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Fig. 4   Removal of matrix and background peaks by 
subtraction of blank sample peaks

Fig. 5   Mass recalibration by using a correction function constructed
from the measured mass errors of the internal standards

Fig. 6   Exact mass screening of 253 target compounds in positive
ionization mode in a river Rhine sample at Basel

Fig. 7   Summary table of the results for the data processing (pos mode, river Rhine) with listing of the detected 
sparks, blank, internal standard, target, non-target and adduct peaks accompanied with illustrative figures

Isotopic pattern generationWorkflow

Fig. 9   Catchment of the river Rhine with the concentration and load dynamic  of the
non-target compound along the river stretch. The non-target compound was identified 
as the antidepressant agent moclobemide with a production site near Basel

Fig. 8   Concentration range of the detected target compounds in the river Rhine 

Abstract
An optimized and automated software workflow was developed to 
streamline the detection of contaminants in environmental samples using 
LC-HRMS data. The developed workflow enables the fast, semi- 
quantitative detection of target compounds as well as the aggregation of 
possibly interesting non-targets masses. The performance of the work- 
flow is demonstrated with a sample from the river Rhine in Basel. The 
screening efficiency for more than 300 environmentally relevant 
compounds as well as an example for the identification of a non-target 
compound is presented. The tool will be publicly available soon. 

Motivation
A flexible workflow adapted to the specific needs of environmental 
monitoring is needed to enable fast and reliable identification of target 
and non-target compounds. 

Objectives
Development of a customized software workflow for the processing of 
highly resolved full scan MS data with focus on :

 - elimination of background and noise peaks

 - fast and precise exact mass screening of target compounds

 - extraction of  interesting candidate masses for non-target identification

Analytical Method

Solid Phase Extraction - SPE

Sample preparation: filtration, pH7,  141 isotope labelled standards

Material: 200mg Oasis HLB (top) + 100mg ENV / 100mg 
 Strata X-AW / 100mg Strata X-CW (bottom)

Elution: 9mL methanol/ethylacetat with FA and NH3

Liquid Chromatography - LC

Column: C18 XBridge 50x2mm, 3.5 µm

Flow: 200 µl/min; 20 µl injection volume

Gradient: H2O/MeOH (0.1%FA), 90/10 to 10/90 in 25min

Orbitrap - HRMS

Ionization: electrospray, -4/+5kV, 300°C

MS scan: FT, 115 - 1000 m/z, R 60,000 (@400m/z); 
 AGC 1E6, IT 200ms, profile mode

MSMS scan: data-dependent CID-LTQ and HCD-FT

Sampling
River Rhine is one of the most important rivers in Europe: 
catchment 170,000 km2, inhabitants 50 Mio, mean discharge 2,300 m3/s, 
supplies drinking water for 20 Mio people

7-d flow proportional samples were collected along the river Rhine at
11 locations from 7. - 20. March 2011 (see fig. 9). The workflow is 
demonstrated with the sample of the international monitoring station in 
Basel.

Conclusion
with the developed workflow a fast semi-quantitative identification of 
over 300 target compounds is feasible 

tests with spiked samples show for target compounds an average hit 
rate of more than 90%

80% of the detected target compounds in spiked samples were 
quantified with recoveries between 70% and 130%

in a river Rhine sample 8820 peaks were detected  and categorized as 
follows: 63% background and matrix peaks, 3% target compounds, 
and 34% non-target compounds (including isotopic and adduct peaks)

Acknowledgement
The authors gratefully acknowledge the Swiss Federal Office for the Environment FOEN for the financial 
support. We thank Ch. Leu (FOEN), J. Mazacek, St. Ruppe (AUE Basel Stadt) and all involved Eawag 
colleagues for helpful discussion.

�¾

�¾

�¾

Xcalibur: MS software for the handling of Orbitrap raw data (Thermo Fisher Scientific, San Jose)
Formulator: peak detection software using recursive base peak framing (RBPF) with a base peak 
frame of 5ppm x 1min  and a signal/noise of 10 (http://sjsupport.thermofinnigan.com)

Customized software workflow  for batch processing  (soon on http://www.eawag.ch/forschung/uchem/)
R: free, statistical software environment used for data manipulations (http://www.r-project.org/)
RExcel: open source application to connect R with MS Office (http://rcom.univie.ac.at/)
Excel: commercial spreadsheet application used as a graphical user interface (http://www.microsoft.com)

Software

Data modification

Target and non-target screening

Quantified targets

Example for non-target identification

Fig. 2 Detected peaks in a river rhine sample at Basel and
a blank sample from FT full scan data using RBPF

Table 1 and 2 Data sets containing the molecular formula, the retention time and the calibration curve parameter of the target 
compounds and the internal standards are stored in excel. The exact masses of the isotopic pattern are calculated by a simulation
tool as pattern, profile or centroid data for a given mass resolution from the molecular formula (see figure 1).

Fig. 3   Removal of noise and peak detection artifacts based
on a peak width analysis by retention time or scan number
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Fig. 1 Isotopic distribution calculator            with new algorithm

SPE-LC-HRMS full scan data

MS MS/MS

peak detection (RBPF)

sample / blank peak list upload

spark removal

blank subtraction

mass recalibration

internal standard screening

target screening

target quantitation

adduct search 

isotope pattern search / fit

adduct search 

separate identified target masses

potential non-target masses

further identification procedure:
- structure search/generation
- retention time prediction
- fragmentation prediction
- MS/MS data base search
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Targets number calibration curve isotope patte rn retention time

 pesticides 132 y=mx+t exact masses minutes

 pharmaceuticals 126 y=mx+t exact masses minutes

 biocides 16 y=mx+t exact masses minutes

 illicit drugs 14 y=mx+t exact masses minutes

 industrial chemicals 12 y=mx+t exact masses minutes

 perfluorinated compounds 12 y=mx+t exact masses minutes

 food additives 8 y=mx+t exact masses minutes

 corrosion inhibitors 5 y=mx+t exact masses minutes

 consumer care products 3 y=mx+t exact masses minutes

 total     328    (253 positive / 75 negative mode)

 Internal standards number calibration curve isotope patte rn retention time

 pharmaceuticals 79 y=mx+t exact masses minutes

 pesticides 29 y=mx+t exact masses minutes

 illicit drugs 12 y=mx+t exact masses minutes

 food additives 7 y=mx+t exact masses minutes

 perfluorinated tensides 7 y=mx+t exact masses minutes

 biocides 5 y=mx+t exact masses minutes

 corrosion inhibitors 2 y=mx+t exact masses minutes

 total      141    (115 positive / 26 negative mode)
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River Rhine at Basel

[ng/L]0 100 400 500 600

pharmaceuticals (n=36)

pesticides (n=15)

biocides  (n=6)

consumer care products  (n=3)

industrial chemicals  (n=3)

illicit drugs  (n=2)

ID Centroid m/z Intensity RT (min.) ID Type Centroid m/z Intensity RT (min.) ID Type Centroid m/z Intensity RT (min.)

120 269.1044 925060 4.68 471 35Cl-37Cl / 1 271.10141 237301 4.68 1792 12C-13C / 10 270.108 92506 4.68
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Data sources: Catchment and river based 
on JRC/IES© European Commission 2003; 
ESRI Data World

N o r t h
S e a

Basel
Diepoldsau

Oehningen

Reckingen
Albbruck

Rheinfelden

Karlsruhe

Mannheim

Mainz

Koblenz

Bimmen-Lobith

Koblenz

Mainz

Mannheim

Karlsruhe

Basel

Diepoldsau

Bimmen

Tab. 3  Most intense chlorine containing compound from non-target peak list


