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A protocol for the measurement of 27 polycyclic aromatic hydrocarbons (PAHs) in vegetable oils by GC/MS has undergone single-laboratory validation. PAHs were measured in three oils (olive pomace, sunflower and coconut oil). Five samples of each oil (one unfortified, and four fortified at concentrations between 2 µg/kg and 50 µg/kg) were analysed in replicate (four times in separate runs). Two samples (one unfortified and one fortified at 2 µg/kg) of five oils (virgin olive oil, grapeseed oil, toasted sesame oil, olive margarine and palm oil) were also analysed. The validation included an assessment of measurement bias from the results of 120 measurements of a certified reference material (coconut oil BCR CRM458 certified for 6 PAHs).

The method is capable of reliably detecting 26 out of 27 PAHs, at concentrations less than 2 µg/kg which is the EU maximum limit for benzo[a]pyrene, in vegetable oils, olive pomace oil, sunflower oil and coconut oil. Quantitative results were obtained that are fit for purpose for concentrations from below 2 µg/kg to 50 µg/kg for 24 out of 27 PAHs in olive pomace oil, sunflower oil and coconut oil. The reliable detection of 2 µg/kg of PAHs in five additional oils (virgin olive oil, grapeseed oil, toasted sesame oil, olive margarine and palm oil) has been demonstrated. The method failed to produce fit-forpurpose results for the measurement of dibenzo[a,h]pyrene, anthanthrene and cyclopenta [c,d]pyrene. The reason for the failure was the large variation in results. The likely cause was the lack of availability of 13 C isotope internal standards for these PAHs at the time of the study. The protocol has been shown to be fit-for-purpose and is suitable for formal validation by inter-laboratory collaborative study.

Introduction

PAHs are a group of substances, some of which are known or suspected as being genotoxic carcinogens. As such there is no safe level of exposure and intake from food should be as low as reasonably practicable. PAHs have been known for a long time to occur at low levels in food (Scientific Committee on Food, 2002), especially where food is smoked or dried during the production process. Legislation has been introduced within the EU that establishes maximum limits for benzo [a]pyrene legally allowed in food , with an instruction to monitor other PAHs with a view to including these in future legislation (European Union, 2005). Most work done on PAHs monitors just benzo[a]pyrene. The maximum limit for benzo [a]pyrene in oils and fats is 2 µg/kg and there are other food types included in the legislation with limits ranging from 1 µg/kg for baby foods and infant formulae to 10 µg/kg for smoked bivalve molluscs. Foodstuffs represent a major source of exposure of humans to PAHs although there are a few incidents of direct exposure due to combustion processes that have been recorded.

Previous work on the UK Total Diet Study Survey (from 2000) revealed that the oils and fats group contained one of the highest concentrations of PAHs at 11.05 µg/kg (sum of 19 PAHs) (Food Standards Agency, 2002).

The PAHs that are recommended for further investigation include the 15 EU priority PAHs together with one PAH (benzo[c]fluorine) highlighted by the JECFA committee on Food Additives in 2005. Because of the development of European legislation in this area, analytical methodology for multiple PAHs in food is required in order to get a clearer picture of human exposure [START_REF] Wenzl | Analytical methods for polycyclic aromatic hydrocarbons (PAHs) in food and the environment needed for new food legislation in the European Union[END_REF].

In view of uncertainties about the levels of PAHs in foods, especially those possessing both genotoxic and carcinogenic properties as identified by the former EC SCF, a review of regulations will be undertaken by early 2007. Information is required to support this review, and the European Food Safety Authority (EFSA) has been asked to initiate and coordinate PAH-data collection in various food categories. In response, EFSA has established an on-line analytical database in collaboration with EU Member States in 3 order to collect data. This information should also show whether or not benzo [a]pyrene is a suitable marker for more general PAH exposure [START_REF] Wenzl | Analytical methods for polycyclic aromatic hydrocarbons (PAHs) in food and the environment needed for new food legislation in the European Union[END_REF].

Many laboratories undertaking the analysis of foods for PAHs use an extraction method, sometimes including solid phase extraction (e.g. C 18 cartridges), followed by high performance liquid chromatography (HPLC) with fluorescence detection (European Union, 2004). This methodology has prevailed for many years due to the inherent fluorescence of PAHs giving rise to reasonably high selectivity and sensitivity.

However, final analysis using low resolution gas chromatography-mass spectrometry (GC/MS) with stable isotope dilution GC/MS offers an alternative procedure with greater accuracy, precision and selectivity than that offered by HPLC.

