Analytical Methods

Analytical
S Metl)(ods

Mid-Infrared Sensor for Hydrocarbon Monitoring: The
Influence of Salinity, Matrix and Aging on Hydrocarbon-
Polymer Partitioning

Journal: | Analytical Methods

Manuscript ID | AY-ART-12-2017-002874.R1

Article Type: | Paper

Date Submitted by the Author: | 14-Feb-2018

Complete List of Authors: | Stach, Robert; Institut flir Analytische und Bioanalytische Chemie,
University of Ulm

Pejcic, Bobby; CSIRO, Earth Science and Resource Engineering

Heath, Charles; CSIRO, Earth Science and Resource Engineering

Myers, Matthew; CSIRO, Environmental Science and Resource Engineering
Mizaikoff, Boris; Institut fir Analytische und Bioanalytische Chemie,
University of Ulm

ARONE"




Page 1 of 20 Analytical Methods

oNOYTULT D WN =

16 Mid-Infrared Sensor for Hydrocarbon Monitoring: The Influence of Salinity, Matrix
18 and Aging on Hydrocarbon-Polymer Partitioning

22 Robert Stach™®, Bobby Pejcic™*, Charles Heath®, Matthew Myers®, Boris Mizaikoff’
*CSIRO, Energy, 26 Dick Perry Ave, Kensington, WA, 6151, Australia.

27 ®Ulm University, Institute of Analytical and Bioanalytical Chemistry, Albert-Einstein-Allee
29 11, 89081 Ulm, Germany.

38 *Corresponding author: E-mail: Bobby.Pejcic@csiro.au Tel.: +61-8-6436-8814.




oNOYTULT D WN =

Analytical Methods

Abstract

Mid-infrared sensors (MIR) based on attenuated total reflection (ATR) spectroscopy provide a
robust and sensitive platform for the detection of low levels of organic molecules dissolved in
water. The chemical and partitioning properties of the polymer membrane play an important
role and are crucial to MIR-ATR sensor performance. Although the MIR-ATR sensor has
been used to quantify dissolved hydrocarbons in a wide range of aquatic environments, very
little is reported on the impact of aqueous solution composition and polymer membrane aging
on the hydrocarbon-polymer partitioning process. In the present study we investigated a
number of factors that may affect the sensor sensitivity and analytical performance during
quantification of hydrocarbons in water. Calibration curves were obtained as a function of
salinity and it was revealed that the response factors are generally higher in the presence of
salts. We show that reliable hydrocarbon analysis can be achieved in water provided that the
sensor is calibrated using appropriate standard solutions and corrected for salinity/ionic
strength variations. Sensor measurements were also performed over a range of crude oil-water
mixtures, and these studies revealed that the total petroleum hydrocarbon concentration in
solution (between the 0-20 ppm range) has a negligible effect on the analyte-polymer
partitioning process. In terms of sensor durability, the polymer film displayed remarkable

repeatability and long-term stability in water over a two-month testing period.

Keywords: hydrocarbon; optical sensor; mid-infrared spectroscopy; attenuated total

reflectance; polymer membrane; water quality; environmental monitoring.
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1. Introduction

Over the last several decades there has been considerable interest in understanding the
environmental, economic and social impact of organic contaminants that enter aquatic
systems.l’ 2 Monitoring the type and amount of organic-based toxins is an important aspect of
ensuring the quality and safety of water supplies.3 Although many different analytical
techniques are available for detecting hydrocarbons in water,* there still is a need for
improved water monitoring systems which are able to provide real-time information that leads
to a faster operational response during a pollution event. Chemical sensors and portable on-
site instrumentation that are capable of delivering rapid and direct information on organic
contaminants without any significant sample pre-treatment have been developed.” Despite
achieving sensitivities which are comparable to standard laboratory methods, satisfactory
selectivity and molecular recognition still remain a significant challenge when analysing real

environmental samples.

