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1. INTRODUCTION AND AIMS 

In Food Toxicology National Reference Laboratory (FT-NRL) the veterinary medicine 

residues have been screened and confirmed using liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) methods since September 2007. These food toxicology monitoring 

measurements are prescribed by 10/2002 (I.23.) FVM Regulation and include the monitoring of 

authorized and banned compounds. The number of samples exceeds the ten thousands in a year. 

Corticosteroids are used in veterinary and human therapy as well because they reduce 

inflammation and suppress allergic reactions and immune system activity. They are legally used for 

animal therapy, so the European Union (EU) has established maximum residue limits (MRLs) in 

foods of animal origin [1]. Due to their anabolic effect, the inefficient application of corticosteroid 

medicines are banned, consequently, the urine of animals must not contain any corticosteroid 

residues. Therefore, the LC-MS/MS monitoring measurements of corticosteroid residues have 

become an emphasized task in FT-NRL since 2008.  

The fast and efficient measurements require the modern high performance liquid 

chromatography (HPLC) methods and the application of connected techniques (HPLC-MSn). 

However, these techniques are not useable for the determination of ultra low concentrations in 

complex matrices without a good and careful sample clean-up.  Mainly for LC-MS/MS methods, 

where the changeable ion suppression or ion enhancement effects of matrices strongly determine 

the accuracy and reproducibility of the analysis. In case of banned substances, the goal is to reach a 

detection limit (LOD) as low as possible. This is not reachable without relative matrix free 

samples. The aim of a LC-MS/MS sample preparation is to reduce ion effect of matrix solutes. 

Methods, which are used for veterinary residue analysis, have to be validated according to 

EU 2002/657/EC Decision that includes the EU standards [2]. The EU requires and checks the 

validation of methods. Analytical parameters as selectivity, identification, linearity, recovery, in-

laboratory reproducibility, decision limit, detection capability, limit of detection, and limit of 

quantification meet the EU guideline. These validations are the condition of the application of 

methods.   

The main goal of my Ph.D. study was to develop and to validate LC-MS/MS methods for 

the determination of corticosteroids in biological matrices such as bovine urine, milk and pig fat 

that are in connection with food analysis, and to apply these methods for real samples. I have 

developed sample preparations for each matrix and these preparations were also optimized for each 

LC-MS/MS analysis. During the optimization of sample preparation, I strongly focused on 

optimization of solid-phase extraction (SPE) clean-up steps. The viewpoints were: accuracy, 

reproducibility, fastness and cost effectiveness. For samples (urine and milk), which contain 
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several ionic matrices, I carefully optimized the pH during the solid-phase extraction.  

A further aim of my Ph.D. study was to determine the concentration of three different 

groups of steroids in water resources and Danube river water in Budapest. I have developed a new 

sample preparation method for the simultaneous determination of corticosteroids, androgens and 

progesterone. I have applied the method for the analysis of sixty real water samples in two periods 

(September-November 2008 and November 2009) to get information about steroid contamination 

profile of Danube river. 

2. DEVELOPMENT OF STANDARD LC-MS/MS METHODS 

Firstly, I focused on optimization of MS/MS detector. Using multiple reaction monitoring 

(MRM) scan type with two ion transitions for a compound, I was able to detect sub µg/kg and sub 

ng/L levels of selected steroids in biological samples and in river water, respectively.  

Corticosteroids are neutral, medium polar (LogP 0,32-2,32) molecules. The application of 

atmospheric chemical ionization (APCI) mode was good for their ionization in multimode ion 

source (MMI). Corticosteroids gave intensive negative acetate adduct [M+CH3COO]- precursor 

ions and ion transitions at low vaporizer temperature (160 °C), while androgens and progesterone 

were well detectable in positive mode [M+H]+ at vaporizer temperature of 250 °C.  

First, the precursor ions were optimize-scanned with the third quadrupole. The mass spectra 

of the molecules were recorded on different fragmentor potencies. After choosing the optimized 

fragmentor potency for the found precursor ion, the collision energies (CE) of the ion transitions 

(quantifier and qualifier) were optimized with a product ion scan mode. A compound was in one 

hundred percent identified in samples with its two ion traces and with the ratio of ion traces 

(qualifier/quantifier ratio).  

