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Sample preparation for food 
chemistry analysis 

Rie Romme Rasmussen 

MSc, PhD, Chemist 



National Food Institute 

Focus on public health: 
- human nutrition - food safety - food technology - environment and health - 

 
Food products throughout the entire food chain: 
- primary agricultural production  
- industrial and home processing  
- evaluating the impact on human health 
 
Scientifically based risk assessments and advices 
 authorities and industry 
 
International and national reference laboratory 
 chemical and microbial food safety 
 

Part of the national food safety contingency plan 



Approx. 400 employees in six divisions: 

National Food Institute 

Arsenic (total & species) 

Chloramphenicol 

Sample preparation examples 



• Broad spectrum antibiotic 

• Pharmaceutical prescribed for e.g., eye inflammation 

• Severely toxic to bone marrow and the blood stem cells 

• Banned in agricultural production in EU 

• Analytical challenges; Chlorampenicol in honey 

– High sugar content 

– EU regulated at a low level (0.3 ng/g MRPL) 

– Verification method 

• GC-MS (4 ions required) 

• LC-MS-MS (1 precursor and 2 daughter ions required) 

Chloramphenicol 



Chloramphenicol in honey 

Sample preparation for GC-MS 
 

• Dissolve 1.5 g honey in 3 ml water 

• Add internal standard (deuterium-labeled chloramphenicol) 

• Load onto Extrelut column (Merck) 

• Elute with ethyl acetate 

• Evaporate the ethyl acetate phase to dryness 

• Re-dissolve with 0.3 ml methanol and 10 ml water 

• Load onto a C18 cartridge 

 (conditioned with methanol and water) 

• Wash 

– Water 

– water/methanol (90/10)  

• Elute: 5 ml methanol/water (55/45) 

• Evaporate the eluate to dryness 

• Derivate with MSTFA (1 hour at 60 oC). 

• Evaporate to dryness and re-dissolve in 50 l heptane 



Sample preparation for GC-MS 
 

• Dissolve 1.5 g honey in 3 ml water 

• Add internal standard (deuterium-labeled chloramphenicol) 

• Load onto Extrelut column (Merck) 

• Elute with ethyl acetate 

• Evaporate the ethyl acetate phase to dryness 

• Re-dissolve with 0.3 ml methanol and 10 ml water 

• Load onto a C18 cartridge 

 (conditioned with methanol and water) 

• Wash 

– water 

– water/methanol (90/10)  

• Elute: 5 ml methanol/water (55/45) 

• Evaporate the eluate to dryness 

• Derivate with MSTFA (1 hour at 60 oC) 

• Evaporate to dryness and re-dissolve in 50 l heptane 

Chloramphenicol in honey 

MSTFA 

replaces labile H with 

-Si(CH3)3 



Chloramphenicol in honey 

GC-MS 
Temperature ramped separation on a 5% diphenyl column, negative chemical 

ionisation 

 468 m/z 

466 m/z 

378 m/z 

376 m/z 

Required 
identification 

RT & 2 ion-ratios 
not obtained  

 
 LC-MS/MS 

1 ng/g 



Chloramphenicol in honey 

Sample preparation for LC-MS/MS 
 

• Dissolve 1.0 g honey in 1 ml water 

• Add internal standard (deuterium-labeled chloramphenicol) 

• Load onto a molecular imprinted polymers (MIP) cartridge 

 (conditioned first with methanol and then with water) 

 

• Extensive wash 
– 5% acetonitrile in 0.5% acetic acid 

– 1% ammonia 

– 20% acetonitrile in 1% ammonia 

– Water 

– 5% acetonitrile in 0.5% acetic acid 

• Dry column with vacuum 

• Elute with methanol 

• Evaporate the eluate to dryness 

• Re-dissolve in 500 l 10% methanol 

Illustration: www.sigmaaldrich.com 



Chloramphenicol in honey 

LC-MS/MS 
 
Kolonne: C-18 Inertsil ODS2 (2 x 150 mm, 3 µm) 

Gradient elution: 

A: 10 % methanol / 90 % 0.001 M acetic acid 

B: 100 % methanol 

1 precursor and 2 daughter ions: 

 

320.90 > 152.15 primary 

320.90 > 257.15 secondary 

325.93 > 157.18 internal standard 

 
Detection capability = 10 times less than the required 0.3 ng/g 



Arsenic in seafood 

Arsenic is a metalloid present in 
soils, groundwater, surface water, air and foods 



Total arsenic 

• Sample homogenisation 

– Ultra turrax 

– Kitchen mill 

 
Contamination: 
Dust and steel 
contain some 
trace elements. 
Apply titanium 
knives and a LAF 
bench. 