The sensor based on mid-infrared (MIR) attenuated total reflectance (ATR) spectroscopy is a
well-established method for detecting and discriminating many different types of
hydrocarbons.6'9 An important component of the sensor is the polymer membrane that is
coated onto an MIR transparent internal reflection element based on ATR crystals or optical
fibers.'’ The analytes are extracted from solution into the film and the molecules gradually
diffuse to the region of the evanescent field where they interact with the MIR radiation. A
hydrophobic polymer layer is normally used and this is responsible for: 1) allowing
hydrophobic/non-polar molecules and/or molecules of low polarity to be enriched in the
polymer film; 2) minimising the sorption/diffusion of water and other unwanted interfering
molecules from the evanescent field; and 3) helping protect the ATR crystal/optical fiber from

physical and chemical stress. The type of polymer and its film thickness are important factors
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that need to be considered when designing a MIR-ATR sensor for hydrocarbons.'' Although
there are many different types of polymers, only a few appear to be suitable for detecting low
molecular weight hydrocarbons in water. Ethylene/propylene copolymer,'* poly(acrylonitrile-
co-butadiene),”® poly(styrene-co-butadiene),” polydimethylsiloxane,” polyisobutylene,'*'*
poly(vinyl chloride),'” '® Teflon," polystyrene,20 and poly(methyl methacrylate)21 are some of
the polymers that have been investigated for extracting aromatic-based hydrocarbons. Various
reports have been published comparing the partitioning and diffusion properties of different

polymers13 22,23

and polymers that exhibit the greatest hydrocarbon extraction/enrichment and
diffusion rates are generally ones that are amorphous and rubbery. Other studies have shown

that the sensitivity and analytical performance of the MIR-ATR sensor can be significantly

improved when the polymers incorporate other materials/substances such as plasticisers,'’

24,25 21,26

functionalized carbon nanotubes and calixarenes.

Recent work revealed that the MIR-ATR sensor is able to identify and quantify a range of

1627 and saline water.”® Although reasonable agreement was

aromatic hydrocarbons in pure
obtained when compared to the standard chromatographic method, it was observed that the
concentration of certain hydrocarbon analytes are over predicted (>50% difference)
suggesting the possibility of interference effects on the sensor response. In addition, it was
found that the quantification of xylenes is more problematic in seawater which had been
exposed to diesel compared to seawater containing dissolved crude 0il.*® Previous reports also
found that the concentration measured by the sensor for other volatile organic compounds in
groundwater was higher compared to the reference method.” Other researchers revealed that
the amount of natural organic matter present in water has a profound effect on the sensor

response.’’ Considering that the response mechanism of the MIR-ATR sensor is governed by

hydrocarbon molecules partitioning into a polymer film it is possible that the hydrocarbon-
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polymer extraction process is influenced by the solution properties and composition. A
number of studies have shown that the water-polymer partition coefficients of hydrocarbons
and hydrophobic organic compounds depends on various factors such as the solvent

31:32 alinity,” and temperature.®

composition,
Although the MIR-ATR sensor has been extensively used to quantify dissolved hydrocarbons
in a wide range of aquatic environments (freshwater, groundwater, seawater), very little is
reported on the impact of aqueous solution properties and matrix composition (i.e., ionic
strength, hydrocarbon type and concentration) on the sensor response. In addition, the
influence of chemical interferences and polymer membrane aging has not been studied in any
great detail and further research is needed to address this before the MIR-ATR sensor can be
routinely deployed for the analysis of hydrocarbon compounds in natural waters. The
objective of this report is to determine and understand the factors that affect the analytical
performance of the MIR-ATR sensor during calibration and quantitative measurement of

hydrocarbons in real natural waters.