I further enhanced the sensitivity of LC-MS/MS separation using modern Fused-core™ 

type (Ascentis Express C-18), embedded type (Supelcosil ABZ + PLUS), or totally porous (Gemini 

C-18) stationer phases. In mobile phase, I always used methanol for organic phase, because APCI 

mode in MMI is more sensitive with methanol. Since steroids are neutral ones, pH-control in 

mobile phase was not necessary. In aquatic phase of the eluent, I applied the maximum of 5 mM 

ammonium acetate concentration to increase the intensity of acetate adduct precursor ions [3]. I 

further improved the intensity of negative and positive ion transitions in MS/MS analyzer adding 

acetic acid into aquatic mobile phase. Acetic acid increased the concentration of acetate ions and 

the number of protons in the eluent, and consequently, more precursor ion entered the analyzer.  

At the end of sample preparation, I added internal standard (ISTD) in known concentration 

to the samples to facilitate the quantitative determination of sample components. In case of urine, 

milk and water, I used testosterone-d5 as an ISTD, while for fat samples, I applied cortisol-d4 as an 
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ISTD to calibrate the ionization source response. For water samples, I added 40 ng/L cortisol-d4 as 

a surrogate standard (SSTD) to the samples at the beginning of clean-up procedure to check the 

goodness of sample preparation.  

3. SAMPLE PREPARATIONS 

Bovine urine samples were hydrolyzed by adding 2 mL of 2 M sodium acetate (pH 5.2) to 

5.0 mL of a urine sample.  The pH of the mixture was adjusted to 5.2 before adding 20 µL of 1 MU 

Helix Pomatia β-glucuronidase/aryl sulfatase. This addition was followed by vortex-mixing and 

incubation at 37 °C for 16 h. The pH of the hydrolyzed sample was adjusted to obtain values 

between 9.0-9.5 by adding drops of 1 M NaOH.  

Before the concentration and cleaning procedure, the SPE column was well-conditioned by 

passing 3 mL of methanol and 3 mL of ethanol through the column two times, and followed by 

rinsing two times with 3 mL of water. The hydrolyzed samples were slowly passed through the 

mixed-mode anion exchange MAX SPE cartridges (3 mL and 60 mg). The SPE columns were later 

washed three times with 3 mL of water and then dried under vacuum for 20 sec.  Corticosteroids 

were eluted first with 5 mL of acetonitrile and then with 2 mL of dichloromethane. The eluted 

samples were evaporated to volumes of 50-100 µL under a gentle nitrogen stream at 45 °C. 8 µg/L 

testosterone-d5 as an internal standard was added to the samples and then they were dissolved in 

methanol-water (50/50, v/v) and adjusted to a final volume of 1.0 mL. Samples were filtered with a 

0.45 µm nylon filter and were injected (10 µL) into LC-MS/MS.  

 

Raw bovine milk samples were hydrolyzed by adding 2 mL of 2 M sodium acetate buffer 

(pH 5.2) to 5.0 g of milk sample.  The pH of the mixture was adjusted to 5.2 prior to adding 20 µl 

of 1 MU Helix Pomatia beta-glucuronidase/aryl sulfatase, followed by vortex-mixing and 

incubation at 37 °C for 16 h.  After hydrolysis, 12 mL of acetonitrile was added to the samples and 

vortex-mixing was applied for 10 sec. The samples were then centrifuged at 25 °C for 10 min at 

10,000 rpm. The upper layers were transferred to glass tubes and evaporated under a gentle 

nitrogen stream at 55 °C for 50 min. After 50 min, the sample volumes were reduced to 1.0-1.5 

mL. The samples were then cooled down to 25-35 ºC on ambient temperature and were re-

dissolved in 5 mL 5% (v/v) acetic acid in water (pH 2.3). 

