provide latitude for use of the 
optimum conditions for the formerly separate procedures - open and direct 
coupling - without analytical restrictions arising from the coupling. Rapid 
advances in computing have rendered fast automatic extraction and process- 
ing of analytical data from the huge volumes of information of GUMS 
feasible. Combination of the evaluation of direct substance information with 
specific quantification provides gas chromatography with a reference proce- 
dure without equal in  othcr chromatographic disciplines. 
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Carrots 93 
Charge transfer 132 
Chemical ionization (CI) 119 
Chicken meat 17,24 
Chloramphenicol in foods of 64 
animal origin 
Chloramphenicol, rneta- 65 
Chlorfenvinphos 145 
Chlorine isotope pattern 157 
Chlorpropham (CIPC) 24 
Chlorpyriphos-ethyl in oranges 36 

Classical detectors 119 
- atomic emissions detector 119 

-electron capture detector 119 

119 - flame ionization detector 

- nitrogen-phosphorus detector 119 

- oxygen specific FID (OFID) 119 
-thermal conductivity detector 119 

67 Clenbuterol 
Clenbuterol-Ds 68 
Clenbuterol-TMS 168 

Cod liver oil 60,88 
Coffee 98,99 

- raw coffee 99 
- roasted coffee 99 
- soluble coffee 99 
Column internal diameter 5 

Chromatographic rules 1 

(AED) 

(ECD) 

(NPD) 

(TCD) 

Clophen A30lA60 52 

- espresso coffee 99 

Column length 5 
Congeners 44 
Contaminants 3 
Cooked ham 8 
Cosmetics 10 
Cow’s milk added to goat’s milk 19 
Cyanosilicone phases 45 

- CP-SIL 88 
- CPS-2 
- DB-Dioxin 
- SP 2331 

45 
45 
45 
45 

DB-1 capillaries 42 
DB-5 7 
DB-Wax 8 

Detectors 119 
Dibenz[ac]anthracene 78 
Dibenzodioxins, polybrominated 55 
Dibenzodioxins, polychlorinated 44 

Dibenzofurans, polybrominated 55 
Dibenzofurans, polychlorinated 44 

Dichloran in nutrition 38 

Diethylstilbestrol in meat 69 
Dioxines 47 
1,3-Diphenyl-l,l,3,3-tetramethyl- 84 

Decomposition 3 

(PCDD) 

(PCDF) 

Dichlorophenols 9 

disilazane 
Direct injection 3 
Drift 12 
Dursban 36 

Ectoparasitic 
Eicosadienoic acid 
Eicosane 
Electron capture 
Electron impact ionization (El) 
Environmental contamination 
Environmental Protection 
Agency (EPA) 

EPA method 8270 
Extraction of spectra 

10 
21 
3 

133 
119 
29 
77 

158 
146 

Fattening aids 40,66,168 

Fatty acid composition 16,19 
Fatty acid analysis 18 
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Fatty acid methyl ester 

Fatty acids 
Film thickness 
Filter dust sample 
Fish organism 
Flame retardants 
- Bromkal70-5 DE 
- Bromkal79 
- Bromkal80 
- Bromkal E 82 
- Bromkal 
- decabromobiphenyl ether 
- Firemaster BP-6 
- Firemaster FF-1 
- hexabromobiphenyl 
- octabromobiphenyl ether 
- octabromobiphenyl 
- pentabromobiphenylether 
- tris(2,3-dibrompropyI)-phos- 

phate 
Fragmen togram 
Furans 

chromatograms 

Game differences 
GC/HRMS 
GC/LRMS 
GC/MS analyses, evaluation 

19 

16 
6 

161 
60 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 

44 
47 

24 
69 
69 

144 
GC/MS coupling 122,139 
GUMS coupling techniques 141 
GC/MS determinations 29 
- contaminants 29 
- direct coupling 142 
- open coupling 141 
- residues 29 
- separator techniques 143 
Gel permeation chromatography 90 

Germination inhibitors 24 
- i n  potatoes 24 

(GPC) 

Goose dripping 18 

Hazard estimation for ground 

Heading of peaks 
Hexamethyldisilazane 
Hexanal 
Hormone derivatives in veal 
Hormone esters 
- estradiol benzoate 
- estradiol valerate 
- testosterone cypionate 
- testosterone propionate 
Hormone cocktail 

water 

HRCGC-ITD 
HRGC-ECD 
HRGC-FID 
HS-GC 
HT 5 capillary column 
Human milk extract 
Hutch rabbit 
Hydride abstraction 
Hydrocarbons 
Hydrogen 

16 

26 
168 

8 
40 
40 
40 
40 
40 
41 
41 
7 

11 
18 
8 

158 
47 
22 

131 
3 
6 

Identification 142 
Indicator 8 
Injection method 2 
Internal standards 81 
- benzo[e]pyrene-diz 81 
- perylene-dl2 81 

International Agency for 77 
- phenanthrene-dlo 81 

Research on Cancer (IARC) 
Interpretation 26 
Ion current 144 
- reconstructed ion chromato- 144 

-total ion current (TOT) 144 
Ion generation 30 
Ion trap instruments 123 
Ion trap spectrometers 135 
Ionization processes 124 
- chemical ionization 127,129 

gram (RIC) 
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- electron-ionization 
- principle 
Ionization technique 
Irradiation of fat-containing 

Isotope pattern 
foods 

Kale 
Key substances 

Library comparison 
Library search 
Linoleic acid 
Linolenic acid 
Liquid crystals - polysiloxane 