2. Experimental

2.1. Materials and reagents

Toluene (99.8%), m-xylene (99%), p-xylene (99%) and naphthalene (99%) were all obtained
from Sigma-Aldrich and used without further purification. Polyisobutylene (PIB) was
supplied by Scientific Polymer Products, Inc. (Ontario, NY, USA) and used as provided.
Methanol and n-hexane were obtained from Merck (Darmstadt, Germany) as a Cromasol
purity grade. All organic solvents were AR grade and used without further purification. The
crude oil was obtained from North West Shelf, Australia. The saline water was prepared using

the composition reported elsewhere.*
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2.2. Diamond surface preparation and coating deposition

Diamond (area of 2 mm x 2 mm) was used as the internal reflection element (IRE) for ATR
measurements (provides a single reflection). Prior to polymer (i.e. PIB) film deposition, the
surface of the diamond was cleaned by wiping with acetone-wet lens-cleaning tissue
(Whatman International Ltd., Maidstone, England) followed by rinsing with acetone and
drying by flowing high purity nitrogen gas for several minutes. A PIB coating was prepared
by dissolving the polymer (1.0% w/w) in n-hexane and sonication for about 1 hr followed by
drop casting onto the IRE. The polymer-coated diamond was allowed to dry overnight (film
thickness of approx. 10 um) and IR spectra were collected to confirm that the solvent had
completely evaporated. To allow comparison between measurements, the same coating was

used for the repeat measurements.

2.3. Instrumentation and sensing system

All ATR measurements were performed using a Bruker Alpha Fourier transform infrared
spectrometer (FTIR) equipped with a deuterated l-alanine triglycine sulfate (DLATGS)
detector. A similar experimental setup was used to that reported elsewhere.”® A stainless steel
flow cell was mounted onto the ATR unit and all aqueous solutions were pumped across the
polymer-coated diamond surface using a peristaltic pump (Ismatec, IDEX Corporation). Prior
to analytical measurements, the polymer coating was equilibrated in deionized water (MilliQ
water) for a period of 24 hrs. All experiments were performed at room temperature and data
were recorded in the spectral range between 4000-400 cm™ at a spectral resolution of 2 cm™.
The number of scans was varied depending on the nature of the experiment. The wavelengths
used during the sensor measurement of toluene, m-xylene, p-xylene and naphthalene are as

follows 727 cm™, 767 cm™, 794 cm™, and 781 cm, respectively.
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2.4. Sensor calibration and measurements in water

A multianalyte stock solution (~2000 ppm) was prepared by dissolving toluene, m-xylene, p-
xylene and naphthalene in pure methanol. Calibration curves were established in the
concentration range between 0.5 to 10 ppm by serial dilution of the multianalyte stock
solution in either deionised or saline water (3.5% salinity) containing methanol (0.5% v/v).
The concentration of the naphthalene standards varied from 50 to 1000 ppb. Methanol was
added to help improve the stability and solubility of the hydrocarbons in water and previous
studies have shown that methanol does not interfere with the sensor measurements.'> All
analytical calibration curves were generated using at least four standard solutions and the
sensor calibration was independently repeated at least two times. To limit evaporation losses
due to the volatile nature of the hydrocarbons, all standards were freshly prepared and all
subsequent studies were performed within less than 4 hours. Only glass with minimal

headspace was used throughout these studies to prepare and store the solutions.

2.5. Spectral data analysis

The characteristic infrared absorption features were evaluated via peak area analysis using the
software package OPUS (Bruker Optics, Ettlingen, Germany). The regions integrated are
based on the procedure described elsewhere.?® For all spectra the polymer coated diamond in
deionized water was used as a background. At least duplicate measurements were performed

and the peak areas from each spectral region were averaged.

2.6. Effect of total petroleum hydrocarbons (TPH)
Studies were also undertaken to investigate the effect of dissolved oil concentration on the
sensor response. The total petroleum hydrocarbons (TPH) in water was prepared according to

a procedure outlined elsewhere.” ** Briefly, different amounts of crude oil were placed in
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separate glass vessels that contained a similar volume of deionised water and these were
allowed to equilibrate for a period of 3 days. The hydrocarbon concentrations and TPH in the
aqueous solutions were verified using gas chromatography (GC) and gas chromatography-

mass spectrometry (GC-MS).