Total arsenic 

• Sample homogenisation 

• Microwave assisted extration 

– Strong acid (65 % v/v HNO3) 

– High pressure and temperature 

(75 bar, 200 C) 

Glass can release arsenic.  
Apply high quality quartz vessels. 

Store samples and solutions in plastic 
containers 

Only small samples size 
(organic material) 



Total arsenic 

Inductively Coupled Plasma Mass Spectrometry 
 Dilute conc. extract with water (to 2 % v/v HNO3) 

• Add internal standard mix (corrects for sensitivity drift) 

 High sensitivity 

 High purchase and running costs 

 

 it le homogenisation 

• Microwave High pressure and temperature (XXX) 

• Dilute with water (2-2.4 % v/v HNO3) 

Inductively coupled 
(argon) plasma  
is 6000-8000 oK 

• Desolvation 
• Vaporisation 
• Atomisation 
• Ionisation 

ICP-MS 

Element specific 
detection 

m/z 75 

http://www.google.dk/imgres?imgurl=http://www.chinaenvironmentallaw.com/wp-content/uploads/2009/03/arsenic.png&imgrefurl=http://www.chinaenvironmentallaw.com/2009/03/30/the-case-of-the-properly-functioning-enforcement-mechanism/&usg=__sZLyqR2rdyROBDyqzdG0I3cuJM8=&h=1835&w=1678&sz=154&hl=da&start=21&zoom=1&itbs=1&tbnid=ZMDuzRkDV43FgM:&tbnh=150&tbnw=137&prev=/search?q=arsenic&start=20&hl=da&sa=N&rlz=1T4ADRA_daDK407DK408&ndsp=20&biw=1141&bih=649&tbm=isch&prmd=ivns&ei=e1rSTeWhLY2r-QbP9vm4Cg


Total arsenic 

Hydride generation atomic absorption spectrometry 

 

 

• Continuous Flow Vapor Generation System 

• Atomic Absorption Spectrometer 

Instrument settings 

• Electrical heated cell (900 C) 

• Element specific lamp for As 

• Wave length (193.7 nm) 

• Slit width (0.5 nm) High pressure and temperature (XXX) 

• Dilute with water (2-2.4 % v/v HNO3) 

HG-AAS 
total arsenic 

Gaseous arsenic hydrides is transported by 

argon gas to the cell 

 Atomisation reaction 

 Atomic absorption of arsenic 

 Low  purchase and running costs 

http://www.google.dk/imgres?imgurl=http://www.chinaenvironmentallaw.com/wp-content/uploads/2009/03/arsenic.png&imgrefurl=http://www.chinaenvironmentallaw.com/2009/03/30/the-case-of-the-properly-functioning-enforcement-mechanism/&usg=__sZLyqR2rdyROBDyqzdG0I3cuJM8=&h=1835&w=1678&sz=154&hl=da&start=21&zoom=1&itbs=1&tbnid=ZMDuzRkDV43FgM:&tbnh=150&tbnw=137&prev=/search?q=arsenic&start=20&hl=da&sa=N&rlz=1T4ADRA_daDK407DK408&ndsp=20&biw=1141&bih=649&tbm=isch&prmd=ivns&ei=e1rSTeWhLY2r-QbP9vm4Cg
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TMAO TMAs AsC

AsB AA DMAE

AB2

Dimethylarsinoylriboside

R

Trimethylarsonioriboside

Dimethyl As-sugar 1 Dimethyl As-sugar 2

Dimethyl As-sugar 3 Dimethyl As-sugar 4

+

R = 1,2,3,4,5

McSheehy et al,  Anal. Chem., 2002

5-dimethylarsinoyl-beta-ribofuranose 5-dimethylarsinoyl 2,3,4-trihydroxy
pentanoic acid