Samples were cleaned-up and concentrated on mixed-mode cation exchange MCX SPE 

cartridges. The MCX cartridges (3 mL, 60 mg) were conditioned by passing two times 3 mL 

methanol, 3 mL ethanol, 3 mL water, and 3 mL 5% (v/v) acetic acid in water (pH 2.3) through the 

cartridges. Samples were passed through the MCX cartridge dropwise. The sample cleaning was 

performed by washing the cartridges two times with 3 mL of 5% (v/v) acetic acid in water (pH 2.3) 
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and the columns were then dried under vacuum for 20 sec. Corticosteroids were eluted with 6 mL 

acetone, and 2 µg/kg testosterone-d5 as an internal standard was added to them. The acetone was 

evaporated under a gentle nitrogen stream at 45 °C to dryness. The samples were then re-dissolved 

in a 200 µL of a methanol-water solution (50/50, v/v) and filtered with a 0.45 µm nylon filter. 10 

µL samples were injected into LC-MS/MS.  

   

Pig fat samples (1.0 g) were weighted into a 50 mL centrifuge tubes and 3 mL n-hexane 

was added to them.  Samples were dissolved in n-hexane by vortex-mixing for 30 s and shaken on 

a Janke & Kunkel IKA KS125 shaker (Staufen, Germany) at 700 min-1 speed for 30 min. 

Corticosteroids were extracted from the dissolved samples using liquid-liquid extraction (LLE) by 

adding 4 mL methanol-water mixture (50/50, v/v), followed by vortexing for 1 min, and 

subsequently shaking again at 700 min-1 for 20 min. After the LLE procedure, the samples were 

centrifuged at 25 °C for 10 min at 2000 rpm on Sigma 3-18K centrifuge (Osterode am Harz, 

Germany).  The lower layers were transferred to a glass tube and the LLE step was carried out one 

more time. After centrifuging, the lower layers were transferred again.  The two lower layers were 

combined in the glass tube, homogenized by vortexing, and evaporated under a gentle nitrogen 

stream at 55 ºC in a Caliper TurboVap LV (Hopkinton, MA, USA). The n-hexane layers were 

discarded. After 30 min, the sample volumes were reduced to ~ 4 mL, which were cooled down to 

25-35 ºC at ambient temperature. Distilled water was added to the samples to adjust final volumes 

of 9 mL, followed by vortexing for 30 min. The samples were subjected to the SPE procedure. 

 OASIS HLB (3 mL, 60 mg) SPE cartridges were conditioned by passing through 3 mL 

ethanol, 3 mL methanol, and 3 ml distilled water twice. Samples were applied to the cartridge and 

allowed to drop down slowly (approximately 0.3 mL/min). SPE columns were washed two times 

with 3 mL distilled water, followed by rinsing twice with 3 mL n-hexane. Cartridges were vacuum 

dried for 20 s. Samples were eluted with 3 mL acetonitrile. 20 µg/kg cortisole-d4 ISTD was added 

to samples. Samples were evaporated to 50-100 µL under a gentle nitrogen stream at 45 ºC and re-

dissolved in methanol-water mixture (50/50, v/v) to a final volume of 500 µL.  Samples were 

filtered with a 0.45 µm nylon filter and transferred into a HPLC vial. 10 µL samples were injected 

into LC-MS/MS. 

 

 Danube water samples were cleaned-up and concentrated on Oasis HLB (3 mL, 60 mg) 

cartridges. SPE columns were pre-conditioned by passing 3 mL of methanol twice, 3 mL ethanol, 

and 3 mL water twice through the columns. The surrogate standard, 40 ng/L cortisol-d4, was added 

to the samples at the beginning of the sample preparation and was mixed thoroughly with samples. 
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100 mL or 1000 mL samples were filtered on Macherey-Nagel (MN 615 ¼ x φ 240 mm) filters and 

injected into conditioned cartridges. Samples were passed through dropwise. The glass sample 

containers were washed with 10 mL doubly distilled de-ionized water and distilled water was also 

passed through the cartridges.  SPE cartridges were washed with 10 mL distilled water one more 

time. The columns were later dried under vacuum for 30 sec.   Concentrated steroids were eluted 

with 5 mL acetonitrile and then with 2 mL dichlormethane.  The receiving vials already contained 

the internal standard, testosterone-d5, at 40 ng/L concentration.  The samples were evaporated to 50 

µL under a gentle nitrogen stream at 45 °C and were then dissolved in a methanol-water mixture 

(50:50, v/v) and the final volume was adjusted to 250 µL. The vials were vortex mixed for 30 sec 

in order to completely dissolve steroids in the mixed solvent.  50 µL samples were injected into 

LC-MS/MS. 

