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Media Summary / Abstract
Key components of project included design and testing of temperature controlled
block for holding sample vials under stable and draft-free conditions; design of a support
to hold the SPME holder in a stable upright position on the GC injection port; evaluation
of the optimum conditions for the 30 μm polydimethylsiloxane (PDMS) SPME fiber to
absorb target hydrocarbons; and most importantly, comparison of hydrocarbons
recovered from shellfish using SPME vs traditional extraction methodology.
The project is significant to the Atlantic Canadian oil and gas industry because the
development of a simple method which could provide accurate results quickly on
shellfish hydrocarbon tainting without the use of organic solvents and would be a major
improvement in monitoring of environmental hydrocarbon tainting.
The key outcomes of SPME as applied in this current study gave promising
results for determination of hydrocarbons in water but did not for the measurement of
hydrocarbon content in actual shellfish samples.
The conclusion of the study was unsatisfactory because by the time the SPME
methodology was finally in determined it was too late to allow more than a few
preliminary and frustrating trials with shellfish at a moderate temperature. Only with
another two months could the hoped-for results have been demonstrated.
Suggested recommendations for future R&D include the following. Separation of
hydrocarbons between water and animal lipids such as cellular triglycerides or even
shellfish phospholipids at a moderate temperature could be a crucial factor. In addition,
several more suitable selective fiber coatings or tissue treatments remain to be examined
but because of the basic simplicity of the concept were not high priority.
Recommendations for practical application to industry from our limited
explorations with very dilute aqueous solutions of hydrocarbons suggest that this
technology could be applicable to contaminated waters if they were free of gross
contamination with lipids.
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Technical Summary
Analyses of monitoring shellfish deployed in ocean areas associated with
petroleum and natural gas production off Nova Scotia was initially contracted to this
laboratory in 1995. A method was developed for hydrocarbons that prevented
contamination or loss of hydrocarbons, and was selective for an acceptable range of
alkanes (C10- C25). This method took experienced technicians up to two days of work
per sample, and required total lipid extraction and careful partitioning of the
hydrocarbons by chromatography.
A faster analytical method for the sentinel shellfish was considered desirable,
partly for economy, and partly to cope with the plethora of urgent samples generated by
emergencies. Such a novel method appeared in the early 1990’s in the guise of SPME
(solid phase microextraction). With the experience of contract work as backup it
appeared logical for the CIFT to explore SPME for recovery of contaminating alkane
hydrocarbons from marine organisms with a particular objective of faster turnaround of
sentinel samples. Basically SPME was a micro adaption of the very old technology of
steam distillation for the purpose with dilute aqueous solutions of hydrocarbons recovery
of volatile organic materials from dilute aqueous solutions. Our hypothesis that the lipids
naturally present in the sample were “fixing” (tying up) the trace hydrocarbons is
independently supported by our belated discovery of a 2000 paper from Denmark (Haar
et al., 2000). However this came to our attention too late to be useful.
For SPME the objective was to absorb some of the organic molecules from the
vapor phase above the warmed water phase in a small glass vial, using as an absorbant a
bundle of silica fibers coated with a non-volatile organic polymer resistant to water. The
fibers could then be inserted into the heated (250ºC) injection port of a gas
chromatograph (GC) where the volatiles would immediately desorb and be separated on
passage through the GC column.
Temperature control was vital to obtain reproducible results since the
hydrocarbon materials to be absorbed and recovered (C10-C16) could include a boiling
point range of 174 to 287ºC. At the same time it was felt necessary to include magnetic
stirring capability since the volatiles should be liberated from the largest possible surface
area of the sample and some mincing of muscle tissue to perhaps 1-2 mm size was
forseen as necessary. The heating block design was in fact excellent for the purpose.
A popular fiber coating of dimethylpolysiloxane (DPMS) was selected for method
development as it appeared to be the best available absorbant for hydrocarbons and was
in use by others conducting SPME research.
The Figure series are attached as Apppendix A to this report. The fiber could be
cleaned and did not itself add spurious hydrocarbon peaks to the analysis (Fig. 4). Halifax
city water, distilled in the laboratory, could contribute at that time, three low level
components which did not interfere with the hydrocarbons of interest for the SPME of
water solutions.
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Rock crab muscle (sample arrived wet with seawater from Scotian Shelf) showed
(Fig. 8) a very feeble response to SPME for reasons not understood at the time. About 6
trace peaks were however seen in the appropriate locations for C14-C18 hydrocarbons.
These hydrocarbons were shown to be present by extracting the same muscle with the
usual recovery procedure and the anticipated hydrocarbons were recovered (Fig. 9). We
feel retention of hydrocarbons by lipids could be the problem at the low temperatures
used for the SPME. A similar result was obtained with blue mussels.
Other chemical classes of volatile materials could be present in fresh marine
shellfish but this problem was not part of the initial exploration of temperature of
operation for the critical recovery of hydrocarbons.
This work was necessarily stopped when the funds and time were exhausted. All
spiked samples of hydrocarbons in plain water could be successfully recovered. The nonrecovery of normal levels from tissue of rock crab and mussel blended with additional
water was unexpected although possibly hinted at by the failure of steam distillation for
low-level diesel oil contamination of lobster in 1975 (Ackman and Noble, 1973, Paradis
and Ackman, 1975). Danish work suggests that adding a detergent to the homogenate to
promote lipid emulsification might be useful to release hydrocarbons (Haahr et al., 2000).
Tentatively we have concluded that the natural presence of lipids in the muscle
tissue of rock crab and of common mussel meat could be a limiting factor. These cellular
lipids could “lock up”the hydrocarbons at the moderate temperature used in these trials.
Although boiling in the range 174-287ºC, these hydrocarbons were recovered from water
alone exactly as expected. Lipids in the organic animal tissues could be the factor
preventing the hydrocarbon recovery under this fixed set of circumstances and do not
invalidate the concept.

