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INTRODUCTION

Australia’s National Oil-on-the-Sea Identification Database (NOSID) was developed in 1995 as a reference database of oils likely to be found on the surface of the sea within Australian waters. The NOSID project is an initiative of the National Plan to Combat Pollution of the Sea by Oil (national Plan), and is the product of collaboration between the Australian Geological Survey Organisation (AGSO), the Australian Government Analytical Laboratories (AGAL) and the Australian Maritime Safety Authority (AMSA).  The NOSID collection currently consists of 33 samples and is representative of (a) oils currently being transported around Australia as fuels (b) crude oils being produced in Australia’s offshore basins and (c) oils which strand on the Australian coast as a result of long distance transport from natural sub-sea seeps in Southeast Asia and (possibly) Australia. It’s purpose is to provide laboratories engaged in oil fingerprinting with reference data for a series of well characterised oils together with the methods required to generate such data. 

Many government and private sector organisations are concerned with the origin of oil found on the sea and shoreline. Local and national regulatory authorities may be responsible for the cleanup and prosecution procedures which follow the discovery of a seaborne oil while owners/operators of ships and shore facilities and their insurance companies will be concerned with their potential or actual liability. Seaborne oil may also be derived from natural submarine seepage and this has implications for the petroleum exploration industry as well as environmental regulatory authorities. Oil slicks and beach strandings may indicate undiscovered hydrocarbon reserves offshore and, in fact, several major oilfields were discovered in this way. Furthermore, recent studies have indicated that many oils found along the coastline of Australia originate from natural oil seeps in Southeast Asia. These so-called coastal bitumens or “ocean wanderer” oils have travelled thousands of miles on ocean currents (Currie et al., 1992; Summons et al., 1993; Volkman et al., 1992; Alexander et al., 1994; McKirdy et al., 1994; Padley, 1995; Edwards et al., 1998).  

The NOSID oils represent a diverse range of oil “types” corresponding to different source rock depositional settings, and have been characterised by both “traditional” oil fingerprinting techniques, as well as being analysed for cyclic biomarker molecules by gas chromatography-mass spectrometry. Biomarker methods are rapidly being incorporated in oil identification protocols as they offer several advantages over traditional methods. Reference to NOSID can assist in oil spill fingerprinting by comparison of the characteristics of one or more of the NOSID oils with those of the unidentified spilt oil. While it is highly unlikely that a perfect match will be obtained, the comparison will reveal the general type of oil.  When “suspect” samples are not available, the NOSID oil data can provide at least some information about the origin of the seaborne oil. These qualitative and quantitative data are provided in electronic form in a Microsoft® Access® database, and as such, can potentially act as a nucleus for a laboratory’s own database.

The correct ASTM procedures for collection, preservation and chain of custody of samples need to be adhered to prior to samples reaching the laboratory (eg. ASTM, 1992; D4489-85).  Samples of the seaborne oil and any suspects (if analysing for forensic purposes) should be processed concurrently. The traditional methods used to characterise the reference oils were Ultra-Violet Fluorescence Spectrophotometry (UVF), Fourier Transform Infra-Red Spectrophotometry (FTIR), density determination (API Gravity), Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) and Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) methods for nickel and vanadium content, stable carbon isotope mass spectrometry, and whole-oil and saturated hydrocarbon gas chromatography (GC).  Several of the NOSID oils were not analysed by the full range of techniques; namely data for FTIR and UVF spectrophotometry, Ni/V and carbon isotopes are not available for all oils. However, all oils were analysed by gas chromatography and gas chromatography-mass spectrometry (GCMS).  Biomarker chromatograms, concentrations and peak area ratios were determined by the Australian Geological Survey Organisation (AGSO) using both selected ion reaction (SIR) [or monitoring (SIM)] and metastable reaction monitoring (MRM) GCMS (the latter is a form of GCMSMS). The procedures used follow, with some modification, those outlined in “The Biomarker Guide “ (Peters and Moldowan, 1993).  The asphaltenes are precipitated before the oils are subjected to column chromatography to separate the saturated and aromatic hydrocarbons and polar fractions. Following column chromatography, a branched/cyclic hydrocarbon fraction is recovered by molecular sieving of the saturated hydrocarbons on Silicalite (West et al., 1990).

A key aspect of the biomarker analyses was the use of a standard reference oil as a means of determining the absolute concentration of biomarker compounds in the oils. The standard oil (AGSOSTD) was prepared by mixing oils having end-member biomarker characteristics in order to produce an oil containing all of the key biomarkers. No such oil exists in nature. 

In summary, NOSID consists of:

1.
Data concerning an oil’s origin, API gravity, bulk composition, Ni and V content, carbon stable isotope ratios, pristane/phytane and other data from gas chromatographic analysis, key biomarker ratios as determined by SIR- (or SIM-) GCMS and absolute biomarker concentrations as determined by SIR-GCMS and MRM-GCMS.

2.
Fully annotated chromatograms and spectra from whole oil GC, saturated hydrocarbon GC, FTIR spectrophotometry, UVF spectrophotometry, SIR-GCMS and MRM-GCMS.

NOSID data is forwarded to the user in a Microsoft® Access® database, from which hardcopy reports of the data can be generated.

A limited edition of the data from the NOSID database is also available in an Oil Identification Reference Kit (OIRK).  OIRK consists of 1 mL subsamples of 10 NOSID oils, selected to cover a range of characteristics determined by the geological setting of the source rocks, together with computer and hardcopy records of their geochemical data. The kit also contains the AGSO mixed oil standard and individual standards suitable for quantitative biomarker analysis. Both NOSID and OIRK can be used as training and quality control tools for oil fingerprinting and biomarker studies. 

Summary of Data collated in NOSID

NOSID No
Name
Country
API gravity
Bulk Composition
Ni/V
Carbon Isotopes
Whole Oil GC
Sats. GC
SIM-GCMS
MRM-GCMS
FTIR
UVF

1
Widuri Crude
Indonesia
X
X
X
X
X
X
X
X
X
X

2
Talisman Crude
Australia
X
X
X
X
X
X
X
X
X
X

3
Bass Strait Crude
Australia
X
X
X
X
X
X
X
X
X
X

4
Erawan Crude
Thailand
X
X
X
X
X
X
X
X
X
X

5
Kuwait Crude
Kuwait
X
X


X
X
X
X



6
Light Arabian Crude
Saudi Arabia
X
X


X
X
X
X



7
Marib Light Crude
Yemen 
X
X
X
X
X
X
X
X
X
X

8
Kakap Crude
Indonesia
X
X
X
X
X
X
X
X
X
X

9
Murban Crude
Abu Dhabi
X
X
X
X
X
X
X
X
X
X

10
Barrow Crude
Australia 
X
X
X
X
X
X
X
X
X
X

11
Gippsland Crude
Australia
X
X
X
X
X
X
X
X
X
X

12
Airlie Crude
Australia
X
X
X
X
X
X
X
X
X
X

13
Qatar Atmospheric Residue
Qatar
X
X
X
X
X
X
X
X
X
X

14
Tapis Crude
Malaysia
X
X
X
X
X
X
X
X
X
X

15
Varanus Crude
Australia
X
X


X
X
X
X



16
Lube Oil Feedstock
Australia
X
X


X
X
X
X



17
Light Zakum Crude
Abu Dhabi
X
X
X
X
X
X
X
X
X
X

18
Arabian Heavy Crude
Saudi Arabia
X
X


X
X
X
X



19
Arabian Light Crude
Saudi Arabia
X
X


X
X
X
X



20
Arabian Medium Crude
Saudi Arabia
X
X
X
X
X
X
X
X
X
X

21
Arabian Extra Light Crude
Saudi Arabia 
X
X


X
X
X
X



22
Kuwait Crude
Kuwait
X
X
X
X
X
X
X
X
X
X

23
Bahrain Crude 
Bahrain
X
X
X
X
X
X
X
X
X
X

24
Jabiru Crude
Australia
X
X
X
X
X
X
X
X
X
X

25
Skua Crude
Australia
X
X


X
X
X
X
X
X

26
Challis Crude
Australia
X
X


X
X
X
X



27
Griffin Crude
Australia
X
X
X
X
X
X
X
X
X
X

28
Malampaya Crude
Philippines
X
X
X
X
X
X
X
X
X
X

29
Ardjuna Basin Crude
Indonesia
X
X
X
X
X
X
X
X
X
X

30
Brent Crude
North Sea, UK
X
X


X
X
X
X



31
Halibut Crude
Australia
X
X


X
X
X
X



32
Dolphin Crude
Australia
X
X


X
X
X
X



33
North Sea Crude
North Sea, Norway
X
X


X
X
X
X



X = Data published in NOSID.

Bulk composition, GC and Biomarker Parameters provided in NOSID

Calculated Parameters
Quantified Biomarkers

% Asphaltenes
C19 Tricyclic terpane

% Saturated hydrocarbons
C20 Tricyclic terpane

% Aromatic hydrocarbons
C24 Tetracyclic terpane

% NSO (Polars)
C27 Diasterane  20S

Pristane/Phytane
C27 Diasterane  20R

Pristane/n-Heptadecane
C27 Sterane  20S

Phytane/n-Octadecane
C27 Sterane  20R 

C19/C23 Tricyclic terpanes
C27 Sterane  20S

C22/C21 Tricyclic terpanes
C27 Sterane  20R

C24/C23 Tricyclic terpanes
C28 Diasterane  20S

C26/C25 Tricyclic terpanes
C28 Diasterane  20R

C24 Tetracyclic terpane/C23 Tricyclic terpane
C28 Sterane  20S

C31 Hopane (22R+22S) /C30 Hopane
C28 Sterane  20R

C29 Hopane/C30 Hopane
C28 Sterane  20S 

Ts/Tm
C28 Sterane  20R

29,30 Bisnorhopane/C30 Hopane
C29 Diasterane  20S 

28,30 Bisnorhopane/C30 Hopane
C29 Diasterane  20S

C29 Diahopane /C29 Hopane + C29 Ts
C29 Sterane  20S

C29Ts/C29 Hopane
C29 Sterane  20R

C30 Diahopane/C30 Hopane
C29 Sterane  20S

C30 30-Norhopane/C30 Hopane
C29 Sterane  20R

C29 25-Norhopane/C29 Hopane
C30 Diasterane  20S

2+3-Methylhopane/C30 Hopane
C30 Diasterane  20R

Oleanane/Hopane
C30 Sterane  20S

Gammacerane/C31 Hopane 22R
C30 Sterane  20R+S

Bicadinanes/C30 Hopane
C30 Sterane  20R

Methylbicadinane/C30 Hopane
C30 Bicadinane W

%C27 Steranes (,  and )
C30 Bicadinane T

%C28 Steranes (,  and )
C30 Bicadinane T1

%C29 Steranes (,  and )
C30 Bicadinane R

%C30 Steranes (,  and )
C27 Hopane Ts

C29 Sterane /()
C27 Hopane Tm

C27 Sterane /()
C27 17 Hopane

C29 Sterane 20S/(20S+20R)
C28 28,30-Bisnorhopane

C29 Diasteranes/Steranes (/( + ))
C29 Hopane

C27 Diasteranes/Steranes (/( + )
C29 Moretane

C30 2+3-Methylsteranes/C29 Steranes
C30 Oleanane

C30 4-Methylsteranes (20R)+ Dinosteranes/C29 Steranes(20R)
C30 Hopane

C27 Sterane (20S:20S+20R)/C29 Sterane (20S:20S+20R)
C30 Moretane


C30 Gammacerane


C31 Homohopane 22S


C31 Homohopane 22R


C31 Moretane


C32 Hopane 22S


C32 Hopane 22R


C33 Hopane 22S


C33 Hopane 22R


C34 Hopane 22S


C34 Hopane 22R


C35 Hopane 22S


C35 Hopane 22R

Procedures used to generate the NOSID data

CAUTION:  In all procedures listed below due care should be taken in handling toxic, and/or flammable organic solvents and other chemicals.  All operations should be carried out in a fumehood and precautions taken so that skin does not come into contact with all chemicals.
Determination of API Gravity