 

4. VALIDATION 

Developed methods were validated in accordance with the Validation Procedure of FT-

NRL, which bases on EU 2002/657/EC Decision and on LC-GC Validation Strategy [2,4].  

Selectivity of methods was proven by comparing blank and spiked samples’ MRM 

chromatograms. In the blank chromatograms, there were no interfering species observed where 

steroids were eluted, consequently, the condition of selectivity was satisfied.  

The qualifier/quantifier ratio (ion ratio) of a compound was determined for identification. 

Ion ratio of steroids was determined in a standard solution, and also in spiked samples. Comparing 

ion ratios in standard and spiked samples, the methods fulfilled the requirements of EU guideline. 

Recovery and within laboratory reproducibility results met the EU standards (see Table 1-

4).  

The decision limit (CCα) means the limit at and above which it can be concluded with an 

error probability of α that a sample is non-compliant. In the case of substance with established 

permitted limit (maximum residue limit, MRL), CCα (α= 5%) was calculated as MRL plus 1.64 

times the standard deviation of the within-laboratory reproducibility at the MRL level. For 

substances having no MRL (α= 1%), twenty blank matrix samples from ten different sources were 

analyzed to calculate the signal-to-noise ratio (S/N) at the time window in which the analyte is 

expected [2].  CCα values were defined as three times of S/N (see Table 1-4). In case of MRL 

substances, detection capability (CCβ) is the concentration at which the method is able to detect 

permitted limit concentrations with a statistical certainty of 1–β. In case of no MRL compound, 

CCβ is the lowest concentration at which a method is able to detect truly contaminated samples 
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with a statistical certainty of 1–β [2]. The detection capability (CCβ) was calculated as the value of 

the decision limit plus 1.64 times the standard deviation of the within-laboratory reproducibility at 

the decision limit (β= 5%). For banned substances, decision limits were confirmed by analyzing 

twenty different blank samples which were fortified to the calculated concentrations.   

For urine, milk and fat, limit of detection (LOD) was calculated as 3 times of S/N. In case 

of water samples, LOD was calculated as 3 times of noise/slope. Limit of quantification (LOQ) as 

3.33 x LOD (see Table 1-4). LODs were also confirmed as the decision limits.  Decision limits and 

LODs were accepted for a compound when the signal-to-noise ratios for spiked samples were 

higher than three and the ion ratios were in an acceptable range. 
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Table 1: Validation results of the corticosteroid urine method. 
Urine 

Corticosteroids 
Recovery% 

Within laboratory 
reproducibility 

(RSD%) 

CCα  
(µg/L) 

CCβ 
(µg/L) 

LOD  
(µg/L) 

LOQ  
(µg/L) 

Triamcinolone 87-105 26.9-28.5 1.0 2.0 1.0 3.33 
Prednisolone 90-95 11.1-22.2 0.10 0.80 0.10 0.33 
Flumethasone 90-100 11.1-22.2 0.20 0.70 0.20 0.66 
Dexamethasone 87-90 7.7-14.2 0.10 0.60 0.10 0.33 
Methylprednisolone 90-93 10.7-16.7 0.10 0.40 0.10 0.33 
Triamcinolone 
acetonid 

90-95 11.1-25.0 0.10 0.60 0.10 0.33 

 

Table 2: Validation results of the corticosteroid milk method. 
Milk 

Corticosteroids 
Recovery% 

Within laboratory 
reproducibility 

(RSD%) 

CCα  
(µg/kg) 

CCβ 
(µg/kg) 

LOD  
(µg/kg) 

LOQ  
(µg/kg) 

Prednisolone 93-100 16.5-23.3 8.3 11.5 0.06 0.20 
Methylprednisone 90-100 20.3-33.7 0.06 0.09 0.06 0.20 
Flumethasone 95-105 16.3-25.1 0.02 0.03 0.02 0.07 
Dexamethasone 95-97 15.6-29.2 0.43 0.62 0.02 0.07 
Methylprednisolone 91-101 15.2-26.4 0.07 0.10 0.07 0.23 

 
Table 3: Validation results of the corticosteroid fat method. 

