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Content overview 

• Are we selective enough ? 

• Strengths and limitations (Single stage Orbitrap) 

• Why HRMS based multiresidue methods ? 

• Quantification 

• Identification 

• Successful example of unknown screening 
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Proficiency test (Rikilt) 



© 060207, Kantonales Labor Zürich, 8032 Zürich 

Three samples 

Screening  

followed by 

Quantification: 

 

Aminoglycosides 

Penicillines 

Macrolides 

Chinolones 

Sulfonamides 

Tetracyclines 
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Multimethods ? 

37 participating laboratories 

 

160 different methods 

nevertheless only 

 

29 laboratories correctly found Tetracyclin 

23 laboratories correctly found Nafcillin 

13 laboratories correctly found Neomycin 
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Screening results 
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Only 5 out of 37 laboratories  

screened and quantified correctly ! 

 

                Screening     

  

LAB 1:   Microbiological 

LAB 2:   HRMS 

LAB 3:   HRMS  

LAB 4:   LC-MS/MS 

LAB 5:   LC-MS/MS 

Quantification 

 

LC-MS/MS 

LC-MS/MS 

HRMS 

LC-MS/MS 

LC-MS/MS 
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MS/MS based multiresidue methods are 

significantly better than microbiological tests  

but … 

 

  

 MS/MS requires the individual tuning of each   

   monitored compound 

 MS/MS is not made to monitor hundreds of  

   compounds  

 MS/MS finds only the things we are expecting 
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Typical Swiss scenery as seen by MS-MS 

 

P. Uomo 

P. del Corvo 

Schepadüi 

Pécianett 

P. del Sole 

Piz Roduc 

Val Priora 
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Atypical Swiss scenery not detected by MS-MS 
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High Resolution Mass Spectrometry (HRMS) 

 All ionisable compounds show up 

 

 No tuning of compounds 

 Exact masses are calculative by nature, unlike  

   MS/MS transitions 

 No Limits regarding the number of monitored 

   compounds 
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Content overview 

• Are we selective enough ? 

• Strengths and limitations (Single stage Orbitrap) 

• Why HRMS based multiresidue methods ? 

• Quantification 

• Identification 

• Successful example of unknown screening 
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How high is high enough? 

What resolution do we need ? 
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Second Generation TOF Resolution 

10’000 FWHM 

RT: 0.00 - 15.60
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500 mDa 

50 mDa 

2 mDa 

(unit mass resolution) 

Liver extract spiked with marbofloxacin (m/z = 363.14628) 
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Second Generation TOF Resolution  

10’000 FWHM 

Liver extrakt spiked with norfloxacin  

(m/z = 320.14047 window: 2 mD ) 
RT: 0.00 - 15.60
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RT: 6.08 - 6.55
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Norfloxacin spectrum (m/z = 320.14047) 

09_10_08_79 #4124 RT: 6.38 AV: 1 NL: 4.64E4

T: FTMS {0,0}  + p ESI Full ms [85.00-1000.00]
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09_10_08_79 #4126 RT: 6.39 AV: 1 NL: 3.66E4

T: FTMS {0,0}  + p ESI Full ms [85.00-1000.00]
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09_10_08_79 #4127 RT: 6.39 AV: 1 NL: 4.27E4

T: FTMS {0,0}  + p ESI Full ms [85.00-1000.00]
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09_10_08_79 #4128 RT: 6.39 AV: 1 NL: 4.90E4

T: FTMS {0,0}  + p ESI Full ms [85.00-1000.00]
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09_10_08_79 #4129 RT: 6.39 AV: 1 NL: 3.58E4

T: FTMS {0,0}  + p ESI Full ms [85.00-1000.00]

319.5 319.6 319.7 319.8 319.9 320.0 320.1 320.2 320.3 320.4

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

320.13837

320.17184

09_10_08_79 #4130 RT: 6.39 AV: 1 NL: 3.41E4

T: FTMS {0,0}  + p ESI Full ms [85.00-1000.00]
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09_10_08_79 #4131 RT: 6.39 AV: 1 NL: 4.43E4