There are several reference methods for PAHs. These include ISO 15302 (1998) 'Methods of analysis of fats and fatty oils. Other methods. Determination of benzo [a]pyrene content by reverse-phase HPLC' which is an international standard for the determination of benzo [a]pyrene in crude or refined edible oils and fats by reversephase HPLC using fluorimetric detection in the range from 0.1 µg/kg to 50 µg/kg. ISO/FDIS 15753 (2006) 'Animal and vegetable fats and oils -Determination of polycyclic aromatic hydrocarbons' is an international standard describing two methods for the determination of 15 polycyclic aromatic hydrocarbons (PAHs) in animal and vegetable fats and oils: (i) a general method, and (ii) a method specific for coconut oil and short-chain vegetable oils. These ISO methods are not quantitative for the more volatile compounds such as naphthalene, acenaphthene and fluorene. Due to interferences provided by the matrix itself, palm oil and olive pomace oil cannot be analysed using these methods. The quantification limit is 0.2 µg/kg for almost all compounds analysed, (for fluoranthene and benzo(g,h,i)perylene the quantification limit is 0.3 µg/kg, and for indeno(1,2,3c,d)pyrene the quantification limit is 1.0 µg/kg). The PAHs are extracted with an acetonitrile/acetone mixture followed by purification on C18 reversed-phase and then florisil bonded-phase cartridges. Determination is achieved by HPLC and fluorescence detection. describes a HPLC procedure which has been validated for coconut, olive, sunflower and bean oils. The limit of determination for the PAHs is 0.1 µg/kg. The validated concentration range of the method is 0,1 µg/kg to 3,5 µg/kg for each individual PAH. If it is expected that the level of the (light) PAHs in samples to be analyzed will be > 3.5 µg/kg, these samples have to be diluted prior to analysis. Seventeen PAHs can be determined by this method: anthracene, phenanthrene, fluoranthene, pyrene, chrysene, 1,2-benzanthracene, benz(e)pyrene, benz(a)pyrene, perylene, 1,12-benzperylene, The method described in this paper forms ISO/TC 34/SC11 N850 Working Draft 'Animal and vegetable fats and oils -Determination of polycyclic aromatic hydrocarbons (PAH) by gas chromatography/mass spectrometry (GC/MS), and has been proposed in response to the need for a fully validated GC/MS PAH method using isotope-labelled internal standards within the oils and fats sector as raised by various international standards committees including that of CEN/TC307, ISO/TC34/SC2 and ISO/TC34/SC11. Internal standardisation using ¹³C-labelled isotopes of the PAHs provides an automatic correction for recovery. Moreover, the inclusion of 13 C-isotopes in every sample also corrects for any variation due to matrix effects. The high accuracy of data obtained using stable isotope dilution is well recognised and is the recommended confirmatory method for measurement of dioxins and other substances (European Union, 2002a, European Union, 2002b). The implementation and enforcement of the maximum limits for PAHs also highlights the need for standardised analytical methods that have been validated and collaboratively tested across food control laboratories.

This paper presents data obtained from the single-laboratory validation of a low resolution GC/MS method, using isotope-labelled internal standards. The study was designed to produce a suitable protocol for possible submission to CEN and ISO as a future international standard.

Materials and Methods

Analytical standards

PAH reference standards and 13 C-labelled PAHs were purchased from LGC Promochem (Teddington, London, UK) and Qm x (Thaxted, Essex, UK) as solutions in n-nonane, isooctane or n-hexane with a specified 10% tolerance on the stated concentration. An internal standard solution containing sixteen 13 C-isotopes of the selected PAH substances (ca. 100 pg/µl), except for dibenzo [a,i] Oils used as test materials were purchased from retail outlets. Homogeniety was ensured by thoroughly mixing the oils prior to fortification with PAHs and by vigorously shaking afterwards. The samples were then mixed using a magnetic stirrer overnight and were re-mixed frequently as aliquots were dispensed.

All equipment was scrupulously cleaned and thoroughly rinsed with dichloromethane prior to use. Care was taken to avoid airborne contamination of containers by keeping vials capped even when empty and covering flasks and concentration tubes with cleaned aluminium foil.

Each batch of extracts was prepared and 'spiked' according to a randomised batch format with respect to oil type (sunflower oil, coconut oil or olive pomace oil) and spike level (un-spiked, 1 µg/kg, 2 µg/kg, 10 µg/kg, or 50 µg/kg PAH).

Extraction

The test portion (5 g) was accurately weighed into a Duran bottle and thoroughly mixed with an aliquot (50 µL) of PAH internal standard solution. Following the addition of 2M methanolic potassium hydroxide (200 mL) the mixture was homogenised and shaken for 30 min at 60°C. The saponified mixture was decanted through a glass funnel containing glass wool into a glass separating funnel while still warm. Once cool, cyclohexane (100mL) was added and the mixture shaken. Following phase separation, the cyclohexane layer was decanted into a second separating funnel (250 mL). This process was repeated and the cyclohexane layers combined in the second separating funnel. Methanol/water (4:1, v/v, 50mL) was added and the mixture shaken for 1 min.