API Gravity is a standard measure of density and hence is useful in predicting the behaviour of an oil on water.  It is a required parameter in modelling the trajectory of an oil spill and may be derived from the specific gravity via a table of standard measurements (eg. ASTM-PI Petroleum Measurement Tables, 1952). The conversion takes into account the temperature at which the specific gravity measurement was made and corrects to an equivalent value at 15(C. API Gravity is then:




The specific gravity of each reference oil was determined at AGSO using a PAAR DMA model 46 Digital Density Meter.
Nickel and Vanadium content

The Ni/V ratio of an oil is a useful parameter in oil identification because it is resistant to alteration by weathering. Absolute concentrations of the metals increase with weathering as volatile and water-soluble components are removed. Ni and V are present in non-volatile porphyrin complexes. Low metal concentrations are typical of oils generated from land plant matter. Increased Ni/V ratios occur with increasing lacustrine character.  Marine carbonate source rocks generate oil that contains high concentrations of Ni and V and a Ni/V ratio <1.
The Ni and V contents of the oils were determined in the Australian Government Analytical laboratories (AGAL, NSW) using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) and Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) methods. The oils were emulsified with Triton x100/nitric acid, or digested with nitric acid and aspirated after addition of Indium and Lutetium internal standards. Values are reported as ppm (mg/kg) to a precision of 0.01 ppm. 

Materials
Steam baths

Disposable sample tubes (50 mL, 15 mL)

Porcelain dishes

Concentrated nitric acid (re-distilled)

Milli-Q water

Triton x100

Indium standard solution (250 (g/L)

Lutetium standard solution (100 mg/L)

Elan 5000 ICP-MS (Perkin Elmer)

Optima 3000 ICP-AES (Perkin Elmer)

Procedure

Preparation of Standard Solutions

Prepare fresh standard (eg. 5, 10, 20 ppb) solutions in 4 % v/v HNO3 containing 5 ppb Indium as Internal Standard.  Standard solutions should contain Ni and V and have a concentration range to cover level of metals in the samples.

Preparation of Samples

Nitric acid digestion of semi-solid oils
Weigh accurately 2 grams of sample into a 50 mL plastic graduated tube. 

At the same time prepare 2 blanks and spiked samples as follows:

(a) 2 g of 1.0 ppm S21 - oil standard in base vegetable oil is added to sample for sample spike.

(b) 2 g of 1.0 ppm S21 - oil standard in base vegetable oil is used as Standard Reference Control.

(c) 2 g of base vegetable oil is used as a blank.

Add 4 mL concentrated nitric acid and 8 ML of Milli-Q water to the sample.  Heat on steam bath for 2-3 hours.  Mix well with a Vortex Mixer every 20 minutes.  When cool, make up to 40 mL with distilled water.  Filter 10 mL of the aqueous extract using a 0.45 um celluloacetate syringe filter into a 15 mL graduated centrifuge tube.  Add 200 (L of Indium (250 ppb) and 200 uL Lutetium (100 ppm) as an Internal Standard.  Mix well and determine trace elements using ICP-MS and ICP-AES.  This solution contains 50 ng of Indium and 20 microgram of Lutetium.

Emulsion method with nitric acid/Triton x100 surfactant for liquid oils
Weigh 1 g of sample into a 50 mL centrifuge tube.  Add 20 mL of Milli-Q water, 0.5 g of Triton-x100, 3 mL of nitric acid, 0.6 mL of Lutetium (100 (g/mL) and 0.6 mL of Indium (250 (g/L).  Make up to 30 mL with Milli-Q water.  This solution contains 60 (g of Lutetium and 150 ng of Indium as internal standard.  

At the same time prepare 2 blanks and spiked samples as follows:

(a) 1 g of 1.0 ppm S21 - oil standard in base vegetable oil is added to sample for sample spike.

(b) 1 g of 1.0 ppm S21 - oil standard in base vegetable oil is used as Standard Reference Control.

(c) 1 g of base vegetable oil is used as blank.

Shake on a Rotary mixer (Reax 2) for 2 hours. Metals in the mixture are determined by using the ICP-AES or ICP-MS before the emulsion settles, usually within 10 minutes.  Stir the sample continuously with the sample probe when aspirating sample into the ICP-MS or ICP-AES.

Instrumental conditions
Refer to ICP-MS and ICP-AES manuals for use of instrumentation.

Asphaltene removal

Materials

Balance

Distilled solvents; n-pentane, dichloromethane (DCM)

4 mL glass vials with screw caps

20 mL glass vials with screw caps

Aluminium foil

Glass centrifuge tubes and Centrifuge

Sonication bath

Heating block

Nitrogen gas

Recovery standard (e.g. 3-CD3-5(H)-cholestane)

Clean Pasteur pipettes and bulbs

Procedure
Into a pre-weighed 4 mL vial with 10 (g 3-CD3-5(H)-cholestane weigh out 200 mg of oil sample. To obtain an approximate estimate of the weathering by evaporation potential of the oils, allow to stand in a fumehood for 24 hours and reweigh the vial.  DCM rinse glass centrifuge tubes and allow to dry. Transfer the oil with n-pentane to the centrifuge tube using a Pasteur pipette and add additional n-pentane to the centrifuge tube until 2/3 full. Sonicate the solution for a few seconds in a sonication bath until completely mixed and stand in a refrigerator or cool room (4(C) for 2 hours to allow asphaltenes to precipitate out. Cover the tube with DCM rinsed aluminium foil to prevent dust contamination.  If the asphaltenes precipitated out on the inside of the Pasteur pipette, wash the remnants back into the 4 mL vial using DCM.

Weigh a 20 mL vial.  After two hours centrifuge the cooled oil/solvent according to the manufacturers instructions.  When the cycle is finished, pour off the supernatant from the precipitate into the 20 mL vial.  Dry this asphaltene free fraction under a stream of nitrogen.  Add 2 mL n-pentane to the precipitate in the tube and repeat the above centrifuge program.  Pour off the solvent into the 20 mL vial and repeat the 2 mL centrifuge a second time.  After the third centrifuge cycle dry the asphaltene-free fraction under a stream of nitrogen and leave overnight to dry. Transfer the precipitated asphaltenes back into the 4 mL vial using DCM and dry under a stream of nitrogen until constant weight.
Column chromatography of the asphaltene-free fraction

Materials

40 cm long, 1 cm diameter glass column

Non-absorbent cotton wool

Distilled solvents: methanol, dichloromethane, petroleum ether

50 mL beaker 

Merck 40 (70-230 mesh) silica gel

100 mL measuring cylinder

3 x 100 mL round bottom Quickfit flasks

Cork rings

250 mL beaker

Rotoevaporator and water bath
4 mL vials and screw caps
Heating block

Nitrogen gas

Clean Pasteur pipettes and bulbs

Procedure

The column is plugged with a ball of cotton wool and is then washed using 1/2 a column volume of methanol, 1 column volume of dichloromethane and 1 column volume of petroleum ether.  The column is then filled with petroleum ether. Twelve grams of activated silica gel is weighed out into a beaker and then slowly added to the column and allowed to settle.  Gentle tapping helps to remove any bubbles in the column.  The solvent is then passed through the column until it was about 1 mm from the column surface.  Discard this and the solvent from the cotton wool rinses.

The entire asphaltene free fraction is then dissolved in petroleum ether and carefully transferred via Pasteur pipette to the top of the column.  The sample plug is run onto the column without allowing the top of the column to go dry.  The surface should not be disturbed during the column run. The column is then eluted sequentially using:

 - 40 mL petroleum ether (saturated hydrocarbon fraction)

 - 50 mL 1:1 dichloromethane/petroleum ether (aromatic hydrocarbon fraction)

 - 40 mL 1:1 dichloromethane/methanol (polar fraction)

The fractions should be collected in clean round bottom flasks.

Rotoevaporate the fractions to almost complete dryness (1-2 mLs).  Each fraction is transferred to a preweighed 4 mL vial and the flask washed thoroughly to recover all the sample with petroleum ether for the saturate fraction, and dichloromethane for the two remaining fractions.  The sample is then carefully dried under a stream of nitrogen to just constant weight at 40(C.  n-Alkanes less than C15 are partly removed by this procedure as can be seen by comparing the gas chromatograms for the whole oil and the saturated hydrocarbon fractions. 

Record:

Initial weight of oil

Oil weight after 24 hours of evaporation in the fumehood

Weight of Asphaltene Fraction

Weight of Asphaltene-free Fraction

Weight of Saturated Hydrocarbons

Weight of Aromatic Hydrocarbons

Weights of NSO Compounds (or Polar Fraction).

The %<C15 is the weight of oil lost by evaporation in the fumehood relative to the total amount of oil initially weighed, and expressed as a percentage. The asphaltene, saturated hydrocarbons, aromatic hydrocarbons and polar fraction quantities obtained are summed together and expressed as relative percentages of this total. 

Preparation of a branched-cyclic hydrocarbon fraction for GCMS by Silicalite molecular sieve

High concentrations of n-alkanes can interfere with the determination of cyclic biomarkers by GCMS. Adduction and removal of the n-alkanes by Silicalite molecular sieve (Union Carbide) is a quick and simple way to eliminate this interference. 
Materials

Non-absorbent cotton wool

Distilled solvents: methanol, dichloromethane, n-pentane

Silicalite Molecular Sieve (Union Carbide)
4 mL vials and screw caps
Heating block

Nitrogen gas

Clean Pasteur pipettes and bulbs 

Procedure
Silicalite (crushed to a powder) is heated overnight to 400(C and may be stored indefinitely in an oven at 120(C.  A Pasteur pipette is lightly plugged with non-absorbent cotton wool, washed with methanol and dichloromethane and dried in a warm oven to remove the solvents.  The pipette is filled with 3-4 cm of silicalite and packed using small additions and light tapping to obtain uniform packing.  The pipette is placed in a pre-weighed 4 mL vial.