T: FTMS {0,0}  + p ESI Full ms [85.00-1000.00]
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Second Generation TOF Resolution  

10’000 FWHM 

> 2 mD 

RT: 6.08 - 6.55
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http://www.clker.com/clipart-3592.html
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Isobaric interferences 

Dom 

(Analyte) 

Täschhorn 

(Matrix Compound) 

? m/z 
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Maximum resolution  

100’000 FWHM 

RT: 0.00 - 15.62
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Liver with norfloxacine m/z = 320.14047  1 mDa 

RT: 5.79 - 7.24
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 Comparison of Spectra 

09_10_08_28 #473-476 RT: 6.37-6.41 AV: 4 NL: 1.75E4

T: FTMS {0,0}  + p ESI Full ms [85.00-1000.00]
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HRMS surpasses MS/MS selectivity  

at 50’000 FWHM 
 

Orbitrap and modern TOF reach 50’000 FWHM 

A. Kaufmann, P. Butcher Anal. Chimica Acta 673 (2010) 60-72 
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Content overview 

• Are we selective enough ? 

• Strengths and limitations (Single stage Orbitrap) 

• Why HRMS based multiresidue methods ? 

• Quantification 

• Identification 

• Successful example of unknown screening 
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Quantification by single stage Orbitrap 
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Quantification: Example 1 

Antibiotics in meat (triple validation) 

(5 levels; n=4; 3 days)  

10-100 

µg/kg 

Orbitrap 0.9962 

TOF 0.9578 

MS/MS 0.9910 

Remarks: 

12‘000 FWHM (TDC) 

Transitions 

50‘000 FWHM 

Average r2 of 35 compounds 

A. Kaufmann, P. Butcher, Rapid Commun. MS 25 (2011) 979-992 
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Quantification: Example 2 

Migration of a pesticide multiresidue method  

(230 compounds) from MS/MS to Orbitrap  

• 1 day invested for the finding of common interface  

   parameters 

• Method was copied without any change 

• 1 1/2 days invested for calculating + testing  

   accurate masses 
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Migration of a pesticide multiresidue method  

(230 compounds) from MS/MS to Orbitrap  

• Quantitative data was very similar 

• Sensitivity was slightly poorer 

• The Orbitrap handled even challenging matrices  

• Some compounds made problems in both methods 

• Data processing was clearly longer for HRMS  

A. Kaufmann, P. Butcher Journal of AOAC, 95 (2012) 528-548 
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How about proficiency tests ? 
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Proficiency tests where we participated with 

HRMS 

Organizer Matrix  Analyte  Z-score 

Rikilt  

(2010) 

Muscle Oxytetracycline -1.05 

Sulfadimidine 0.2 

Sulfachloropyridazine 0.33 

Dapson -1.8 

FAPAS 

02156 

Fish Ciprofloxacin 0.9 

FAPAS 

02166 

Kidney Sulfamethoxazole 0.7 

Sulfathiazole 1.3 

FAPAS 

02173 

Kidney Sulfadiazine 7.1 

FAPAS 

02170 

Fish Oxytetracycline 0.7 
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Organizer Matrix Analyte  Z-score 

Rikilt  

(2011) 

Muscle Oxytetracycline 0.4 

Oxytetracycline 0.31 

Nafcilline 1.29 

FAPAS 

02174 

Fish Ciprofloxacin 1.5 

FAPAS 

02175 

Corned 

beef 

Abamectin -1 

Ivermectin -0.2 

FAPAS 

02178 

Kidney Oxytetracycline 0.5 

Proficiency tests where we participated with 

HRMS 
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In what do we trust ? 