Bibliography for the Technical Summary
Ackman, R.G. and D. Noble, Steam Distillation: A Simple Technique for Recovery of
Petroleum Hydrocarbons from Tainted Fish, Journal Fisheries Research Board of Canada,
Vol. 30, No. 5: 711-714, 1973.
Paradis, M. and R.G. Ackman, Differentiation Between Natural Hydrocarbons and Low
Level Diesel Oil Contamination in Cooked Lobster Meat, Journal Fisheries Research
Board of Canada, Vol. 32, No. 2: 316-320, 1975.
Haahr, A.-M., et al., Flavour Release of Aldehydes and Diacetyl in Oil/Water Systems,
Food Chemistry, 71: 355-362, 2000.
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Introduction
This report is the culmination of more than a decade of participation in the use of
mussels for monitoring off-shore petroleum exploitation off Nova Scotia, work that the
Canadian Institute of Fisheries Technology has handled, partly on contract, and partly in
training graduate students in environmental problems or food tainting. In combination
with sensory evaluation, primarily for public relations purposes, isolation of C12-C21
hydrocarbons currently is by slow and multi-step handling. This is labor-intensive and as
a consequence inapplicable in emergency situations.
A visiting scientist (M. Linder) experimented with SPME (solid phase
microextraction) for natural flavors in scallops and his methods and results were
published (1). He was able to access the GLC-MS aspect of SPME elsewhere in Halifax.
With new and dedicated equipment the SPME technology could be the solution to the
need for fast monitoring of hydrocarbon tainting of shellfish from local or offshore
contamination in the Atlantic Provinces. There are far-reaching possibilities in food
flavor research as well as in environmental concerns, since mussels are hardy and
increasingly popular in the restaurant seafood sector. Unfortunately they can be tainted
(inedible for flavor reasons, not necessarily dangerous) if grown in proximity to human
activities. The same would apply to petroleum tainting of farmed salmon, an area where
the CIFT established a reputation with projects that have educated several graduate
students and were executed with the help of several visiting scientists (2-5).
The objective of this project was to explore the possibility of SPME (solid phase
microextraction) for rapid and simple determination of hydrocarbons and/or other
contaminants in sentinel mussels and other marine life from the Scotian Shelf monitoring
program. The standardized procedure currently in use for such analyses requires two to
three days of solvent extraction of total lipid-type solubles, partitioning among liquid
phases to clean up the lipids and prepare an unsaponifiable fraction, and a final separation
of non-polar materials (i.e., hydrocarbons) from moderately polar materials such as fatty
alcohols or sterols. This key step is conducted on a simple and commercially available
silica column (Sep-Pak), but all are conducted with care to avoid loss of volatile
hydrocarbons in the range C10-C25 for n-alkanes, but including some isoprenoids such
as pristane and phytane, and even naphthalenes and methylnaphthalenes. This mixture
can be traced in large part to a background of water-soluble hydrocarbons generated by
marine alga and bacteria. However the profile of these materials had also been found to
be reliable as an indicator of water-soluble spills of natural gas or light petroleum
materials. They are all basically taken up and stored by animals in their lipids. Our work
in this direction is described for fish in several years of publications (2-4), and
particularly for mussels (5). The latter publication is attached to this report as Appendix
B.
SPME as a technique began to appear in the literature about 1990 and by 2000
became established when Supelco recognized the market potential of SPME and began to
supply most of the components for applications, with one exception which became
important for our work on this project, accurate temperature control.
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Most flavor researchers were dissatisfied with complex systems for “purge and
trap” at one end of the spectrum, and with simple steam distillation at the other end. In
fact the application of the latter technology to tainted fish was published by the grant
holder as early as 1973 (6). It was useful for fingerprint identifications of hydrocarbon
fuel contamination but was not judged applicable in this newer era of complex
environmental concerns.
The main factor in luring people to SPME (7) for determining environmental
contaminents was the apparent straightforward operation and simplicity (Figure 1).
Figure 1. SPME setup and SPME volatile collection device (left) with syringe needle
inserted (right) into the injection port of a gas chromatograph (from 7).