10 mg of the saturated hydrocarbon fraction is dissolved in a minimum amount of n-pentane (preferably less than 100 µL).  The top of the silicalite in the column is loaded with two 50 µL aliquots of sample followed in each case by 100 µL of n-pentane and then left to dry for at least 15 minutes.  After 15 minutes the silicalite is saturated with n-pentane until the solvent front reaches the cotton plug.  This is left a further 10 minutes following which the silicalite non-adduct (SNA) is eluted from the column with approximately 4 mL of n-pentane, and placed under a gentle stream of nitrogen until almost dry.  Allow to stand away from the nitrogen stream until a constant weight is obtained. Severe drying will remove the low carbon-number isoprenoids.  The silicalite column is allowed to dry and the silicalite powder containing the adducted n-alkanes can be kept for possible compound specific isotopic analysis (see Murray et al., 1994).

Analysis of whole oil and the saturated hydrocarbons by Gas Chromatography

GC/FID analysis is carried out using a gas chromatograph (GC) equipped with a capillary column and flame ionisation detector (FID).  All flow and temperature parameters should be optimised according to the instrument manual.  In this study, the following procedures and conditions were used to generate the data for the reference oils.

GC/FID of whole oils
Instrument: 
Varian 3400 Gas Chromatograph

Column: 
50 m x 0.2 mm i.d. PONA crosslinked methyl silicon, 0.5m film thickness

Carrier gas:  
Hydrogen at a head pressure of 20 psi with 150 mL/min injector flow and a column flow rate of 1 mL/min.

Temperature:  
The oven is held at 30(C for 20 min, then heated to 310(C at 8(C/min.  Hold final temperature for 40 min for a total run time of 90 min.

Injection:
Split 150:1, 300(C, 1 µL injection volume

GC/FID of the saturated hydrocarbon fraction
10 µL of 3-methylheneicosane internal standard (1 µg/µL in hexane) is placed into an autosampler vial containing a 100 µL insert.  The saturated hydrocarbon fraction is diluted to 1 mg/100 µl in hexane and 100 µl transferred to the GC vial. Hence each vial contains 1 mg of saturated hydrocarbons and 10 µg of internal standard.

Instrument: 
Hewlett Packard HP 5890 series II instrument

Column: 
25 m x 0.2 mm fused silica, methyl silicone bonded phase column, e.g. HP Ultra-1 or J&W DB-1.

Carrier gas: 

Hydrogen at a linear flow rate of 30 cm/sec and head pressure of 15 psi.

Temperature: 
The oven is programmed from 50(C to 310(C at 4(C/min with a 2 min hold for a total run time of 80 min.

Injection: 
Temperature programmed on-column. Injector temperature is programmed to track the column temperature, 1 µL injection volume.

Using peak areas determined by electronic integration of the data, the following ratios were calculated and reported:

Pristane/Phytane

Pristane/ n-heptadecane (n-C17)

Phytane/ n-octadecane (n-C18)

n-C27/n-C17
CPI (Carbon Preference Index) where:

CPI 
=  
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Carbon stable isotope ratio mass spectrometry

The carbon stable isotope ratio (13C) of an oil or oil fraction is an excellent correlation tool where no significant weathering has occurred. On average, slightly over 1 out of every 100 carbon atoms in nature is the non-radioactive 13C isotope, the remainder being the abundant 12C isotope. Biological processes discriminate against the heavy 13C isotope so that carbon in living tissue is depleted in 13C with respect to the inorganic carbon pool. The degree of depletion is variable and this means that fossil organic matter such as petroleum also have variable isotope ratios. See Peters and Moldowan (1993) for a discussion of the factors that affect carbon isotope ratios and the degree of similarity to be expected between oils of similar origin. The precision of the technique is high (± 0.1 per mil typically) so that larger differences, of the order of 0.5 per mil in unweathered samples can be considered indicative of a mismatch. However, minor weathering may alter the 13C value in unpredictable ways, since different oil components have different isotope signatures (Murray et al., 1994). Changes of more than four per mil on weathering are not expected, however and it is possible to compensate for evaporative weathering by analysing the relatively stable C15+ fraction. Carbon stable isotope ratios (13C) were obtained following procedures similar to those described in Sofer (1980) where the sample carbon is converted to carbon dioxide by copper oxide oxidation at 900(C offline in sealed quartz tubes. A Finnigan MAT 252 isotope-ratio mass spectrometer was used to analyse the cryogenically distilled carbon dioxide generated during the combustion of the samples. Conventionally, the isotopic composition of a carbon sample is given as a delta notation ((13C) where ( is in parts per thousand (‰) as the relative deviation of the 13C/12C ratio of the sample relative to the universally accepted reference standard, Pee Dee Belemnite (PDB). All (13C values given in NOSID are reported in the per mil notation relative to the Pee Dee Belemnite (PDB) as shown below, with the sample in this study being the C15+ fraction.
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Ultra-Violet Fluorescence (UVF) spectrophotometry

All oils, with the exception of light distillates and some condensates, contain compounds that fluoresce under ultra-violet light. The shape of the UVF spectrum is determined mainly by the distribution of polycyclic aromatic hydrocarbons. i.e., the number and type of ring structures and the degree of alkyl substitution. Various kinds of fluorescence spectrometry have been used in forensic oil identification work.  Two common methods are scanning of the emission spectrum at a fixed excitation wavelength, as in ASTM method D 3560-90, and synchronous excitation/emission fluorescence spectrophotometry as in the UNEP/IOC 1992 protocol. Both methods were applied to the reference oils by Dr. Kathryn Burns of the Australian Institute of Marine Science (AIMS) using the following conditions and procedures.

Instrument:

Hitachi F-4000 

Lamp:


Xenon

Cells:


10 mm Quartz

Solvent: 

Spectroquality hexane

Sample concentration:
ASTM method, 20 ppm in hexane




UNEP/IOC, 5 - 10 ppm in hexane
Fluorometer pretest
The fluorometer should be tested for its signal to noise ratio and the accuracy of the monochromators by following the instructions in the instrument manual or as follows:

Turn on the xenon lamp and allow the instrument to warm up for about 30 minutes.  Set the controls as follows:

Mode :

Energy (electronic filtering mechanism turned off)

Response:
Norm (2.0 sec)

Gain Switch:
Norm (750 V)

Carefully fill the 10 mm quartz cell with distilled water ensuring that there are no bubbles, and position the cell in the sample compartment.  Set the following conditions:

Emission slit

10 nm

Excitation

10 nm

Sample Shutter

Open

Emission Wavelength
397 nm

Excitation Wavelength
350 nm

Scan Speed

60 nm/min
By turning the course and fine sensitivity knobs, deflect the recorder pen to about 80% of full scale at 397 nm (Range typically 3.0 or 1.0).

Set emission wavelength dial at 330 nm.  Record the emission spectrum of the distilled water from 330 nm to about 500 nm.  Turn off the wavelength drive and manually scan back to the emission maximum of the Raman band, which should be at 397 nm.  Record the noise level at this maximum.  Measure the signal height of the Raman peak from the floating baseline to the peak height.  Measure the height of the noise.  The signal to noise ratio should be 80/1 or greater.

Blanks
The hexane use for dilution should be tested for its contribution to blank signals.  Solvent blanks should accompany batches of samples and be analysed at the same time under the same conditions.  The complete procedural blank value is acceptable for sample correction if its fluorescence reading does not exceed twice the fluorescence reading of the unconcentrated hexane (UNEP, 1992). Spectroquality grade hexane (or alternatively cyclohexane in ASTM 3650-90) must have a fluorescence solvent blank less than 2 % of the intensity of the major peak of the sample fluorescence generated with the same instrumental settings over the emission range used.

ASTM D 3560-90
The Hitachi F-4000 fluorescence spectrometer is operated in High Gain mode.  The excitation monochromator is set at 254 nm and the slit width is set at 10 nm.  The emission slit is set to 1.5 nm bandwidth.  Make a fast scan of the emission spectrum from 280 to 500 nm to determine the wavelength of maximum fluorescence and set the full scale response accordingly.  Remove the sample cell, discard the solution and place a fresh non-irradiated solution in the cell (for each spectral scan). Adjust the concentrations of the sample solutions to give 95% full scale readings at the maximum emission wavelength (for the reference oils, see each UVF trace for concentration used). Replace the cell in the sample compartment.  Scan the emission spectrum from 280-250 nm at an emission monochromator scan speed not less than 25 nm/min or greater than 60 nm/min.

UNEP/IOC
A synchronous excitation/emission scan provides improved spectral resolution and reduces interferences due to Rayleigh and Raman scattering. Samples are prepared in 5-10 (g/mL hexane concentration.  The excitation monochromator is set 25 nm below the emission wavelength and the two monochromators scanned synchronously (start with excitation at 255 nm and emission at 280 nm).  Set the excitation monochromator slits (or band pass widths) at 10 nm and emission monochromator slits at 3 to 5 nm depending on instrument sensitivity.  Set scan speed at 60 nm/min and recorder speed at 3 or 6 cm/min.  Record synchronous spectra between 280 nm, and 500 nm emission.

Interpretation
Identification of an oil by UVF is made through comparison of its fluorescence spectra with those of possible matching oils. This can be carried out by overlaying the plots to check for a match noting the general shape, the number of peaks and the wavelengths at which maxima and minima occur.  The spectra of the reference oils are provided as Microsoft  Excel charts and, if new data is similarly stored, can be easily compared by computer subtraction, ratioing or other pattern matching techniques. Where suspect oils are not available for comparison, it is only possible to determine whether the oil is a refined product or a crude - the latter generally show intensity maxima at higher wavelengths.  For the emission regions of single through five ringed compounds see Popl et al., (1975).  Diesel contains mostly substituted naphthalenes and no signal due to the higher ringed aromatics.  Crude oils show maxima in the higher wavelength regions. The ratios of the major peak intensities and the contours of the spectra are also likely to change due to weathering. Biodegradation of alkyl side chains on the aromatic rings will shift emission maxima to shorter wavelengths, while water washing will preferentially remove the more soluble single and double ring aromatic components (<340nm) (UNEP, 1992).

Infra-Red Spectrophotometry

The infra-red spectrum of an oil records information primarily on the number, type and environment of C-H and C-C bonds.  As such it is a useful fingerprinting tool. The infra-red spectra of the reference oils were recorded using a Fourier-Transform method at two resolutions (1 and 2 cm-1), stored digitally and used to generate excel line charts. The analyses were carried out by Mr. Bob Worral at the Australian Government Analytical Laboratories (AGAL), Perth, Western Australia.  The following procedure, extracted from the AGAL methods manual was used.

