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Abstract 
 

Passive samplers are low-cost and simple devices that can be used to monitor analytes in 

dynamic systems. In this project, Polydimethylsiloxane and UltraEverDry films were tested for 

application as passive samplers for dilbit. Three types of oil were used, dissolved, mechanically 

dispersed, and mechanically dispersed with chemical enhancement. PDMS absorbed oil, with 

dispersed oil allowing for faster uptake into PDMS than dissolved oil. Equilibration times ranged 

from 4-8 days for dispersed oil, depending on the thickness of the film. The lower detection limit 

of the thick PDMS films is ~0.4 ppm but can be improved by improving film reproducibility. 

Thin films had a partition coefficient of ~1000 while thick films had a partition coefficient of 

~6000. Oil can be extracted from PDMS films with ethanol giving a volume dependent signal. 

Films and ethanol extracts can be used to monitor the concentration of dilbit present in model 

systems for riverbeds and real-life oil release scenarios. Oil was not observed adsorbed to 

UltraEverDry. 
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Abbreviations 
 

PAH  Polycyclic Aromatic Hydrocarbons 

SPME  Solid Phase Microextraction 

PDMS  Polydimethylsiloxane 

UED   UltraEverDry 

CLB  Cold Lake Blend Bitumen 

CEWAF Chemically enhanced water accommodated fraction 

SOP  Standard Operating Procedure 

GC-MS Gas-Chromatography Mass Spectrometry 

LOD  Limit of Detection 

SPMD  Semi-permeable membrane devices  
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Introduction 
 

Bitumen is a product of the Alberta Oil Sands. Bitumen is an oil composed of a number 

of hydrocarbons, both aliphatic and aromatic. Some of these hydrocarbons are polycyclic 

aromatic hydrocarbons (PAHs). The aromatics typically constitute 25 to 32% of oil [1]. PAHs 

are made up of aromatic rings, which lead to their intrinsic fluorescence in the UV-blue range.  

Bitumen is a thick, heavy oil. In order for bitumen to be transported, bitumen is often 

diluted with a light hydrocarbon mixture to reduce viscosity. This oil is then pumped through 

pipelines across the country. Pumping of dilbit across the country often results in accidental 

release. 

Oil spills have the potential to cause great harm to environments. Accidental oil release 

into freshwater systems leads to many adverse effects on environments. Oil release can 

contaminate water used for domestic purposes. Additionally, oil release can lead to reduction in 

biodiversity of micro-organisms and marine life. One branch of environmental research is 

devoted to examining the adverse effects of oil on life, particularly aquatic life in freshwater 

systems. At present, many investigations are being conducted into the nature of the effects of oils 

on marine life [1]. 

When most oils (crude oil, fuel oil, diluted bitumen, etc.) are mixed with water, the oil 

can be approximated to exist in water as a mixture of particulate (or droplets) and dissolved oil 

[2]. In terms of toxicity, it has been shown that dissolved PAHs are more toxic to zebrafish [2]. 

Not much work has been done characterizing the role of particulate oil in the toxicity, even 

though particulate oil is the primary source of dissolved PAH. In order to correlate toxicity with 

oil concentration, it is important to be able to accurately determine oil concentration in a given 

sample, including characterizing both dissolved and particulate forms. It is also important to note 
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that droplet size can be modified by both mechanical mixing processes and chemical dispersants 

[3]. In this project, oil was dispersed using two methods. The first method was chemically 

enhanced water accommodated fraction (CEWAF). CEWAF is made by mechanically mixing oil 

into water with a chemical dispersant. Chemical dispersants are made of a mixture of surfactants 

and detergents, which help remove oil from the water surface by making droplets. The chemical 

dispersant used in this project was Corexit 9500A. The second method is based purely on 

mechanical dispersion. Water and bitumen are pumped into a glass jar on a stir plate. The 

pressure and mixing cause the oil to form into droplets. 

Current methods for determination of oil concentration in water employ sample 

preparation methods like solvent extraction, followed by analysis methods such as Gas 

Chromatography-Mass Spectrometry (GC-MS), liquid chromatography-MS [3]. 

Solvent extraction results in a high recovery of oil from the initial sample. With solvent 

extraction, all oil present in a water sample will dissolve into the organic phase and can be 

separated from the aqueous phase. Therefore, solvent extraction determines total oil 

concentration, encompassing both dissolved and particulate oil. Therefore, information about the 

state of the oil in the water sample (particulate vs dissolved) is lost as all oil ends up dissolving 

in the extraction solvent. Solvent extraction can be problematic as multiple extractions often 

need to be performed, which can be time-consuming [4]. 

