
Results
Multi veterinary drug residues
Several different veterinary drugs are used for prevention and treatment of disease in animal pro-
duction. This use often leads to drug residues in food. Usually for each group of veterinary drugs 
an individual method for analysis is applied. 
First NUCLEODUR® π² is tested for the analysis of mectins. Figure 1 shows the separation of 
mectins on a conventional C18 phase and on NUCLEODUR® π². Except for Emamectin the peaks 
of NUCLEODUR® π² are quite higher and show a better peak shape.
Fig. 1: Separation of mectins	 Fig. 2: Separation of tetracyclines
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Satisfied by these results we decided to test the NUCLEODUR® π² for the separation of tetra-
cyclines. Using conventional C18 columns tetracyclines usually shows broad signals and peak 
fronting and tailing effects under these conditions (see figure 2). The NUCLEODUR® π² column 
enables a peak-tailing-free elution of the tetracyclines (see figure 2).
Because of the good separation of these two groups of veterinary drugs we make up our mind 
to develop a multi veterinary drug method that allows to measure mectins, tetracyclines, chinolo-
nes, sulfonamides and mycins in one run. To reach a good separation for all groups of veterinary 
drugs we had to optimize the chromatographic conditions.
Figure 3 shows a chromatogram of a standard mixture containing different drugs. The 
NUCLEODUR® π² allows a measurement of a wide range of veterinary drug residues in one run. 
This will save a lot of analysis time and costs in the analysis of drug residues.
Fig. 3: Separation of veterinary drugs
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Column: MACHEREY-NAGEL NUCLEODUR® π², 250 x 2 mm, 5 µm, eluent: formic acid 100 mM (eluent A) und acetonitrile (eluent B), 
0 min - 10 % B, 4 min - 10 % B, 13 min - 35 % B, 19 min - 60 % B, 20 min - 98 % B, 27 min - 98 % B, 27.1 min - 10 % B, flow: 0.25 mL/min, 
column temperature: 50 °C, injection volume: 5 µL, detection: Agilent 6495 Triple Quadrupole ESI positive Jet Stream (MRM)

Conclusion
NUCLEODUR® π² is a good choice for the analysis of different compound classes in foodstuff. 
A multi-veterinary drug method which includes mectins, tetracyclines, chinolones, sulfonamides 
and mycins and a separation of quaternary ammonium salts could be successfully developed. 
The peak shape and selectivity of NUCLEODUR® π² are equal or better in comparison to con-
ventional RP columns.

Quaternary ammonium salts
Quaternary ammonium salts are classified as biocides because of their disinfecting effects. They 
are found in disinfectants, fabric softeners and surfactants among other things. The most com-
mon substances are didecyldimethylammonium chloride (DDAC) and benzalkonium chloride 
(BAC). Both DDAC as well as BAC are mixtures of quarternary ammonium salts with different 
alkyl chain lengths. Figure 4 shows the chemical structure of DDAC-C10 and BAC-C12.

