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Deconvolution is a process of extracting compound spectra from a complex total ion chromatogram 
(TIC). Spectral Deconvolution of the MS data allows easy identification of analytes in the presence 
of overlapped matrix peaks. This is the goal of AMDIS (Automatic Mass spectral Deconvolution and 
Identification System) originally developed by NIST (National Institute of Standards and 
Technology) for trace chemical weapons detection in complex matrices. AMDIS de-skews the 
quadrupole TIC first and compares all ions’ apexes and the rising and falling patterns throughout 
the TIC to associate all related ions into a deconvoluted spectrum (called a component). The matrix 
background or interference ions are therefore dropped out of the deconvoluted spectrum 
(component). Each deconvoluted (cleaned) spectrum is then searched against a custom library for 
hits. This allows analysts to find contaminants in the library but not on the method target compound 
list. The power of deconvolution will be explained and illustrated using results from sample extracts. 
Deconvolution increases accuracy and confidence of results, decreases processing time, minimizes 
user skill requirements, and improves productivity. 

The ChemStation target compound hit is based on retention time, 4 ions, and ion ratios. Each 
AMDIS hit is based on full spectral library match, therefore, provides higher confidence results. In 
this study, the deconvolution was applied to spinach samples spiked with over 150 pesticides at 50, 
250, and 500 ppb. The AMDIS quantitation results were compared to the ChemStation results for 
sensitivity comparison. Various AMDIS deconvolution settings (resolution, sensitivity and shape 
requirements) were compared for optimal results.  

 

Keywords: AMDIS, deconvolution, pesticides, unknowns, non-target 

The author wishes to thank Dr. Jon Wong of the US Food and Drug Administration (College Park, 
Maryland, USA) for providing numerous standards and food extracts for the study. 
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This paper compares GC/single quadrupole-MS (GC/Q) and GC/triple quadrupole-MS (GC/QQQ) 
techniques for the analysis of pesticide residues in food extracts. The goal is to compare the 
sensitivity and selectivity of these two instruments. Various food extracts of increasing complexity 
were spiked with pesticide residues in decreasing concentrations to determine the limitations of 
each instrument for this type of analysis.  

Two commonly-used GC/Q techniques were performed for this comparison. The first approach uses 
a GC/Q in the selected ion monitoring mode to analyze for a list of target compounds. The 
selectivity and sensitivity of this method are dependent upon sample cleanliness. When analytes 
co-elute with interferences that produce the same target or qualifier ions, identification and 
quantification are compromised.  

The second approach employs a GC/Q in the scan mode with Deconvolution and a mass spectral 
library. This system is used to screen for over 900 pesticides, metabolites, and endocrine disruptors 
in a single injection. Deconvolution helps to extract clean, library-searchable spectra from 
background and interferences. Each deconvoluted spectrum is compared to the target library for 
identification. 

For comparison, a GC/QQQ was used in the MRM mode to analyze the same samples. The 
instrument maintains the sensitivity of a SIM method while achieving the selectivity inherent in a 
triple quadrupole MS. Helium doping in the collision cell greatly reduces neutral noise and improves 
the instrument's sensitivity.  

Several different crop extracts spiked with p,p’-DDE at 10 µg/Kg, were analyzed by GC/Q SIM and 
GC/QQQ MRM. The GC SIM method was able to identify DDE in apple, cabbage, and ginseng 
extracts, but matrix interference prevented its identification in orange and spinach extracts. The 
GC/QQQ had no problem with interferences in any of these samples. With an average peak-to-peak 
S/N of 370:1, it should be possible to identify DDE in the sub-µg/Kg range. 

The high selectivity and sensitivity of this GC/QQQ makes it possible to confirm pesticide residues 
at the low ppb level even in the most complex extracts. Direct comparisons between these two 
GC/MS systems using the same samples illustrates the significant benefits afforded by the 
GC/QQQ. 