GC-MS is the most common method used to analyse oil samples. GC-MS is mass 

selective, therefore it can be used to examine particular PAHs including alkylated forms. The 

mass selectivity of GC-MS allows for accurate determination of the composition of oil samples. 

The GC-MS detection limit is based upon the detection limit of individual compounds. For 

individual PAHs, the detection limit ranges from 0.1-1 ppb [4]. Therefore the detection limit 
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would vary based on the PAH composition of the oil. GC-MS is time consuming and expensive, 

costing $300-500 per sample, but is essential for determining discrete oil concentrations and 

composition for selected samples. For monitoring oil concentration averages, GC-MS can be 

complicated and expensive as many samples must be taken over long periods of time and 

subsequently averaged [4]. 

The method described in the paper is based upon the principles of Solid-Phase Microextraction 

(SPME) and equilibrium/passive sampling. Solid phase Microextraction is a technique employed 

to separate organic compounds from solution without the use of solvents [5]. Traditionally, 

SPME is conducted with a polymer coated fibre that is immersed in solution. The compounds of 

interest adsorb onto the surface or adsorb into the bulk of the polymer, depending on their nature. 

Polydimethylsiloxane (PDMS) is a popular choice for the SPME coating as it is inert and non-

toxic. It has been shown that PDMS extracts analytes from solution predominately via 

absorption, although adsorption also occurs [5]. Analytes partition into the hydrophobic PDMS 

film until an equilibrium between the film concentration and water concentration is reached. 

There are many advantages for both SPME and solvent extraction for sample preparation. With 

SPME, the amount of oil recovered will only be equal to the concentration in the film at 

equilibrium. SPME is advantageous over solvent extraction as it is easy, SPME requires no 

energy and is low cost. SPME samplers without SPME,multiple combined, or analyzed 

individually and the results If using GC-MS for detection, it is possible to extract analytes and 

analyze them before equilibrium is reached. This is done by spiking the sample with deuterated 

analogs of the analytes. A final benefit of SPME is that it may retain information about the 

nature of the oil in water sample (e.g. particulate vs. dissolved oil) if the phase of the oil affects 

the equilibration process.  
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Table 1: Advantages and disadvantages of SPME for oil detection and analysis as opposed to conventional analysis methods. 

 Advantages Disadvantages 

SPME  Low cost 

 Requires no energy or 

extraction solvent 

 Shows averaged environmental 

concentration 

 Maintain information about 

nature of oil in sample 

 Analyte recovery is lower 

 Cannot obtain discrete 

measurements 

 

Previous work has been done to characterize the equilibration time for dissolved PAHs 

into semi-permeable membrane devices (SPMDs). SPMDs are passive samplers that accumulate 

hydrophobic compounds; they are intended to mimic the diffusive properties of biological 

systems. SPMDs have been shown to accumulate dissolved PAHs such as pyrene and fluorene, 

with equilibration time ranging from 14-28 days and beyond [6]. The equilibration time for 

particulate PAHs in water has not been well characterized. A thick film can act as an SPMD. 

Any concentration measurement derived from the film also gives a time-integrated signal of the 

oil concentration in the source water. This allows for routine average measurements. 

Measurements could be made more rapid by providing a thinner film, such as used in SPME, 

which would have faster uptake though potentially a higher detection limit. 

SPME is normally coupled with desorption or extraction of analytes, followed by 

analysis using methods like GC-MS or fluorescence spectrometry.  Fluorescence measurements 

can also be performed on the PDMS films directly as they are transparent and have good optical 

properties. Direct fluorescence measurements of the films require one less step than conventional 

analysis (the solvent extraction step). Further, films can be measured and put back into solution 

without damage to the film. Therefore film fluorescence can be measured multiple times from 

the same film. Analytes from films can also be extracted with an organic solvent and the 

fluorescence of the solvent can be measured. Fluorescence is a simple and rapid measurement, 
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with little sample preparation necessary. However, it is necessary to have standard curves in 

order to determine the concentration of an analyte from the fluorescence signal. Unlike GC-MS, 

fluorescence measurements cannot select for particular components of oil. These measurements 

instead give a spectrum that is representative of the overall mixture of fluorescent components, 

which will be mainly the PAHs in a typical oil [7]. 

