
Geosciences and Engineering, Vol. 1, No. 1 (2012), pp. 147–157. 

ADAPTATION AND ESTENSION OF SULFONAMIDE  
AND OTHER ANTIBIOTICS DETERMINATION BY SOLID-PHASE 

EXTRACTION FOLLOWED BY LIQUID CHROMATOGRAPHY  
AND MASS SPECTROMETRY 

 
LAJOS KADENCZKI*–HENRIETTA STEFÁNNÉ SZOPKÓ**  

*Department of Chemistry, University of Miskolc 
**SGS Hungária Kft Nyíregyháza 

3515 Miskolc-Egyetemváros, Hungary 
green.park@chello.hu, henrietta.szopko@sgs.com 

 
Abstract 
The present study is an adaption, extention, validation and a practical application of an analytical 
method based on solid-phase extraction and liquid chromatography-tandem mass spectrometry (SPE-
LC-MS/MS) for the simultaneous determination of 21 sulfonamides and three other antibiotics in 
different water matrices. MS/MS detection was carried out in a quadrupole-linear ion trap mass 
analyzer. Target compounds were identified in the selected reaction monitoring (SRM) mode, 
recording two transitions between precursor ions and the two most abundant product ions. The 
method developed was applied to evaluate the occurrence of the target antibiotics in different water 
samples. 

 
1. Introduction 

 
1.1. History of Sulfonamides. Sulfonamide drugs were the first antimicrobial drugs, and 
paved the way for the antibiotic revolution in medicine. The first sulfonamide, trade-named 
Prontosil was a prodrug [1]. Experiments with Prontosil began in 1932 in the laboratories 
of Bayer AG, at that time a component of the huge German chemical trust IG Farben. The 
Bayer team believed that coal-tar dyes able to preferentially bind to bacteria and parasites 
might be used to target harmful organisms in the body. After years of fruitless trial-and-
error work on hundreds of dyes, a team led by physician/researcher Gerhard Domagk 
(working under the general direction of Farben executive Heinrich Hoerlein) finally found 
one that worked: a red dye synthesized by Bayer chemist Josef Klarer that had remarkable 
effects on stopping some bacterial infections in mice. The first official communication 
about the breakthrough discovery was not published until 1935, more than two years after 
the drug was patented by Klarer and his research partner Fritz Mietzsch. Prontosil, as Bayer 
named the new drug was the first medicine ever discovered that could effectively treat a 
range of bacterial infections inside the body. It had a strong protective action against 
infections caused by streptococci, including blood infections, childbed fever, and 
erysipelas, and a lesser effect on infections caused by other cocci. However it had no effect 
at all in the test tube, exerting its antibacterial action only in live animals. Later it was 
accidentally discovered by a French research team, led by Ernest Fourneau, at the Pasteur 
Institute, that the drug was metabolized into two pieces inside the body, releasing from the 
inactive dye portion a smaller, colorless, active compound called sulfanilamide. The 
discovery helped establish the concept of “bioactivation” and dashed the German 
corporation's dreams of enormous profit; the active molecule sulfanilamide (or sulfa) had 
first been synthesized in 1906 and was widely used in the dye-making industry; its patent 
had since expired and the drug was available to anyone. 
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The result was a sulfa craze. For several years in the late 1930s, hundreds of 
manufacturers produced tens of thousands of tons of myriad forms of sulfa. This and 
nonexistent testing requirements led to the elixir sulfanilamide [2] disaster in the fall of 
1937, during which at least 100 people were poisoned with diethylene glycol. This led to 
the passage of the Federal Food, Drug and Cosmetic Act in 1938. As the first and only 
effective antibiotic available in the years before penicillin, sulfa drugs continued to thrive 
through the early years of World War II [3]. They are credited with saving the lives of tens 
of thousands of patients, including Franklin Delano Roosevelt, Jr. (son of President 
Franklin Delano Roosevelt) (in 1936) and Winston Churchill. Sulfa had a central role in 
preventing wound infections during the war. American soldiers were issued a first-aid kit 
containing sulfa pills and powder, and were told to sprinkle it on any open wound. During 
the years 1942 to 1943, Nazi doctors conducted sulfanilamide experiments on prisoners in 
concentration camps [4, 5].The sulfanilamide compound is more active in the protonated 
form, which in case of the acid works better in a basic environment. The solubility of the 
drug is very low and sometimes can crystallize in the kidneys, due to its first pKa of around 
10. This is a very painful experience, so patients are told to take the medication with 
copious amounts of water. Newer compounds have a pKa of around 5–6, so the problem is 
avoided [6]. Many thousands of molecules containing the sulfanilamide structure have been 
created since its discovery (by one account over 5400 permutations by 1945), yielding 
improved formulations with greater effectiveness and less toxicity. Sulfa drugs are still 
widely used for onditions such as acne and urinary tract infections, and are receiving 
renewed interest for the treatment of infections caused by bacteria resistant to other 
antibiotics. 
 