Following phase separation the methanol/water phase was run to waste. Using a measuring cylinder the volume of the cyclohexane layer was measured and then returned to the same separating funnel. The same volume of dimethylformamide/water solution (9:1, v/v) was added and the mixture shaken for 3 min. The phases were allowed to separate fully. The lower dimethylformamide phase was transferred to a measuring cyclinder, the volume measured, and then returned to the empty separating funnel. The same volume of sodium chloride solution (1%, w/v) was added along with cyclohexane (100 mL) and the extract shaken for 3 min. The phases were allowed to separate, the cyclohexane layer decanted into an evaporation vessel and the extract was concentrated to approximately 3 mL. This relatively long extraction procedure has been shown over a period of several years application in the laboratory to produce highly purified extracts thus allowing best possible detection limits with minimal interferences in extracts.

Solid phase clean up

Prepared silica gel (2.5 g) was suspended in cyclohexane and poured into a chromatographic column. The cyclohexane was eluted until a 0.5 cm depth remained on top of the silica gel bed. The extract was quantitatively transferred to the top of the prepared column and eluted with cyclohexane (100mL). The concentrate was evaporated to approximately 25 µL under nitrogen. An aliquot (50 µL) of sensitivity standard was added to the concentrate, which was subsequently evaporated under nitrogen to approximately 50 µL ± 2 µL. The concentrated extracts were transferred to autosampler vials ready for analysis by GC/MS.

GC/MS determination of PAHs

GC/MS was performed on a TRACE GC/MS quadrupole instrument (Thermo Finnigan).

Chromatographic separation was performed using a 60 m (5%-phenyl)methylpolysiloxane capillary column, film thickness 0.25 µm. Programmed temperature vapourisation (PTV) injections of 5 µL were made with a temperature program of 50°C, hold 1 min; 10°C/sec to 320°C, hold 40 min. The chromatograph temperature programme consisted of a 2.5 min isothermal period at 60°C followed by heating at 7°C/min to 215°C with a 5 min isothermal period then at 2°C/min to 260°C with a 3 min isothermal period and finally at 3.5°C/min to 340°C with an isothermal period of 15 

Quality control

Each GC/MS run was preceded by analysis of the PAH RRF solution used to check the overall system performance and calibration validity. Hard copies of all integrated chromatograms were scrutinised to assess chromatographic peak shape, resolution and signal-to-noise ratio. GC/MS data were acceptable, or better when measured against stated quality criteria, for all congeners in all samples. Extracts were prepared in batches of 12 including at least one full method blank and at least one reference material. The blank was assessed for internal standard recoveries and for the presence of native PAHs.

Blank analyses were satisfactory in all cases. The quality control samples were a reference material prepared by the BCR, CRM458, PAHs in spiked coconut oil, which ,2,3-cd]pyrene and pyrene [START_REF] Luther | The certification of the mass fraction of pyrene, chrysene, benzo[END_REF].

was certified for the 6 PAHs benzo[a]pyrene, benzo[g,h,i]perylene, benzo[k]fluoranthene, chrysene, indeno[1
.

Treatment of results

Measurement variation

Estimates of the between-run variation associated with the measurement of each analyte were gained by calculating the between-run standard deviation for the results produced by the determination of each analyte at each level of fortification (unfortified, 1, 2, 10 and 50 µg/kg) across three matrices (olive pomace oil, coconut oil and sunflower oil) measured in four analytical runs. Analytical variation was assumed to have the form shown in Equation 1 [START_REF] Eurachem | laying down the sampling methods and the methods of analysis for the official control of dioxins and the determination of dioxin-like PCBs in foodstuffs[END_REF]. 

Measurement bias

For each analyte the measurement bias was estimated by carrying out a weighted least squares linear regression of the mean absolute apparent recovery of each analyte against the concentration of analyte added for the analyte in that material [START_REF] Draper | Applied Regression Analysis[END_REF]. For each analyte, the regression was weighted by the reciprocal of the variance displayed by results for the measurement of that analyte. Results for analytes with an intercept significantly (p<0.05) different from zero (displaying constant bias) or a gradient significantly different from one (displaying proportional bias) were judged to require correction. The uncertainty associated with constant bias and proportional bias was estimated from the standard error associated with the intercept and gradient parameters produced by the regression. An assessment of bias was also made by comparing the results of a large number (n=120) of measurements of 6 PAHs in the certified reference material (CRM 458), to the assigned value for each PAH.

Measurement uncertainty

Uncertainty was calculated using the top-down approach from reference material data as laid out in the Eurachem Guide [START_REF] Eurachem | laying down the sampling methods and the methods of analysis for the official control of dioxins and the determination of dioxin-like PCBs in foodstuffs[END_REF]. The calculated uncertainty was dependent on the levels detected in the samples and the limit of detection of each individual PAH. The relationship between the standard uncertainty associated with measurement results and concentration was estimated by combining between-run variation with the uncertainty associated with measurement bias. 