Materials 
Bio-Rad FTS-7 model Fourier-Transform infra-red spectrophotometer, configured for 1 cm-1 resolution

Hexane, spectral grade

Dichloromethane, spectral grade

Sodium sulphate, granular, anhydrous 

SPECAC semi-permanent liquid cell consisting of 2 x 45 x 23 x 6 mm polished rectangular potassium bromide windows and 0.05 mm teflon spacer plus neoprene gaskets, nesting plate.

Temporary liquid cell consisting of 2 x 25 x 6 mm circular potassium bromide windows and 0.05 teflon spacer plus neoprene gaskets, nesting plate

Potassium bromide window polishing kit

NIST Standard Reference Material 1921 Infra-red Transmission Wavelength Standard; 38 um thick, matte polystyrene film

Disposable culture tube with plastic cap, borosilicate, 13 x 100 mm, Kimble

Medifuge, Heraeus Sepatech

Procedure
Spectral Range

4000-400 cm-1
Number of Scans
16

Resolution

2 cm-1 for 4000-400 cm-1 range 




or 1 cm-1 for 2000-400 cm-1 range

Aperture plate 

7 mm

Check instrument performance as follows: Monitor the centreburst voltage and collect a 100% line.  Check for flatness, noise and indications of poor performance.  Install the 7 mm aperture plate and collect a 1 cm-1 resolution instrument background spectrum followed by a 1 cm-1 calibration transmittance spectrum of the reference polystyrene film.  Check the absorbance band wavenumber values of the acquired polystyrene spectrum according to the NIST instructions and the most recent, comprehensive performance check using NIST SRM 1921.  The relative intensities of the sidebands at 2850.7 cm-1 and 1583.1 cm-1 have a clear inflection and a displacement of 1 to 3% transmission.  If the instrument passes these tests then print out the labelled reference polystyrene spectrum and include with the results of the analysis.  Wherever possible use the semi-permanent cell for the analysis.  Use of the temporary cell permits only visual comparison with those spectra previously acquired under standard conditions (generally using the 50 mm semi-permanent cell).  Once constructed the semi-permanent cell should be left assembled unless it is absolutely necessary to strip it down for cleaning.  In this event it must be reconstructed in the arrangement identical to that which existed prior to cleaning.  This cell is best used when samples are liquid and mobile at room temperature.  It has been estimated that approximately 85 % of crudes, all lighter distillates and 50-75 % of the number 4,5 and 6 fuel oils can be directly injected into liquid cells (Frankenfield, 1973).

The temporary cell is constructed between each acquisition run with the same attention to positional detail as required for the semi-permanent call.  This cell should only be used where the semi-permanent cell cannot; for example samples that are non-mobile at ambient temperatures.  Construct the cell without the 50 (m teflon spacer, place in the sample compartment and collect a 2 cm-1 resolution single beam background spectrum.  Reconstruct the cell with the 50 (m teflon spacer, place in the sample compartment and collect a 2 cm-1 resolution transmittance spectrum.  The resultant transmission spectrum should consist of a continuous, sinusoidal wave of interference fringes.

Calculate the cell thickness using the formulae




where N is the number of interference fringes between wavenumber values 1and2 (cm-1).

Sample Preparation
Where possible, oils should be examined without preparation.  However, generally this is not feasible, the minimum requirement being the addition of drying agents such as anhydrous magnesium sulphate and sodium sulphate followed by centrifuging.  All oils should be prepared in the same manner. Into a disposable culture tube weigh 0.3 ( 0.01 g anhydrous sodium sulphate and add 1 mL of oil by auto pipette.  Cap, vortex mix for 20 seconds and centrifuge at 5000 rpm (3000g) for 5 minutes.  Allow to stand for at least 1 hour before acquiring any spectra.

Where simple drying is not sufficient ASTM D3326 or other validated preparative procedures should be employed.  Wherever possible the use of solvents in sample preparation should be avoided, or at least minimised, to reduce the chance of inadvertent contamination or component loss during solvent removal. Quality assurance is monitored by the analysis of one sample in duplicate and one known reference oil.

Acquisition of Spectra
All spectra in a suite of samples should be acquired with the same cell.  Ensure the cell is clean prior to use.  Ensure the 7 mm aperture is in place and collect a 4000-400 cm-1, 2 cm-1 resolution, single beam background spectrum of the cell constructed without the spacer.  Reconstruct the semi-permanent cell with the spacer.  The prepared sample is transferred into the cell using a glass Pasteur pipette.  The cell should be free of trapped air bubbles.  The cell plugs can be used to force the oil in and bubbles out. With the temporary cell the spacer is placed upon a single window and the sample is either pipetted or smeared in the centre of the window.  The second window is then placed on top of the smear to form a sandwich.  The oil film must be free of bubbles.  The cell arrangement is then placed in the holder and clamped using pressure nuts.  The nuts should be tightened carefully to prevent window fracture and ensure reproducible cell thickness.

Install the filled cell into the spectrophotometer and collect the 4000-400 cm-1, 2 cm-1 resolution transmission and absorbance spectra of the sample.  Repeat the procedure for a 2000-400 cm-1 scan at a 1cm-1 resolution.  The sample spectra should be collected as soon as possible after the cell is filled to avoid any differences due to component evaporation.  Remove the cell from the spectrophotometer, clean thoroughly with hexane and dry with compressed air.  For each suite of oils acquire the spectra on the same day and under as similar conditions as possible.

Interpretation
Qualitative visual comparison using instrument software only determines whether oils are identical matches by virtue of significant differences in the point to point features of the spectra.  In performing visual comparisons the analyst needs to be aware of the differences that might result from the effects of weathering and contamination.  Generally weathering effects manifest themselves in the 2000-600 cm-1 spectral region with increased weathering tending to cause bands at >900 cm-1 to increase in absorbance and those at < 900 cm-1 to decrease in absorbance.  The comparison procedure considers the position, relative intensity and shape of individual bands to derive information on the instrument performance, contamination by impurities, extent of weathering and degree of match between the spilled and suspect oils.

Visual evaluation
1975 cm-1 Baseline Point: 1975 cm-1 represents the point of minimum absorbance for the predominant organic compounds of petroleum products.  For valid spectral comparison this point should not differ by more than 1-2% T between spectra.

1377 cm-1 Band Point: The 1377 cm-1 band originates in the stretch mode of a single methyl group attached to a carbon atom with no other methyl substituents.  The relative intensity of this point between the spectra is qualitative assurance that the samples were of the same thickness.  For valid spectral comparison it should be in the range 0-15% T and differ by less than 10% T between spectra.

Residual impurities
3400 cm-1 Band: This generally broad, low intensity band due to the O-H stretch indicates insufficient drying of the oil.

610, 1075 and 1175 cm-1 Bands: The presence of a sharp peak at 610 cm-1 and intensity increase in the 1075 and 1175 cm-1 bands indicates incomplete removal of the anhydrous magnesium sulphate drying agent.

722, 910 and 920 cm-1 bands: The appearance of twin bands at 910 and 920 cm-1 with an associated increase in the intensity of the 722 cm-1 band indicates incomplete removal of the deasphaltening solvent, pentane.

Weathering effects
1770-1685 cm-1:  Bands in this region are generally the result of the oxidative weathering processes that become significant some 48 hours after spillage.  These bands are characteristic of carbonyl-containing compounds such as aliphatic and aromatic aldehydes, ketones, carboxylic acids and esters; the C=O stretch being primarily responsible for those at 1685 and 1708 cm-1.  If these bands are present in the spilled oil spectrum but absent in that of the suspect, comparison should be continued because observable differences in the fingerprint regions of the 2 spectra may only be the result of the weathering rather than a reflection of true compositional difference.  If neither spill nor suspect show signs of oxidative weathering then any fingerprint region differences are real and the oils are considered not to match.  Unweathered lube oils may show a strong band at 1710 cm-1 due to the presence of a viscosity modifier, which actually decreases rather than increases with weathering as typical for other oils.

1350-900 cm-1 Region:  Absorbance bands in this region are due primarily to the stretch frequencies of the C-O group:

1304 cm-1
C-O stretch in the more complex esters and simple alcohols plus a weak band from the alkenes

1165 cm-1
The C-O stretch frequency in the aliphatic ethers.

1032 cm-1
The C-O stretch in alcohols, aromatics and olefinic ethers.

In general weathering causes this region of the transmittance spectrum baseline to move down as a result of the apparent increase in heavier components due to light component evaporation and dissolution. The individual bands generally broaden but remain constant in shape and relative size.  This is particularly so for 1164 cm-1 band of light oils.  If there are insufficient differences in the 1350-900 cm-1 regions of the spectra, and/or the three peaks above are not alike, the oils are considered not to match.

900-700 cm-1 Region: This basic oil fingerprint region requires detailed examination because its bands uniquely characterise an oil in terms of the skeletal C-H molecular structure, particularly for the paraffins and aromatics.  All band intensities, shapes and locations in samples and suspects, should correspond point for point.  In this method the 765 cm-1 band is taken as the first maximum or shoulder after the 740 cm-1 band and 810 cm-1 band is considered to be the strongest maximum between 810 and 815 cm-1.

Visual examination of specific oils
General:  Where weathering is light to moderate, say 1 week or less, the effects on the infra-red spectrum of various oil types are reasonably well known and documented (see below).  For spectra containing examples representative of these changes refer to ASTM D3414-80.  The following two observations may assist the analyst in identifying the specific type of oil being examined.  The band at 1612.9 cm-1 is relatively strong in non-lubricating oils but weak, if not absent, in lubricating oils.  If the absorbance ratio of the 809.7 and 722.0 cm-1 bands is > 0.5 then it is of the crude or lubricating oil type.  If weathering has been severe, both sample and suspect may be artificially weathered either by ASTM D3326 or by another recognised technique (e.g., the US Coast Guard procedure).

Light Distillate Fuel Oils and Diesels: Generally this group have band structure loss at 849, 810, 790, 782, 766 and 700 cm-1; and show apparent absorbance increases at 871, 832 and 722 cm-1, in part due to the general downward movement of the baseline. No. 1 and 2 fuel oils show band structure losses at 874, 850, 820 and 810, 765, 725 and 700 cm-1 and apparent absorbance increases at 871, 832 and 722 cm-1.  Diesel oils show similar losses.

No 4 Fuel Oils: These exhibit decreased absorbance at 700, 744, 766, 782, 790 and 810 cm-1, and an apparent increase at 722 cm-1 with a resultant decrease in the 744/722 cm-1 intensity ratio.

No 5 and 6 Fuel Oils: Generally these oils show minimal weathering effects other than slow development of a carbonyl band at 1708 cm-1 and an apparent increase at 722 cm-1.  Close examination of the 900 - 700 cm-1 region shows the weak, sharp bands are lost on weathering whereas the broader, stronger bands remain relatively unchanged.

Crude oils: The spectral appearance of weathering effects varies with the nature of the crude.  Light crudes weather like light fuel oils displaying significant losses at 765, 745, 695 and 675 cm-1; heavy crudes behave like heavy fuel oils.