1.2. Using of Sulfonamides nowadays. The sulfonamide antibiotics most frequently used in 
the veterinary field. It is estimated that more than 50 million kg-s of antibiotics are 
produced each year in the Word. With approximately 40% used in animal production to 
treat diseases (therapeutic use) [7, 8, 9] and increase animal weight gain (growth promoting 
use). System, approximately 25% of small feedlot cattle operations and 70% of large 
feedlot operations used antibiotics in the feed (USDA/APHIS/Veterinary Services, 1999). 
A significant portion of the administered antibiotics in animals is excreted in an un-
metabolized formand could result in the contamination of soil and waterthrough cropland 
application of animal wastes.  
 
2. Materials and methods 
 
2.1. Definitions 
 
2.1.1. Laboratory Reagent Blank (LRB). An aliquot of reagent water or other blank matrix 
that is treated exactly as a sample including exposure to all glassware, equipment, solvents, 
reagents, internal standards, and surrogates that are used with other samples. The LRB is 
used to determine if method analytes or otherinterferences are present in the laboratory 
environment, the reagents, or the apparatus. 
 
2.1.2. Laboratory Fortified Blank (LFB). An aliquot of reagent water or other blank matrix 
to which known quantities of the method analytes are added in the laboratory. The LFB is 
analyzed exactly like a sample, and its purpose is to determine whether the methodology is 
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in control, and whether the laboratory is capable of making accurate and precise 
measurements. 
 
2.1.3. Stock Standard Solution. A concentrated solution containing one or more method 
analytes prepared in the laboratory using assayed reference materials or purchased from a 
reputable commercial source. 
 
2.1.4. Primary Dilution Standard Solution (PDS). A solution of several analytes prepared in 
the laboratory from stock standard solutions and diluted as needed to prepare calibration 
solutions and other needed analyte solutions. 
 
2.1.5. Quality Control Sample (QCS). A solution of method analytes of known 
concentrations which is used to fortify an aliquot of LRB or sample matrix. The QCS is 
obtained from a source external to the laboratory and different from the source of 
calibration standards. It is used to check laboratory performance with externally prepared 
test materials. 
 
2.1.6. Calibration Standard (CAL). A solution prepared from the primary dilution standard 
solution or stock standard solutions and the internal standards and surrogate analytes. The 
CAL solutions are used to calibrate the instrument response with respect to analyte 
concentration. 
 
2.1.7. Procedural Standard Calibration. A calibration method where aqueous calibration 
standards are prepared and processed (e.g., purged, extracted and/or derivatised) in exactly 
the same manner as a sample. All steps in the process from addition of sampling 
preservatives through instrumental analyses are included in the calibration. Using 
procedural standard calibration compensates for any inefficiencies in the processing 
procedure. 

 
2.2. Interferences 
 
2.2.1. Analyses of laboratory reagent blanks provide information about the presence of 
contaminants. When potential interfering peaks are noted in laboratory reagent blanks, the 
analyst should search for the source, including instrument, glassware, reagents, or solvents. 
Subtracting blank values from sample results is not permitted. 
 
2.2.2. Interfering contamination may occur when a sample containing low concentrations of 
method analytes is analyzed immediately after a sample containing relatively high 
concentrations of method analytes. A preventive technique is analyzing blank samples 
between environmental samples. 
 