Fat 

Corticosteroids 
Recovery% 

Within laboratory 
reproducibility 

(RSD%) 

CCα  
(µg/kg) 

CCβ 
(µg/kg) 

LOD  
(µg/kg) 

LOQ  
(µg/kg) 

Prednisolone 89-91 7.0-10.1 4.5 5.0 0.30 1.0 
Methylprednisone 92-100 11.6-12.3 11.9 13.8 0.30 1.0 
Flumethasone 87-93 6.5-10.7 0.2 0.30 0.20 0.66 
Dexamethasone 81-93 12.4-20.5 0.1 0.18 0.10 0.33 
Methylprednisolone 83-91 8.0-8.9                                                                                                       11.3 12.6 0.20 0.66 

 
Table 4: Validation results of the steroid water method. 

400x enrichment 4000x enrichment 

Steroid compounds 
 

Recovery%  
on 1 ng/L level 
from 100 mL 

water 
 

Within laboratory 
reproducibility 

(RSD%) 
LOD 
(ng/L) 

LOQ 
(ng/L) 

LOD 
(ng/L) 

LOQ 
(ng/L) 

Triamcinolone 58 32.7 0.5 1.67 0.02 0.07 
Prednisolone 109 24.7 0.28 0.93 0.04 0.12 
Flumethasone 97 24.7 0.06 0.19 0.02 0.07 
Dexamethasone 96 25.0 0.07 0.23 0.01 0.03 
Triamcinolone acetonid 90 23.3 0.67 2.23 0.02 0.07 
Cortisol 105 20.0 0.17 0.57 0.04 0.12 
Boldenone 96 9.4 0.30  1.00 0.17 0.57 
Epitestosterone 96 12.5 0.51 1.70 0.14 0.47 
Nortestosterone 80 23.8 0.92 3.06 0.07 0.23 
Methyltestosterone 97 10.3 0.30 1.00 0.21 0.70 
Progesterone 102 19.6 0.37 1.23 0.16 0.53 
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5. THESES 

 

1. I proved that the weak acid compounds (pKa 3-7), which cause high ion suppression, can be 

eliminated from bovine urine samples applying neutral solvents (distilled water, 

acetonitrile, dichloromethan) in MAX SPE clean-up. Increasing the pH of samples to 9-9.5 

prior to SPE clean-up, enabled the weak acids appearing in different quality/quantity from 

sample to sample to dissociate completely. The cleaning procedure at pH 9.0-9.5 allowed 

selective adsorption of the matrix components and the corticosteroids of the sample to the 

anion-exchange cartridge and to the reversed-phase phase of the sorbent, respectively. The 

use of selective neutral organic solvents in the elution step yielded an eluent which 

contained only corticosteroids without any matrix components. I managed to reach ten 

times lower LOD for corticosteroids using this basic pH control and small (3 mL, 60mg) 

MAX cartridge. Applying my own developed SPE-LC-MS/MS method, the corticosteroids 

can be reproducibly and accurate determined at 0.1-1 µg/L level in real urine with one SPE 

step. 

 

2. I was the first to report pH control during the clean-up procedure of raw bovine milk 

samples prepared to corticosteroid analysis. Samples were cleaned-up using only one SPE 

step at pH 2.3 on mixed-mode cation exchange cartridge and further SPE clean-up was not 

necessary to reach relatively clean samples for LC-MS/MS analysis. I managed to reach the 

lowest LOD (0.02-0.06 µg/kg) in the literature. Adapting the method to LC-AJS-MS/MS 

system, I was the first to report 0.001-0.006 µg/kg of LOD for corticosteroids in bovine 

milk samples. 