 

Keywords: MRM, GC/QQQ, deconvolution, SIM 

The authors wish to thank Dr. Jon Wong of the US Food and Drug Administration (College Park, 
MD, USA) and Dr. Steven Lehotay of the U.S. Department of Agriculture (ARS, ERRC, Wyndmoor, 
PA, USA) for providing numerous standards and food extracts for the study. 
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Michael T. Hetmanski1*, Richard Fussell2, Michal Godula3 
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Food and Environmental Research Agency, Sand Hutton, York, YO41 1LZ, UK 

3
Thermo Fisher Scientific, Slunečná 27, 100 00 Praha 10, Czech Republic 

*E-mail: mike.hetmanski@fera.gsi.gov.uk 

 

Fruit preserve (jam) is a complex, high sugar matrix. In this study, a simple, rapid method based on 
QuEChERS extraction and clean-up

1
 and GC-tandem quadrupole mass spectrometry (GC-MS/MS) 

was evaluated for the multi-residue analysis of 96 pesticides in jam. QuEChERS extraction has 
been widely used for multi-residue LC-MS analysis, but many laboratories have reported difficulties 
when applied to GC-MS analysis. Solvent exchange or large volume injection using PTV have 
normally been required. However solvent exchange is time consuming and can result in losses of 
pesticides, and repeated injection of large volumes of extracts can cause degradation of the 
chromatographic system. The high sensitivity of the TSQ GC-MS/MS system enabled direct 
splitless analysis using low volume (1 µl) aliquots of acetonitrile extracts. 

Recovery and CV data were within EU DG SANCO criteria
2
 for almost all pesticides. The MRM 

chromatograms demonstrated excellent selectivity (no interferences observed) and good 

signal/noise ratio (>5:1), for all analytes at the lowest calibrated level (0.005 mg kg
-1

). Thus the GC-
MS/MS multi-residue method is suitable for monitoring the GC amenable pesticides in fruit 
preserves at high sensitivity.  

[1] 1. http://www.quechers.com 
[2] 2. European Commission, Doc No. SANCO/10232/2006 

http://www.quechers.com/
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Fax: ++4923197426555 

 
The monitoring of real-time processes, as well as, the control of the quality of raw materials and 
products play a more and more important role in the food industry, especially with respect to food 
safety. 

With analysis times of a few seconds and the ability to measure volatile organic substances (VOC) 
selective down to the low ppbv-range ion mobility spectrometry (IMS) is considered as a powerful 
and low cost method to characterise food products without any sample preparation. 

The combination of an IMS to a chromatographic column for selectivity enhancement was used to 
measure the headspace of slices of sausages (type “Lyoner”) at different storage conditions daily 
from day 0 to day 7. Whereas the one sample class was stored at room temperature, the other 
samples were kept in the fridge at 2.5 °C. To make the operation of sampling processing simple and 
transparent the system is set up with a sample injector unit. 

As result of the measurements IMS-chromatograms with several peaks at different drift and 
retention times are achieved. 

These IMS-chromatograms are the same for the sausage stored in the fridge from day 0 to day 7. 
Only for the peak with a drift time of 6.2 ms, which corresponds to the ion NO

+
(H2O)j (with j = 0,1,2), 

a slide increase of the peak height is achieved.  

For the sausage stored at room temperature already at the second day dramatic changes are 
observed. A huge additional peak appears at day 2 at a drift time of 9.3 ms and increases within 
day 3. At day 4 an additional peak appears at 8.2 ms, while the peak height of the one at 9.3 ms 
decreases. Both peaks decrease with an increase of the peak at 6.0 ms, representing the ion of 
ammonia, NH4

+
(H2O)n (with n = 0, 1, 2). In sum: depending on the age of the sausage kept at room 

temperature the pattern of the headspace is changing and can be used for a classification using 
automatic chemometric tools. 

The results of the measurements can be used to optimise storage conditions with respect to energy 
consumption or determination of the freshness of a product.  

Next to this application, the system can be used to measure different kind of food materials as well 
as beverages or e.g. the emission of VOCs in packaging materials.  

The theory of IMS, the experimental set-up and the results for the measurements will be presented.  