Fluorescence has previously been reported for the determination of oil in water samples 

[6]. In a standard fluorescence procedure, water samples are diluted 50/50 in ethanol such that all 

oil is dissolved [7]. This method, similar to solvent extraction, leads to a loss in information 

about the nature of the oil. Spectra from standard solutions of a particular oil are integrated and 

plotted versus concentration. The plot will have a linear range. The concentration of other 

samples of the same oil composition can be calculated from the standard curve.  

In this project, water samples were also collected from a model riverbed system. In the 

set-up, oil is mechanically dispersed and pumped through a gravel column that acts as a model 

riverbed. This system is just one of many systems which model how oil gets into freshwater 

systems. 

Along with PDMS films, superhydrophobic surfaces have been shown to extract organic 

compounds by adsorption. Superhydrophobic surfaces have high surface area, and water droplets 

on these surfaces exhibit contact angles greater than 150° [8]. Superhydrophobic films were also 

used as passive samplers and fluorescence of the films measured directly. 

Methods and Materials 
Chemicals and Reagents 
  

Sylgard 186 kit (PDMS) was purchased from Paisley Products of Canada (Toronto, 

Ontario). Distilled water was prepared in lab. Chromatographic grade n-hexanes were purchased 
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from ACP Chemicals Inc (Saint-Léonard, Quebec). Chromatographic grade absolute ethanol and 

isopropanol were purchased from Fischer Scientific (Ottawa, Ontario). Cold Lake Blend 

Bitumen was acquired from Dr. Tom King from the Centre for Offshore Oil, Gas and Energy 

Research (COOGER). Chemical dispersant Corexit 9500A was purchased from Ondeo Nalco 

Energy Services. 

Fabricating PDMS/UED slides 
 Films were prepared by solvent casting. Glass slides were scored and broken into small 

slides, 1.25 cm x 2.5 cm. Slides were rinsed with isopropanol before casting. PDMS was 

prepared from the PDMS kit in a 4:1 base–to-curing agent ratio. This mixture was further diluted 

by a factor of 8 in hexanes. 200 μL of this solution was deposited onto each slide. Films were left 

to cure for 24 hours at room temperature. 

 Films were also prepared by spin coating. Glass slides were prepared as before. PDMS 

was prepared from the PDMS kit in a 4:1 base–to-curing agent ratio. This mixture was further 

diluted by a factor of 10 in hexanes. 150 μL of solution was deposited onto each slide. Each slide 

was subjected to two spins on a Laurell WS-400-6NPP-LITE spin coater, an initial 15 sec spin at 

300 rpm, followed by a 30 sec spin at 2500 rpm. Films were left to cure for 24 hours at room 

temperature. 

 UltraEverDry: Glass slides were prepared as before. UltraEverDry (UED) was 

purchased…  Both the base and top coat mixtures of UED were shaken by hand for 5 minutes 

before use. The base coat was sprayed onto slides followed by a 30 minute wait period before 

applying the top coat. Films were left for 24 hours to dry. 
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Measurement of Film Thickness 

 A piece of each film was sliced off with a scalpel. Thickness of films were measured with 

a 3D optical microscope (Contour GX – Vision 64, Bruker, Tucson, AZ). Thickness was 

measured using the Vision 64 program ‘step height’ function. 

Preparation of Dilbit 

Dissolved oil: CLB was dissolved following the Standard Curve SOP prepared by 

Hodson and Adams [8]. CLB was initially dissolved in hexanes to give a concentration of 50,000 

ppm. Oil was further diluted in ethanol to a concentration of 1000 ppm. All further dilutions 

were made in distilled water. 

Dispersed oil: CEWAFs were prepared using CLB by Julie Adams following the 

procedure described in Martin et al. 2014. The ratios used were 1:9 oil to water and 1:20 Corexit 

9500A to oil. All dilutions of the original CEWAF were made in distilled water. 

Uptake of oil into PDMS 

A series of 20 ppb to 10 ppm dilbit 

solutions were prepared in 20 mL 

scintillation vials. PDMS and UED slides 

were placed into the 20 mL vials with the 

PDMS film or UED coating face up. The 

vials were left on their side in the dark at room temperature for the designated length of the 

experiment (see Figure 1). 