In brief, a special hollow needle is inserted through a rubber (Teflon-faced) septum into
the headspace of a sample vial containing the sample, usually homogenized in water, and
a cluster of silica fibers attached to a metal rod and coated with a suitable organic
polymer is passed through the needle into that headspace to collect molecules of any
volatiles present. After a predetermined time the fiber is retracted and the needle inserted
into a specially modified injection port of a gas chromatograph. Suitable heating
immediately desorbs the volatiles to be swept into the GC column.
The majority of papers on SPME that were published before 2000 were
exploratory. The papers on SPME that were published after about 2000 were in food
journals and with the aid of GC-MS announced new lists of simple and complex flavor
molecules for vegetables, wines, herbs and spices or flavoring compounds. Up to 40
compounds would be listed, including unknowns, but with scant interest in quantitation
which we regarded as essential for our work. One such paper from France (8) was for
cooked mussels, processing which defeats the purpose of our work.
In the case at hand, volatile hydrocarbons over an aqueous headspace, variable
partial vapor pressures would be encountered, requiring tight temperature control.
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To satisfy this requirement for our work a considerable delay followed from the fact that
no suitable heating pad, block, jacket or other system was commercially available.
Accordingly a suitable small heating block housing the bottom part of the glass sample
container and protecting the upper part from drafts was fabricated in the Department of
Engineering shop (Figure 2). Auxiliary equipment for the GC injection system to support
the syringe was also developed.
Figure 2. Top and side views of temperature controlled block designed for holding
sample vials under stable and draft-free conditions. Designed and fabricated in the CIFT
of Dalhousie University.

Top view: 1,PTFE/silicone septum; 2, phenolic screw cap; 3, Teflon collar; 4,
thermometer well; 5, 80 watt electric heater; 6, 5 amp thermostat.
Side view: 1,PTFE/silicone septum; 2, phenolic screw cap; 3, Teflon collar; 4,
SPME vial; 5, Teflon layer; 6, 5 amp thermostat; 7, 80 watt cartridge heaters;8, glass
wool insulation; 9, stir bar; 10, aluminum casing; 11, thermal insulation pad; 12,
magnetic stirrer top plate (ceramic).
About the time this unit was completed the laboratory mass spectrophotometer
attached to a GC unit expired of old age. The early experiments with mussel tissue in
water revealed that an unexpectedly large number of volatiles were captured. This should
have been forseen but only one prior SPME paper (7) included fish volatiles. The
chromatogram on recovery of the natural freshwater problem contaminents geosmin and
2-methylisoborneol (2MIB) indicated (Figure 3) what might be expected, especially as
these are from freshwater fish from notoriously contaminated water systems in the
southern USA. On the other hand research surveys of local seawater samples near Halifax
and in an isolated area with mussel farms, suggested that biogenic hydrocarbons were to
be expected as a substantial part of seawater solubles or particles (9). Our view was that
the mussels could be “cleaner” in respect to total volatiles than fish and as long as the
background hydrocarbon levels anticipated were at least comparable in magnitude to
7

many of the other mussel volatiles, the desired hydrocarbon peaks could be selected and
quantified with new developments and GC-MS equipment. NSERC Grant applications
were put in train towards acquiring that GC-MS equipment, a normally lengthy process.
Figure 3. Total ion chromatogram of an MD-SPME trace of volatiles from an off-flavor
catfish (from 7).

This report is based on the funded work, which was carried out irregularly by a
highly qualified technician when high priority contract work did not interfere. We have
reached a limited conclusion, that the levels of a specific hydrocarbon mixture known
from our other technology to resemble that naturally present in mussels were recoverable
from very dilute water solutions. The same hydrocarbons could not be successfully
desorbed from the animal sample matrix, and absorbed on fibers and quantified, under
the particular temperature/time procedure developed for the hydrocarbons in water, with
no oil or other lipid present. That was in fact proof, that in SPME, absorption on the
fibers and desorption in the gas chromatograph were practical. However, the separation
of hydrocarbons between water and animal lipids such as triglyceride oils or even
phospholipids at a moderate temperature could be a crucial factor, but no funding or time
remained for exploring this matter. In addition, some more suitable selective fiber
coatings or tissue treatments remain to be examined because of the basic simplicity of the
concept.
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Objectives
The objective of this project was to explore the possibility of applying SPME
(solid phase microextraction) for rapid and simple determination of hydrocarbons and/or
other contaminants in sentinel mussels and other marine life from the Scotian Shelf
monitoring program.