 

Keywords: ion mobility, IMS, GC, VOC 
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Dioxins (PCDD/Fs) and polychlorobyphenyls (PCB) are ubiquitous environmental contaminants. 
They are very persistent to chemical degradation, and accumulate in the food chain. The 
contamination of food products with dioxins and PCBs is a well studied issue, because food is 
generally considered as the major source of dioxin intake for humans. Eggs, in particular, contain 
an high fat percentage, and may accumulate persistent organic pollutants such as dioxin and PCBs. 
In Italy, the Regional Monitoring Plan used in the field for 2009, has also included the control of 
environmental pollutants in small egg producers (so called home-produced eggs). Following an 
irregular result, a private owner was recruited on a voluntary basis, and his birds, that were 
contaminated on a first sample (12 hens), were transferred from their free-range farming system 
into a lab controlled environment. Every day (from day 0 to 60) total eggs were collected: most of 
them were analysed for the evaluation of dioxins, dioxin like PCBs (DL PCBs), and non dioxin like 
PCBs (NDL PCBs six congeners) levels. The number of lay-eggs varied from four to 12 in a single 
day. All the eggs from each week were homogenised and lyophilised. The fat fraction was extracted 
by accelerated solvent extraction (ASE). The dioxins and PCBs contents were determined 
according to EPA 1613/94 rev B method by gas chromatographic determination, coupled with high 
resolution mass spectrometry. The content of PCDD/F, DL PCB and NDL PCB was evaluated by 
mean from week to week. The concentration of dioxins was lower than DL PCBs (2,5 pgTEQ/g of 
fat against 4,5 pgTEQ/g), but we observed the same depletion trend for both. After a steady level 
for the first two weeks, there was a small depletion until the sixth week, were PCDD/F and DL PCB 
showed similar concentration. Then, while a continuous depletion was seen for PCDD/F 
concentration, DL PCB levels decreased very slowly, and reached about 2 pgTEQ/g of fat. On the 
opposite, NDL PCBs had a different course: there was an increase between week six and seven, 
but the mean levels remained very low (about 20 ng/g of fat). The dioxins, and sum of dioxin and DL 
PCBs concentration were below the fixed European limits ( i.e. 3 pgTEQ/g of fat for dioxins and 6 
pgTEQ/g of fat for sum of dioxins and DL PCB), beginning from the third week of trial, because of 
their removal from the contaminated environment. 
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Novel Aspect: Robust integration of hardware and software for MS spectral library based 
toxicological screening applications  

Introduction: Liquid Chromatography Tandem Mass Spectrometry (LC-MSMS) combined with 
library search appears in clinics, forensic, and food testing applications with the aim at replacing a 
LC-UV-DAD library search system. The approach does not require any chemical derivatization 
steps during the sample preparation. Compared to GC-MS, LC-MSMS covers a complementary in 
some respect, but clearly broader range of analytes. In routine laboratories, there is a need for an 
easy to use hardware and software solution coupled with simple SOPs, robust statistics and 
secured data storage and reporting methods. The system should also easily enable the creation, 
annotation and enhancement of spectral libraries.  

Methods: Here we present an integrated hardware and software approach for acute clinical 
toxicology screening. The solution includes an ion trap MS instrument, a spectral library, a specially 
adapted search algorithm (SmileMS by Genebio) and predefined SOPs. Various SPE fractions of 
patient samples suspected for different drug intoxications as well as purified compounds were 
analyzed with an ion trap instrument coupled online with a modern ultra performance LC system. 
Both sample submission and evaluation of results is performed via a dedicated easy to use open 
access type software. The system was used to enrich a spectral library of dedicated analytes as 
well. 