Figure 1: Shows film immersion set-up. Films were immersed face-up in 20 mL 

solutions of dilbit in the dark at room temperature. 
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Film Fluorescence Measurements 

 A holder for the films was created by cutting windows out 

of a standard 1cm x 1cm PMMA cuvette. Cuvettes were oriented in 

the spectrometer such that the polymer film was oriented towards 

the incident light and away from the detector. An image of the film 

holder is visible in Figure 2. Creation of a holder was necessary as 

the excitation wavelength used was 285 nm and that wavelength 

cannot pass through the PMMA plastic of the cuvette. 

 Films were examined in a scanning fluorescence spectrometer (Quanta Master QM1: 

Photon Technology International – Felix GX, Edison, NJ). An excitation wavelength of 285 nm 

was used, with emission detected from 295 nm to 550 nm. A diagram of the spectrometer is 

visible in Figure 3. 

 

Figure 3: Quanta-Master QM1 Fluorescence Spectrometer used for fluorescence measurements. 

Figure 2: Holder created for film 

fluorescence measurements. 
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Extraction of oil from PDMS 

 Films were placed in 20 mL vials containing 2.5 mL absolute ethanol. The films were left 

to soak in the ethanol for 4 hours at room temperature. After 4 hours, the fluorescence of the 

ethanol was measured in the fluorescence spectrometer. 

Mechanically Dispersed Oil Column 

 The column set-up was prepared by MSc candidate Ying Lei. The apparatus is visible in 

Figure 4. Cold Lake Blend Bitumen and water were pumped into a glass mixing jar on a stir 

plate at high pressure. Both the stir plate and high pressure system allowed for the creation of oil 

droplets. Diluted oil from the glass jar was pumped into a column packed with gravel. Water was 

pumped into the column at a flow rate of 55 mL/min. Two 20mL influent samples were obtained, 

at 0 min and 31 mins. Ten 20 mL samples were taken during the column run at 4, 7, 10, 13, 16, 

19, 22, 25, 28, and 31 min. At 31 minutes, the column input was changed to pure water and six 

20 mL samples were collected at 0, 5, 10, 15, 20, and 25 min. Samples were collected with the 

aid of Ying Lei and Laura Trenton. 
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Figure 4: Mechanical dispersion system and gravel column prepared by Ying Lei. 

Results and Discussion 

Thickness of PDMS Slides 
A

 

B

 
Figure 5: Shows gradient profiles for A) the thicker 70 μm PDMS films and B) the thinner 3 μm PDMS films.  

 PDMS films of two different thicknesses were prepared by solvent coating and spin 

coating. The films were measured using the Contour GX microscope. The thinner film was 

measured at 3μm and the thicker films were measured at 70 μm. Figure 5 shows thickness 

gradient profiles for the thick and thin films. The surface of the thicker films is more smooth and 

uniform than the thinner films. The thinner films have a more uneven surface, as visible in the 
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bumps on the color gradient map. Table 2 shows thickness measurements from three thin films 

and three thick films. Averaging these values gives thickness measurements of 3.1 ± 0.8 μm for 

the thin spin coated films and 70 ± 12 μm for the thick solvent cast films. 

Table 2: Thickness measurements from three spin coated films and three solvent cast films. 

Film Thickness (μm) 

Spin Coated A 2.2 

Spin Coated B 3.4 

Spin Coated C 3.7 

Solvent Cast A 79.2 

Solvent Cast B 56.8 

Solvent Cast C 73.6 

 

Uptake of dissolved oil vs dispersed oil into PDMS films 

 

Figure 6: Spectra of films immersed in mechanically and chemically dispersed CLB CEWAF along with non-dispersed CLB for 

10 days. 

 The uptake of mechanically and chemically dispersed CLB CEWAF was compared with 

non-dispersed CLB. The spectra for films in both 1 ppm and 10 ppm solutions are shown in 

Figure 6. After 10 days, the signal from the 10 ppm dispersed oil (CLB CEWAF) is much 
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greater than the signal from the 10 ppm non-dispersed CLB. The non-dispersed oil will be made 

up of a dissolved phase and separate oil phase. This shows dispersion of oil increases the uptake 

of oil into PDMS.  Our hypothesis is that dissolved oil in solution partitions into the PDMS. 

When the oil absorbs into PDMS, the concentration of oil in the water drops. The particulate oil 

is able to dissolve into solution, therefore replenishing the dissolved oil concentration. 

No oil detected adsorbed to superhydrophobic films 

 

Figure 7: Spectra of UED films after 7 days exposure to 10 ppm CLB. The spectra of the 10 ppm with the blank subtracted is 

also displayed. 