Limit of detection

The critical level (lowest measurement result that confirms the presence of an analyte)

was estimated from the standard uncertainty at zero concentration multiplied by 3 (a factor recommended by IUPAC) [START_REF] Thompson | Harmonized guidelines for singlelaboratory validation of methods of analysis[END_REF]. The limit of detection or minimum detectable value [START_REF] Currie | Nomenclature in evaluation of analytical methods including detection and quantification capabilities (IUPAC Recommendations[END_REF], the lowest true concentration that will reliably give a measurement result above the critical level, was estimated as the concentration at which 'value minus expanded uncertainty' was equal to the critical level. The critical level was estimated using equation 3a and the minimum detectable value was estimated using equation 3b. The limit of quantification is the lowest concentration that can be measured with a sufficiently low relative uncertainty. If the relation between standard uncertainty u and analyte concentration c is given by equation 3c, then the limit of quantification is given by equation 3d.

2 2 2 0 c RSU u u × + = Equation 3c 2 2 2 0 arg RSU et T u LOQ - = Equation 3d
Target is the maximum fit for purpose relative standard uncertainty and will vary depending upon the requirements of the user. The Harmonized guidelines for singlelaboratory validation of methods of analysis [START_REF] Thompson | Harmonized guidelines for singlelaboratory validation of methods of analysis[END_REF] recommends that the LOQ is not reported for single laboratory validation exercises since it may be misinterpreted; on this basis the LOQ is not discussed further in this paper.

Fitness-for-purpose

For each analyte, the fitness-for-purpose of results produced by the measurement method was assessed by comparing the size of the standard uncertainty associated with measurement results to the value of the modified Horwitz function [START_REF] Thompson | Recent trends in inter-laboratory precision at ppb and sub-ppb concentrations in relation to fitness for purpose criteria in proficiency testing[END_REF].

The result of the comparison was expressed as the lowest concentration of each analyte for which the relative standard uncertainty was equal to the modified Horwitz relative standard deviation. The ability of the method to reliably detect each analyte at the legal limit for benzo[a]pyrene was assessed by a comparison of the minimum detectable value with the legal limit. The difference between the results of the measurement of PAHs in five unfortified oils (virgin olive oil, grapeseed oil, toasted sesame oil, olive margarine and palm oil) and the same oils fortified with 27 PAHs at 2 µg/kg was compared to the critical level for each PAH. Where the difference in measured concentration between the unfortified oil and the fortified oil was greater than the critical level, the addition of the PAH was declared to have been detected.

Results and Discussion

Measurement variation

Examination of between-run measurement variation (Table 2) showed that the size of measurement variation was a function of the identity of the PAH, and PAH concentration, rather than sample type. This indicated that it was reasonable to include the range of sample types employed in the validation within a single scope and that it was reasonable to use a model of the form given by Equation 1to describe the relation between between-run variation and sample concentration. The parameters that describe the relation between between-run variation and sample concentration were calculated. In general (24 analytes) the concentration dependant contribution to between-run variation (rsd) was less than 0.20; however rsd was greater than 0.3 for dibenzo[a,h]pyrene (0.314), anthanthrene (0.344) and cyclopenta[c,d]pyrene (0.477). These are compounds for which no 13 C internal standard was available so poorer accuracy and precision was to be expected.

Measurement bias

The regression of mean recovery of analyte against concentration showed that the recoveries of benz[a]anthracene, coronene, dibenz[a,h]anthracene, dibenzo[a,e]pyrene, dibenzo[a,l]pyrene and phenanthrene displayed statistically significant constant bias, and that the recoveries of 13 PAHs showed statistically significant proportional bias (Table 3). However only the results of the measurement of dibenzo[a,h]pyrene, anthanthrene and cyclopenta [c,d]pyrene displayed a large (>30%) proportional bias. These are the same compounds that were shown to give poorer accuracy and precision, and again the explanation may be that these are compounds for which no 13 C internal standard was available so poorer accuracy and precision was to be expected. The results of 120 did not display significant bias (Table 4). The table also shows that the standard deviation for repeat analysis of these samples is well within the values predicted by Horwitz (as modified) [START_REF] Thompson | Recent trends in inter-laboratory precision at ppb and sub-ppb concentrations in relation to fitness for purpose criteria in proficiency testing[END_REF] for measuring trace levels of contaminants in foods.

Measurement uncertainty

Parameters describing the relation between measurement uncertainty and concentration (Equation 2b) are shown in Typical uncertainty at concentrations of 0.1, 1, 10 and 100 µg/kg are shown in Table 6 for the six reference material congeners.

