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Background 
Produced waters from oil industries represent a huge 

challenge in terms of complexity and risk assessment. Some of 
the most complex mixtures are derived from the oil sands 

process-affected waters (OSPW) of Alberta Canada (Plate 1) 
which contain tens of thousands of polar acidic organic 

compounds usually referred to as ‘naphthenic acids’ (NAs). 
Until recently, individual structures of these NAs were 

unknown but analyses by comprehensive gas chromatography 
with time of flight mass spectrometry (GCxGC-ToF-MS, Fig. 1) 
have now begun to reveal the individual structures of alicyclic, 

aromatic and sulphur-containing acids within OSPWs 
contained within tailings ponds.1-4 Recently some of the acids 

have also been identified within ground water samples 
outside of the tailings ponds. One obstacle to understanding 

whether such acids from environmental samples, such as 
ground waters, are associated with particular tailings ponds is 
the lack of knowledge of the variability of OSPW within and 

between ponds. GCxGC-ToF-MS has been used in the present 
study to compare such acids in OSPWs, both temporally and 

spatially, using specific, known compounds.  

Plate 1. Tailings ponds containing waste 
waters  close to the Athabasca river, 
Alberta, Canada 

Fig. 1. Schematic of GCxGC-MS showing 
the separating power is the product of  
both columns 

Methods 
Sample Preparation 
ÅOrganic acids extracted from tailings pond waters from two 

industries (supplied by Environment Canada)  
Å Industry (A) 5 geographic locations analysed 
Å Industry (B) pond analysed over a 14 day period 
ÅExtracts converted to methyl esters using boron trifluoride 

methanol and analysed by GCxGC-MS 
GCxGC-MS analyses 
ÅAgilent 7890A gas chromatograph (Wilmington, DE, USA) 

equipped with a Zoex ZX2 GC×GC cryogenic modulator 
(Houston, TX, USA) interfaced with a Almsco  BenchToFdx™ 
time of flight mass spectrometer (Almsco International, 
Llantrisant, UK. Scan speed was 50 Hz 

Å1° column HP5-MS 30m x 0.25mm x 0.2µm (Agilent) 
Å2° column BPX-50 3m x 0.1mm x 0.1µm (SGE) 
ÅConditions: 1° column 80°C (1 min), ramp at 2°C min-1 to 340°C, 

2° column offset 10°C, hotjet offset 60°C. Carrier gas He 2 ml 
min-1 

Data analyses 
ÅGCxGC-MS analysed by GC-Image (Zoex) 
ÅSelected ion chromatograms m/z 134, 135, 148, 149, 163 
ÅPresence/absence and ratios of 6 tricyclic adamantane acids 

(authentic standards) used for comparison (Fig. 2) 
ÅSample triplicate injection to test instrument variability 
ÅRatios of peak volumes used to assess variability between and 

within ponds, and sample collection time  
ÅStatistical differences tested using ANOVA 
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Results & Discussion 

Fig. 2 Selected ion chromatograms highlighting adamantane acids (as methyl esters) present or absent in tailings pond waters collected at 
different locations (Industry A) and different times (Industry B) 

ÅTriplicate analyses showed no significant differences (F ratio = 0.05, P = 0.95) in 15 ratios of known 
adamantane acids within sample 

ÅNumerous unidentified adamantane acid isomers present in all pond locations and collection times 
ÅWater from northeast station clearly different to other locations within Industry A pond (Fig. 2) 
ÅMany adamantane acids absent from most locations Industry A waters (Fig. 2) 
ÅUsing ratios of 6 known adamantane acids (where all acids present, Fig. 2), no significant differences (P>0.05) 

between Industry B sampling times but all of these different (P<0.05) to Industry A  
ÅTechnique can now be applied to comparisons of environmental samples to help identify source of 

contamination (US and Canadian Patent application numbers: 13/160367, 2,743,156) 
ÅUse of additional identified acids (pentacyclics,2 aromatics,3 sulfur sp.4  etc) could improve differentiation 
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Conclusions 
ÅTailings ponds differentiated using standard compounds 
ÅPond waters appear to be largely homogenous but collection time 

can affect chemical composition 
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