 In addition to PDMS, UED was also tested for use as a passive sampler. With UED, it 

was expected that any oil on the film would be adsorbed to the surface, rather than absorbed. The 

spectra of UED placed in 10 ppm CLB is shown in Figure 7. Observing the spectra of the blank, 

it is evident that UED has an intrinsic fluorescence. However no oil was observed adsorbing to 

the UED surface. 
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Figure 8: Spectra of UED films after 7 days exposure to 10 ppm CLB CEWAF. The spectra of the 10 ppm with the blank 

subtracted is also displayed. 

 The spectra of UED films left in 10 ppm dispersed oil (CLB CEWAF) is visible in 

Figure 8. No oil was observed adsorbed onto UED. This was the case with both the dissolved oil 

and dispersed oil. There are two possibilities for this result, a) oil did not adsorb to UED or b) oil 

did adsorb to UED, but the fluorescence of the oil is suppressed by the UED environment. Based 

on these results UED is not a good choice for a coating useful for a passive sampler. However, it 

is useful to have a surface that does not adsorb oil. Working with the PDMS films in future water 

systems may require a receptacle or “film holder.” This holder could be coated with UED to 

ensure no oil adsorbs or absorbs to anything other than the PDMS film. 
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Figure 9: Uptake plot of 3 μm PDMS film in 2 ppm CLB CEWAF for 14 days.  

 

 

Figure 10: Uptake plot of 70 μm PDMS film in 2 ppm CLB CEWAF for 14 days. 

  

Figure 9 and Figure 10 show uptake plots for the thin and thick films, respectively. In 

both plots, fluorescence peak area is plotted as a function of time. Both types of films were 

immersed in 2 ppm solutions of dispersed oil (CLB CEWAF). Table 3 shows k values calculated 
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from two sets of thin and thick films. The value of k was determined by modeling the data with 

the equation F = Fmax(1-e-kt). From these k values, 95% uptake times were calculated. Averaging 

these values give 95% uptake times of 4.61 days for the thin films and 7.45 days for the thick 

films. This data suggests that the thin films reach equilibrium much faster than the thick films, in  

roughly half the time. 

Table 3: Table showing k values and 95% uptake times calculated from two sets of thin and thick films.  Uptake time calculated 

as 2.996/k. 

 

 

 

Figure 11: Spectra of films immersed in CLB CEWAF concentrations ranging from 0.02 ppm to 10 ppm for 10 days. Blanks 

have been subtracted from each spectra. 
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 The thick films were immersed in various CLB CEWAF solutions with concentrations 

ranging from 0.02 ppm to 10 ppm. The spectra from these films is shown in Figure 11. The 

signal from the higher concentrations, 1, 2, and 10 ppm is clearly visible. Based on the plot, the 

limit of detection is approximately equal to 0.4 ppm. Among the lower concentration films, there 

is a lot of noise in the spectra, likely due to problems with film reproducibility. 

 

Figure 12: Spectra of ethanol extracts from thin and thick films after 14 days immersed in 2 ppm CLB CEWAF. 
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shows the spectra of the extracts. The peak from the thick films is much larger than the peak 

from the thin films. This shows that the extract signal is volume dependent. The thicker films, 

with a film volume of 21.9 μL can absorb more oil than the thin films, which have a volume of 

0.94 μL. A sample calculation for film volume can be found in Appendix 1. The volume 

dependence shows that oil is being absorbed into the films as expected. If the PDMS films had 

0

100000

200000

300000

400000

500000

600000

700000

800000

300 320 340 360 380 400 420 440 460

In
te

n
si

ty
 (

a.
u

.)

Wavelength (nm)

70 uM PDMS

3 uM PDMS



21 
 

been collecting oil via adsorption, extract signal would be the same for both the thick and thin 

films.  

Calculation of Partition Coefficients 

  

 Film-solution partition coefficients, Kfs values, can be calculated from the concentration 

of oil in the films at equilibrium and the concentration of oil in the water solution at equilibrium. 

The concentration of oil in the films can be determined by calculating the amount of oil in the 

extracts. Figure 13 and Figure 14 show plots of film concentration at equilibrium vs water 

concentration at equilibrium for the thick and thin films, respectively. The slopes of these plots 

are the Kfs values. For the thick films, the Kfs value calculated was 1100. For the thin films, the 

Kfs value calculated was 6000.  