5-dimethylarsinoyl 2,3 dihydroxy
pentanoic acid

4-dimethylarsinoyl 2,3 dihydroxy
butanoic acid

(5) (6) (7)

(8)

More than 50 different marine 
arsenic forms: 
 
• inorganic arsenic 
• organic arsenic 

- methylated species 
- arsenosugars 
- arsenolipids 
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Arsenic lipids 
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Arsenic lipids 

Arsenic species 
More than 50 different marine 
arsenic forms: 
 
• inorganic arsenic 
• organic arsenic 

- methylated species 
- arsenosugars 
- arsenolipids 
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Arsenous acid 
As(III) 
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- 
 

- 
 



Arsenic species 

• Marine organisms can bioaccumulate arsenic (As) 

• Major part of arsenic exists as organic arsenic in seafood 
•  As toxicity is species specific, inorganic arsenic (iAs) is most toxic 
• iAs causes cancer & skin lesion 
• Comprehensive As speciation data for food items missing 
• Inorganic As and not total As in food should be determined for 

better risk assessment 
 
 
 

• Sample extraction aim 
High extraction efficiency, no interconversions between inorganic As 
and organo As species 



Arsenic species 

HPLC-ICP-MS (anion exchange column)e 

Species have different properties (pKa values) 

 ICP-MS  high purchase and running costst) 

Column 
ICP-MS 

Result 

Separation 
Element specific 

detection 

HPLC 

Sample introduction Chromatogram 

m/z 75 

http://www.google.dk/imgres?imgurl=http://www.chinaenvironmentallaw.com/wp-content/uploads/2009/03/arsenic.png&imgrefurl=http://www.chinaenvironmentallaw.com/2009/03/30/the-case-of-the-properly-functioning-enforcement-mechanism/&usg=__sZLyqR2rdyROBDyqzdG0I3cuJM8=&h=1835&w=1678&sz=154&hl=da&start=21&zoom=1&itbs=1&tbnid=ZMDuzRkDV43FgM:&tbnh=150&tbnw=137&prev=/search?q=arsenic&start=20&hl=da&sa=N&rlz=1T4ADRA_daDK407DK408&ndsp=20&biw=1141&bih=649&tbm=isch&prmd=ivns&ei=e1rSTeWhLY2r-QbP9vm4Cg


Arsenic species 

• Sample preparation aim 

Isolate inorganic arsenic in one fraction 

 Measure arsenic with the cheap HG-AAS detector 
 

D
M

A
 

M
A

 

A
s(

V
) 

A
s(

II
I)

 Trick 
Convert AsIII to AsV 
for higher anion 
properties by an 
oxidant 
 
SPE separation 
by anion exchange 

HPLC (anion exchange) -ICP-MS 



hydride generation 
atomic absorption 

spectrometry 

Arsenic speciation analysis 
speciation alternative: SPE, HG-AAS 

inorganic arsenic 

As

O

OH

OH
OH- 

µ-wave 
extraction 

SPE 
separation 

HG-AAS 
detection 

 low costs 

0.2 g sample 
+ 10 mL extractant 

(0.06 M HCl, 3% H2O2) 

25 minutes at 90°C 

Centrifugation 
10 min 2100 x g 

http://www.gugge.dk/madvarer/1-fisk/store_billeder/stort_billede_blamusling.htm


SPE protocol 
Separation of As species 

Strong anion exchange SPE column  
silica based 

As

O

OH

OH
OH- 

The charge of the arsenic 
species depends on pH 

 

@ pH = 6 iAs(V) is 
negatively charged 

 
Load of pH buffered 
sample 
 
Sequential elution 
Separation of inorganic As 
from organo As species by 
SPE 



SPE protocol 
Separation of As species 

Wash 0.5 M CH3COOH 

Illustrations: Crawfordscientific, Phenomenex and Jeff Dahl. 