2.7. Validation using gas chromatography

The toluene and xylene compounds were determined using a HP 6890 GC MSD with an EST
Encon purge-and-trap concentrator via a HP 624 (25 m x 0.2 mm ID) column. Helium was
bubbled through the water sample, and the vapour was swept through a sorbent trap (Vocarb
3000). The column conditions were: split ratio of 50 to 1; initial column temperature of 40°C;

final column temperature of 245°C; column flow of 1.0 ml/min in He; and heating rate of

14°C/min. Naphthalene was liquid/liquid extracted with dichloromethane and analysed via an
Agilent 6890 GC / Agilent 5973 inert MSD. A J&W DB-5MS (30 m x 0.25 mm x 0.5 mm)
column was used for naphthalene analysis and the conditions used are as follows: splitless

mode; 300°C injector temperature; 1 pl injector volume.

3. Results and discussion

3.1. Sensor response and reversibility

Some of the factors that influence the polyisobutylene film sensitivity was previously
investigated by us™ and others,*® and is not the aim here to repeat that work. To evaluate the
suitability of the MIR-ATR sensor for real-time measurements and analysis, a study was
performed by exposing the sensor to alternate solutions in the presence and absence of
hydrocarbons. Figure 1 shows a typical transient response when subjected to various
concentrations (50 and 100 ppm) of p-xylene in deionised water. It is evident that the

absorbance signal arising from the polymer extraction of p-xylene is proportional to
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concentration and this is in agreement with the combined Beer-Lambert law and solid-phase
microextraction theory which is described elsewhere.’’ In terms of the response time,
equilibrium was reached relatively rapidly (<5 mins) compared to previous studies that used a
similar polymer film.'"® Notwithstanding, the PIB layer utilised in the present study was
slightly less thick, and is consistent with p-xylene taking a shorter time to diffuse through the

polymer and into the region of the evanescent wave.

0.5
100 ppm

Absorbance (AU)

0 20 40 60 80
Time (min)

Figure 1. The transient response of the MIR-ATR sensor when exposed to an aqueous
solution comprising different p-xylene concentrations. The IR spectra were collected using 24
scans at 2cm’” resolution and 4 mL min™ flow rate.

To investigate if the response time varied as a function of hydrocarbon concentration, the
period taken to achieve 90% (Tgp) of the maximum absorbance value was determined. The
time taken to reach a steady state signal varied slightly and the Tqy was a little lower for a PIB
film exposed to 50 ppm (3 £ 0.5 min) compared to the 100 ppm (4 £ 0.5 min) p-xylene
solution. Previous studies revealed that the hydrocarbon analyte diffusion coefficient through

a polymer film varies with the hydrocarbon concentration® and that the slight response time

difference may be attributed to either diffusion coefficient variations or variations in the film
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properties (i.e., polymer swelling). The Tg-time was determined for other hydrocarbon
analytes and the response time generally increased in the following order: toluene < o-xylene
= p-xylene < naphthalene. Generally, other aspects being equal, the diffusion for the smaller
molecules will be faster while the diffusion for larger molecules will be slower and the order
of response times is consistent with the molecular size of each of the analytes. This study
confirms that the response time for a PIB-coated diamond-based (single reflection) MIR-ATR
sensor depends on both the hydrocarbon type and concentration and is consistent with other

previous reports that used a multi-reflection ATR.'*'°

Sensor reversibility/recovery was also evaluated and it is evident from Figure 1 that a certain
period of time was required for the sensor to reach a baseline value after exposure to pure
water. The time taken to completely remove the p-xylene (50 ppm) from the polymer film and
achieve an almost zero absorbance reading varied between 8 to 10 mins for our experimental
conditions. Interestingly, complete membrane recovery was similar (9 £ 1 mins) when the
sensor was exposed to the higher p-xylene concentration (i.e., 100 ppm). Although the
hydrocarbon concentration used in this study is much higher than that typically encountered in
actual aquatic environments, further research is still needed to reduce the sensor response time
if real-time measurements are to be satisfactorily achieved. A number of methods have been
used (i.e., heating, solvent washing, air purging) to increase the diffusion and removal of
analyte molecules from the polymer membrane. Recent work has shown that the diffusion
properties of PIB can be substantially improved when it is chemically modified with a
plasticiser molecule.”” It was revealed that the free volume size and distribution of the PIB
film increases considerably after the introduction of a plasticiser and this presumably may
lead to faster response and recovery times. Although the sensor design and geometry have not