There is a large discrepancy between the Kfs values of the thin and thick films. There are 

a few potential reasons for the discrepancy. A) The oil can partition more easily into the thin 

films than the thick films. B) The thickness of the 70μm PDMS films is not uniform across the 

entire film. This could lead to an overestimation of film volume, leading to errors in calculated 

concentration of oil in the films. Based on the solvent casting procedure, it is likely that the films 

are thinner on the edges of the glass slide than in the middle. C) There is a source of error in the 

extraction. The extraction from the films may not actually be complete at ~2 hours in 2.5 mL 

ethanol, as described below, especially for the thick films. In the experiment examining 

extraction time, the extract fluorescence reaches the maximum fluorescence at approximately 2 

hours. This would result in an error in determining oil in the film from the amount of oil in the 

ethanol extracts, and an underestimation of the Kfs value for the thick films. 
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Figure 13: Solvent cast (μm) film concentration plotted as a function of water concentration at equilibrium. The slope of the 

linear fit line is 1056. Films were immersed in water samples collected from the mechanical-dispersal gravel column system at 

10, 13, and 16 min. Films were in water solutions for 14 days. 

 

Figure 14: Spin cast (μm) film concentration plotted as a function of water concentration at equilibrium. The slope of the linear 

fit line is 6008. Films were immersed in 2 ppm CLB CEWAF for 14 days. 
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Oil extraction uptake into PDMS – CEWAF 

 

Figure 15: Linear relationship between concentration and fluorescence peak area. Films are the 70 μm PDMS films. 

The peaks from the films, ethanol extracts, and water samples at equilibrium were 

integrated and plotted as a function of initial solution concentration in Figure 15. There is a 

linear relationship between the film fluorescence peak area and concentration, although the linear 

fit (R2=0.62) is not ideal due to lack of reproducibility between films. For comparison, the plots 

of fluorescence peak area and concentration of the ethanol extracts are linear (R2=0.97), 

suggesting that the poor linearity in the “film” fluorescence plot is caused by variability in 

optical factors including scatter and alignment.  The fluorescence peak area of water samples at 

equilibrium is also plotted as a function of concentration. The linear fit of this data is good (R2
 

=0.93), and suggests that all films are removing a similar proportion of oil from the water, as 

would be predicted for SPME.  
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Ethanol extraction from PDMS 

 

Figure 16: Ethanol fluorescence peak area plotted as a function of film time in ethanol. The dashed line represents a curve fitted 

to the data. 

 In standard SPME, once analytes are extracted from solution via absorption or 

adsorption, they are then eluted from the solid phase. Oil absorbed in the PDMS films was 

extracted with ethanol after 10 days, after films had reached equilibration. Figure 16 shows a 

plot of ethanol fluorescence peak area plotted as a function of film time in ethanol. As the films 

approach 120 minutes in ethanol, the area of the peak starts to plateau. This suggests that most 

ethanol has been extracted from the films. The k value calculated from this set of data is 0.023. 

Using the relationship of 2.996/k, 95% of oil has been extracted from the films by 128 minutes. 

For all experiments, an extraction time of 4 hours was used, suggesting that the vast majority of 

the oil had been extracted from each film before extract fluorescence was measured. 

Mechanically Dispersed Dilbit and Model Riverbed (Gravel Column) 
 

 The mechanical dispersion oil mixing system was interesting because of the expected 

behaviour of oil travelling through the column. The water samples collected directly from the 
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column give some interesting information about the nature of column extracts. Figure 17 shows 

the spectra from water samples collected every 3 minutes while running dispersed oil through the 

column. Influent samples were also collected at the beginning and end of the experiment. The 

concentration of the influent increased throughout the course of the experiment. The samples 

collected from the column reflect this as the intensity of these samples increase with time. Note 

that the shape of the influent curves are different than the shape of the column samples. 

 

Figure 17: Spectra of water samples collected from the mechanical dispersion column system along with influents from the 

column at the beginning and end of sample collection. 

 

 The spectra from samples collected from a wash of the column is displayed in Figure 17.  

There is only a large signal from the first wash, collected when the influent was switched to 

water. All other wash samples do have noticeable signal above the blank in the 330-340nm 

range. 
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Figure 18: Spectra of water samples collected from the mechanical dispersion column system during the water wash phase. 
 

