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Thermogenic Methane  
• Natural Gas & Oil 
• 45,000 Wells in US 
• 7500 Wells in Colorado 
• High Water Use 
• 106 Gallons per well 
• Greenhouse Gases 
• Groundwater Contamination 
• Aesthetics 

Natural Gas Prices Down 

• US Energy Reserves UP 
Risks to Shallow Aquifers 
• Methane and HC 
• Fracking Fluids 
• Metals  
• Radionuclides 
• Salts 

Hydraulic Fracturing 
Why is it important? 
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Shale Gas Field  
Continental USA 



Hydraulic Fracturing for Natural Gas 
Contamination Risks 
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LC/QTOF-MS with High Resolution and Accurate Mass 
In Search of “Tracers” of “Fracking” Contaminates 
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•  Flowback samples from Colorado 
•  Diluted 1:10 and filtered (PFTE, 0.1 micron) 
•  Use slow gradient with C-8 column, 3.5 

micron, 0.1% Formic acid/ACN gradient 
•  High Res Q-TOF analysis with accurate mass 

•  1290 Agilent UHPLC  
•  6540 Agilent Q/TOF 
•  1 ppm Mass Accuracy 
•  25,000 Resolving Power 

Samples and Prep 

Agilent Publication: 5991-5473EN 



LC/QTOF-MS with High Resolution & Accurate Mass  
Chromatographic Conditions 
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Total Ion Chromatogram 
Production flow-back water, Weld County Colorado 
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Masses Differ by 44 mass units suggesting CH2-CH2-O structure   
for chemicals in both zones 

Hydrophilic Zone Less Polar Zone 



LC/QTOF-MS with High Resolution & Accurate Mass 
Component Identification 
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Kendrick Mass 

Filtering technique 
(scaling factor)  

Separates a series of 
hydrocarbons differing in 

mass by a single 
methylene group, CH2 

*Glycol Determination  

Nominal mass of the 
repeating glycol unit, 

(CH2CH2-O),  

Divide by the exact 
calculated mass of the 

same glycol unit 

Thurman et al. in 2014  



Kendrick Mass: Polyethylene Glycols in Flowback Water 
Average Mass Difference 44.0266* 
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Multiplication of 
scaling factor by the 
measured accurate 
mass yields Kendrick 
mass [*].  

*Thurman et al. in 2014  



Adduct Identification 
Q-TOF-MS scan from 7.060 to 7.409 min 
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Proton adduct at m/z 283.1753 
and formula generated in Agilent 
MassHunter Software.  
 
Sodium adduct of the ion. 



Adduct Identification 
Confirming Polyethylene Glycol Structure 
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MS/MS Analysis of the m/z 
283.1753 can determine if the 
spectrum will match a PEG 
structure 
 
Mass spectrum consists of a 
series of 44.026 mass unit 
losses that translate into a 
simple PEG structure* 
 

*Ferrer et al, ACS Chem. Symp. 850  



Adduct Identification 
Confirming Polyethylene Glycol Structure 
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Mass spectrum at 10.6 minutes for 
PEG-9. Major ion: ammonium adduct at 
m/z 432.2830 
 
Mass differences among these 
three ions are 17 and 22 indicating 
proton adduct at 415.2539. 
 
Mobile phase does not contain 
ammonium. Ammonium adduct is 
formed from trace levels of ammonium 
in sample. Similar behavior for PEG-10 
and PEG-11. 



LC/QTOF-MS with High Resolution and Accurate Mass 
Conclusions 

PEG Composition 
1.  Produced Water has PEGs and other ethoxylated surfactants 
2.  Samples contained > 40 different PEGs 
 
Kendrick Mass Defect 
1.  Finds multiply charged species 
2.  Finds mixed adducts 
3.  Allows identification of related PEGs 
4.  Possible to identify proton, sodium, and ammonium adducts of 

PEGs 
 

PEG identification may allow use as indicators 
of contamination of aquifers or surface water 

 



Acknowledgments 

Dr. Michael Thurman, University of Colorado, Boulder for 
sample analysis 

Tom Evans of Protreat Technologies, Denver, CO, for 
Flowback Samples 

Jerry Zweigenbaum of Agilent Technologies, Inc. for LC/
QTOF-MS support 



Thank you  
Let’s Continue the Conversation 
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