Preliminary Results: The implemented workflow allows a user to log in to open access software 
environment, register one or more samples and choose a processing method (including MS 
acquisition settings, data processing options and library search parameters). A technician launches 
the acquisition locally on the MS system. The recorded spectra are automatically sent to data 
processing. The user accesses the results in a summarized form via a web based browser and can 
visualize, validate and report the outcome of the analysis via hyperlinks. Finally, commented reports 
can be sent to the analysis requester via email. The summary results from the library search are 
made available in a simple table, while the details can be evaluated via hyperlinks. Due to its client-
server architecture data can be accessed from any PC connected to the intranet. A library 
containing 300 common drugs and toxins is being created in collaboration with a clinical laboratory. 
Additionally an SOP was created that allows sample preparation, analysis and automated result 
evaluation in less than 30 min. In this work a selected set of clinical blood and urine samples has 
been spiked with known drug molecules. The identification quality was evaluated at different 
concentration levels. 
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Novel Aspect: GC-APCI-TOF/MS; accurate mass analysis of the pseudomolecular ions of GC-
separated compounds. 

Introduction: The interfacing of GC with mass spectrometry is commonly performed in vacuo using 
electron or chemical ionization. This offers the benefits of library-searchable spectra and ionization 
e. g. of volatile and non-polar components. However, larger molecules often display no molecular 
ion and the spectra of unknowns can require a high level of skill to interpret. In particular, this is 
becoming a topic of concern in the pharmaceutical industry, where regulatory bodies require the 
certain identification of volatiles and other impurities throughout the production process. By applying 
an atmospheric pressure chemical ionization interface for time-of-flight mass spectrometry, 
molecular formula information is readily available for components separated by GC. Further MS/MS 
information can be gathered for quadrupole-TOF instruments. 

Methods: A capillary GC column has been introduced to a modified Bruker API interface on 
micrOTOF and micrOTOF-Q mass spectrometers via a rigid heated transfer tube. A sheath nitrogen 
gas flow is used to ensure a focussed gas jet from the capillary exit and to make up the gas flow 
rate for introduction to the mass spectrometer. GC components can be mass-measured on the TOF 
detector. The SmartFormulaTM method is then applied, using accurate mass measurement and 
True Isotope Pattern (TIP) matching to give unprecedented certainty of molecular formula identity 
for GC-separated compounds 

Preliminary results: Results from the analysis of typical GC volatile compounds will be presented. 
The range of compounds that can be ionised and determined by this technique will be 
demonstrated. 
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Benzene is classified by the IARC as carcinogenic to humans. Several sources may contribute for 
the occurrence of benzene in foods, such as, environmental contamination and the reaction of 
benzoate salts and ascorbic acid (naturally present or added as food additives).  

Matrix effect on benzene recovery (e. g. in fatty foods) and artefactual benzene formation during 
analysis are some of the challenges presented when determining benzene in a wide range of 
foodstuffs. Design of experiment (DOE) was used to determine the most important variables in 
benzene recovery. Based on the results of the DOE, a versatile method for the extraction of 
benzene from all kind of food commodities was developed. The method which consisted of 
distillation and isotope dilution HS-GC/MS was validated in accordance with the decision 
(2002/657/EC). Artefactual benzene was prevented by addition of a buffer solution (pH 11) under 
distillation conditions. 

The method presented in this study allows the use of a matrix-independent calibration with 
detection limits bellow the legal limit established by the European Council for benzene in drinking 
water (1 µg L

-1
). 
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Wine is a widely consumed beverage in the world with thousands of years of tradition. 
Determination of its authenticity is one of the most important aspects in food quality and safety. 
Many successful studies have shown that it is possible to distinguish grape variety, vintage years or 
geographical zones on the basis of chemical parameters. Several papers have been published 
about classification of wines and recently, pattern recognition has become a useful and often 
applied method in food analysis. 

The adulteration of wine is usually accomplished by addition of alcohol, water, dyes and aromas to 
wine of minor commercial value. As these wines are usually produced with inadequate conditions of 
hygiene, they become of high risk for the human health. Another risk for the consumer of 
adulterated wines is the ingestion of products not elaborated with raw materials controlled by control 
organs. 

The authenticity of wine is guaranteed by strict guidelines laid down by the responsible national 
authorities who include official sensory evaluation, chemical analyses and examination of the 
register kept by the wine producer. 

The purpose of this study was to identify the adulterated wines obtained in Cotesti vineyard, 
Vrancea County by the private and local producers during the period 2006-2008. 