 In order to examine the shape of the spectra, column, influent, and wash samples were 

normalized. These spectra are visible in Figure 19. The influent samples are representative of 

whole oil. Observing the column samples, they have a similar shape to the influent sample on the 

right side of the peak.The right side of the peak is at a higher wavelength, where fluorescence 

from larger ring PAHs shows. The larger PAHs are expected to be more prevalent in particulate 

oil, while the smaller PAHs are expected to make up a larger proportion of the dissolved oil. On 

the left side of the peak, as time goes on, the column samples begin to more closely ressemble 

the influent sample. This region is where the smaller PAHs fluorescence, and this shows the 

dissolved oil beginning to come through the column. Therefore the spectras show that particulate 

phase oil is always coming through the gravel column, but the dissolved oil takes longer to come 

through, as the dissolved oil is likely adsorbing to the gravel in the column. 

 In terms of the wash samples, the wash sample right when the influent was changed to 

water shows larger fluorescence on the right side of the peak. However, all the following wash 

samples show much less intensity in the 360 nm range. This shows that the particulate oil is 
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immediately flushed out of the column. Any fluorescence in later wash samples is dissolved oil 

desorbing from the gravel. 

 

Figure 19: Shows normalized spectra from column samples collected at 10, 13, and 31 min along with the final influent sample 

and wash samples collected at 0, 5, 10, and 15 min. 

 The thicker 70μm PDMS films were placed in each of these water solutions and left to 

equilibrate. The spectra from the films are shown in Figure 20. The films show increasing signal 

with time, similar to the water samples. This data shows that the films can act as a passive 

sampler for oil concentration, as they show an accurate picture of the concentration. The ethanol 

extracts are shown in Figure 21. Similar to the films, the intensity of the spectra increases with 

time. The spectra of the ethanol extracts is much cleaner than the films, again showing that the 

reproducibility between films is low. Each film has slightly different thickness and surface 

morphology, therefore each film has different scatter.  

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

290 310 330 350 370 390 410 430 450

In
te

n
si

ty
 (

a.
u

.)

Wavelength (nm)

10 min

13 min

31 min

Influent 2 - 31 min

Wash - 0 min

Wash - 5 min

Wash - 10 min

Wash - 15 min

Wash - 20 min

Wash - 25 min



28 
 

 

Figure 20: Film measurements from the 10 samples collected running diluted oil through the gravel column. Signal from a blank 

film was subtracted from all samples. 

 

Figure 21: Spectra of extracts from films immersed in solutions collected running diluted oil through the gravel column. Signal 

from a blank (ethanol only) was subtracted from all samples. 
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 Spectra films immersed in the wash samples are displayed in Figure 22. The films show 

the same trend as the water samples, with a much larger peak in the 0 min wash sample than all 

the others. Note that the first wash sample is made up of particulate oil being flushed from the 

column, seen in the water samples above. Considering the results from the particulate/dispersed 

(CLB CEWAF) vs dissolved (CLB) oil, dispersed oil leads to faster equilibration of oil into 

films. Therefore a larger signal would be expected from the 0 min wash film than all the other 

films because of a) the faster equilibration of the particulate oil and b) the larger amount of oil in 

the first wash. The film results are consistent with this hypothesis. 

 Spectra from the ethanol extracts are visible in Figure 23. The signal from the ethanol 

extracts are consistent with the initial wash having a large signal. All other extracts have a small 

signal. 

 

Figure 22: Film measurements from the 6 samples collected running a water wash through the gravel column. Signal from a 

blank film was subtracted from all samples. 
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Figure 23: Spectra of extracts from films immersed in solutions collected running a water wash through the gravel column. 

Signal from a blank (ethanol only) was subtracted from all samples. 

 

Conclusion 
 In this project two different materials, PDMS and UED were used as passive samplers for 

dilbit in water. Analysis of samples was performed by measuring fluorescence of films and 

ethanol extracts from films. Three types of oil were used, non-dispersed oil, along with 

mechanically dispersed, and mechanically dispersed with chemical enhancement. Oil that had 

been dispersed partitioned more quickly into PDMS films than non-dispersed oil. Dispersion of 

oil increases the amount of oil in the particulate form, leading to the conclusion that particulate 

oil increases the availability of oil for dissolution into solution. That dissolved oil can then 

partition into PDMS. 

 PDMS films of two different thicknesses were tested, 3 μm and 70 μm. The thinner films 

equilibrated more quickly than the thick films, with 95% uptake times of 4.5 and 7.5 days, 

respectively. Partition coefficients were calculated for the films. The thin films had a calculated 
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partition coefficient of 6000. The thick films had a calculated partition coefficient of 1100, 

although there is error in this number. Thick films had a lower detectable concentration of 

approximately 0.4 ppm, reflecting the greater amount of oil in the film. 