MS/MS HRMS 

Compound Value Z-score Value Z-score 

Abamectin 13 µg/kg -3.4 44 µg/kg -1.0 

Ivermectin 16 µg/kg -1.8 25 µg/kg -0.2 
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Abamectin  

 

[M+Na] >> [M+H] but poor [M+Na] fragmentation 

[C48H72O14+Na] +  

     (HRMS ion) 

[C48H72O14+H] + 

    (MS/MS ion) 

Abamectin  

 

[M+Na] >> [M+H] 
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MS/MS or HRMS 

MS/MS HRMS 

Compound Value Z-score Value Z-score 

Abamectin 13 µg/kg -3.4 44 µg/kg 

 

-1.0 

Ivermectin 16 µg/kg 

 

-1.8 25 µg/kg 

 

-0.2 
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Content overview 

• Are we selective enough ? 

• Strengths and limitations (Single stage Orbitrap) 

• Why HRMS based multiresidue methods ? 

• Quantification 

• Identification 

• Successful example of unknown screening 
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Identification 
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Migration of a pesticide multiresidue method  

(230 compounds) from MS/MS to Orbitrap  

Diafenthiuron 
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Migration of a pesticide multiresidue method  

(230 compounds) from MS/MS to Orbitrap  
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Migration of a pesticide multiresidue method  

(230 compounds) from MS/MS to Orbitrap  

Diafenthiuron 

Standard 
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Content overview 

• Are we selective enough ? 

• Strengths and limitations (Single stage Orbitrap) 

• Why HRMS based multiresidue methods ? 

• Quantification 

• Identification 

• Successful example of unknown screening 
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Strengths and Limitations 
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Quantification 

• The Orbitrap is as quantitative as a MS/MS 

• No limitations with dwell times  

   and retention time windows 

• Every ionizable compound  

   is detectable 
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Quantification 

• Current data processing software  

  is the MAIN BOTTLENECK 

• Trap has a finite capacity,  

   heavy matrix (proteins) can cause additional problems   

• MS/MS is more sensitive when focusing  

  on a few analytes 

http://www.clker.com/clipart-3592.html
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Ruggedness of the technology 

• Instrument is a workhorse 

• Easy to  

  operate & calibrate 

  (high mass stability 

  no lock mass needed) 

• Hardly  

   any maintenance 
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High resolution mass spectrometry (HRMS) 

provides new insights 

• A-posteriori and not a-priori hypothesis 

• Helps to explain what is wrong with a LC-MS/MS  

  method   (e.g signal suppression, degradation) 

• Exact masses are predictable and universal,  

  SRM are unpredictable and local 
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MS/MS shows only a few percent of all present 

compounds. 

HRMS shows us all … 

  

we dare  

to think about 

and we dare  

to ask for 
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Content overview 

• Are we selective enough ? 

• Strengths and limitations (Single stage Orbitrap) 

• Why HRMS based multiresidue methods ? 

• Quantification 

• Identification 

• Successful example of unknown screening 
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Structure elucidation of an unauthorized textile dye 

discovered in a food product (Sumach) 

 

Anton Kaufmann 

Official Food Control Authority of the Canton of Zurich Switzerland 
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Sumac spices 

Kingdom: Platae 

Order:  Sapindales 

Family:  Anacardiaceae 

Genus:   Rhus 

Sumac grows undomesticated in  

Southern Italy, Iran and Turkey.  

Sumac is a popular spice in the  

Turkish and Persian kitchen.  
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History of unauthorized use of azo dyes (Sudan 

red) utilized as food colorant 
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Toxicology of Sudan red textile dyes 

Sudan I is a rodent cancinerogen 

Affected organs: Liver and bladder  

Studies on human an animal Cytochrome P 450 suggested  

that cancerogenity can be extrapolated to humans 
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Sudan red in food 

2003 Sudan I was found in curry and chilly 

Soon related Sudan III and IV was found as well  

A food scandal developed 

Even the government of Sudan requested to change  

the name of the dye 
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The more we analyze the less relevant the findings 

EU rapid alert warnings over the years 

2003 2010 

number of  

findings 

found concen- 

trations  

(average) carry over 

number of  

scientific  

publications 
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A sumac sample contained an unidentified 

colouring  

Investigation for non permitted food coloring (Sudan) in a  

collaborating institution (Kantonales Labor Thurgau) 

