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Analytical methodology
Extracts were derivatized using N,O-bis(trimethylsilyl)trifluoroacetamide

containing 1% of trimethylchlorosilane. GC×GC-MS data were acquired

using an Agilent 7890B GC coupled to a 7200B QTOF HRAM-MS. The

system was equipped with a Zoex ZX-2 thermal modulator. Separation was

carried out using a combination of an Agilent DB-5MS UI (1D, 30 m, 0.25

mm i.d., 0.25 µm df) and a Restek Rxi-17Sil MS (2D, 2 m, 0.18 mm i.d., 0.18

µm df) capillary column.

Introduction

Produced water (PW) is the largest by-product of oil and gas production1. At

offshore platforms, P.W is pre-cleaned followed by discharge to sea or

reinjected into the reservoir2,3. Understanding the relationship between

composition, environmental impact and water management is challenging3.

Several studies on produced water have been undertaken. However, a large

part of the chemical space remains unexplored. Further characterization of the

composition, both in terms of inorganic and organic content, is needed to

understand these complex systems.

Results

Approximately 1000 features were detected in each sample of which approximately 10% could be tentatively identified library matching. 120 unique compounds were

identified across the full sample set. Of those, 15 were common to all samples. Differences in features and their abundance were high considering the samples were from

the same field. Lack of protocol/control of in sampling and storage/transport onshore could explain some of the variability. The majority of identified compounds are

oxygenated small organics, i.e. acids and alcohols. Only minor amounts of hydrocarbons were detected.
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Conclusions and outlook

Several compounds not previously reported in produced water were identified. These are predominantly oxygenated semi-polar species which partition in the aqueous

phase at the separator. A large portion of feature remain unidentified. Complementary analysis using soft ionization, liquid chromatography and in-silico techniques is the

next step to increase compound coverage. Fore more details, read our preprint at ChemRxiv4 (full manuscript currently in revision).
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Model compound Recovery (%) %RSD, model water %RSD, std %RSD, real-life sample*

Phenol 89.6 23.1 8.9 23.3

Cyclohexanecarboxylic acid 63.8 13.1 5.7 1.8

Benzoic acid 35.9 24.7 1.9 11.3

Octanoic acid 55.0 9.6 4.4 4.2

2-Naphthoic acid 88.4 9.8 3.0 5.2

Samples

Samples were obtained from the platform test-separator and present an

unfiltered picture of the composition before cleaning procedures. The received

samples were acidified using HCl and stored at 4 °C in dark until analysis.

Samples were inspected visually by microscope (Figure 1). Those which

contained layered oil or droplets were excluded from the study to target the

dissolved components. A synthetic seawater with 5 model compounds were

prepared and used to determine extraction recovery and variability (Table 1).

Figure 3. Schematic of the scoring workflow implemented in Python Table 1. Recovery and RSD% values for extraction of model compounds and real-life

samples.

Figure 1. Photograph and microscope images (10x magnification) of sample with (left) 

and without (right) dispersed oil droplets. 
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Figure 4. Six representative compounds present in produced water.

Data processing

Peak detection and library search were performed using GC Image (v2.8.3).

Mass spectra were matched against the 2017 NIST Library with min. match

factor 700. A post-processing workflow was implemented in Python. Identified

features were referenced and scored against Kovats retention indices and

presence of molecular ion according to the schematic in Figure 3.

Figure 2. 2D chromatograms demonstrating differences between two representative samples; a) strong region of larger aromatics (hydrocarbon and oxygenated). b) no aromatic region, but strong unresolved

hump containing assumed to be saturated and naphthenic acids. 
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