Limits of detection

Estimates for limits of detection are given in Table 7. For 26 PAHs (including benzo[a]pyrene), the minimum detectable concentration was less than 2 µg/kg. For one PAH (cyclopenta[c,d]pyrene) the minimum detectable concentration was much higher (14 µg/kg). The reason for the higher limit of detection is the high concentration dependent between-run variation (0.48) for that analyte. run relative standard deviation associated with their measurement. These are the three PAHs for which internal standards were not available.

Fitness for purpose

Detection of the addition of 2 µ µ µ µg/kg of PAHs in other oils

Table 8 shows the results of the analysis of five unfortified oils (virgin olive oil, grapeseed oil, toasted sesame oil, olive margarine and palm oil) and the same oils fortified with 27 different PAHs. The difference between results for unfortified and fortified oils was greater than the critical level, and hence was detected, for all but 3 out of the 135 measurements. The addition was not detected for anthanthrene (one of the PAHs found to produce variable results) in grapeseed oil, cyclopenta[c,d]pyrene (the PAH found to have a high lowest detectable value) in grapeseed oil and phenanthrene (high concentration in the unfortified oil) in toasted sesame oil.

Conclusions

The method for the measurement of PAHs been shown to be capable of reliably detecting 26 out of 27 PAHs, at concentrations less than 2 µg/kg (the EU maximum limit for benzo[a]pyrene in vegetable oils) in olive pomace oil, sunflower oil and coconut oil.

The method has been shown to produce quantitative results that are fit-for-purpose for a range of concentrations that extends from below 2 µg/kg to 50 µg/kg for 24 out of 27

PAHs in olive pomace oil, sunflower oil and coconut oil. The reliable detection of the addition of 2 µg/kg of PAHs to five additional oils (virgin olive oil, grapeseed oil, toasted sesame oil, olive margarine and palm oil) has been demonstrated.

The method failed to produce fit-for-purpose results for the measurement of dibenzo[a,h]pyrene, anthanthrene and cyclopenta[c,d]pyrene. The reason for the failure was the large variation displayed by measurement results. The likely cause for the poor performance is the lack of availability of 13 C-internal standards for these analytes. The same reason may also be the cause of the high recovery measured for 5-methylchyrsene.

However it may be possible to improve the performance of the protocol for these PAHs (even if 13 C-internal standards do not become available) through the judicious selection of a different suitable internal standard. ,2,3-c,d] 
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  /SC 11 N863 Working Draft 'Animal and vegetable fats and oils -Determination of polycyclic aromatic hydrocarbons in edible fats and oils by on-line donor acceptor complex chromatography and HPLC with fluorescence detection'

  cd)pyrene, benz(a)fluoranthene, benz(b)fluoranthene and benz(k)fluoranthene. The PAHs in edible oils are determined by on line coupling of Donor Acceptor Complex Chromatography and reversed phase HPLC with fluorescence detection. The oil samples are eluted through a modified stationary phase (DACC column), which acts as an electron acceptor. This column retains the PAHs (electron donors) by p-p interactions. The PAHs are transferred on-line to the analytical reversed phase column. The individual PAHs are detected at different wavelengths and are identified according to retention time and quantified using external calibration.

  Spanish, Italian and Greek olive pomace oils were found to be contaminated with PAHs (European Union, 2002c), and products were withdrawn from sale. As a result of the variability within results reported for the same products, the European Commission made inspection visits of laboratories and production facilities in all olive oil producing countries. The report following the inspection highlighted the need for the establishment of harmonised maximum limits for the concentration of PAHs in oils and also the need for standardised methods of analysis(European Union, 2002c).

  ionisation (70 eV) with selected ion monitoring was used (Table1), and the two most abundant ions from the molecular ion cluster were measured for each homologue. The 15 PAHs identified as priority to the EU SCF are shown in bold in this table(SCF 2002). Chromatograms including figures showing the resolution of critical pairs of analytes are shown in Figure1.The PAH RRF standard solution was analysed by GC/MS and PAH peaks identified on the basis of MS response and GC retention time. Each sample concentrate was analysed using the same conditions and the retention time and the area of each observable PAH peak recorded.Data handlingMasslynx 3.5 software was used for identification and quantification of PAH congeners from GC/MS analysis. PAH concentrations were calculated using the internal standard method. This method automatically corrects for recovery of the internal standard. The RRF solution contains sensitivity standard and internal standards at the 100% recovery level as well as known amounts of the target substances. Internal standard recoveries were calculated by comparing the ratio, (internal standard response)/(sensitivity standard response), to the ratio of the integrals of the same peaks found for the RRF.The mass of analyte present in the test portion extract is calculated by reference to the RRF solution. Using the response ratio obtained from the RRF, the mass of analyte present in the test portion was calculated.Results were exported into Microsoft Excel for additional processing before transcription to a Microsoft Access database for collation.

