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Introduction 

In the European Union, methods of sampling and analysis for the official contro! of levels of polychlorinated 
dibenzo-p-dioxins and dibenzofurans (PCDD/ Fs) and dioxin-like polychlorinated biphenyls (DL-PCBs) in 
feeding stuff are laid down in Commission Regulation (EC) No 152/2009, amended by Commission Regulation 
(EU) No 278/2012., and for levels in certain foodstuffs in Commission Regulation (EC') No 252/20122

, 

respectively. These methods are based on harmonized quality criteri a of 200 l for chemical an d bioanalytical 
analysis3

.4 an d the revised criteri a of 201 O for application of bioanalytical methods for screening of feed and 
food s. 

The above mentioned regulations require the application of gas chromatography coupled with high resolution 
mass spectrometry (GC-HRMS) as confirmatory method for the unequivocal identification and quantification of 
PCDD/Fs and DL-PCBs at the leve) of interest. In order to identify foods or feedingstutTs excecding the 
maximum or action levels, samples can be screened using cost-effective, high sample-throughput screening 
methods with the aim of avoiding false-compliant results. These methods can be GC'-MS methods or 
bioanalytical screening methods. 

Since the late 1980s GC-MS/MS methods (tandem mass spectrometry and ion trap systems) havc been applicd 
for the determination of PCDD/Fs and DL-PCBs, mainly in environmental matrices6

• When the analytical 
criteria for determination of PCDD/Fs in feed and food were develope<e, GC-MS/MS based methods were 
considered to be able to provide the required specifìcity, however, had a considerably higher working range than 
GC-HRM S instruments. The further development of the tandem mass spectrometry systems in previous years 
resulted in considerably lower working ranges and the applicability of these systems al so for determination of 
the low PCDD/F and DL-PCB concentrations in food and feed samplcs. In 20 Il different studies on the 
applicability of GC-MS/MS for determination of PCDD/ Fs and DL-PC'Bs in feed and tood samples were 
published7

·
8

·
9.1°. These results of the comparison of GC-M S/MS and GC-HR:viS results indicated that GC'­

MS/MS has the potential as an alternative confìrmatory method. 

For further discussion of the aforementioned results, a MS/MS core working group was formed within the 
network of European Union Reference Laboratory (EU-RL) and National Refercnce Laboratorics (NRLs) of EU 
Member States for Dioxins and PC Bs in Feed and Food. 



MS/MS core working group a nd network of EU-RL a nd NRLs 

In 20 10 the core working group on "Possible use ofnew MS techniques/instruments for determination ofdioxins 
and PCBs in feed and food" was formed. Core working group members from NRLs and expert lnboratories held 
five meetings with the scope of " Evaluation of new technical developments tòr sensitive GC-MS/MS 
determination of dioxins and PCBs in food and feed and development of analytical criteria for possible use of 
these new techniques". The discussions and conclusions within the working group were based on the experience 
from different laboratories applying GC-MS/MS systems from different vendors. The results were pattly 
published or presented at meetings ofthe working group. Al i laboratories evaluating the performance of the GC­
MS/MS systems were expert laboratories with a long experience in PCDD/F and PCB analysis using GC­
HRMS. 

Resul ts were presented for discussion at three workshops ofthe EU-RLINRL network held in 2011 and 2012. 
The derived criteria as prcsented here were unanimously agreed at the workshop in May 201 2. 

Evaluation of GC-MS/MS systems 

The evaluation ofthe available GC-MS/MS systems that were reported to have sufticient sensitivity in different 
laboratories included the application of 

different extraction and clean-up steps, resulting in different possible interferences in GC-MS/MS, 
different GC-MS/MS systems and parameters. 
different approach ofevaluating the performance ofthe systems. 

lmportant parameters for the evaluation included 
definition ofthe working range, especially focus ing on the lower end ofthe working range, 
linearity, reproducibil ity and robustness of the systems, 
applicabili ty in routine analysis, 
comparison ofGC-MS/ MS and GC-HRMS reslllts (or in comparison with PT consensus values). 

From these parameters, the direct comparison of GC-MS/MS and GC-HRMS results from the same sample 
extracts provides the most important indication on the reliability ofthe results. This direct comparison covers the 
possible infl uence of different food and feed matrices, the influence of possible interfering co-extracted analytes, 
taking into account the different selectivity of high resolution MS (R = 10000) or MS/ •IS. and a wide 
concentration range, including the range of action and maximum levels and al so the low background levels. 

The conclusions of the evaluation of different available sensiti\e GC-MS/ MS systems showed that latest GC­
MS/MS systems from different vendors are applicable for routine analysis of PC DD/Fs and DL-PCBs in feed 
an d food at the levels of regulatory interest an d thus h ave a potenti al as an alternative confirmatory method. 

Proposed a mendments of current criteria 

Definition of screening and confirmatory methods 

Current EU regulations on methods of sampling and analysis (Commission Regulation (EC) No 15212009 and 
Commission Regulation (EC) o 25212012) include the definitions of screening and confìrmatory methods in 
context with the two different goals ofmonitoring for the presence ofPCOD/Fs and DL-PCBs: ~election oft hose 
samples exceeding maximum or action levels and determination of levels of PC DD/Fs and DL-PC'Bs. 