Results and Discussion
Special Equipment
Heating Block
Heating of the sample must be consistent to provide reproducible analyte release
into the headspace. To attain this a heated block was designed and fabricated (Fig.2).
This consists of two 80 watt cartridge heaters controlled by a thermostat and powered by
one dedicated rheostat. The block is aluminum jacketed to prevent heat loss, and covered
with a Teflon layer to prevent radiant heat transfer to the headspace from the surrounding
top surface of the block. The block has 2 wells respectively for a thermometer and for
one of the standard 22 ml clear glass SPME vials (Supelco, Sigma-Aldrich, Oakville,
ON, Cat.No. 27170 ). The vials have polyphenol screw-cap tops fitted with replaceable
single-use Teflon-coated silicone rubber septa.
The depth of the well for the vial is such that the top of the liquid is visible so that
the vortex area can be plainly viewed to allow correct depth of insertion of the SPME
fiber. The glass bottom of the vial is immediately above a variable-speed magnetic stir
plate where the heating block sits on a thermal insulation pad on.
The block temperature was adjusted to 51C and the temperature monitored over
the work day via the thermometer in the well of the block, initially with no stirring and
then with the magnetic stir plate set to the speed normally used with samples. There was
no difference in the heating of the block whether the mixer was on or not. Next, the
temperature of the water in the SPME vial was compared by thermometer to the
temperature of the block. The water temperature was consistently the same as the block
temperature. Finally, the temperature of the headspace compared to the block temperature
was monitored. The headspace was consistently 10C cooler. A Teflon ring was then
designed to slide down over the vial to shield the headspace from air currents and prevent
heat loss. With this improvement the headspace was now consistently only 5C cooler.
Following this design multiple sample units could provide material as rapidly as available
GC or GC-MS would be able to handle.
Stir Bars
Vortexing of sample must be consistent. The use of small Teflon-coated magnetic
stir bars was adequate for pure hydrocarbon standards in distilled water, however the
introduction of actual mussel and crab homogenate necessitated sourcing the largest
magnetic stir bar ( Fisher Cat. No. 14-511-62, 13 mm x 9 mm) that could enter the
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opening of the SPME vial to force movement in the viscous sample. Even with this
modification it was necessary to dilute the mussel tissue homogenate with distilled water
(wt:wt, 1:1.5) and the crab tissue homogenate with distilled water (wt:wt, 1:4) to cause
stirring with an effective vortex . The SPME fiber could then be exposed in the headspace
of the vortex as it had been with the pure standards in distilled water.
SPME Holder Support
A support was designed to hold the SPME holder in a stable upright position on
the GC injection port. It is an aluminum cylinder open at both ends which fits like a glove
over the injection port septum cap of the particular GC unit employed.
SPME Fiber
For volatile capture and transfer a 30 m fiber polydimethylsiloxane (PDMS)
(Supelco, Sigma-Aldrich, Oakville, ON) was used for this project. This coated fiber is
actually designed to trap hydrocarbons in the range of C5 to C30 (molecular weight 80 500). Absorptive fibers such as PDMS have greater capacity and linear concentration
ranges than adsorptive fibers and are good for semi-volatile components. A thinner
coating film (30 m vs. 100 m) will give a quicker desorption of heavier components.
The fiber is designed to retract into the steel sleeve of the SPME holder when it is not
being exposed to headspace and until it is placed in the injection port of the gas
chromatograph. The holder has an adjustable needle gauge (0 - 5 cm) that controls the
depth of fiber positioning in the vortex region of the sample headspace or in the gas
chromatograph injection port.
Gas Chromatograph
A Varian model 3400 equipped with a SPI splitless, temperature programmable,
injection port and a flame ionization detector (Varian Canada Inc., Missauga, ON) was
used.
Integrator
An LCI 100 laboratory computing integrator (Perkin Elmer Canada Inc.,
Woodbridge, ON) was used.
