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Content of the presentation 
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• Samples: wastewater, surface waters, stormwater 

• Sampling 

• Grab sampling 

• Passive samplers 

• Sample pretreatment: 

• SPE 

• Liquid-liquid extraction, HEX, DCM 

• Solvent extraction to passive samplers 

• Analytical techniques: 

• GC-TOF-MS, nontarget (and posttarget) 

• LC-TOF-MS, posttarget 
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Materials and methods 



www.helsinki.fi/yliopisto 9.4.2014 4 

Waters LCT Premier XE Operator’s guide, 

Waters Corp. 

• TOF analyzer accelerates the ions and 
particles with the same charge have identical 
kinetic energies 

• Velocities depend only on their masses. TOF 
measures their time to reach the detector.  

• Lighter ions will reach the detector first. 

• Time of flight  mass of an ion 

Time-of-flight mass spectrometry (TOF-MS) 

http://www.youtube.com/watch?v=iF21xzaY07w
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• TOF-MS is capable of measuring accurate mass (4 digits) 

• Exact mass can be used to extract compound from raw data 

• Measured accurate mass can be used to calculate possible 

elemental compositions → CAHBNCODClE ??? 

• Mass error can be used to reject elemental composition 

candidates 
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Time-of-flight mass spectrometry 

 - accurate mass 

Cl

Cl

N

O

N

Imazalil (pesticide) 

C14H14N2OCl2 

C: 14 x 12.0000 = 168.0000 

H: 14 x 1.0078   =   14.1095 

N: 2 x 14.0030   =   28.0060 

O: 1 x 15.9949   =   15.9949 

Cl: 2 x 34.9689   =   69.9378 

 
Exact mass: 296.0482 
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GC-TOF-MS: 
How to accept a recognized compound? 
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Software for automated screening: 
        - peak detection and spectral deconvolution tool 
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T                                T                                      

  elemental               elemental 

  composition of compoundh composition of fragment 
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mass (calculated – measured) 
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Software for automated screening: 
        - peak detection and spectral deconvolution tool 
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Thr 

 

 

 

rth 

Masses extracted 

from the 

chromatogram 

Library spectrum 

Measured spectrum 
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Flow chart for 

recognition of 

unknowns with 

nontarget 

analysis 
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Tentatively identified compounds 

in aquatic samples 
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      Samplesb 

Compound Use of compound IDa WW RW ST1 ST2 

Tetraacetyletlenediamine Bleaching agent - x x - - 

Tris(2-chloroethyl)phosphate Flame retardant x x x - x 

Tris(2-chloroisopropyl)phosphate Flame retardant x x x - x 

Tris(1,3-dichloroisopropyl)phosphate Flame retardant x x x - - 

Ethanol, 2-butoxy-, 1,1',1''-phosphate Flame retardant x x x x - 

Triphenylphosphate Flame retardant x x x x - 

4-Oxoisophorone Personal care product - x x x x 

N,N-Diethyltoluamide Personal care product - x x - - 

Galaxolide Personal care product x x x - - 

Triethylphosphate Plasticiser x x x x x 

Tri-isobutylphosphate Plasticiser x x x x x 

Tri-n-butylphosphate Plasticiser x x x x x 

Triethylcitrate Plasticiser - x x x - 

N-butyl-benzenesulphoamide Plasticiser - x x x x 

Bisphenol A Plasticiser x x x x x 

Tributylacetylcitrate Plasticiser - - - - x 

2-(Methylthio)benzothiazole Rubber component - x x x x 

2(3H)-Benzothiazolone Rubber component - x - x x 

a Confirmed with standard compound. 
b WW: wastewater effluent, RW: Porvoonjoki-river, ST: stormwater 
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Nontarget analysis of 

passive samplers 

9.4.2014 12 

- Empore SPE disks were 

  exposed to: 

1. River upstream WWTP 

2. River downstream WWTP 

3. Wastewater effluent 

 

- Solvent extraction  

- GC-TOF-MS nontarget 
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Findings in passive samplers 

with nontarget analysis 
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RT Up 

WWTP 

Down 

WWTP 

Waste 

water 

Elemental composition, name (usage) Conf. 

5.93 x C7H6O    Benzaldehyde  

(natural compound, food flavor, industry) 

14.96 x x x C8H7NS2   2-(Methylthio)benzothiatzole (degradation 

of thiatzoles used in fungicides, rubber industry) 

15.28 x C10H16N2O4    N,N,N′,N′-Tetraacetylethylenediamine, 

TAED (detergents, pulp industry) 

15.45 x x x C12H20O7  Triethyl citrate (food additive, plasticizer) 

16.63 x C6H12Cl3O4P      Tris(2-chloroethyl)phosphate       

(fire retardant) 

x 

16.91 x x x C10H15NO2S  N-butylbenzenesulfonamide 

(plasticizer) 

17.05 x x x C9H18Cl3O4P   Tris(1-chloroisopropyl)phosphate     

(fire retardant) 

x 

17.68 x x x C18H26O  Galaxolide, HHCB  (synthetic musk) x 

20.73 x C15H16O2   Bisphenol A  (plasticizer) x 
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Silicone rubber passive sampler 
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- 200 mL of waste water effluent 

- One sampler / 200 mL 

- Blank 200 mL deionized water  

-   Sampling time 3 weeks on a shaker 
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Unknown substance found by 

deconvolution software 
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RT 15.425 min 

 

Mass spectrum of the compound 

Mass spectrum from NIST library 

83 

119 

216 
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Ar-tumerone MW 216  

E100 food additive 

color from turmeric plant 

9.4.2014 

201.1273 (mDa) 

83 119 
201 

Contamination? 
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LC-TOF-MS  

Waters LCT Premier XE  TOF-MS 
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UHPLC-TOF-MS 

 

Nontarget has challenges: low 

fractionation, spectral library? 

 

Posttarget method was developed 

and applied to spiked and nonspiked 

wastewater 

 

Posttarget is seaching compounds 

by using monoisotopic mass   
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Stage 4 - Manual check of characteristic 

isotope peak pattern, if present 

 - Applied to all compounds containing 

chlorine or bromine atom(s) 

Stage 1 - Candidates with mass error < 30 mDa 

are extracted from the total ion chromatogram 

Stage 2 - Candidates with mass error < 5 mDa 

are qualified  

Stage 3 - The regression of LogKOW and 

retention times of  known compounds is used to 

predict the RT of screened compound ( Fig.) 

 - Candidates outside the calculated 

RT window are omitted  

Developed process for posttarget LC screening  

Fig. The linear regression line with 95% 

prediction intervals based on the logKow 

and the retention time 
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Pharmaceuticals found 

in waste water effluent 

with posttarget 

analysis 
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• GC-TOF-MS is feasible for the nontarget and posttarget tentative 

identification  

• LC-TOF-MS is feasible for posttarget identification 

• The identification proposed should be treated as tentative, until it 

has been confirmed using a standard compound  

• To avoid loosing a compound we should 

• Have right sampling method 

• Have right pretreatment, instrument, column…. 

• Have high enough concentration 

• Have not too concentrated/dirty sample  

• Be careful with contamination 
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Conclusions  

 LOI 100-2500 ng/L  
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