  the between-run standard deviation associated with the measurement of analyte at concentrations close to zero and rsd= value of between-run relative standard deviation for the measurement of analyte at high concentrations analyte, estimates of the values of s 0 and rsd were gained by examining how the size of between-run variation changed with concentration. Values of s 0 were estimated from the root-mean-square of the between-run standard deviations displayed by results of the analysis of unfortified samples of each matrix. The values of rsd were estimated using the slope of a linear regression line describing the relation between measurement result and between-run standard deviation across matrices.

  the between-run standard deviation associated with the measurement of analyte at concentrations close to zero rsd= value towards which the between-run relative standard deviation associated with the measurement of analyte at high concentrations tends u bias0 = the standard uncertainty associated with (constant) bias at zero concentration expressed as a standard uncertainty rsu bias = the relative standard uncertainty associated with concentration dependent (proportional) bias u 0 = value of the combined standard uncertainty at zero concentration and rsu= value towards which the combined relative standard uncertainty tends for high concentrations of analyte

  value of standard uncertainty at zero concentration which the relative standard uncertainty tends for high concentrations of analyte L C = critical level and L D = limit of detection
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FigureFigure 1c :

 1c Figure 1a: RRF Standard at 200pg/ul

Figure 1d :

 1d Figure 1d: Resolution of benzo[e]pyrene and benzo[a]pyrene

Figure 1g :

 1g Figure 1g: Sunflower oil spiked at 2µg/kg

Table 5 .

 5 The component describing the concentration dependent contribution to standard uncertainty (rsu) is less than 0.2 for 24 of the

analytes. For the remaining analytes which are the same ones that gave poorest accuracy and precision and measurement bias (dibenzo[a,h]pyrene, anthanthrene and cyclopenta[c,d]pyrene), rsu > 0.3.

Table 7

 7 

	also shows estimates of the lowest concentration for which the relative standard
	uncertainty associated with results is lower than the equivalent modified Horwitz relative
	standard deviation. The lowest concentration that produced fit for purpose results was
	less than 2 µg/kg for 24 PAHs. For the remaining 3 PAHs (dibenzo[a,h]pyrene,
	anthanthrene and cyclopenta[c,d]pyrene) the fitness for purpose criterion could not be
	met for the measurement of any concentration of analyte because of the high between-

Table 1 : Ions monitored by GC/MS for PAH analysis

 1 

	The method has been shown to be fit-for-purpose and with the use of more appropriate
	internal standards for dibenzo[a,h]pyrene, anthanthrene and cyclopenta[c,d]pyrene, is
	recommended as suitable for formal validation by collaborative trial and for submission
	to CEN and ISO as a future international standard method.
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Table 2 : Recovery of PAHs from fortified olive pomace, sunflower and coconut oils

 2 

	Analyte	Spike	Mean result /	Mean	Between-run	Relative
		µg/kg	µg/kg	recovery	standard deviation	standard
				(%)	/ µg/kg	deviation
	5-methylchrysene	1	1.3	126	0.11	0.09
	5-methylchrysene	2	2.4	120	0.18	0.07
	5-methylchrysene	10	12.7	126	1.36	0.11
	5-methylchrysene	50	56.3	113	4.38	0.08
	acenaphthene	1	1.7	96	0.22	0.13
	acenaphthene	2	2.7	96	0.34	0.13
	acenaphthene	10	10.0	94	0.52	0.05
	acenaphthene	50	50.0	99	5.52	0.11
	acenaphthylene	1	1.5	97	0.19	0.12
	acenaphthylene	2	2.5	96	0.24	0.10
	acenaphthylene	10	10.2	95	0.31	0.03
	acenaphthylene	50	50.9	01	4.53	0.09
	anthanthrene	1	0.3	23	0.16	0.65
	anthanthrene	2	0.6	29	0.38	0.63
	anthanthrene	10	4.8	46	1.40	0.29
	anthanthrene	50	28.6	57	9.91	0.35
	anthracene	1	1.2	06	0.18	0.15
	anthracene	2	2.2	00	0.16	0.07
	anthracene	10	9.8	97	0.43	0.04
	anthracene	50	51.9	03	5.67	0.11
	benz[a]anthracene	1	1.2	01	0.18	0.16
	benz[a]anthracene	2	2.1	98	0.17	0.08
	benz[a]anthracene	10	9.7	95	0.38	0.04
	benz[a]anthracene	50	48.8	97	6.63	0.14
	benzo[a]pyrene	1	1.1	98	0.06	0.05
	benzo[a]pyrene	2	2.0	94	0.11	0.05
	benzo[a]pyrene	10	9.5	94	0.32	0.03
	benzo[a]pyrene	50	48.4	97	6.93	0.14
	benzo[b]fluoranthene	1	1.0	94	0.21	0.21
	benzo[b]fluoranthene	2	2.0	95	0.25	0.12
	benzo[b]fluoranthene	10	9.3	92	1.02	0.11
	benzo[b]fluoranthene	50	49.8	100	8.08	0.16
	benzo[b]naphtho[2,1-					
	d]thiophene	1	0.9	87	0.13	0.15
	benzo[b]naphtho[2,1-					
	d]thiophene	2	1.7	85	0.19	0.11
	benzo[b]naphtho[2,1-					
	d]thiophene	10	8.6	86	1.08	0.12
	benzo[b]naphtho[2,1-					
	d]thiophene	50	47.1	94	4.64	0.10