 Oil was extracted from these films with ethanol. Fluorescence of ethanol extracts was 

measured. Preliminary experiments showed that 95% of oil was extracted by 2 hours. However it 

is undetermined whether the extraction is complete when the ethanol concentration levels off, 

especially for the thick films. Measurement of fluorescence in the ethanol extracts had a lower 

limit of detection than the films, as the poor optical reproducibility between films contributed to 

a high level of noise compared with the extract solutions. Extract signal was film volume 

dependent, with thicker films giving a much larger extract signal than the thinner films. This is 

evidence that oil is being absorbed into the bulk volume of the films, rather than adsorbing to the 

surface. 

 Films and extracts were compared to water samples collected from a mechanical 

dispersion model riverbed system. Fluorescence from films and ethanol extracts agreed with 

fluorescence measurements from the water samples, showing that the films can act as accurate 

passive samplers for dilbit. The water samples gave information about the nature of the oil 

coming through the column, in terms of the presence of dissolved and particulate oil. The films 

agreed with these results and with further research may be a tool for differentiating dissolved vs 

particulate oil. 

Future Studies 
  

 Based on the results, it is clear that there are problems with reproducibility between 

PDMS film samples. The next step is to optimize film fluorescence measurements through a) 
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improving the film procedure to improve uniformity of films and b) to optimize the optical 

alignment of film in the spectrometer. 

 Future studies will also aim to characterize limits of detection for both the films and the 

extracts. In this project no experiment was devoted to determining the lower limits of detection. 

Improving the reproducibility between films should also decrease lower limit of detection for the 

films. 

 It is also important to determine the true extraction time for the 70 μm PDMS films. This 

can be done by conducting the same experiment that was initially used to determine the 

extraction time, with a lower initial oil concentration. Using a lower initial oil concentration will 

allow for an accurate determination of extraction time without reaching max fluorescence. 

 Further studies will also aim to further characterize the uptake of dispersed oil vs 

dissolved oil. By understanding more about the uptake of oil into the films, the films may be a 

useful tool to compare different dispersion methods. For example, if more dispersion, aka 

smaller droplets cause faster absorption of oil into water, film fluorescence might be able to 

relate uptake to particulate droplet size. 

 UED was also used as a passive sampler for dilbit in water. No oil, dispersed or non-

dispersed, was observed adsorbed to the UED films. The lack of adsorption makes UED a very 

useful surface for future work in scenarios where oil adsorption is not the target. 

Summary of Main Points 
 

 Uptake of dispersed oil into PDMS is faster than uptake of dissolved oil 

 Neither dissolved or dispersed oil was observed adsorbed to UED 

 95% uptake time for dissolved oil into 70 um PDMS films was ~4.5 days 
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 95% uptake time for dissolved oil into 3 um PDMS films was ~7.5 days 

 The thick films have a partition coefficient of ~1000 for dispersed oil, there is likely a 

large amount of error in this measurement 

 The thin films have a partition coefficient of ~6000 for dispersed oil 

 At concentrations below 1 ppm there is a linear relationship between peak fluorescence 

area and concentration for water samples at equilibrium, films, and extracts 

 Limit of detection in the films is ~0.4 ppm, but can be improved by improving 

reproducibility between films 

 Extraction from 70 m films may take 2 hours, but extract fluorescence quickly reaches 

maximum fluorescence so these experiments must be repeated 

 Extract signal is volume dependence, giving evidence that oil is absorbed into films 

 Fluorescence of water samples from a mechanical dispersion – model riverbed system 

gives information about the nature of the oil in the water 

 Films and extract data remain consistent with water samples from model riverbed 

column, showing that films can be used as a tool to accurately monitor concentration 
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Appendix 1 – Sample Calculations 
 

Sample Calculation 1 – Film Volume – 70 μm films 
 

𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑥 𝑤𝑖𝑑𝑡ℎ 𝑥 ℎ𝑒𝑖𝑔ℎ𝑡 

𝑉 = 2.5 𝑐𝑚 𝑥 1.25 𝑐𝑚 𝑥 0.007 

𝑉 = 0.02187 𝑐𝑚3 

𝑉 = 21.9 𝑢𝐿  

 

  

 