From the 341 wine samples analysed was noticed that the cheap wines are frequently adulterated. 
Some false labelled wines by integrating them in superior quality class of wines were observed. 
Moreover label mentions of the wine bottle are not in concordance with the wine content. The 
grape variety mentioned on the label has to be minimum 85% and a minimum alcohol 
concentration of 11% v/v. Even the wine contains more than 88-90% of a single grape variety but 
the synthetic colorants and flavors are detected, the wine can’t be named controlled denomination 
of origin (CDO) wine. In this case, the wine is considered false labelled.  

The dynamics of wine adulterations from Cotesti vineyard had a decreasing trend from 2006 
(71.3%) to 2008 (29.7%). The reduction of the adulterated wines from 2006 to 2008 is probably due 
to the application of legislative regulations on wine quality. 

Keywords: adulteration, quality, false labelled wines 
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Authenticity testing of food products, such as meat, milk or fish, is important for labeling and 
assessment of value and is therefore necessary to avoid unfair competition and assure consumers 
protection against fraudulent practices commonly observed in the food industry. 

Adulteration of milk and dairy products with different types of milk, other than declared, presents a 
big problem for food monitoring. The evidence of cheese adulteration is a difficult task considering 
similar compositions of various types of milk. 

One of the main problems in the cheeses making is the adulteration of sheep and goat milk with 
cow’s milk, because sheep and goat milk is, more expensive.  

The aim of this study was to detect the presence of cow’s milk in sheep’s and goat’s cheeses which 
are sold in retail markets of Galati, Romania.  

For this purpose, a total of 64 sheep’s cheese samples and 31 goat’s cheese samples were 
purchased randomly from different local markets.  

The presence of cow’s milk in sheep’s and goat’s cheeses was studied by immunochromatographic 
test kit. The basis of the assay is the antigen - antibody reaction. The presence of cow’s milk in a 
sample is determined by the immunological detection of bovine immunoglobulin G (Ig G bovine - an 
antibody class), which is a natural constituent of cow’s milk. 

The presence of cow’s milk was detected in 53% of cheese samples, while no adulteration was 
found in 47% of cheese samples.  

These obtained results were considered to be unacceptable. Therefore it was concluded that, 
routine controls on sheep’s and goat’s cheese adulterations have to be performed in Romania. 
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An interlaboratory study was made with 7 participants – laboratories in the field “feed / food”. The 
main objective of the study was an accurate determination of the mineral composition of 3 plants 
from the wild environment (Origanum vulgare; Vaccinium myrtillus L.; Tribulus terestris). The three 
plants chosen as samples for the interlaboratory study are nourishing supplements used for the 
enhancement of mineral status in nutrition experiments on weaned piglets. The calculating 
approach of the experimental diets and the inclusion rate of the supplements in diet are the stages 
of experimental protocol based on chemical composition of the plants. A homogeneity test was 
applied to the samples and they were distributed to each participant on sealed plastic bags. All 
laboratories accomplished ten measurements for each sample. The determination method was 
established by protocol, flame atomic absorption spectrometry. The reference value was 
established by consensus (value established directly from the reported results – we calculate the 
central trend of results and then the standard deviation is used for uncertainty determination). The 
appearance frequency of the results was determined by Kernel distribution plot and the remove of 
the doubtful results was done by the t test. The participants performance was evaluated by Z score 
and Zeta score. From the 21

st
 values of Z (7 laboratories x 3 plants samples) in 2 cases 3 < Z, both 

of them for  Vaccinium myrtillus L. Zeta score confirm the unsatisfactory results of Z score just for 
one case and for another zeta value 3 < Zeta no other test confirm the hypothesis of unsatisfactory 
results. The International Harmonised Protocol for the Proficiency Testing of Analytical Chemistry 
Laboratories offer as possible explanation of unsatisfactory zeta score an underestimation of the 
uncertainty. This hypothesis is confirmed in case of laboratories with z score satisfactory and a zeta 
score unsatisfactory. From the results obtained, we concluded that two participant provide 
questionable results for copper for Vaccinium myrtillus L.  
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