Analytical GC Column
DB-1MS dimethylpolysiloxane, 60m, 0.25 mm ID, 0.25 m coating
(Chromatographic Specialties Inc., Oakville, ON).
GC Injection Port Liner:
Two different types were tried:
(1) Inlet liner for SPME designed for the Varian SPI 1093 injection port as advertised by
Supelco (Sigma-Aldrich, Oakville,ON) (530 m).
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This liner was advertised in the Supelco catalog as a “SPME” liner for this injection port.
It has a narrow area in which the trapped analytes on the SPME fiber can be desorbed.
Initially no peaks were seen when headspace analyses were run on the gas
chromatograph. After verifying that there were no leaks in the injection port the technical
assistance person at Varian Canada was contacted. The column must seal with the
polyimide coating on the exterior of the column adhering to the inner surface of the
injection port glass liner to enable introduction of the sample into the column when the
SPI 1093 is used and the internal dimensions of the Supelco liner could not permit this.
(2) Varian SPI 1093 Glass insert (0.8 mm ID)
This liner has internal dimensions to permit sealing of the analytical column to the liner
as well as to provide a small space in which the trapped analytes on the SPME fiber can
be desorbed. This injection port inlet liner was then used for the rest of the project.
Materials
Distilled Water
Initially the headspace of water from a traditional laboratory glass still distillation
system was analysed. This distilled water provided acceptable chromatography blanks
with minimal baseline disturbance except for a few reproducible sharp peaks.
Standard Hydrocarbons (with abbreviations) were:
Decane (C10) (Matheson Coleman and Bell, East Rutherford, NJ)
Dodecane (C12) (Fluka, Sigma-Aldrich Canada Ltd., Oakville, ON)
Tetradecane (C14) (Fluka Sigma-Aldrich Canada Ltd., Oakville, ON)
Hexadecane (C16) (Alltech Associates, Deerfield, IL)
Pristane (Pris) (Sigma-Aldrich Canada Ltd., Oakville ON )
Ethylbenzene (EB) (Fluka,Sigma-Aldrich Canada Ltd., Oakville, ON )
1-Methylnaphthalene (1-MN) (Fluka, Sigma-Aldrich Canada Ltd., Oakville, ON)
All hydrocarbon standards had been analysed by gas chromatography previously
for purity.
Operating Conditions
Routine Conditions for SPME Fiber Exposure to Headspace:
 16 ml distilled water in the 22 ml SPME vial, water containing single or a standard
mixture of hydrocarbons or a tissue homogenate, and a stir bar
 Heating block 51C, vortex 30 minutes at speed setting 8 to equilibrate between the
aqueous phase and the headspace volatiles in the headspace
 Expose 30 m PDMS fiber at barrel gauge depth of 1.4 cm for 20 minutes while the
SPME vial is held at 51C and the sample is being mixed with the magnetic stir bar
 Retract the SPME fiber into the steel sleeve
 Transfer SPME holder containing the exposed fiber to Varian 3400 gas chromatograph
(GC), place it in the SPME support, and expose the fiber to the barrel gauge depth of
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3.6 cm in the hot (250C) injection port, thus positioning the fiber in the center of the
injection port, and simultaneously start the GC run
Gas Chromatograph Program
Helium carrier 17 psi, injection port 250C; detector 280C, oven: 45C for 15
minutes followed by a 13C / minute ramp to 280C. This temperature was held for 36
minutes.
Methodology Procedures
All new fibers were placed in the GC injection port (250C) with flowing gas for
3 hours to condition. The GC was then run through two complete cycles to ensure that
any impurities from the conditioning of the fiber were eluted from the system. The fiber
was left in the injection port of the GC and a blank run of the fiber/GC system acquired.
That in Figure 4 is a typical example.
The headspace of the distilled water to be used for this project was analysed. A
typical resulting chromatogram is shown as Figure 5.
An n-alkane mixture dissolved in dichloromethane that was used for identification
of component hydrocarbons in organic solvent extractions of saponified mussel flesh
matrix samples routinely analysed in this laboratory (occasionally also crab meats) was
injected on the GC to ensure that the chromatographic system was functioning properly
(Figure 6).
Previous work on SPME in this laboratory was based on a 100 m PDMS fiber. An