2.2.3. Waste water samples have to be diluted prior to analysis in order to avoid any 
interference during pre-concentration and analysis. 
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2.3. Instrumentation 
 
2.3.1. HPLC system: Pflexar 100 PercinElmer  
2.3.2. Mass spectrometer: AB Sciex 3200 Q TRAP MS/MS System 
2.3.3. Visiprep Vacuum Manifold with Disposable Liner 
2.3.4. Equipment and supplies: 
2.3.4.1. Separation column: Kinetex 2,6 µ XB-C18 100A 50x2.1 mm 
2.3.4.2. Brown glass bottles, nominal volume 1000 mL 
2.3.4.3. Glass bottles with screw cap, volume: 500 mL 
2.3.4.4. Vials: 1 mL and 10 mL from Supelco 
2.3.4.5. Micro vial inserts from WGA, volume: 100 µL 
2.3.4.6. Graduated cylinders, nominal volume: 100 mL, 250 mL, 500 mL, 1000 mL 
2.3.4.7. Volumetric flasks, nominal volume: 10 mL, 25 mL 
2.3.4.8. Syringes (5 µL, 10 µL, 25 µL, 50 µL, 100 µL, 500 µL) from Hamilton or Agilent  
Technologies 
2.3.4.9. Analytical balance from Sartorius 
2.3.4.10. pH Meter from Schott instruments 
2.3.4.11. Drying oven 
 
2.4. Chemicals 
 
2.4.1. Solvents. All solvents have to be of p.a. purity and shall be stored at room  
temperature. 
2.4.1.1. Acetonitrile 
2.4.1.2. Methanol 
2.4.2. Reagents. All reagents have to be of p.a. purity and shall be stored at room  
temperature. 
2.4.2.1. Ammonium acetate 
2.4.2.2. Triethylamine 
2.4.2.3. 1 M Sodium hydroxid 
2.4.2.4. Hydrochloric acid, 32% 
2.4.2.5. Acetic acid, conc. 
2.4.2.6. Demineralised and decoct water 
2.4.2.7. Ethylenediaminetetraacetic acid (EDTA disodium salt) 
2.4.2.8. Sodium azide 
2.4.3. SPE Material 
2.4.3.1. Isolute ENV+ from Separtis 
2.4.4. Method analytes 
2.4.5. Stock standard solutions 
 

All analytes must be purchased from SIGMA ALDRICH as standard quality. The 
reference materials have to be stored according to the recommendations from the 
manufacturer. 

For each of the target compounds a separate stock solution in methanol is prepared. 
Their concentrations depend on the solubility of the target compounds in methanol. For the 
preparation of each of the stock solutions, between 1 and 10 mg of the pharmaceutical 
compound are added on an analytical balance to a 10 mL volumetric flask. The volumetric 
flask is filled up to volume with methanol. From the exact weight of the antibiotic and the 
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volume of methanol, the exact concentration of the stock solution is calculated taking into 
account the purity of the target compounds. The stock solutions have to be stored in the 
freezer and are stable for 1 year. 
 
2.4.6. Primary Dilution Standard (PDS) of the target compounds. Few mL of methanol are 
added to a 25 mL volumetric flask. Then a defined volume of each stock solution of the 
method analytes is added with a syringe to achieve a concentration of 1 ng/µL. The 
volumetric flask is filled up to volume with methanol. The PDS of the target compounds 
has to be stored in the freezer and is stable for 3 months. 
 
2.4.7. Standard mixture for Quality Control Sample. The standard mixture for the QCS 
contains the following antibiotics: chloroamphenicol, roxithromycin, clarithromycin. For 
preparation of the standard mixture for the QA/QC sample, few mL of methanol are added 
to a 25 mL volumetric flask. A defined volume of each stock solution of the target 
compounds is added with a syringe to achieve a final concentration of 1 ng/µL. Then the 
volumetric flask is filled up to volume with methanol.The QA/QC sample of the target 
compounds has to be stored in the freezer and is stable for 6 months. 
 
2.4.8. Solvent mixture for reconstitution of the dry residue. In a 100 mL graduated cylinder 
a mixture of 5 parts per volume acetonitrile and 95 parts per volume of an aqueous solution 
of 20 mM ammonium acetate is prepared. This solution can be stored in the refrigerator for 
a maximum of 1 week. 
 
2.4.9. Calibration samples of target compounds. Eight glass bottles (V = 1000 mL) are 
filled with 500 mL tap water with a graduated cylinder. Then different volumes of the 
standard mixture of the target compounds (see Section 2.4.6.) are added with a syringe. The 
added volumes as well as the resulting concentration levels are given in Table 7-1 in the 
Annex. 
 
2.4.10. Eluent A: Aqueous 20 mM ammonium acetate solution. An aqueous 20 mM 
ammonium acetate solution is prepared in a 500 mL glass bottle with screw cap. This 
solution can not be stored and has to be prepared freshly for each day of analysis. 
 