Lubricating Oils: Lubricating oils may have additives with bands at 675, 1010 and 1235 cm-1.  The latter is a good indicator of lubricating oils because it tends to remain stable on weathering whereas the 675 and 1010 cm-1 bands suffer structural loss.  The 722 cm-1 band, a good clue to the classification of the lube oil, is very strong in paraffinic-based lube oils, and decreases slightly with weathering.  However some No 2 fuel and diesel oils may weather leaving a residue with large 722 cm-1 band which strongly resembles that of a lube oil.

Determination of biomarker concentration and key peak area ratios by Gas Chromatography-Mass Spectrometry (GCMS).

This section describes the use of gas chromatography-mass spectrometry to examine the biomarker composition of oils incorporated in NOSID. 

The term “biomarker” is an abbreviation of “biological marker“ and refers to any molecule that can be related to a precursor biochemical in a living organism. Thus, another term for biomarkers is “molecular fossil”. Geochemists use the presence or absence of these molecules to infer the kinds of organisms present in the ancient organic matter, which give rise to oil. Other information, such as the thermal history of the organic matter and the lithology of its host rock can be obtained from subtle differences in the three dimensional structure of a biomarker with respect to the original molecule.  Three classes of biomarkers, the steranes, hopanes and bicadinanes arise from sterols, bacteriohopanepolyols and polycadinene respectively. The sterols and hopanepolyols act as membrane rigidifiers in eukaryotes and prokaryotes (bacteria) respectively, and so both are present in almost all oils. Polycadinene is a plant resin constituent and is abundant in certain families of tropical hardwoods from Southeast Asia. Hence the daughter molecules, the bicadinanes, are present in terrigenous oils from Indonesia, but are undetectable in oils from the Middle East. Biomarkers are trace constituents in most oils and cannot be measured using standard gas chromatographic or spectrophotometric methods. They are measured using gas chromatography-mass spectrometry (GCMS), usually in the selected ion mode (SIM-GCMS), although higher selectivity modes such as metastable reaction monitoring (MRM-GCMS) are routinely used in geochemical applications.

Because biomarkers record information about the fundamental origins of an oil, the biomarker pattern is highly characteristic not only of oil families but of individual oils. In comparing biomarker and traditional fingerprinting methods, an imperfect but nonetheless useful analogy can be made with identification of a criminal via an identity parade as opposed to DNA matching. Traditional methods correspond to the identity parade in which the external characteristics of the oil are compared to those of several “suspects”.  These external characteristics can be altered or “disguised” by weathering to the point where the oil is no longer recognisable. By contrast, biomarker methods resemble DNA testing in that they respond to fundamental genetic properties of the oil and are largely unaffected by processes altering the external appearance. 

The analogy above is not perfect because biomarker profiles are in reality neither as selective nor immune to alteration as the DNA profile. Biomarker patterns can be affected by degradation but normally this occurs only over geological time scales. A biodegradation scale, which includes changes in the biomarker pattern, is given below. The fact that bitumens used to preserve Egyptian Mummies can still be tied to their Dead Sea source rocks is testimony to the great recalcitrance of biomarker molecules. The biomarker profile is not as specific as a DNA profile because oils produced from the same basin (and from the same source rock) can have very similar but not identical characteristics.

Table 1. A biodegradation scale*

Level
Rank
Indicator
Indicator



(Saturate Hydrocarbons)
(Aromatic Hydrocarbons)






None
0
Unaltered
Unaltered

Light
1
Lower n-alkanes depleted
Unaltered

Light
2
General loss of n-alkanes
1,6- and 2,7-DMN lost

Light
3
Only traces of n-alkanes remain
1,3-DMN and 1,3,6-TMN partly lost, loss of 2-MP begins

Moderate
4
No n-alkanes remain, but isoprenoids are intact
Continued loss of 1,3 DMN and 1,3,6-TMN, 2-MP lost

Moderate
5
No n-alkanes or isoprenoids
Loss of  all other DMNs except 2,3-DMN, loss of 1,2,6- and 1,2,5-TMN, loss of all other MPs

Heavy
6
Steranes partly degraded
Loss of all other TMNs, loss of 2,10-, 3,10-, 3,9- and 2,9-DMP

Heavy
7
Steranes near absent, diasteranes intact
All other phenanthrenes, naphthalenes lost

Very Heavy
8
Hopanes partly degraded


Very Heavy
9
Hopanes absent, diasteranes partly removed


Severe
10
Most saturated biomarkers absent
Triaromatic steroids depleted

* Note that the scale is only a guide to the relatively susceptibility of hydrocarbons to microbial attack. The order of loss of compound classes depends to some extent on the nature of the degrading environment and does not take into account changes due to water washing and evaporation. Hopanes may be lost before steranes when 25-norhopane formation occurs (see Peters and Moldowan, 1993). The gap between levels 5 and 6 is larger than between the other levels. Degradation of cyclic biomarkers requires geological times unless conditions are particularly severe. Information comes from Peters and Moldowan (1993) and Fisher et al. (1996, 1998).  DMN = dimethylnaphthalene, TMN – trimethylnaphthalene, MP = methylphenanthrene, DMP = dimethylphenanthrene.

Materials
Capillary gas chromatograph interfaced to a mass spectrometer.  The system should have a computer for control of data acquisition, storage and processing.

Hexane, distilled

GC vials and 100 µL inserts

Syringes (100 µL and 500 µL)

Vial caps

Internal standard (e.g. D4-5(H),14(H),17(H)-ethylcholestane 20R).

Procedure
100 µL limited volume inserts are placed in GC vials and 100 ng of D4-5(H),14(H),17(H)-ethylcholestane 20R internal standard in hexane is added.  The branched/cyclic hydrocarbon fractions (silicalite non-adduct or SNA) are diluted to 1 mg/100 µL of hexane and 100 µL is transferred to the vial, which is then capped. Each sample vial thus has 1 mg of the branched/cyclic hydrocarbon fraction and 100 ng of internal standard.

Analytical Instrument Parameters
GC parameters
Instrument: 
Carlo Erba GC

Column:  
50 m fused silica crosslinked methyl silicone HP Ultra-1 column.  Internal diameter 0.2 mm, film thickness 0.33 m.

Carrier gas: 
Hydrogen at a linear flow of 30 cm/sec and pressure 25 psi.

Temperature: 
Initial temperature 60(C held for 2 mins, and then from 60(C to 150(C at 25(C/min, then to 310(C at 3(C/min.  Hold for 20 mins.

Injection:  
1.5 (l cold on-column, using a CTC autosampler

MS parameters
Instrument: VG Ultima-Q hybrid mass spectrometer

Mode of operation: Selected Ion Monitoring (SIM)
High mass:


414.4

Low mass:


123.1

Resolution:


500

Ionisation Mode:

EI+

Accelerating Voltage:

8000.0 V

Magnet 1 Control:

Field

Start Time:


10:00

End Time:


80:00

Number of Channels:

15

Cycle Time:


1455

Channel
Parent Mass
Ch Time (ms)
I/ch Time (ms)

1
414.4230
40
180

2
412.4060
40
30

3
400.4070
40
30

4
398.3900
40
30

5
383.3676
40
30

6
369.3520
40
30

7
274.2652
40
50

8
234.2100
40
70

9
231.2121
40
30

10
221.2210
40
45

11
218.2030
40
40

12
217.1960
40
30

13
205.1940
40
40

14
191.1790
40
50

15
123.1170
40
170

Mode of operation: Metastable Reaction Monitoring (MRM)
Function 1

High mass:


360.4

Low mass:


208.2

Resolution:


500

Ionisation Mode:

EI+

Accelerating Voltage:

8000.0 V

Magnet 1 Control:

Field

Start Time:


10:00

End Time:


47:30

Number of Channels:

13

Cycle Time:


1220

Channel
Parent Mass
Daughter Mass
Ch Time (ms)
I/ch Time (ms)

1
262.2650
191.1790
40
100

2
276.2800
191.1790
40
50

3
290.2960
191.1790
40
50

4
304.3120
191.1790
40
50

5
318.3280
191.1790
40
50

6
330.3280
191.1790
40
50

7
332.3440
191.1790
40
50

8
346.3590
191.1790
40
50

9
360.3740
191.1790
40
50

10
208.2200
137.1320
40
50

11
208.2200
123.1170
40
50

12
222.2350
123.1170
40
50

13
274.2650
123.1170
40
50

Function 2

High mass:


482.5

Low mass:


370.4

Resolution:


500

Ionisation Mode:

EI+

Accelerating Voltage:

8000.0 V

Magnet 1 Control:

Field

Start Time:


47:30

End Time:


80:00

Number of Channels:

19

Cycle Time:


1890

Channel
Parent Mass
Daughter Mass
Ch Time (ms)
I/ch Time (ms)

1
426.4210
383.3676
40
80

2
421.4060
369.3520
40
50

3
389.4105
234.2320
40
200

4
414.4230
231.2120
40
60

5
372.3760
217.1960
40
50

6
386.3910
217.1960
40
50

7
404.4321
221.2210
40
50

8
400.4070
217.1960
40
50

9
414.4230
217.1960
40
50

10
426.4210
205.1940
40
50

11
370.3590
191.1790
40
40

12
384.3740
191.1790
40
50

13
398.3900
191.1790
40
50

14
412.4060
191.1790
40
50

15
426.4210
191.1790
40
50

16
398.3900
177.1640
40
50

17
468.4670
191.1790
40
50

18
412.4060
177.1640
40
50

19
482.4820
191.1790
40
50

Data processing

Peaks can be identified using the chromatograms in NOSID. Peak area data from each channel should be entered into an excel workbook configured to calculate both biomarker ratios and ppm (mg/kg) of key biomarker compound in the whole oil.

The procedure for quantitative biomarker analysis of an oil or sediment extract at AGSO uses internal, external and (optionally) recovery standards. The external standard is currently the AGSOSTD oil with known concentrations of various biomarkers in the whole oil. Immediately prior to GCMS analysis, whether by SIM- or MRM-GCMS, an internal standard of 100 ng D4 stigmastane ( 20R) is added. Using the known concentrations of each compound in the AGSOSTD, a set of response factors relative to the D4 standard are determined, where for compound n:

RFn = (Arean/Massn)/(Area D4/100) 

This assumes that 1 mg of the branched/cyclic (B/C) hydrocarbon fraction for the sample oil and AGSOSTD oil have been added to the GCMS vial. The relative response factors are used to determine the ng/mg (= ppm) of each compound in the B/C hydrocarbon fraction. The corresponding concentrations per unit of the asphaltene-free or whole oil can then be obtained by applying the appropriate factors recorded during work-up.  The relative response factors themselves should also be recorded as a means of checking system performance and a spreadsheet and embedded control chart should be used for this purpose.