The analytical method calls for  

a gel-permeation sample clean-up  

The extract stained the expensive gel-permeation column 

A regeneration of the column was not possible 
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Initial identification steps 

UV-Vis Spectrum showed similarities with Sudan 

LC-MS/MS showed 321>196 und 321>224 transitions 

No match with any reference compound 

Omitting the detrimental clean-up 
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Extract analyzed with High Resolution MS 

double peak 

TIC 
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E-Z Isomisation 

N=N 

R1 R2 

R3 R4 

N=N 

R3 R2 

R1 R4 

K. Mölder et. al J. Chrom. A. 1160 (2007) 227-234 

hv & 

solvent 
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Elemental composition based on exact mass 

Hit Nr. Formula mDa ppm 

1 C18 H21 N6 11.5 -0.551 

2 C17 H25 O4 N2 6.5 0.786 

3 C20 H23 O N3 11 -1.894 

4 C15 H23 O3 N5 7 2.129 

5 C22 H25 O2 10.5 -3.237 

6 C14 H27 O7 N 2 3.466 

7 C13 H21 O2 N8 7.5 3.472 

8 C12 H25 O6 N4 2.5 4.809 
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Resolution of nitrogen isotopes 

15N 

13C1 

13C2 

Mono- 

isotopic 
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Comparison with the four best hits 

unknown 

C18H21N6 

C17H25O4N2 

C20H23ON3 

C15H23O3N5 

15N1 15N2 

13C1 
13C2 

C18H21N6 
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The fragment could be identified as well 

15N1 

13C1 

unknown 

C14H14N3 

13C1 

There have to be two  

phenyl rings 
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An interesting neutral loss 

Precursor:  [C18H21N6]
+ 

Product ion: [C14H14N3]
+ 

Neutral loss: C4H7N3  

So many nitrogen and so few carbon atoms. 

Which moiety is split off ? 
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147 Compound. No generic name,  

no producer information 

This goes on page by page ……. 

Printout from Molport.com (C18H21N6)-H 
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Decision trees to not permit errors 
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Make a detour ... 
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From Molport 
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What do we know ? 

N

CH

NHN

CH

CH

CH

CH

CH

CH

CH

CH

CH

CH

CH

CH

CH

+ + 

+ 

= ? 
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Substructure search with Google 

We know  

this already ! 



TOF / MS-MS 
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Our firewall does not collaborate 

Filter 1 : m/z = 149 Filter 2 : m/z = 94 

Vorname Nachname 



TOF / MS-MS 
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It is an industry chemical !! 

C18H23BrN6 

[C18H23N6 ]
+(sic) 

according to Orbitrap: C18H21N6 !!!! 

recounted: C18H21N6 
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Can we see through it ? 



TOF / MS-MS 
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Which structure has CAS: 12221-69-1 outside China ?  
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Inside the chemical webs 

Mass according to ChemSpider: C18H23BrN6 

Mass of the free bases according to ChemSpider: C18H22N6 

Mass of protonated ESI ion according to.  

ChemSpider: [C18H23N6]
+ 

Mass of detected ESI ion: [C18H21N6]
+ 
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ChemSpider = NCBI Datenbank 
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CAS Nr. Search with Google 
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  LC-MS-MS 

  hohe  

  Selektivität 

Filter : m/z = 461 > 426 

specified   : C18H23BrN6 

CAS: 12221-69-1  

(Are we twins?)  

according  

to Lookchem 

C18H23BrN6 

recounted: C18H23BrN6 
C18H21BrN6 

according  

to Chemspider 

+ Publichem 
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Understanding the Mystery 
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Who is right ? 

All refer to Triazolium: 

Stable Heterocyclic Structure; therefore we should not 

expect MS/MS fragmentation 
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  LC-MS-MS 

  hohe  

  Selektivität 

Filter : m/z = 461 > 426 

CAS: 12221-69-1  

(which one ?)  