old standard solution of hydrocarbons (now used for qualitative results), dissolved in
distilled water at a concentration used at that time, was run as a SPME sample to observe
the sensitivity of the new 30 m PDMS fiber. The integrator attenuation was set at 32
(Figure 7). The C12, C14, C16, Pris and 1-MN are approximately 0.125 ppm, while the
C10 and EB are approximately 0.375 ppm. Our improved temperature control for fiber
exposure eventually allowed more sensitivity to be implemented for routine evaluation of
absorption on this particular fiber. This study was necessary to improve the sensitivity of
the method and achieve a substantial increase in response over previous work, and the
ability to use more dilute standard solutions was achieved. The routine GC integrator
attenuation for all work on this project was then standardized at 4. Figure 7 is the only
figure at the 32 attenuation setting. This type of result was obtained repeatedly and
provided evidence that SPME was applicable to aqueous solutions of hydrocarbons.
Initial Trials with Animal Samples
A homogenized rock crab flesh sample was analysed for hydrocarbon content by
the routine method followed at this laboratory (saponification followed by separation and
recovery of the non-saponifiables into an organic solvent) (Figure 9) and compared with
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the chromatogram of the same sample obtained by SPME headspace (Figure 8). The
procedure followed for the headspace of the crab homogenate involved gradually
increasing the amount of distilled water which was added to the homgenized tissue until
an acceptable viscosity was attained enabling thorough mixing of the mixture with the
magnetic mixer (crab homogenate (3.2 g) in distilled water (12.8 g)). The initial crab
homogenate was very viscous and would not mix well enough to have a vortex in which
to expose the SPME fiber until this 4 : 1 ratio of water : homogenate was reached. The
routine conditions described above for headspace sampling and analysis were then
followed. There is no similarity in the chromatograms of the same rock crab sample
hydrocarbon profile produced by the two different methods.
The crab sample in the SPME vial was spiked with 0.1 ml stock standard solution
of a hydrocarbon mixture in distilled water providing C12, C14, C16, Pris at 0.0125 ppm,
EB, 1-MN at 0.025 ppm and C10 at 0.0375 ppm in the homogenate. A headspace of this
sample/standard mixture was analysed following the routine SPME procedure (Figure
10). A headspace of the same concentration of standard mixture (Figure 10A) analysed
by GC is provided for comparison.
The response normally seen from headspace exposure of this concentration of
standard mixture in distilled water to the 30 m PDMS fiber did not occur. It seems that
when the matrix of the sample includes lipids, that prevents release of the hydrocarbons
into the headspace. An alternative is that some volatile component in the matrix (not
detected by GC-FID) absorbs preferentially on the PDMS fiber, thereby preventing the
absorption of the hydrocarbons. While considering this unexpected development it was
therefore decided to focus on the rate of absorption of hydrocarbons on the fiber since
this information was not available.
Accordingly the next investigation undertaken was to determine the optimal
exposure time of the SPME fiber to the headspace of a hydrocarbon standard mixture in
distilled water. For this optimization study of volatile absorbance on the 30 m PDMS
fiber a standard mixture was prepared at a concentration of C12, C14, C16, Pris 0.048
ppm, EB, 1-MN 0.096 ppm and C10 0.144 ppm.
The concentrations were varied so that the peak sizes on the GC were of similar size
since the different hydrocarbons absorb to varying degrees on the PDMS fiber. All
conditions so far described were held constant except for the time the PDMS 30 m fiber
was exposed to the headspace of the standard mixture. This varied as follows: 5,10, 15,
20, 25 minutes. All exposures were done in duplicate on virgin standard aliquots. A
chromatogram of the headspace of this hydrocarbon mixture at the optimal exposure time
(20 minutes) is shown in Figure 11.
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Optimization of Headspace Sampling Times
Area counts, average of two analyses
Sampling time
Hydrocarbon
EB
C10
C12
1-MN
C14
C16
Pris