Use of the D4 internal standard corrects for errors in injection volume and for changes in volume of the GCMS aliquot due to evaporation. A separate problem is the difficulty of accurately transferring 1 mg of the standard and sample to the GCMS vial. One way of dealing with this is the use of a recovery standard added at the start of sample work-up and carried through all procedures. This allows for correction of any errors involved in transferring aliquots, sample losses occurring at any stage in the procedure and for some calculation errors. A suitable recovery standard is trideuterated methylcholestane (called the “D3” standard hereafter). and this should be added at 10 g/200 mg oil (see asphaltene removal). Use of a recovery standard has both advantages and disadvantages and its use is therefore optional in the AGSO procedure. The advantages have been described above, the main disadvantage is that the concentration of every sample component depends on a correct peak area and mass measurement for the recovery standard. Thus, any errors in measurement of the recovery standard, e.g., due to a co-eluting peak will affect the result for every compound. For this reason, it is essential that the relative response factor for the recovery standard (i.e. D3 vs D4 standard) is determined for every individual GCMS run. This can be done by making the first and last sample in any GCMS run a vial containing only 100 ng D3 and D4 standards in pure solvent. This will also allow a check of the system baseline or “blank”.

Interpretation of biomarker concentration and peak area ratios
Absolute biomarker concentrations are given as ppm of the whole oil (>C15, asphaltene free fraction) as determined by SIR_GCMS and MRM-GCMS.  Absolute biomarker quantities provided in NOSID were not corrected for the recovery standard (D3).

Most applications of biomarkers in petroleum and environmental geochemistry are based on visual comparison of mass chromatograms or on selected peak area ratios. These ratios can be used for correlation purposes and to infer the nature of the source organic matter, its thermal maturity, the lithology of the host rock and some aspects of the depositional environment such as salinity and oxicity. Interpretive rules have been developed over the last 30 years largely by empirical association of biomarker features with particular geological settings. However, these rules are increasingly underpinned by proven links between biomarker compounds, their biological precursors molecules and the types of environment in which the parent organisms lived (see Peters and Moldowan, 1993 for a review of biomarker technology).

Quantitative determination of petroleum biomarkers is a science that is still in its infancy and there are no standard reference materials available for validating the method. In most biomarker work, the absolute concentration of biomarker compounds in an oil or sediment is not measured. This is because valid and useful interpretations can often be made by relying solely on peak area ratios, and these can be measured more easily and with greater precision. There are, however, some disadvantages to this approach: 

(a)
Comparisons between measurements made in different laboratories and over time are subject to differences in GCMS instruments and procedures. Up until now, this has not been a great problem because most work has been done using reasonably standard selected ion monitoring (SIM) GCMS methods. Even so, comparisons involving compound class ratios (e.g., steranes/hopanes) are probably not valid, especially if one laboratory uses a high resolution and the other a low resolution mass spectrometry procedure.  Furthermore, area ratios derived from metastable reaction monitoring GCMS are not easily compared with those from SIM-GCMS.

(b)
Without knowledge of absolute biomarker concentrations, it is not possible to predict the biomarker pattern of an oil mixture. For example, what biomarker will be the characteristics of an oil formed by equal contribution from lacustrine and fluvio-deltaic source rocks?  Inability to answer such questions has lead to suggestions that lacustrine oils (which tend to have rather neutral biomarker signatures) have gone unrecognised in some basins. De-convoluting mixtures of oils is also important in reservoir geochemistry. To give an example from the environmental field, the biomarker pattern of sediments in Port Phillip Bay, Australia nearly always resembles that of Middle Eastern oils used as feedstock in lube oil production. Does this mean that lube oil is the major contributor? Or could it be that the high boiling range lube-oil feedstock, enriched in biomarker compounds, masks the contribution of locally produced oils?

(c)
The absolute concentration of a biomarker can itself be an important correlation, maturity or biodegradation parameter. For example, the Challis oil of the NW Shelf has a biomarker pattern similar to other oils from the region such as Skua and Jabiru. However, the concentration of hopane in the Challis oil is ca. 3 times higher than in the Skua and Jabiru oils. Biodegradation increases the relative concentration of resistant biomarkers and the increase in hopane content has been used to estimate the degree of biodegradation of pollutant oils. 

For these reasons, there is a trend towards measurement of absolute biomarker concentrations. A major difficulty that pure reference compounds are, except in a few instances, not readily available. Most biomarker standards available commercially (e.g. from Chiron Laboratories) have the biological rather than geological stereochemistry. For example, Chiron sell 17(H),21(H)-hopane but not the 17(H),21(H) compound which is more abundant in oils and mature sediments.  Although this many seem a small difference, the GCMS response of the 17(H),21(H) compound is different to that of the compound due to more of the ion current being carried by the 369 Da ion. In the absence of pure compounds on which to base a rigorous quantitative analysis, various “compromise” approaches are used. For example, the large Geomark Oil database assigns all steranes the response factor of tetra-deuterated stigmastane and also uses a single (different) response factor for all triterpanes. In their work on degraded pollutant oils, Wang et al. (1994a,b,1995) used the response factor for the -hopane to quantify all hopanes. Another approach is to isolate a biomarker fraction of an oil or sediment to the extent that individual compounds can be quantified by gas chromatography. The concentrations so derived can then be used to calibrate the GCMS procedures. This method, which was used in the Chevron Laboratories (J. M. Moldowan, personal communication), relies on the relative insensitivity of the GC flame ionisation detector to variation in compound structure (see Tong and Karasek, 1984). Response factors for all of the major biomarkers can be obtained in this way but generic factors must still be used for the minor compounds such the diahopanes.

The concentrations of biomarkers in the AGSO standard oil were determined by calibration with an oil standard from J. M. Moldowan, and by cross calibration of GCMS and gas chromatography with a flame ionisation detector, both methods making use of an internal standard. Because of the derivative nature of this calibration, the biomarker concentrations given in NOSID should be treated (for the present) as (a) “order of magnitude” estimates of the true concentrations and (b) internally consistent and hence valid for comparison of one oil to another.
Most oil-comparisons for forensic purposes will make use of biomarker peak area ratios rather than absolute concentrations. Area ratios are by their nature more precise than absolute concentrations, provided analytical conditions are identical for the sample and suspect oils.  A “significant difference” between the biomarker profiles of two oils may be said to occur when one or more major peak area ratios differ by more than two standard deviations (95% confidence level).  Each user will need to determine their own precision for peak area ratios.  For example, the ratio of normal and neo-trisnorhopanes (Ts/Tm) was determined with a precision of 4% for the AGSO standard oil using SIM-GCMS. If such precision is attained in forensic analysis of oils, differences of more than 8% between sample and suspect might be judged “significant”.  In general, when testing for a match, the analyst should look for the absence of significant differences in peak area ratios for (a) the major triterpanes, e.g. C29/C30 hopane, Ts/Tm, C31/C30 hopane (b) the proportions of regular steranes, e.g. % C27  steranes and (c) the ratio of rearranged (i.e., dia- and neo- forms) steranes and hopanes to their regular counterparts. In addition, there should be no unexplained absence or presence of diagnostic biomarkers such as oleananes, bicadinanes, gammacerane or 28,30-dinorhopane. However, the analyst should keep in mind that a small amount of a contaminant oil may introduce key biomarkers that would otherwise be absent. For example, a trace quantity of an Indonesian oil mixing with a much larger quantity of an oil from the Middle East will generally result in detectable amounts of bicadinanes. In one case in Australia, a vessel carrying a lubricating oil of Middle Eastern origin had previously had a cargo of Indonesian oil. The oil spilled from this vessel resembled a Middle Eastern crude in all respects save the presence of trace bicadinanes.  Analysts who wish to interpret biomarkers beyond the level of comparison of one oil to another are strongly advised to obtain a copy of  “The Biomarker Guide” by Peters and Moldowan (1993). 

USING THE NOSID ACCESS DATABASE

NOSID is distributed as two MS-Access 97 databases.  The first of these is NOSID, which contains only the data and its logical data structure including referential integrity and relevant authority tables.  This allows complete independence of the data from the second database, NOSFORMS, which contains the NOSID application, including forms, reports and macros.  Users may therefore readily transfer the data to their own database system, to extend the set of reference samples by including their own data, without compromising the NOSID application.

NOSID System Requirements

The full NOSID database and application require approximately 40MB of hard disk space for installation on an IBM®-compatible on which Microsoft Access is available. Consult the MS Access Users’ Guide for a description of MS Access requirements. If you have Open DataBase Connectivity (ODBC) drivers for MS Access databases installed on your PC, you may also be able to access the data using other database management systems, or even from your word processor or spreadsheet program.  Consult the relevant application’s manuals for information about linking to external databases via ODBC.

Installing NOSID

The two databases are distributed on CD and should be copied to hard disk.  The read-only property of each file will need to be cleared on the hard disk copies to allow alteration of the database.

Starting the NOSID Application

Once you have installed the NOSID databases, you can execute the NOSID application that comes with the database simply by opening the NOSID Forms database NOSFORMS.MDB.  There is a macro within this database that runs automatically whenever the database is opened.  To open the database, start Access, then select Open from the Access File menu and choose NOSFORMS.MDB from the Open Database dialogue.  Alternatively, you can double-click on the NOSFORMS.MDB in File Manager.

If you intend to utilise NOSID frequently, it may be advantageous to set up a separate icon in Program Manager to specifically start Access and run the NOSID application.  If you do this, it means that you do not have to remember where the NOSID database is kept, and the database can be opened in one action. To do this, open Windows Explorer, locate the NOSFORMS database, and right-button click on it and select Create Shortcut, then drag the newly created shortcut to you desktop.

Database and Application Security

A low level of database security has been applied to NOSID, largely to avoid unintentional alteration of the data.  These security measures are:

Non-Updateable view:
The view or QueryDef which the NOSID application accesses is non-updateable, since it does not include all fields in the joined tables, but does include some generated fields.

Forms are read-only:
The forms designed for browsing the NOSID database have been configured as read-only, thereby inhibiting alterations and additions.

In order to modify forms, report format or database structure within NOSFORMS a user must bypass the openscreen macro on opening nosforms.mdb.  This is achieved simply by holding down the shift key while NOSFORMS is being opened.  It is up to you as a NOSID owner to determine the advantages or otherwise of implementing more stringent security to protect your database.

Maintaining the database

Normal use of the database, and in particular, regenerating biomarker ratios involves the creation of temporary database objects.  Unfortunately, this can result in database “bloat” – the progressive increase in size and decrease in performance.  To resolve such problems, you choose Tools | Database Utilities | Compact Database from the menu occasionally.  The compacting process rewrites the database and removes the remnants of the temporary tables in the process.  The “normal” – clean- NOSFORMS database size is about 2MB; you should probably consider compacting whenever the database size approaches 10MB.  You will need to bypass the open screen on NOSFORMS to undertake compaction of the database.