been optimised here given that a commercial system was used, it is well known that the flow

10

Page 10 of 20



Page 11 of 20

oNOYTULT D WN =

Analytical Methods

cell configuration has a significant effect on the sensing performance.* Irrespective, this
study suggests that both the response and recovery times need to be considered if reliable and

accurate sensor measurements are to be performed on natural water samples.

3.2. Effect of water aging

Although the polymer coated MIR-ATR sensor has been widely used to detect hydrocarbons
in aqueous solutions, very little information exists regarding its stability and suitability over
extended periods in water. To investigate its long-term analytical performance, the MIR-ATR
sensor was continuously exposed to a number of different solutions (i.e., deionised water,
seawater, oil-water mixtures) at various stages noting that the same PIB film was used
throughout the entire study. Regular calibrations and checks of the sensor were made in
standard hydrocarbon solutions and the results obtained are shown in Figure 2. The
absorbance of a freshly prepared p-xylene solution varied between 0.039 £ 0.004 AU (lo)
over the 65 day period which represents a variation of just over 10%. Evidently the response
to the p-xylene standard solution did not deviate considerably with time suggesting that long-
term exposure to various aqueous solutions does not pose any major problem for the polymer
membrane. It is worth noting that no sensor checks/calibrations were performed in the p-
xylene solution between 10 to 35 days as the polymer film was continuously exposed in water
for that entire period. IR spectra were also periodically collected and this did not reveal any
significant chemical changes in the PIB film (not shown). These results are consistent with
previous studies which show that polymer films with a low glass transition temperature are
less susceptible to hydrocarbon sensitivity changes due to water aging effects compared to
polymers that have a high glass transition tempera‘cure.41 In the case of our PIB-based MIR-
ATR sensor, the slight variations observed in sensitivity are most likely attributable to daily

temperature fluctuations (20 £ 2°C) in the laboratory along with deviations in the p-xylene

11
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concentration (9 = 1 ppm) rather than any degradation of the polymer film/sensing surface. In
fact, recent work by us has revealed that high temperatures have a much greater effect on both
the polymer enrichment/sensitivity for hydrocarbons and film degradation.** Regardless, this
study shows that the PIB-coated diamond ATR does not undergo any significant deterioration
(at room temperature) in response over a two month period and that the sensor may be

suitable for long-term monitoring studies in aquatic environments.

0.06

0.05 A

—l—

0.04

FTE I

0.03 7

Absorbance

0.02 -

0.01 A

0 T T T T T T
0 10 20 30 40 50 60 70

Time (days)

Figure 2. Evaluation of sensor stability as a function of time. Readings were obtained by
exposing the sensor periodically to a 10 ppm p-xylene standard. The error bars represent the
standard deviation of the eleven replicate measurements.

3.3. Effect of salinity

Previous reports found that the response of an ethylene-propylene copolymer coated MIR-
ATR sensor was unaffected by variations in salinity during the determination of chlorinated
hydrocarbons in marine water.” However, recent work using a similar polymer film revealed
significant intensity differences in the IR spectra of various aromatic hydrocarbons when

exposed to seawater comprising a dissolved oil mixture.”’ To investigate the effect of solution

composition on the sensor response a study was performed to determine the calibration