 

3. I was the first to report the determination of methylprednisone, the main metabolite of 

banned methylprednisolone, in bovine milk by using my own developed SPE-LC-MS/MS 

method. The detection of methylprednisone can confirm the illegal treatment that is 

essential from the viewpoint of food safety.  
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4. I was the first to report the determination of corticosteroids from pig fat samples by using 

LC-MS/MS. Pig fat samples were dissolved in n-hexane and I found that the liquid-liquid 

extraction of the sample with methanol-water (50/50, v/v) mixture enabled extraction of 

only medium polar corticosteroids and not the non-polar components of matrices. Then the 

non-polar matrices do not disturb the subsequent reversed-phase SPE clean-up. The further 

HLB SPE clean-up of the extract allowed the determination of banned and authorized 

corticosteroids at sub-µg/kg level in pig fat samples.  

 

5. Analyzing corticosteroids in milk and fat samples, I proved the enhanced effectiveness, 

sensitivity and fastness of Ascentis Express Fused-Core type HPLC column. Applying 

Ascentis Express column and isocratic elution, I was the first to report 7.5 min analysis time 

for corticosteroids. 

 

6. I was the first to determine three groups of steroids (corticosteroids, androgens and 

progesterone) in Danube water samples using a single SPE step on small (3 mL, 60 mg) 

HLB sorbent. I found that the capacity of small HLB SPE enables the extraction of 

maximum 1000 mL water, but the enrichment of 100 mL sample is enough to accurate and 

reproducible determination of the selected steroid at sub-ng/L level.  

 

7. I found that the steroid contaminations of Danube water at Budapest accumulate at the 

south part, where the river leaves the city, and the concentration of steroids do not dilutes.    

But the detected corticosteroid, androgen steroid and progesterone concentrations of 

samples, originated from water resources and river, are much lower than the concentration 

levels in rivers of other countries.  
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6. APPLICATION OF METHODS  

Corticosteroid urine method has been used in National Monitoring Program since 2008. 

Five bovine urine samples were subjected to the analysis of corticosteroids using the developed 

method.  Prednisolone was the only coroticosteroid detected in the samples and had concentrations 

ranging from 0.3 – 1.0 µg/L. In the summer of 2009, the proficiency test with a theme 

“Methylprednisolone and Metabolites” in bovine urine was organized by the Community 

Reference Laboratory (CRL RIVM) in the Netherlands. Our laboratory participated in this 

performance test with our method and all of our results were satisfied. 

The corticosteroid milk method has been used since December 2010. No detectable 

corticosteroid residues have been found in milk samples yet. The corticosteroid fat method will be 

the part of monitoring measurements from 2012. 

Sixty samples of Danube River and drinking water resources from different regions of 

Hungary, mainly from Budapest, were collected to analyze target steroids in two sampling periods 

in 2008 and 2009. The results of samples are summarized in Table 5.  

 

Table 5: Steroid concentrations of the Danube water samples. 
Compounds Sampling Detected concentration 

(ng/L) 

September-November 2008 <0.50 Triamcinolone 

November 2009 <0.20 

September-November 2008 <0.28 Prednisolone 

November 2009 <0.04-0.58 

September-November 2008 <0.06-1.43 Flumethasone 
 

November 2009 <0.02 

September-November 2008 <0.07 Dexamethasone 
 

November 2009 <0.01-0.07 

September-November 2008 <0.63 Triamcinolone acetonid 

November 2009 <0.02 

September-November 2008 <0.1-0.36 Cortisol 

November 2009 <0.32-2.67 

September-November 2008 <0.30 Boldenone 
 

November 2009 <0.17 

September-November 2008 <0.51-0.91 Epitestosterone 

November 2009 <0.14 

September-November 2008 <0.92 Nortestosterone 
 

November 2009 <0.07 

September-November 2008 <0.30 Methyltestosterone 
 

  November 2009 <0.17 

September-November 2008 <0.37-0.43 Progesterone 

  November 2009 <0.16 
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