Table 2 (continued): Recovery of PAHs from fortified olive pomace, sunflower and coconut oils

 2 

	Analyte	Spike	Mean result /	Mean	Between-run	Relative
		µg/kg	µg/kg	recovery	standard deviation	standard
				(%)	/ µg/kg	deviation
	benzo[g,h,i]fluoranthene	1	1.2	94	0.29	0.25
	benzo[g,h,i]fluoranthene	2	2.0	89	0.30	0.15
	benzo[g,h,i]fluoranthene	10	9.0	89	0.87	0.10
	benzo[g,h,i]fluoranthene	50	48.1	96	3.83	0.08
	benzo[j]fluoranthene	1	1.1	04	0.10	0.09
	benzo[j]fluoranthene	2	2.1	02	0.12	0.06
	benzo[j]fluoranthene	10	10.9	08	0.56	0.05
	benzo[j]fluoranthene	50	52.9	06	6.01	0.11
	benzo[k]fluoranthene	1	0.9	88	0.15	0.17
	benzo[k]fluoranthene	2	1.9	92	0.25	0.14
	benzo[k]fluoranthene	10	8.9	88	1.08	0.12
	benzo[k]fluoranthene	50	46.1	92	8.29	0.18
	chrysene	1	1.6	03	0.55	0.35
	chrysene	2	2.5	97	0.52	0.21
	chrysene	10	10.1	95	0.49	0.05
	chrysene	50	50.6	100	6.66	0.13
	coronene	1	1.3	128	0.18	0.13
	coronene	2	2.4	117	0.45	0.19
	coronene	10	11.6	115	1.50	0.13
	coronene	50	57.9	116	5.15	0.09
	cyclopenta[c,d]pyrene	1	0.7	53	0.47	0.64
	cyclopenta[c,d]pyrene	2	1.5	65	0.71	0.47
	cyclopenta[c,d]pyrene	10	8.3	79	3.85	0.47
	cyclopenta[c,d]pyrene	50	30.2	60	14.50	0.48
	dibenz[a,h]anthracene	1	1.0	101	0.05	0.04
	dibenz[a,h]anthracene	2	2.0	97	0.07	0.03
	dibenz[a,h]anthracene	10	9.6	96	0.21	0.02
	dibenz[a,h]anthracene	50	49.5	99	7.85	0.16
	dibenzo[a,e]pyrene	1	1.2	121	0.12	0.10
	dibenzo[a,e]pyrene	2	2.3	116	0.37	0.16
	dibenzo[a,e]pyrene	10	11.4	114	1.30	0.11
	dibenzo[a,e]pyrene	50	55.5	111	3.96	0.07

Table 2 (continued): Recovery of PAHs from fortified olive pomace, sunflower and coconut oils

 2 

	Analyte	Spike	Mean result /	Mean	Between-run	Relative
		µg/kg	µg/kg	recovery	standard deviation	standard
				(%)	/ µg/kg	deviation
	fluoranthene	2	2.9	99	0.52	0.18
	fluoranthene	10	10.6	99	1.15	0.11
	fluoranthene	50	51.9	102	7.02	0.14
	fluorene	1	2.3	90	0.34	0.15
	fluorene	2	3.2	91	0.35	0.11
	fluorene	10	10.6	92	0.41	0.04
	fluorene	50	49.3	96	5.77	0.12
	indeno[1,2,3-cd]pyrene	1	1.0	97	0.03	0.03
	indeno[1,2,3-cd]pyrene	2	2.0	94	0.09	0.04
	indeno[1,2,3-cd]pyrene	10	9.4	94	0.30	0.03
	indeno[1,2,3-cd]pyrene	50	50.4	101	7.82	0.16
	phenanthrene	1	3.8	108	0.66	0.17
	phenanthrene	2	4.6	91	0.84	0.18
	phenanthrene	10	10.7	85	1.15	0.11
	phenanthrene	50	42.3	79	3.58	0.08
	pyrene	1	2.0	93	0.95	0.48
	pyrene	2	2.9	93	0.85	0.30
	pyrene	10	10.2	90	0.68	0.07
	pyrene	50	48.1	94	6.08	0.13