12
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functions in pure water versus saline water. Figure 3 shows the calibration curves of the
respective hydrocarbons (i.e., toluene, m-xylene, p-xylene and naphthalene) and it is evident
that significant differences were observed. The response was generally larger in saline relative
to deionised water and is most likely related to variations in the hydrocarbon-polymer
enrichment process. Other researchers also observed a higher hydrocarbon absorbance signal
with increased salinity and attributed this to a reduction in the hydrocarbon solubility in water
along with a more favourable polymer enrichment process.** * Interestingly, at low toluene,
m-xylene, p-xylene (below 2 ppm) and naphthalene (below 0.2 ppm) concentrations the
difference in the absorbance intensity was negligible and is in agreement with observations
made elsewhere which found that salinity has no effect on the sensor response.” However, at
higher hydrocarbon concentrations the absorbance variations between saline and deionised
waters were much greater (see Figure 3), suggesting that salinity may have an effect on the

MIR-ATR sensor response.

0.0250 0.0750
Toluene m-Xylene

0.0200 - 0.0600 -

s 0.0150 + 5 0.0450 -

Saline water Saline water

0.0100 0.0300 -

Peak Area (a.u.)
Peak Area (a.u.)

Deionised water Deionised water

0.0050 0.0150 -

0.0000

0.0000

Concentration (ppm) Concentration (ppm)

0.0400 0.0200
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Saline water

5 0.0120 Saline water
0.0200 4
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Peak Area (a.u.)
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0.0100 A Deionised water

0.0040

0.0000 T T T T 0.0000 T T T T T
0 2 4 6 8 10 0 0.2 0.4 0.6 0.8 1 1.2
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Figure 3. Calibration curves of the MIR-ATR sensor in various hydrocarbon solutions in the
presence (salinity = 3.5%) and absence of inorganic salts.
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Linear regression was performed on the hydrocarbon analytes (i.e., toluene, p-xylene, m-
xylene and naphthalene) as a function of concentration and Table 1 summarises the response
factors and correlations. It is evident that a linear response was obtained in deionised water
over the concentration range 0.5 to 8 ppm for toluene, m-xylene, and p-xylene, whereas for
naphthalene the response was linear between 0.05 to 1 ppm. The sensitivities/response factors
are comparable and agree favourably with previous publications that use a similar polymer
film.” A linear response was also achieved in saline water over a similar concentration range;
however, the slope of the calibration curve was notably higher compared to deionised water.
The larger slope for saline compared to deionised water is due to enhanced partitioning and
this is consistent with recent studies that show variations in the polymer-water partition
coefficient as a function of salinity.”> Jonker et al. (2015) found that the polymer-water
partition coefficient of low molecular weight polycyclic aromatic hydrocarbons generally
increases with increasing salinity.” In addition, gas chromatography measurements on the
various aqueous solutions confirmed that the hydrocarbon solubility was slightly lower in
saline compared to deionised water when the saturated hydrocarbon solutions were preparing

under similar conditions (i.e., same temperature).

Table 1. Calibration functions derived from the MIR-ATR sensor in various aqueous
solutions. Note that calibration standards were prepared in the range between 0.5 to 7 ppm for
toluene, m-xylene and p-xylene, whereas for naphthalene the region between 0.07 to 1 ppm
was used.

Deionised water Saline water
Molecule Linear fit (a.u./ppm) R Linear fit (a.u./ppm) R*
Toluene y=0.0026x — 0.0012 0.9978 y=10.0029x — 0.0009 0.9919

m-Xylene y=0.0063x - 0.0017 0.9875 »=0.0079x — 0.000085 | 0.9995

p-Xylene y=10.0028x - 0.0011 0.9895 v =10.0046x — 0.0004 0.9998

Naphthalene y=10.0130x + 0.0003 0.986 y=0.0195x - 0.0007 0.9984

14
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A closer look at the data revealed that the slopes for the p-xylene and naphthalene calibrations
varied by more than 50% whereas the m-xylene and toluene variations were much less (11 to
25%). Interestingly the slopes did not change by a similar amount and is probably related to
non-linear variations in either the hydrocarbon-water solubility and/or hydrocarbon-polymer
partition coefficient with salinity. It is important to note that the y-intercepts obtained in the
linear regression are all very near the origin as would be expected for response to no analyte.
Nevertheless, the differences in the response slope confirms that the hydrocarbon-polymer
partition process is dependent on salinity and this is the reason for the variations observed in
MIR-ATR sensor sensitivity. Furthermore, it is recommended that the salinity is considered
when using the MIR-ATR sensor to quantify the hydrocarbon concentration in natural waters

which may contain different amounts of salts.