2.4.11. Eluent B: 2:1 (v:v) mixture of acetonitrile and methanol. In a 500 mL glass bottle 
with screw cap, two parts per volume acetonitrile are mixed with one part per volume of 
methanol by using a graduated cylinder. Then a defined amount of ammonium acetate is 
added to achieve a final concentration of 20 mM. This solution can be stored at room 
temperature for a maximum of 1 week. 
 
2.4.12. Elution solvent. In a 100 mL graduated cylinder a mixture of 90 parts per volume 
acetonitrile, 10 parts per volume of demineralised and decoct water and 0.5 parts per 
volume of triethylamine is prepared. This solution can not be stored and has to be prepared 
a new each day of analysis. 
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2.5. Sample collection, preservation and storage 
 
2.5.1. Sample Collection and Dechlorination. Sampling is done in 1000 mL brown glass 
bottles. If samples, such as finished drinking waters, are suspected to contain residual 
chlorine, 100 mg of sodium thiosulfate should be added for each 1000 mL of water sample. 
 
2.5.2. Sample Storage. Storage of samples is done in the cold storage room at 4 °C and 
must not exceed a time period of 3 weeks. Extracts must be stored in the freezer and are 
stable for at least 2 weeks. 
 
2.5.3. Sample preservation. For preservation of surface water, groundwater and drinking 
water samples 100 mg/L sodium azide are added immediately after sampling. 
 
2.6. Procedure 
 
2.6.1. Extraction. First 1.3 g of ethylendiaminetetraacetic acid are added to 500 mL of water 
sample. Then the sample is adjusted to pH 5 by addition of 32% hydrochloric acid or 1 M 
NaOH. PH is checked with a pH meter. Conditioning of 100 mg Isolute ENV+material is 
done automatically (Autotrace system) with 5 mL acetonitrile and subsequently with 5 mL 
demineralised and decoct water. For pre-concentration of the target analytes, the pH 
adjusted water sample is automatically pumped through the conditioned SPE material. Flow 
rate is 7.0 mL/min. After pre-concentration the SPE material is dried for 30 min. with 
nitrogen gas. Elution of the target analytes is done automatically with 5 mL acetonitrile and 
5 mL of elution solvent (see Section 2.4.12.). After passing through the SPE material the 
elution solvent is collected in a 10 mL vial. The solvent is completely evaporated in a 
stream of nitrogen. The dry residue is reconstituted with 100 µL of the solvent mixture (see 
Section 2.4.8.). Then, the sample is ready for HPLC/MS-MS analysis. 
 
2.6.2. HPLC/MS-MS analysis.  
AB Sciex 3200 Q TRAP MS/MS System Interface:  
Electrospray 
Spray position: z = 4.0 y = 3.5 
Heater temperature: 200 °C (300 °C for analysis of chloroamphenicol) 
Nebuliser Gas (GS1): 45 units 
Heater Gas (GS2): 45 units 
Ionisation mode: positive (negative for analysis of chloroamphenicol) 
Ionisation voltage: +5500 V (–4200 V for analysis of chloroamphenicol) 
Curtain gas: 20 units 
CAD: 3.00 
All other parameters depend on the compounds and are documented in the laboratory. 
 
2.6.2.1. Operation of the HPLC/MS-MS system. Operation of the HPLC/MS-MS system is 
done as described in the manufacturer’s manual. Prior to analysis of environmental 
samples, a blank run is started to check the pressure conditions and to flush the column 
with solvent. For checking the MS detector, a standard solution is analysed. 25 µL of the 
standard mixture of the target compounds are evaporated to dryness in a stream of nitrogen 
and reconstituted with 100 µL of the solvent mixture (see Section 2.4.8.). Subsequently, 
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12.5. µL are injected into the HPLC/MS-MS system. Criteria for checking the performance 
of the system are signal height, retention time and peak performance. 
 
2.6.2.2. Calibration. Calibration is done for the overall procedure. Calibration samples are 
prepared as described in Section 2.4.9. and analysed. A new calibration is prepared for each 
batch of samples or whenever the QA/QC sample gives striking results. 
 
2.7. Data analysis and calculations 
 
2.7.1. Complete chromatographic resolution is not necessary for accurate and precise 
measurements of analyte concentrations if unique ions with adequate intensities are 
available for quantitation. If the response for any analyte exceeds the linear range of the 
calibration established in Section 2.6.2.2., obtain and dilute a duplicate sample. Do not 
extrapolate beyond the calibration range. 
 
2.7.2. Evaluation of the chromatograms, i.e. correlation of retention times and mass spectra 
to target compounds and determination of the peak areas is done by the software tool 
Analyst 1.2. If necessary, manual integration is done. 
 