Would undergo MS fragmentation 

Is not a conjugated system, therefore not Red 

Structure is probably wrong !?! 
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according Chemspider 

+ Publichem 

declared: C18H23BrN6 

The Hypothesis  

according Lookchem 

C18H23BrN6 

recounted: C18H23BrN6 
C18H21BrN6 
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Die Chinese can handle  

the stokes  (double bonds)  

The Americans can do  

the mathematics 

Everybody can do  

Copy-Paste 
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Where is Basic Red 46 used? 

textile dye cau- 

sing dermatitis 

 

Hair dye 
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To tear one’s hair 

Our collaborator tired to organize a reference material 

No reference material supplier stocks this compound 

Producers from China are willing to sell 500 kg 

Chemists from BASF answer e-mails  

(discussion about the number of double bonds) 

German textile dye agent promises a commercial sample  

in months 

In-house synthesis is complex 
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Being so close and having to wait! 
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When we can’t obtain the real stuff  

(certified reference materials)? 

How about looking 

for a consumer 

product claiming to 

contain 

Basic red 46 ? 
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Everything about hair 

Basic red 46 
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By a hair 
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A rather hairy source 
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A store for punks 
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No success with hair colour. 

Hit with Semi-permanent hair colour 
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Sie hat den Überblick 

Readability ? 

Basic Red 46 ?! 
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Sie hat den Überblick 

The disappointment 

May contain:  
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The Proof 

Bought colouring 

Sumac extract 
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Elucidation of the structure:  

   Where was the problem ? 

Mea culpa 

ESI(pos) ionization produces in 99 % of all cases an 

[M+H]+ ion 

ESI(pos) ionization produces in 1 % of all cases  

a free radical or the analyte is a quaternary amine 

Therefore avoid the reflex to deduct an H+ !!! 

(Test: Neg. ionisation or Na+ or D2O infusion) 
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The search is not always straightforward 

Even a correct elemental compositon [M]   

may nowhere to be found 

It might be recorded as  

M+acetate 

M+H+Br 

M+formate 

etc. 
 

Elucidation of the structure:  

   Where was the problem ? 
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Public databanks can contain errors 

(Scifinder an expensive tool contains the correct information) 

There are wrong structures  

wrong elemental compositions  

and structures do not always correspond  

to the shown elemental compositions  

Elucidation of the structure:  

   Where was the problem ? 
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How can we avoid this ? 

There is a rule for an experienced traveller:  

Ask three persons for the right way. Take the way which  

was mentioned at least two times  

For chemists involved in structural elucidation:  

google the CAS Nr.  

Believe only when you see the same structure 10 times 
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Why is finding an unknown that difficult ?  

Finding an unknown additive in food is more difficult than  

finding an in-vitro metabolite of a known drug  

A curry powder contains other natural red colours than a sumach  

Food analysts have to show a high sample throughput 

They have a heavy burden of administration, quality control  

and human resource management duties.  

More and more they sit in the office.  

The laboratory assistances struggle with the instruments  
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Why was Basic red 46 only discovered now?  

Unauthorized use of Sudan red in food is known since 2003  

Methods were developed and validated to detect sudan red 

The methods ware carefully optimized to produce  

best sensitivity, reproducibility, accuracy linearity etc. 

This goal was achieved by introducing selective sample  

processing (e.g. gel permeation, or silica solid phase extraction) 
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Does too much regulation cause food unsafety ?  

The validated methods worked well  

for sudan red  

The extensive clean up produced  

nice results for sudan red but removed  

Basic red 46 completely.  

Is it worth quantifying a known compound with uttermost precision  

while completely overlooking a closely related compound ?    
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Conclusion 

  

More brain in the lab; 

less Regulations  

We use harmonized analytical methods. 

 

We have more and more sophisticated 

method validation concepts. 

 

We provide results with measurement 

errors.   

Is this the way to go ? 