For better clarification, the here proposed amendments include separate definitions tor screening and 
conftrmatory methods. For confirmatory methods the defìnition now also includes thc possibility of using gas 
chromatography coupled with tandem mass spectrometry (GC-MS/MS) systems wilh suflìcient sensitivity as 
confi rmatory methods. However, for the determination of lo w background levcls, i .e. below l /5'11 of the leve l of 
regulatory interest, the application ofGC-HRMS is required. 



Limi t of quantification of individuai congeners 

An important criterion is the definition of the limit of quanti fication of individuai congeners. Current legislation 
detìnes the "accepted specitìc limit of quantificalion of an individuai congener ' [as] the concentralion of an 
analyte in the extract of a sample which produces an instrumental response at two different ions to be monitored 
with an SIN (signal/noise) ratio of 3: l for the less intensive signal and fulfilment of identification criteria as 
described, for example, in standard prEN 16215 (Animai fced - Determination of d ioxins and dioxin-like PCBs 
by GC/HRMS and ofindicator PC Bs by GC/HRMS) and/or in EPA method 1613 revision B." 

T he evaluation of the GC-MS/MS systems showed, that the calculalion of a realistic limit of quantification 
(LOQ) from the signal-to-noise ratio is not always possible due to the very low noise level or even the absence 
of noise. Differences regarding the recording of the electronic or chemical noise for different GC-MS/MS 
systems would then result in different LOQ calculations from the signal-to-noise ratio. 

Additionally for GC-HRMS systems, the calculation of the LOQ from a signal-to-noise ratios seems to be 
possible for sample extracts, but with further electronic optimization of these systems and decreasing of the 
noise level the possibility of very high signal-to-noise ratios and thcrefore unrealistically low LOQs inc.reases. 

For comparability of the different GC-MS/MS and GC-HRMS systems, an approach independent of the noise 
leve] and the signal-to-noise ratio is therefore necessary. 

The proposed amendments include two different approaches for calculating the limit of quantification for 
individuai congeners. Generally, the accepted specific limit of quantification of an individuai congener in a 
sample is the lowest content of the analyte that can be measured with reasonable statistica l certainty. fulfillinR 
the identification criteria as described for example in standards Et 16215 11 and EPA methods 161 312 and 16681 

as revised. 

Approach l: The LOQ can be calculated from the signal-to-noise ratio as already defined in the current 
regulations. 

Approach 2: As an alternative approach, ifthe signal-to-noise ratio does not provide rcliable results due to a very 
low, or no discernable noise level, the limit of quantification is based on lhe calibration curve. Thc limit of 
quantification is then defined as the lowest concentration point on a calibration curve that g ives an acceptable 
(~ 30 %) and consislent (measured at least at the slart an d al lhe end of an analylical seri es of samples) deviation 
lo the average relative response factor calculated for ali points on the calibration curve in each seri es of samplcs. 

For conversion of the limit of quantification from the ca l ibration curve t o the sample, the recovery oftne internai 
standards ofthe respective congener and the sample intake has to be taken into account. 

Specific requirements for confirmatory methods 

Current EU regulations include specific requirements for GC-MS method.> for screening and confi rmatory 
purposes including difference between upper and lower bound calculation, addition of internai standards and 
limits for recoveries, removal of interfering substances, gas chromatographic separation and range of calibration. 
Further criteria for GC-HRMS are referred to in EN 162 15 and EPA method 1613. 

As the inclusion of GC-MS/ MS as a confirmatory method required new criteria, the specific cri teria for GC­
HRMS as a confirmatory method are al so further speci fied. Therefore, besides the reference to E 1 16215 and 
EPA methods 1613 (PCDD/ Fs) and 1668 (PCBs), the HRMS resolution is detìned as being typically g.reater than 
or equa! to l 0000 for the enti re mass range a t l O % valley. 

The new criteria for GC-MS/MS as a confirmatory method are based on established critcria in Commission 
Decision 2002/657 /EC 14 and EPA methods 1613 an d 1668. 

Comparable to HRMS, the application of GC-MS/ MS requires the monitoring of at least 2 specific precursor 
ions, each with one specific corresponding transition produci ion forali labelled and unlabeled analytes in the 
scope of analysis. 



The maximum permitted tolerance of relative ion intensities are setto± 15% for selected transi tion product ions 
in comparison to calculated or measured values (average from calibration standards), requiring the application o f 
identica! MS/MS conditions, in particular collision energy and collision gas pressure, for each transition of an 
analyte. 

The resolution tor each quadrupole must be set equal to o r better than unit mass resolution (unit mass resolution: 
sufficient resolution to separate two peaks one mass unit apart) in order to minimìze possible intcrferences on the 
analytes of interest. 

Additionally, further criteria as described, for example, in standard EN 16215 and/or in EPA methods 161 3 and 
1668 as revised, except the obligation to use GC-HRMS have to be follo~ed. 

Conclusion 

The proposed amendments of the current criteria introduce the possibility of using GC-MS/MS systems as an 
alternative to GC-HRM S systems as confirmatory methods. As for HRMS, these amendments set comparablc 
strict criteria also for MS/MS systems in order to mainlain the requested high analytical quality and reliabi lity 
for confirmation of the levels of PCDD/F and PCB. Fina lly, i t is of paramount impot1ant to rccognize that apart 
from the detection system (in this case HRMS and MS/MS) the extraction and clean-up process has a profound 
influence on the quality of the analytical results. 
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