2.7.3. Linear calibration functions are established by plotting the peak area of the respective 
target analyte against the concentration of the target analyte in the respective calibration 
solution.  
 
2.7.4. The recovery for the overall procedure is determined by a comparison of peak areas 
of pre-concentrated samples and direct injections according to the following equation: with 
Ypre-concentrated = peak area of a compound after pre-concentration Ydirect = peak area 
of a compound after direct injection. The recovery is determined each time that the batch of 
SPE material or elution solvent is changed. 

 
2.8. Quality control 
 
2.8.1. QC requirements. Quality control (QC) requirements are the initial demonstration of 
laboratory capability followed by regular analyses of laboratory reagent blanks, field 
reagent blanks, and laboratory fortified blanks. A MDL for each analyte must also be 
determined. Each laboratory must maintain records to document the quality of the data 
generated. Additional quality control practices are recommended. 
 
2.8.2. Laboratory Blanks. With each batch of samples processed as a group within a work 
shift, analyze a LRB to determine the background system contamination. 
 
2.8.3. Calibration Check. In order to check the calibration, a LFB is processed with each 
batch of samples. For each of the method analytes the result of the LFB must be within 
30% of the spiked concentration. If the deviation between spiked and measured 
concentration exceeds this range, appropriate measures must be taken to improve the 
quality of analysis before analysis of environmental samples can be continued. 
 
2.8.4. QC control chart. For QA/QC purposes control charts are used. A QA/QC sample is 
analysed each day of analysis. 
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2.8.4.1. The QA/QC samples are prepared by adjusting 500 mL of tap water to a pH of 5 by 
addition of 32% hydrochloric acid or 1 M NaOH. Then 100 µL of the standard mixture for 
the QA/QC sample are added. The QA/QC sample is treated as any environmental sample 
according to the procedure described in Section 2.6.0. The results of these QA/QC 
measurements for sulfamethoxazole, trimethoprim and ronidazole are evaluated and 
documented in control charts by the SQS software from Perkin Elmer. 
 
2.9. Pollution prevention 
 

No solvents are utilized in this method except the extremely small volumes of methanol 
and acetonitrile needed to prepare calibration standards and elution solvents. The only other 
chemicals used in this method are the neat materials in preparing standards and sample 
preservatives. All are used in extremely small amounts and pose no threat to the 
environment. 
 
2.10. Waste management 
 

SPE cartridges are only used once and are disposed with the domestic waste. Solutions 
containing solvents are collected in glass bottles. Full glass bottles are shipped to a special 
unit for proper waste disposal. 
 
3. Results 
 

Prof. H.-J. Brauch and Dr. F. Sacher and coworkers [10] worked out a very good 
procedure for analyzing sulfonamides and some other antibiotics in surface, ground and 
drinking waters. The method originaly was developed the following seven compounds:  
 

Table 1  
The compounds that the method was originaly developed  

Sulfonamides Q1 Q2 Q3 RT (min) 

1  Sulfadiazine 251 92 156 1,29 

2  Sulfadimidine 279 108 186 3,4 

3  Sulfamerazine 265 65 108 2,1 

4  Sulfamethoxazole 271 254 156 6,71 

5  Trimethoprim 291 230 123 1,91 

6  Metronidazole 172 128 82 8,6 

7  Ronidazole 201 140 55 0,53 
 

We successfully adapted and extended this method additional seventheen sulfonamid 
antibiotics. During our experiment we checked and determined the LOQ of all analytes and 
summarised the recovery results two different levels. (Table 2) 
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Table 2 
Sulfonamid antibiotics that the method was adapted and extended 

Sulfonamides Q1 Q2 Q3 RT (min) 

1  Sulfabenzamide 277 108 156 10,04 
2  Sulfacetamide 215 108 156 1,01 
3  Sulfaquinoxaline 301 108 156 11,41 
4  Sulfadoxine 311 108 156 8,6 
5  Sulfaguanidine 215 108 156 0,53 
6  Sulfameter 281 108 156 3,46 
7  Sulfamethizole 271 108 156 3,58 
8  Sulfamethoxypyridazine 281 108 156 4,03 
9  Sulfamoxole 268 108 156 3,3 
10  Sulfanilamide 173 108 156 0,57 
11  Sulfapyridine 250 108 156 1,77 
12  Sulfadimethoxine 311 108 156 11,22 
13  Sulfamonomethoxine 281 108 156 5,69 
14  Sulfathiazole 256 108 156 1,63 
15  Sulfisomidine 279 108 124 1,05 
16  Sulfisoxazole 268 108 156 9,35 
17  Sulfachloropyridazine 285 108 156 5,47 