Using NOSID Data in Other Applications

You can use NOSID data in other applications if you have ODBC drivers for MS Access version 2.0 databases even if you do not have Access itself installed. In order to simplify the typical user’s view of the database a query definition qdNOSID_All has been set up in the NOSFORMS database to represent the database as a “flat” structure and incorporates all the key ratios that NOSID presents.  Such a view enables a simple means of incorporating data from NOSID into (for example) word processing documents or spreadsheets via ODBC. Some ODBC drivers do not support the pre-defined “QueryDefs” that NOSID uses, supporting only base table structures.  If this is the case with your implementation of ODBC, you must utilise the base tables NOSID_Sample, NOSID_GCWhole, NOSID_Traces, NOSID_GCMS_MRM, NOSID_GCMS_SIR in either of the databases.  The biomarker ratios have been calculated and are in the tables NOSID_Biomarkers (MRM) and NOSID_Biomarkers (SIR) in the NOSFORMS database only; the ratios included with NOSID are defined in the table FormulaTable also only in the NOSFORMS database. 

Browsing NOSID

Opening the nosforms.mdb access database starts NOSID.  The opening window, shown in Figure 1, offers options to view the NOSID sample characteristics, browse the NOSID traces, generate a report from the database, enter NOSID data or exit from NOSID and Microsoft ACCESS.
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Figure 1: NOSID Opening window

On selecting the NOSID Sample Details button in the opening window, the Sample Details window appears, as shown in Figure 2.

This window presents much of the data one sample at a time, and allows you to display the remaining data, if any, by selection of further option buttons.  The buttons along the bottom of the window activate other windows to display the relevant portions of NOSID and are usually coordinated with the Sample Details window.  That is, when you change to another sample in the Sample Details windows, the corresponding data for the same sample appears in each of the subsidiary windows that are open at the time.  Each of the buttons is enabled only if the corresponding data exists for the current sample.
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Figure 2: Sample Details window

Moving from Sample to Sample

In the context of the NOSID database, samples are records in the Access database in that one database record contains data about one NOSID sample.  Samples have been given a unique sequential identifier, which is equivalent to a record number under “normal” conditions.  This is not always the case, as application of query criteria to the database will reduce the number of records being browsed, whilst sorting may change their order. The record number is merely indicative of the order in which samples are retrieved from the database.

At the bottom left of the NOSID Sample Details window shown in Figure 2, you will see the standard “Record Navigation controls” provided in Access, which allow you to move sequentially through the database; from the first to the last record in a table; or to specify a record to make current.  These features are illustrated in Figure 3.
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Figure 3: Record Navigation controls

Finding Data

In addition to being able to move simply from record to record, Access also has a standard feature to allow you to locate records, which satisfy a single simple condition in one or all fields on a form.  This feature can be activated by selecting Find... from the Edit menu or from the shortcut menu which is activated by clicking the right mouse button.

To find a specific value:

1. If you want to search in just one field (the default), ensure the cursor is in the field that you want to search.

2. Choose the Find feature from the Edit menu or the shortcut menu.  The Find dialogue shown in Figure 13 appears.
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Figure 4: Find dialogue

3. Enter the value you want to locate in the Find What box.  You may use wildcard characters in the value you search for: “?” substitutes for exactly one character, “*” substitutes for any number of characters and “#” substitutes for a single number.

4. Set the Find options to suit your purpose:

a. if what you are searching for is likely to be only part of a field rather then the entire value set the Match option accordingly to Any Part of Field;

b. if you want to search more than one field, set the Search option to All;

c. if you want the search to be case-sensitive, check the Match Case option;

(Search Fields as Formatted has no effect in NOSID as all fields are stored and displayed in the same format.)
1. Choose the Find First button or press the ENTER key.  If a record with the value you are looking for exists, Access moves to the record.  (You may have to move the Find dialogue to see all the data, as the dialogue remains on the screen.)

2. Choose the Find Next button to locate the next record with the value you are looking for, or choose the Close button to close the dialogue box.

3. Once you have closed the Find dialogue, you can find the next occurrence of your most recent search value by pressing SHIFT+F4.

Searching Using a Combination of Criteria

There are likely to be circumstances when you want to search for a combination of values in several fields at the same time.  NOSID facilitates this by allowing you to define the criteria via a Query Definition dialogue.  To activate the Query Definition dialogue, choose the Query button on the NOSID Sample Details window to activate the dialogue as shown in Figure 5.
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Figure 5: Query Definition window

In this form you enter values of the fields that you want to find.  You may use wild characters “?” and “*” as in the Find dialogue, but not “#”. You may also enter expressions into the fields.  For the purposes of searching in NOSID, an expression has the syntax: [operator] value.  To retrieve a sample when Query Criteria have been applied to NOSID, all the expressions entered in the Query Definition window must be satisfied.

For example, if the search value in the NOSID No field is <8; the query will find all samples that have a value for NOSID No of less than 8 as well as satisfying any other conditions specified.  The operators that you may use in expressions in searching are =, <, >, <=, >= (all of which may be prefaced by ! or NOT) and <>.  By default the = operator is assumed if you do not enter one in your expression. Additionally, you may use BETWEEN value1 AND value2 functions, and IS NULL.  If you use either of the two former functions, you must quote character strings with double-quotes and delimit dates with #. 

Once you have entered all the values that you want to find, choose the OK button to save the query definition.  Your criteria are checked for validity, and the number of records satisfying the conditions you have specified is determined.  You are able to re-specify criteria before closing if the number of records is not what you expected.  If you want to ignore all the values that you entered, choose the Cancel button; any existing criteria will be unaffected.  To clear all existing values from the window (to avoid having to change a lot of values to blanks) choose the Clear button.

Once you have specified query criteria, you can activate them by choosing the Apply Criteria button in the Sample Details window.  Only those records that satisfy the conditions will be visible.  To return to the full set of records, you must clear the criteria, by choosing the Show All button in the Sample Details window.

Should you want to produce a report for the currently displayed sample, choose the Print button.  It will produce a report, in preview mode, (described in a later section) for all existing data for the currently displayed sample only, without explanations for the Biomarker Ratios.  

Biomarker Data 

The Biomarker Data button on the NOSID Sample Details window (Figure 2) provides access to the Biomarker data window as shown in Figure 6.  
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Figure 6: Biomarker Data window

In the Biomarker Data window, the key ratios are displayed in a scrolling window below a pair of samples. There is usually a pair of numbers displayed for each indicator ratio; the first calculated from GCMS MRM data and the second from GCMS SIR data.  In some instances, one or other of the values cannot be calculated, because of missing data, and is left blank.  You should be aware that the window scrolls because it is quite likely that there will be more biomarker ratios defined than can be readily displayed in the window.  There is a scroll bar on the right hand side of the biomarker ratio list that will scroll the list of biomarker ratios within the window.  The window can also be resized by dragging the bottom edge, which will enable you to see more ratios at the one time.

Additionally, this window allows you to compare biomarker data from two different NOSID samples. To select the sample to be displayed enter its NOSID No or choose the NOSID No from the drop-down list (the Sample Description is also displayed in the list, to facilitate sample selection).

Setting Biomarker Ratio Formulae

By selecting the Biomarker Ratio Definitions button in the Biomarker Data window (Figure 6), you can access the Formula Table dialogue (Figure 7) which allows you to determine the formula used to calculate the biomarker ratio. 
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Figure 7: Formula Table dialogue

The Formula Table dialogue enables you to determine the formula for any of the biomarker ratios, and modify or delete it if necessary.  You may also create new ratios to complement those already distributed with the database.  Each biomarker ratio can be expressed as a function of the fields in either or both of two tables, usually the NOSID_GCMS_MRM and NOSID_GCMS_SIR tables.  To create a biomarker ratio, you simply construct an expression using the relevant fields, constants and Access functions, bearing in mind that all of the fields used in the expression must be in the one table.  Give the expression a unique name, which will be used as the indicator’s label in the Biomarker Data window and in reports.  The ratio name must comply with Access naming conventions: avoid the use of “special” characters (square brackets, periods and decimal points, exclamation marks, backward quotes, colons, and quotation marks).  You must indicate which of the two tables the formula is to be calculated from by selecting the table name from a list (of all tables named like NOSID_GCMS*). If the formula is the same for each table, you need to enter it just once.  If the corresponding field names in the tables are different, you should enter the formula for the first table in the first formula text box, and that for the second table in the second formula text box.  The formula or formulae will be verified against each of these tables to ensure validity.  You must also specify a sequence number so that the ratio will appear in the desired order.  You may “hide” a ratio by giving it a negative sequence number.  You may specify the precision with which the ratio is to be displayed by specifying the number of decimal places.  By default, the number of decimal places is set to two.  If you are familiar with Access, you will be aware that it is possible to make global edits or even import formulae.  To ensure that formula remain valid after such global operations you are able to validate all formula by choosing the Validate All Formulae button.  This will start a validation that will proceed until all formulae are validated or until the first invalid formula is located.  In the latter case, the form will position to the erroneous formula so that you can correct it.  The syntax of expressions is the same as Access, including enclosing database field names in square brackets (do not, however, include the table name in your expression – it is automatically added); consult the Microsoft Access manuals for further details.  

To facilitate the building of a ratio expression, choose the[image: image13.bmp] button located at the end of the Indicator Formula Box(es) in Figure 7, to invoke the Formula Builder dialogue shown in Figure 8.  
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Figure 8: Formula Builder dialogue

This dialogue displays the expression being built in the text box at the top of the dialogue, and a list of all the numeric fields in the table chosen in the Formula Table dialogue.  You may transfer a field from this list into the formula text box by selecting (highlighting) the field in the list and then choosing the Paste button.  Operators can be applied by clicking on the relevant operator button below the Paste button.  You are not restricted to just the listed fields and the simple operators shown however.  You may edit the formula text box directly and add any valid Access function or operator as needed, such as raising to a power or taking a logarithm.  You should include parentheses in the expression to ensure the correct order of evaluation.  Check the expression syntax by choosing the Verify button.  Note that the database will not accept a syntactically invalid expression, and the syntax is always verified when you choose the OK button.  You can discard changes to an expression by choosing the Cancel button.

As an example, construct a new biomarker ratio based on the relative proportions of C29 moretane and C29 hopane.  In the Formula Table window, scroll to the last blank record in the window or hit the [image: image15.bmp] button to bring up a new record.  Type in an indicator name and choose NOSID_GCMS_MRM from the drop down menu under Table Name 1.  Click on the [image: image16.bmp] button to the side of the Indicator Formula Box to go to the Formula Builder window.   In the Formula Builder window, scroll through the Field Names box until you find C29 Moretane.  Highlight this compound and click on Paste. Click on the “/” operator button under the paste button.  Scroll to C29 Hopane in the Field Names box, highlight this compound and click paste.  In the Formula window [C29 Moretane]/[C29 Hopane] should appear.  Click Verify.  A message will appear indicating either the formula is valid or that there are syntax errors that need addressing before the database will accept the formula. Click OK to exit the Formula Builder Window, which will return you to the Formula Table window.