3.4. Effect of total petroleum hydrocarbon (TPH)

Considering that the response mechanism of the MIR-ATR sensor is dictated primarily by
partitioning processes it is expected that the extraction of hydrocarbons by the polymer film
will depend on the nature and composition of the solution. To evaluate the influence of total
petroleum hydrocarbon concentration on analyte quantification and to determine if there is a
matrix effect that influences the response, two different types of water samples (saline and
pure) were spiked with different amounts of crude oil and measured using the MIR-ATR
sensor. The TPH was determined by gas chromatography and it was shown that the aqueous
solution contained multiple hydrocarbons (mainly C6 to C36 hydrocarbons). Figure 4 displays
the MIR-ATR sensor data versus the GC measured concentration for toluene, m/p-xylene and
naphthalene, noting that the TPH varied between 1-20 ppm. Generally, the toluene, m/p-
xylene and naphthalene concentrations determined by the sensor were found to be in

reasonable agreement compared to independent GC measurements. Most of the MIR-ATR

15
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sensor and GC results were within 30% difference, with the exception of a few toluene and
m/p-xylene data which varied by more than 50%. Generally, significant differences were
observed at low hydrocarbon concentrations and this is mainly attributed to limitations in the
MIR-ATR sensor sensitivity/detection limit relative to the GC method. Interestingly, the
analytical performance of the sensor did not deviate considerably with increasing TPH, noting
that the sensor data was relatively close to the ideal line. The slopes of the sensor versus GC
line for the individual hydrocarbon analytes ranged between 0.93 to 1.05 and the correlation
coefficients were generally greater than 0.97 (not shown). The linear relationship between the
sensor and GC data under a range of different TPHs signifies that the hydrocarbon matrix has
a negligible effect on the partition process and hence MIR-ATR sensor sensitivity. This study
confirms that the MIR-ATR sensor can accurately quantify certain hydrocarbons in different
types of water providing that calibrations are undertaken in solutions and standards of similar

salinity/ionic strength.
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Figure 4. MIR-ATR sensor determined concentration versus gas chromatography for toluene,
m, p-xylene and naphthalene in (a) saline water (3.5% salinity) and (b) deionised water as a
function of total petroleum hydrocarbon (TPH) concentration.
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4. Conclusions

We have shown that the calibration parameters (i.e., response slope) of MIR-ATR sensors
depend on the aqueous solution properties (i.e., salinity/ionic strength). The sensitivity of the
MIR-ATR sensor was found to be higher in saline solution that comprises different salts when
compared to pure water. The sensitivity difference with salinity is consistent with variations
in the water-polymer partition coefficient, and suggests that reliable hydrocarbon
quantification can be achieved in real environmental samples providing that the sensor is
calibrated using appropriate standard solutions and corrected for salinity/ionic strength.
Studies were also conducted in a range of oil-water mixtures revealing that the total petroleum
hydrocarbons in solution (i.e., at concentrations of 1-20 ppm) does not significantly affect the
hydrocarbon-polymer partition process, and hence quantification of the obtained spectral data.
More importantly, it was shown that the MIR-ATR sensor provides robust signals in aqueous
solutions over extended periods of time, and that degradation of the polyisobutylene film is

not a significant issue at ambient temperatures (i.e., 20 + 5 °C).
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Mid-infrared sensors based on ATR spectroscopy provide a robust and reliable platform for

the quantification of organic molecules dissolved in water.