 
XIC of +MRM (55 pairs): 276.889/156.100 Da ID: #1Sulfabenzamide 1 from Sample 16 (100 ngml SA-Tri mix) of 20111130 SA-TRI.wiff (Turbo Spr... Max. 2.7e4 cps.
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Figure 1: Total ion chromatogram of 24 antibiotics 
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After pH adjustment the target compounds are pre-concentrated by solid-phase 
extraction onto a hydroxylated styrene-divinylbenzene polymer. Elution of the target 
compounds is done by a mixture of acetonitrile, water and triethylamine. After evaporation 
of the solvent and reconstitution of the dry residue, an aliquot is injected into the HPLC/MS 
system. Method detection limits (MDLs) depend on the compound and on the matrix. For 
surface, ground and drinking waters the MDLs for all method analytes are in the range of 
10 ng/L. The application range is approximately 10–500 ng/L. Samples with higher 
concentrations have to be diluted before extraction. 
 

Table 3 
Recovery results for the determined sulfonamid antibiotics 

Sulfonamides 
LOQ 
(ng/l) 

R% 
10ng/l 

n RSD 
R% 

100ng/l 
n RSD 

Sulfadiazine  1 81,3 5 6,8 93,1 5 7,1 
Sulfadimidine  1 86,2 5 7,5 87,1 5 7,6 
Sulfamerazine 1 79,6 5 10,1 80,3 5 9,3 
Sulfamethoxazole  1 87,9 5 11,2 85,3 5 10,3 
Trimethoprim  1 92,1 5 9,3 89,6 5 10,1 
Metronidazole 1 88,6 5 9,8 87,1 5 8,9 
Ronidazole  1 89,4 5 6,7 85,6 5 7,6 
Sulfabenzamide  2 81,9 5 8,2 82,1 5 11,2 
Sulfacetamide  1 96,1 5 5,8 94,3 5 5,6 
Sulfaquinoxaline  2 83,6 5 8,9 84,2 5 9,7 
Sulfadoxine  1 89,3 5 7,2 90,1 5 8,4 
Sulfaguanidine  1 79,9 5 11,3 82,1 5 12,3 
Sulfameter  1 85,2 5 7,3 88,4 5 8,9 
Sulfamethizole  1 85,0 5 7,9 86,1 5 8,8 
Sulfamethoxypyridazine  1 82,1 5 8,5 83,1 5 13,1 
Sulfamoxole  2 80,9 5 9,6 81,2 5 9,8 
Sulfanilamide  5 92,3 5 5,9 92,1 5 8,2 
Sulfapyridine  1 91,6 5 6,4 93,1 5 7,9 
Sulfadimethoxine  1 92,1 5 6,9 92,6 5 8,1 
Sulfamonomethoxine  1 87,2 5 7,1 88,4 5 7,9 
Sulfathiazole  1 83,3 5 10,2 84,1 5 13,1 
Sulfisomidine  1 88,1 5 8,4 89,1 5 9,5 
Sulfisoxazole  1 83,1 5 9,2 84,3 5 10,8 
Sulfachloropyridazine 3 91,6 5 6,8 92,1 5 8,1 
 
4. Conclusion 
 

The extended multi residue method is useable to determine a lot sulfonamide and 
others antibiotics in surface, ground and drinking waters. Under optimal conditions, the 
method detection limits achieved were in the range 1–5 ng/L for surface water samples. The 
instrumental repeatability, expressed as RSD, was usually below 15% for the different 
water matrices. The recovery results were betveen 70–110% at levels of 10–100 ng/l. 
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List of symbols 
 

SPE    solid phase extraction 
LC    liquid chromatography 
MS    mass spectrometry 
MS/MS  tandem mass spectrometry 
SRM   selected reaction monitoring 
RSD   relative standard deviation 
LOQ   limit of quantification 
RT    retention time 
Q    Qualifier ion 
 

pKa   acid dissociation constant 
MDL   method detection limit 
LRB   laboratory reagent blank 
LFB   laboratory fortified blank 
PDS   primary dilution standard 
QCS   qualitycontrol sample 
CAL   calibration standard 
QA/QC   quality assurance/quality  
   control 
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