When you have completed making changes to the Formula Table, close the dialogue by choosing the Close button.   At this point, the Biomarker Ratios tables and corresponding forms and reports will be rebuilt to show the new additions as well as any changes to existing ratio names, formulae, sequence numbers or decimal places.  This process may take some time: messages appear in the status bar to indicate the stage of this process.
Biomarker Quantities

From the Biomarker Data window (Figure 5), you can access the Biomarker Quantities window (Figure 9) by selecting the Biomarker Quantities button to view the absolute concentrations of the various biomarker compounds as ppm (g/mg) of the whole oil (>C15, asphaltene free fraction).

In NOSID the biomarker ratios are calculated from integrated area measurements of the respective biomarkers afforded by the relevant GCMS method.  Theoretically, these area measurements could have been expressed in the database as an absolute concentration.  However, biomarker concentration data was only obtained for those compounds whose concentration was known in the external standard (AGSOSTD).  As a result, the abundance of several commonly measured biomarkers (e.g. dinosterane) would have been omitted from the database.  The tables NOSID_GCMS_MRM_Absolute and NOSID_GCMS_SIR_Absolute in NOSID.mdb contain the concentration values that were determined for the data set, while the tables NOSID_GCMS_MRM and NOSID_GCMS_SIR in NOSID.mdb contain a more comprehensive but instrument dependent set of relative area measurements.

The compound concentration values are displayed in the Biomarker Quantities window as shown in Figure 9.  Like other windows in the NOSID application, this window shows the NOSID Sample ID at the top of the window, but the absolute values in g/mg are displayed in a scrolling window containing two columns of data beneath the NOSID Sample ID.  These two columns of concentration values show values obtained for the same sample using the two GCMS methodologies (SIR and MRM).  

Note: because of the large number of compounds that could be determined the number of fields in the Absolute Values tables are approaching the limit set by Access when the MRM and SIR tables are joined in a query as they have been for this window.  Access may report an error “Query is too complex” if there are insufficient resources to cope with this.  See Error Messages for more information on avoiding this problem.
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Figure 9: Biomarkers Quantities window

GCMS Traces

To open the GCMS traces for selected NOSID oils, chose the NOSID oil number required in the NOSID Sample Details window (Figure 2) and click on the GCMS Traces button located at the bottom of this form.  The GCMS traces form appears as shown in Figure 10.  To use this form, simply select the top box and use the pulldown menu to select the GCMS traces that you require.

Eighteen MRM traces and seven SIR traces have been included for each sample in NOSID.  Displaying this number of traces simultaneously is not possible, so two methods have been provided.  As outlined above, the first allows you to choose two of the possible 25 traces to be displayed (Figure 10), but only at a relatively small scale. Because of the detail in the GCMS traces, it is more than likely that you require a more “closer look” at the traces.  Accordingly, you may select the MRM and SIR buttons at the bottom of the window to display all of the MRM or SIR traces respectively.  A detailed example of the GCMS MRM window is shown in Figure 11.  Within these windows, you can “zoom” in and out (enlarge and reduce) a trace by double-clicking on it.  You cannot move to another trace, nor close the window until the trace is in its “normal” reduced state (double-click again to reduce).  The GCMS SIR window is functionally similar to the GCMS MRM window in Figure 11.

Figure 12 is provided as an example of the annotation used to identify biomarker peaks in the NOSID GCMS traces.
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Figure 10: GCMS Traces window
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Figure 11: GCMS MRM window
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Figure12: Key to GCMS chromatograms in NOSID

FTIR, UVF and GC Traces

On the NOSID Sample Details form (Figure 2), all of the remaining subsidiary windows (GC Traces, FTIR Traces, UVF Traces) are similar to the GCMS Traces form (Figure 9).  As an example, the UVF Traces window is shown in Figure 13.  In each of the subsidiary windows, two traces are displayed on the left hand side of the window, and the descriptive sample details, the same as in the Sample Details window are repeated on the right hand side, to save you having to switch between the two windows. The window can be resized to hide the sample details, so that you can, if necessary, arrange the windows on the screen side by side.  This resizing can be done automatically by choosing the Hide Details button at the bottom of each subsidiary window. 
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Figure 13: UVF Traces window

Browsing NOSID Traces

NOSID has been designed to allow not only the comparison of biomarker ratio data from different samples, but also the comparison of traces from different samples.  On selecting the Browse NOSID Traces option on the opening window (Figure 1), the Browse Traces window appears as shown in Figure 14.  This window allows you to display one or two of the traces from the database.  If you choose to display two traces, they may be from two different samples, to enable you to compare them, or different traces from the same sample so that you study the responses of the various compounds in a trace.  To select the sample to be displayed enter its NOSID No or choose the NOSID No from the drop-down list (the Sample Description is also displayed in the list, to facilitate sample selection); to select the trace to be displayed, choose the trace name from the Display Trace drop-down menu. You may Print the two traces by selecting the Print button.  If there is no trace of the type selected for the selected sample, a message to that effect will appear in place of the trace. The Close button on this window returns the user to the NOSID opening screen.
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Figure 14: Browse NOSID Traces window

Producing a Report from the NOSID Database

If you want to produce a hard copy of some or all of the data in the NOSID database, you can generate a report by choosing the NOSID Reports button from the NOSID opening window shown in Figure 1.  On choosing this button, the NOSID Reports dialogue, as shown in Figure 15 appears.

This dialogue allows you to specify precisely what types of NOSID data you wish to appear in your report, by checking or unchecking each of the types of data.  Each of these data types has a corresponding block of data on the Sample Details window (determines) or its own subsidiary window.  Most of the textual data (Sample Details, Bulk properties, C15+ Composition, Stable Carbon Isotope Composition) fit on the first page of the report; the Biomarker Ratios and the Biomarker Quantities (Absolute Values) are each printed on separate pages; and the graphical data fits two traces to a page - for each of FTIR, UVF and GC data types there is a page per data type, but the 18 GCMS MRM traces and seven GCMS SIR require several pages.  You may also select to have a report “Appendix” print out, which explains the significance of each biomarker ratio and several NOSID parameters.
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Figure 15: NOSID Reports window

You may specify and apply a set of criteria to limit the number of samples to be reported using the same Query Definition window as you use in the Sample Details window.  To activate the Query Definition window choose the Query... button.  The most recently defined query criteria that were defined from the Sample Details window are “remembered” and can also be applied to a report.  To apply query criteria ensure that the Apply Criteria option is checked; to report on all samples ensure that the Apply Criteria option is not checked.  Remember that if you want to generate a report for just one sample, you can also do so directly from the Sample Details window when you are viewing NOSID Sample Details. When you generate a report, you have the option of previewing the report first, without necessarily printing it.  To generate the report, select the Preview... button.  This option generates the report in an Access Report Preview window, which, when active, has a tool bar enabling you to print.  Other options including selecting and setting up your printer, specifying a subset of pages to print and altering page margins are available.

The report output by NOSID has been designed for A4 paper (21.0cm by 29.7cm) in portrait orientation, with margins as follows:


left margin:
1.5cm


right margin:
1.4cm


top margin:
2.0cm


bottom margin:
1.5cm






(the report width is 17cm)


If your printer set up is such that there is insufficient room for this full report width on a page, extra “side-by-side” pages will be generated which may be blank.  There are “navigation controls” at bottom of the Report Preview window similar to those in the Sample Details window, which allow you move through the generated report.  See Moving from Sample to Sample for details of using these controls.

When you include traces in your report, Access may signal that there is insufficient memory available to print from the Report Preview window (this may occur after the first few text pages have been printed).  To overcome this problem, the NOSID Reports dialogue also offers the options of setting up your printer and of printing directly from the dialogue.  If your hardware configuration suffers from this problem, it is advisable to use the Report Preview window for previewing your report only; return to the dialogue once you are satisfied that you have configured the report correctly then chose the Print... button to send your report to the printer.

Adding Data to NOSID

In the NOSID opening window (Figure 1), an additional option button Enter NOSID Data appears which allows access to a window offering data entry options, as shown in Figure 16. Excluding the Formula Table and Formula Builder forms, data shown in all other forms is non-updateable.  Entry and alteration of NOSID data can only be undertaken through the NOSID Data Entry form. Consequently users should take all precautions when using this part of the database not to inadvertently alter data.  If data is inadvertently altered, the original data set afforded with the NOSID database can be recovered from CD.  Users are recommended to make backup copies of both NOSID.mdb and NOSFORMS.mdb when new data has been added.  More stringent security measures can be implemented within ACCESS, but have been left to the discretion of the NOSID owner.
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Figure 16: Enter NOSID Data

Each of the data entry options operates on a single table but some can indirectly access authority tables and enable update of authority tables “on-the-fly”.  The data entry forms implement validation and referential integrity, in an endeavour to ensure that any additional samples comply with NOSID standards.

It is assumed that those intending to enter data into NOSID are sufficiently familiar with Access to require no further documentation for the purpose of navigating through the various NOSID forms using record selectors, and navigation buttons, and adding, updating and deleting records.  Please note that both NOSID No. and Lab ID fields are numeric and will currently not take alpha-numeric values. Alterations to the properties of the Lab Sample ID can be made in the NOSID_Sample table in NOSID.mdb, however the properties of NOSID No. as a primary key cannot be changed.  Furthemore, once a new nosid number has been asigned in data entry, this record cannot be deleted using data entry; its number can only be changed to another number. Samples can only be deleted via access to the NOSID_Sample table in NOSID.mdb. 

You should note that the base tables for GCMS and GC data are not represented in Figure 16.  It is expected that user will be importing this data rather than entering it manually; since the base tables are in the NOSID.mdb database, the import cannot be controlled programmatically.  Users wishing to take advantage of this method will need to open the NOSID.mdb database and select Import... from the File menu.  Remember that it is always a sound procedure to take a backup before attempting to import a large quantity of data.

Users attempting data entry should be made aware of the methods of entering data into the NOSID_Traces table, which consists of OLE object fields.  Experience has shown that it is far more efficient to embed (rather than link) windows metafiles (pictures) of the traces, rather than attempting to embed the actual object with its application. This method appears to be much less prone to errors, and certainly consumes less disk space.  To embed pictures you will need to have both the source application (e.g. Excel, Powerpoint) and Access (running NOSID) active concurrently, and copy from the source application to the clipboard.  You then must Edit/Paste Special... into the required record and field in NOSID, ensuring that the Edit/Paste Special... options are set as recommended.

Appendix: Error Messages

Error Message
To fix:

Query is too complex
1. Close as many other active applications as possible; if the problem persists, then:

2. Increase your system configuration parameters (in CONFIG.SYS) to at least:

BUFFERS=50,0

FILES=100

FCBS=32,0

STACKS=12,256

and ensure that SHARE is loaded in your AUTOEXEC.BAT with at least the following options values:

SHARE.EXE /L:500 /F:8000

This will reduce the amount of available memory and potentially slow processing, but should enable complex queries to be performed.

Insufficient memory to print report
1. Close as many other active applications as possible; if the problem persists, then

2. Use the Print... options on the NOSID Reports dialogue: do not attempt to print the report from the Report Preview window.
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