Quaternary ammonium compounds are 
used in the food production for clean-up 
and disinfection. This way residues of qua-
ternary ammonium salts can enter food 
during the production processes. Until 2012 
a MRL (maximum residue level) of 0.01 mg/
kg for DDAC and BAC was applied based 
on Regulation (EC) No 396 / 2005 for maxi-
mum residue levels of pesticides in food.
Because of a lot of positive results above the MRL of 0.01 mg/kg the EU agreed on an enforce-
ment level of 0.5 mg/kg. Therefore a sensitive determination of DDAC and BAC is necessary. 
We chromatographically separated and detected nine different quaternary ammonium com-
pounds using an Agilent 1260 HPLC system coupled with an Agilent 6460 Triple Quadrupole.
Figure 5 shows the chromatograms of a standard mixture containing BAC-C8, -C10, -C12, -C14, 
-C16, -C18, DDAC-C8, -C10 and -C12 separated on a conventional PFP and a NUCLEODUR® π² 
column. The biphenyl sorbent elutes the compounds with better selectivity and peak shape. Ac-
cording to the higher carbon content of NUCLEODUR® π², the analytes elute with longer reten-
tion times.
Fig. 5: Separation of quaternary ammonium salts
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Column: MACHEREY-NAGEL NUCLEODUR® π², 250 x 2 mm, 5 µm, eluent: formic acid 50 mM (eluent A) und methanol (eluent B), 
0 min - 45 % B, 14 min - 90 % B, 18 min - 100 % B, 22 min - 100 % B, 22.1 min - 45 % B, flow: 0.3 mL/min, column temperature: 
50 °C, injection volume: 5 µL, detection: Agilent 6460 Triple Quadrupole ESI positive Jet Stream (MRM)
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There is widespread interest in the reliable and sensitive determination of residues in food and 
beverages. Although the analytical instrumentation is getting more sensitive the need of a good 
chromatographic separation is nevertheless necessary and important to produce relieable re-
sults. 
In this work a new chromatographic sorbent NUCLEODUR® π² is tested for the determination of 
veterinary drug residues and quaternary ammonium compounds.
NUCLEODUR® π² is a silica based chromatographic support with biphenylpropyl groups. Sta-
tionary phases with alternative separation mechanisms are still of interest for HPLC. Aromatic 
ligands on the sorbent are particularly suitable for this [1], because they are chemically inert and 
provide as hydrocarbons sufficient hydrophobicity. However, due to the π,π-interactions their 
selectivity is different compared with alkyl modified silicas [2,3].
Due to the large aromatic system in combination with the flexible propyl spacer π,π- and hydro-
phobic interactions of NUCLEODUR® π² are both enhanced [4].

NUCLEODUR® π2

Pore size:	 110 Å

Pore volume:	 0,9 mL/g 

Ligand: 	 Biphenylpropyl (USP L11) 

Surface area:	 340 m2/g 

pH stability:	 1,5–10

Carbon content:	 17 %

Silica(CH2)3

Suitable for aqueous eluents 

NUCLEODUR® π²

Conventional PFP phase
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Fig. 4: Chemical structure of DDAC-C10 and BAC-C12

1.	 BAC-C8
2.	 BAC-C10
3.	 DDAC-C8
4.	 BAC-C12
5.	 BAC-C14
6.	 DDAC-C10
7.	 BAC-C16
8.	 BAC-C18
9.	 DDAC-C12

1.	 Oxytetracycline
2.	 Marbofloxacin
3.	 Danofloxacin
4.	 Ciprofloxacin
5.	 Tetracycline
6.	 Doxycycline

7.	 Spiramycin
8.	 Enrofloxacin
9.	 Sulfamerazine
10.	Sulfamonomethoxine
11.	Sulfadimidine
12.	Sulfamethizole
13.	Chlortetracycline
14.	Difloxacin
15.	Erythromycin
16.	Sulfadoxine
17.	Roxythromycin
18.	Sulfadimethoxine
19.	Oxolinic acid
20.	Emamectin
21.	Sulfasalazine
22.	Abamectin
23.	Doramectin
24.	Ivermectin

1.	 Emamectin
2.	 Epimectin
3.	 Abamectin
4.	 Doramectin
5.	 Ivermectin

Eluents: formic acid 100mM (eluent A) and acetonitrile (eluent 
B), gradient: 0 min - 20 % B, 12 min - 50 % B, 15 min - 95 % B, 
18 min - 95 % B, 18.1 min - 20 % B, 0.25 mL/min

Eluents: formic acid 5mM (eluent A) and acetonitrile (eluent B), 
gradient: 0 min - 50 % B, 10 min - 85 % B, 25 min - 90 % B, 
30 min - 100 % B, 31 min - 50 % B, 0.25 mL/min

1.	 Oxytetracycline
2.	 Tetracycline
3.	 Chlortetracycline
4.	 Doxycycline
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