5 min
810314
199886
342324
2050935
524568
370136
360426

10min
714988
137788
358975
1994478
690764
453942
624889

15 min
679864
74185
268910
2041714
668376
508650
644670

20 min
553012
50246
278502
2032350
801348
612984
773701

25 min
492165
28983
171982
2028899
776462
613962
1169736

Shorter exposure times of the fiber to the headspace of the standard mixture in
distilled water gave larger area counts for C10, C12 and EB. Longer exposure times gave
larger area counts for C14, C16 and Pris. 1-MN area counts were not affected by changes
in exposure time, an important observation. The maximum area counts for EB and C10
were at the 5 minute interval, C12 at the 10 minute interval, C14 and C16 at the 20
minute exposure, while Pris area counts increased as time of exposure increased. These
results are shown in Table 1. The 20 minute headspace sampling time at 51C was
chosen for all future development work towards routine applications.
A difficulty encountered was the inability to dissolve longer chain n-alkanes such as
docosane (C22) in the distilled water. These are routinely observed in GC analyses of
organic solvent extractions of saponified mussels. If an excessive amount (0.5 mg / 16
ml) of pure solid standard C22 was put in distilled water, and the headspace obtained was
analysed as per the routine procedure, a peak matching the retention time of C22 was
seen on the GC (Figure 12). However the C22 was clearly not dissolved and this peak
perhaps represented only the minimal amount of volatiles from the C22 which did go into
solution.
An investigation of a carrier substance that would dissolve the longer chain
hydrocarbons (LCH) (C20, C22, C25) and itself be soluble in distilled water was
undertaken. The LCH were soluble in benzene, however benzene is not miscible with
water. They were soluble in acetone and isopropyl alcohol but immediately precipitated
out when distilled water was added. They were insoluble in methanol and ethanol at room
temperature. They were soluble in 62C methyl ethyl ketone and remained in solution as
it cooled to room temperature. A headspace of methyl ethyl ketone (MEK) diluted in
distilled water at a concentration of 0.2 ppm was analysed by GC . The headspace of the
MEK contained many peaks which would interfere with the hydrocarbon
chromatography (Figure 13). Modern technology finds that many “chemically pure”
solvents contain these unsuspected minor components that do not interfere with solvent
applications such as extractions or GLC solutions.
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The long-chain hydrocarbons seen in authentic natural marine animal tissue nonsaponifiables, extracted and concentrated in hexane, and analysed by GC, must have been
dissolved in the lipid component of the tissue matrix and were released upon
saponification. We have not yet determined a way to create a standard mixture with
which to spike distilled water or tissues to mimic all of the hydrocarbons observed in
natural samples.
Two homogenized mussel samples were analysed for hydrocarbon content by the
routine method followed at this laboratory (saponification followed by recovery of the
non-saponifiables into an organic solvent) (Figures 16 and 18) and compared with the
chromatograms of the same samples obtained by SPME headspace following the SPME
procedure described previously (Figures 14 and 17). The mussel homogenate was far less
viscous than the crab so mussel homogenate (6.4 g) in distilled water (9.6 g), a ratio of
1.5 parts distilled water:1 part mussel homogenate enabled thorough mixing by the
magnetic stirrer. The chromatograms of the headspace of the two samples differ from the
chromatograms of the hydrocarbon profiles obtained using the saponification and
recovery of the non-saponifiables into organic solvent for the hydocarbon profiles.
However the mussel sample No. 1 shown in Figure 14 indicates that some progress was
being made with real animal tissues at this point.
Mussel sample No. 2 was interesting in that the large unidentified group of
components recovered following the saponification procedure and included in reports
filed at the time
(Fig. 18) was also similarly detected by SPME (Fig. 17). There must have been
contamination of this mussel sample, possibly by drilling mud or some similar narrow
distillate band of hydrocarbons.
The mussel sample No. 1 in the SPME vial was spiked with a hydrocarbon mixture of
0.1 ml stock standard solution in distilled water providing C12, C14, C16, Pris at 0.0125
ppm, EB, 1-MN at 0.025 ppm and C10 at 0.0375 ppm in the homogenate. A SPME
headspace sampling of this sample/standard mixture was analysed according to the
routine procedure (Figure 15). A headspace of the same concentration of standard
mixture (Figure 10A) analysed by GC is provided for comparison.
In the spiked sample the responses normally seen from headspace exposure of this
concentration of standard mixture in distilled water to the 30 m PDMS fiber did not
occur. This exactly repeated the previous observations with crab tissue. This verifies that
the matrix of the sample prevents release of the hydrocarbons into the headspace or
possibly some component in the matrix (not detected by GC-FID) absorbs preferentially
on the PDMS fiber thereby preventing the absorption of the hydrocarbons. Time factors
prevented any exploration of higher temperatures, the most likely factor in the release of
hydrocarbons from the tissue.
Saponification of the tissue to improve the hydrocarbon recovery was planned. A
blank consisting of the amount of potassium hydroxide (KOH) to be used with sample
matrix was put in distilled water and a headspace of this (routine method) was analysed
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by GC ( Figure 19). There were more peaks observed in the headspace of this “blank”
than seen in the sample matrix . No supplier providing a “pure” grade of KOH could be
sourced so this line of investigation was terminated. In fact a similar observation had
been made independently with common salt (NaCL). It was shown (unpublished results)
to freely absorb a variety of volatiles that could only be dislodged by baking at 600C.
This salt then gave clean baselines.
Acid digestion with H2SO4 was considered, however upon consultation with the
technical assistance representative at Supelco we learned that the fiber would be
destroyed by acid volatiles. If lipids in the animal tissues are in fact retaining
hydrocarbons the next phase of investigation should be to use higher temperatures.
Concurently some attempt to hydrolyse the lipids and/or disperse them, perhaps with
non-volatile surfactants, could be tried. It might be fast-acting and preferable to
hydrolysis, which is usually slow.
The results described were exploratory research findings. The need to stabilize
temperatures to provide good replications or test serial changes in technology required
time that limited productivity, but also often enabled it to mesh efficiently with other
laboratory activities.

Technology Transfer
The final conclusion on the lipid as a problem hindering SPME with animal
samples was only interpreted in April of 2004, when funds/time were exhausted. An oral
presentation of it as an analytical tool for hydrocarbons dissolved in water is being
considered.

Recommendations
This work should be supported as a graduate student project. Owing to the
retirement of Dr. R.G. Ackman in June, 2004, a renewed PRAC application should come
from Dr. Sue Budge, now director of the appropriate CIFT laboratory. With access to a
new GC-MS it could be focused more on the distribution of hydrocarbons in fluids in
mussel tissue, perhaps with emphasis on gills, and a view to recovery by gentle
centrifugation or other means, rather than examination of the whole animal.

Networking
The CIFT was prepared to propose to Jacques Whitford (via S. Belford) that a
routine sample of mussels, from offshore monitoring be the subject of duplicate analyses
by two methods. However this objective could not be realized.