Liquid crystals - SB-smectic 
phases 

capillaries 

Mammalian tissue 
Mass chromatogram 
Mass fragmentography 
- multiple ion detection (MID) 
- selected ion monitoring (SIM) 
- selected ion recording (SIR) 
Mass fragments 
Mass spectra, complete 
Mass spectrometers 
- high-resolution 
- low resolution 

124 -in fish 
129 Mussels 
30 
16 Narrow bore capillaries 

Natural hormones 
36 - estradiol 

- progesterone 
52 -testosterone 
12 Neuroleptic agents 

- acepromazine metabolite 
145 - acepromazine 
148 - azaperol 

21,22 - azaperone 
22 - chlorpromazine 

Mass spectrometry 
Megabore capillaries 
Metabolization 
Microbore capillaries 
Mirex 
MS libraries 
- NBS/Wiley 
- NIST 
- STRS 
Multiple ion detection tech- 

Musk xylene 
nique 

45 

45 

57 
141 
32 
32 
32 
32 
32 
33 

121 
121 
123 
29 

5 
60 
5 

32 
31 
31 
31 
31 
82 

10 

- in pork 
- propionylpromazine 
- xylazine 

‘Nitro-musk compounds 
NP detector 

Oils 
- native 
- olive oil 
- safflower 
- vegetable 
-walnut oil 
-wheat germ oil 
Organochlorine pesticides 
Organochlorine residues 
Oysters 

10 
97 

5 
40 
40 
40 
40 
41 
42 

Parsley 

Pentane 8 
54 Perch extract 

154 Phenol acetate 
Phenols, substituted, in drinking 153 
water 

Phenothiazine derivatives 42 
34 Polarity 

Polychlorinated biphenyls (PCB), 157 
determination in soil samples 

Pentachlorophenol in wood 7 

42 
42 
42 
42 
42 
42 
42 
10 
34 

79 
85 
85 
85 

85, 87,88 
88 
88 
1 1  
1 1  

96,97 

94 
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Polychlorinated biphenyls 157 

Polycyclic aromatic 12,60, 75, 89, 
hydrocarbons 98,114,157 

(PCB) 

analytical procedures 
- benzo[a]pyrene in smoked 

meat ands meat products 
- Di2-benzo[u]pyrene 
- in coffee 
- in contaminated soils 
- in meat products and 

- in oils and fats 
- in soil 
- in tea 
- in urban air 
- in vegetables 
Polycyclic aromatic hydro- 
carbons, heavy 
- benzo[a]fluoranthene 
- benzo[a]pyrene 
- benzo[b]fluoranthene 
- benzo[e]pyrene 
- benzo[ghi]perylene 
- benzoljlfluoranthene 
- benzo[k]fluoranthene 
- dibenz[ah]anthracene 
- indeno[ 1,2,3-cd]pyrene 
- perylene 
Polycyclic aromatic hydro- 

- anthracene 
- benz[a]anthracene 
- chrysene 
- fluoranthene 
- phenanthrene 
- pyrene 
- triphenylene 
Pork dripping 
Pork 
Pre-column 

mollusks 

carbons, light 

103 
60 

63 
98, 114 

12 
96.105 

78,111 
157 
1 00 
164 

89, 109 
78 

78 
12,78 

78 
78 
78 
78 
78 
78 
78 
78 
77 

77 
77 
77 
77 
77 
77 
77 
18 
17 
84 

Propham (IPC) 22 
Prophenophos in tomatoes 38 
Proton abstraction 134 
Proton transfer (protonation) 130 
Psychopharmaceut icals 41 

Quadrupole mass spectrometers 47 
Quadrupole spectrometer 138 
Quasimolecular ion 157 
Quinalphos 126 
Radiolysis products 16 
Rainbow trout 11 
Rancidity 8 
Reactant gas 31,134 
- ammonia 133,136 
- isobutane 31,136 
-methane 31,134 
- methanol 135 
Real-life chromatogram 26 
Recording techniques, full scan 30 
Recording techniques, mass- 30 

Reference mass spectra 146 
Resolution, mass-spectroscopic 121 

Retention times 3 
Roasted coffee extract 98 

spectrometric 

Resolving power 121 

Salbutamol 
Sample application 
Sample preparation for 

Search procedures 
vegetables 

- INCOS 
- PBM 
Sector field spectrometer 
Selectivity 
Sensory testing, subjectivity 
- odor 
-taste 
Sewage sludge 
Sheep’s milk cheese 

68 
2 
90 

148 
148 
152 
138 
60 
8 
8 
8 

26 
19 
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Shelf life tresting 8 
Shopping basket, percentages of 76 
foods in 

Signal-to-noise ratio 
Silylation 
Sirnazine 
Stationary phase 
Sulfur, molecular 
Sum parameters 
6-Syrnpathomimetics 
- clenbuterol 
- in meat 
- in urine 
- salbutamol 

Taste 
Terpenes, polychlorinated 
- carnphechlor 
- rnelipax 
- strobane 

33,46 
64 
34 
5 
27 
13 
41 
41 
67 
68 
41 

10 
57 
57 
57 
57 

- toxaphene 57 
Tetrachlorobenzyltoluenes 52 

2,3,7,8-Tetrachlorodibenzodioxin 44 

Tolclofos-rnethy I 128 

Triazine herbicides in drinking 33 

Triglycerides 16 
Triphenyl phosphate 126 
Tris(2-ch1oroethyl)phosphate 34 

(TCBT) 

(TCDD) 

Toxicity 12 

water 

Ugilec 141 
Ugilec in soil 
Ugilec T 
Urban air 

52 
157 
52 
164 

Vegetables 89 