Load 
Buffered sample: pH 5.0-7.5 

Elute 0.5 M HCl 

Condition 
100 % MeOH  

Equilibrate  
Buffer: 20mM (NH4)2CO3, 0.03 M HCl 
and 1.5% H2O2 

As

O

OH

OH
OH- 



0 .5 0 1 .0 0 1 .5 0 2 .0 0 2 .5 0 3 .0 0 3 .5 0 4 .0 0 4 .5 0 5 .0 0 5 .5 0 6 .0 0 6 .5 0
0

5 0 0 0

1 0 0 0 0

1 5 0 0 0

2 0 0 0 0

2 5 0 0 0

3 0 0 0 0

3 5 0 0 0

4 0 0 0 0

4 5 0 0 0

5 0 0 0 0

5 5 0 0 0

6 0 0 0 0

6 5 0 0 0

7 0 0 0 0

7 5 0 0 0

T im e -->

A b u n d a n c e

Io n   7 5 .0 0  (7 4 .7 0  to  7 5 .7 0 ): 5 3 .D
Io n   7 5 .0 0  (7 4 .7 0  to  7 5 .7 0 ): 5 4 .D  (* )
Io n   7 5 .0 0  (7 4 .7 0  to  7 5 .7 0 ): 6 3 .D  (* )
Io n   7 5 .0 0  (7 4 .7 0  to  7 5 .7 0 ): 6 4 .D  (* )

Arsenic in SPE eluates   
load, wash and sample fraction 

 
Wash 
0.5 M CH3COOH 

Figure. HPLC-ICP-MS chromatogram of fish protein (TORT-2) 3 SPE fractions separated 
on an anion exchange column (ION-120 part nr. ANX-00-6550, 120x4.6 mm), 40 mM 
carbonate pH 10.3. 

Inorganic arsenic (V) 

 

Sample load 
pH 5.0-7.5 

Sample eluate 
0.5 M HCl 

As

O

OH

OH
OH- - 



 

HG-AAS detection 
arsenic in sample eluate 

HG-AAS 
total arsenic 

in eluate 

Pre-reduction: As(V)  As(III) 

• Mix sample eluate with KI and ascorbic acid, 3 

M HCl 

60 min incubation 

 

• Add more 3 M HCl 

Another 60 min incubation 

 

Hydride generation reagents 

HCl (4.7 M) 

NaBH4 / NaOH (0.5 % w/v) 

 

Instrument settings: 

Electrical heated cell (900 C) 

Element specific lamp for As 

Wave length (193.7 nm) 

Slit width (0.5 nm) 

Hydride generation 

atomic absorption 

spectrometry 

Thermo Scientific  



Arsenic speciation analysis 

 
Inorganic arsenic (AsV) by 

two different methods: 

•HPLC-ICP-MS 

•SPE HG-AAS 

 

In total 72 blank, spiked and 

natural incurred marine 

samples were analysed. 

 

No significant difference 

(P<5%) 



Arsenic speciation analysis 
speciation alternative: SPE, HG-AAS 

µ-wave 
extraction 

SPE 
separation 

HG-AAS 
detection 

• Successfully  
 - in-house validated  
 - tested in a collaborative trail 
 
 CEN standard (EN 16278:2012) 

Animal feeding stuffs –  
Determination of inorganic 
arsenic 

inorganic arsenic 

As

O

OH

OH
OH- 

http://www.gugge.dk/madvarer/1-fisk/store_billeder/stort_billede_blamusling.htm


Sample preparation @ DTU Food 

• Cartridges examples 

 

– Extrelut  

Replacement for traditional liquid-liquid extraction, removed also 

water 

– C18 

Retains apolar compounds. Removed only part of interfering 

compounds (chloramphenicol in honey by GC-MS) 

– Molecular imprinted polymers (MIP) 

Compound specific, extensive wash possible, low detection 

capability obtained (chloramphenicol in honey by LC-MS/MS) 

– Strong anion exchange 

Retain negatively charged compounds, sequential elution, 

inorganic arsenic isolated in one fraction 

 

 

 

 



Thank you for your attention! 

http://www.gugge.dk/madvarer/4-kod/store_billeder/stort_billede_poussin.htm
http://www.gugge.dk/madvarer/1-fisk/store_billeder/stort_billede_blamusling.htm