Funding
No other funding was provided for this study and no proposals are currently under
review.
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Conclusion
SPME is a technology still in its infancy. Despite the novelty of this application,
papers appear sporadically, but now almost every month, in food journals describing
applications in flavor profiling. Several are listed in Appendix C for background
information, and SPME has now achieved mention in a book on flavor volatiles (R.
Marsili). In fact this person prepared an ACS conference report for Supelco in 1998
(Appendix D). In view of the glowing titles of chapters, including one from Health
Canada, progress over the last decade should have been more rapid. Apparently other
laboratories also found technical practicality hard to achieve.
The work we have conducted was of a preliminary nature and regrettably was
interrupted several times by the commercial requirements of our self-supporting Institute.
In fact the total volume of work is about the same as that done for many M.Sc. level
thesis projects in our Food Science Department.
A GC-MS is mandatory for this work, and is now standard equipment in pollution
laboratories. To illustrate the difficulties in working with shellfish, reference (10) states
that the human panelists could detect 42 odors in fresh oysters by “sniffing”. Mussels of
course continuously ingest unicellular plant cells for food, and also detritus from larger
plants near the shore. To illustrate how these algal materials provide background
volatiles from the mussel note that the common red algae Palmaria palmata yielded over
20 volatile chemicals by dynamic purge and trap analysis (11).
Our opinion is that the fiber absorption technology itself for hydrocarbons is
satisfactory. It is the release of the desired range of hydrocarbons from the cellular tissue
matrix that was the unexpected and critical obstacle to SPME use with shellfish. The few
additional compounds from habitat water are not a serious problem since in practice,
with routine environmental samples, GC-MS sorts out desired compounds in such
situations.
In fact our limited explorations with very dilute aqueous solutions of
hydrocarbons suggest that this technology could be applicable to contaminated waters if
they were free of gross contamination with lipids. It is only recently that a probable
source of the natural background of hydrocarbons dissolved in seawater has been
identified in the North Atlantic. The common copepod Calanus finmarchicus has been
shown to release DOC (dissolved organic matter) by either sloppy feeding or by leakage
from fecal pellets (12). This can include the stable pristane and phytane from the
reduction of the phytol in chlorophyll by this animal. These two hydrocarbons are a
frequent feature of hydrocarbons in mussel lipids.
I am pleased to have Anne Timmins sign this report in appreciation of her
patience in this frustrating but rewarding exploration.
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Appendix A
List of Figures
Figure 1. SPME setup and SPME volatile collection device (left) inserted into the
injection port of a gas chromatograph (from 7).
Figure 2. Top and side views of temperature controlled block designed for holding
sample vials under stable and draft-free conditions. Designed and fabricated in
the CIFT of Dalhousie University.
Figure 3. Total ion chromatogram of an MD-SPME trace of volatiles from an off-flavor
catfish (from 7).
Figure 4. Blank PDMS 30um fiber analysed by gas chromatography.
Figure 5. Headspace of vortexed distilled water analysed by gas chromatography.
Figure 6. Liquid injection of standard mixture in dichloromethane analysed by gas
chromatography to verify retention times of component hydrocarbons.
Figure 7. Headspace of standard mixture in vortexed distilled water analysed by gas
chromatography.
Figure 8. Headspace of rock crab flesh in vortexed distilled water analysed by gas
chromatography.
Figure 9. Non-saponifiables of rock crab flesh in hexane analysed by liquid injection on
a gas chromatograph.
Figure 10. Headspace of rock crab flesh in vortexed distilled water spiked with
hydrocarbon mixture analysed by gas chromatography.
Figure 10A. Headspace of standard mixture in vortexed distilled water used to spike
crab and mussel homogenates analysed by gas chromatography.
Figure 11. Headspace of standard mixture in vortexed distilled water used for
optimization study analysed by gas chromatography.
Figure 12. Headspace of C22 in vortexed distilled water analysed by gas
chromatography.
Figure 13. Headspace of methyl ethyl ketone in vortexed distilled water analysed by gas
chromatography.
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Figure 14. Headspace of mussel sample No. 1 in vortexed distilled water analysed by
gas chromatography.
Figure 15. Headspace of mussel sample No. 1 in vortexed distilled water spiked with
hydrocarbon mixture analysed by gas chromatography.
Figure 16. Non-saponifiables of mussel sample No. 1 in hexane analysed by liquid
injection on a gas chromatograph.
Figure 17. Headspace of mussel sample No. 2 in vortexed distilled water analysed by
gas chromatography.
Figure 18. Non-saponifiables of mussel sample No. 2 in hexane analysed by liquid
injection on a gas chromatograph.
Figure 19. Headspace of potassium hydroxide in vortexed distilled water analysed by
gas chromatography.
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