Table 3 : Measurement bias for fortified samples

 3 

	Analyte	Constant	s.e. constant	Proportional se proportional p(constant) p(proportional)
		µg/kg	µg/kg				
	5-methylchrysene	0.096	0.087	1.16*	0.05	0.387	0.071
	acenaphthene	0.027	0.062	0.93*	0.02	0.701	0.056
	acenaphthylene	-0.015	0.044	0.97	0.01	0.760	0.130
	anthanthrene	-0.319	0.080	0.52*	0.04	0.057	0.007
	anthracene	0.073	0.059	0.97	0.02	0.340	0.243
	benz[a]anthracene	0.055*	0.010	0.95*	0.00	0.029	0.008
	benzo[a]pyrene	0.045	0.161	0.93*	0.01	0.806	0.013
	benzo[b]fluoranthene	0.000	0.062	0.94	0.03	1.000	0.160
	benzo[b]naphtho[2,1-						
	d]thiophene	-0.065	0.070	0.90	0.03	0.448	0.095
	benzo[e]pyrene	0.076	0.075	1.11	0.03	0.419	0.070
	benzo[g,h,i]perylene	0.000	0.077	0.92	0.03	0.998	0.120
	benzo[g,h,i]fluoranthene	-0.061	0.042	1.08	0.02	0.282	0.063
	benzo[j]fluoranthene	-0.016	0.033	0.91	0.02	0.669	0.028
	benzo[k]fluoranthene	0.048	0.021	0.94	0.01	0.153	0.013
	chrysene	0.063	0.030	0.95	0.01	0.168	0.032
	coronene	0.122*	0.027	1.15	0.01	0.046	0.006
	cyclopenta[c,d]pyrene	-0.125	0.173	0.69	0.08	0.545	0.058
	dibenz[a,h]anthracene	0.055*	0.012	0.95*	0.00	0.040	0.009
	dibenzo[a,e]pyrene	0.098*	0.014	1.11*	0.01	0.021	0.004
	dibenzo[a,h]pyrene	-0.269	0.070	0.45*	0.04	0.061	0.005
	dibenzo[a,i]pyrene	0.030	0.103	0.95*	0.00	0.801	0.010
	dibenzo[a,l]pyrene	0.201*	0.044	0.98	0.02	0.045	0.376
	fluoranthene	0.054	0.066	0.97	0.03	0.503	0.338
	fluorene	-0.045	0.032	0.93*	0.01	0.289	0.015
	indeno[1,2,3-cd]pyrene	0.039	0.017	0.93*	0.01	0.150	0.021
	phenanthrene	0.266*	0.036	0.78*	0.01	0.018	0.001
	pyrene	0.054	0.021	0.91*	0.01	0.122	0.009
	s.e: standard error						
	p(constant): probability of observed results being produced by an unbiased system		
	p(proportional): probability of observed results being produced by an unbiased system		
	*significant values						

Table 4 : Measurement bias for certified reference material BCR CRM 458 PAHs in coconut oil

 4 

	Analyte	Assigned value /	mean result/	s.d. results /	u(mean) / µg/kg U(assigned) /	mean/assigned /	u(mean/assigned)	p (bias)
		µg/kg	µg/kg	µg/kg		µg/kg	µg/kg		
	benzo[a]pyrene	0.93	0.97	0.05	0.005	0.09	1.05	0.10	0.62
	benzo[g,h,i]perylene	0.97	0.91	0.03	0.003	0.07	0.93	0.07	0.37
	benzo[k]fluoranthene	1.87	1.75	0.08	0.008	0.18	0.94	0.10	0.51
	chrysene	4.90	4.60	0.11	0.011	0.4	0.94	0.08	0.45
	indeno[1,2,3-cd]pyrene	1.00	0.97	0.03	0.003	0.07	0.97	0.07	0.69
	pyrene	9.40	9.71	0.30	0.029	1.5	1.03	0.16	0.83
	s.d. results: between-run variation associated with measurement of PAH in reference material				
	u(mean): standard deviation associated with mean result						
	u(assigned): standard uncertainty associated with certified value for concentration of PAH				
	u(mean/assigned): uncertainty associated with the ratio of mean result to certified value				
	p(bias): probability of observed results being produced by an unbiased system					

Table 5 : Relation between standard uncertainty and concentration for the measurement of PAHs in vegetable oils

 5 

	Analyte			u 0 / µg/kg					rsu
	5-methylchrysene				0.089							0.090
	acenaphthene				0.25							0.11
	acenaphthylene				0.22							0.089
	anthanthrene				0.094							0.35
	anthracene				0.079							0.11
	benz[a]anthracene				0.026							0.14
	benzo[a]pyrene				0.16							0.15
	benzo[b]fluoranthene				0.064							0.17
	benzo[b]naphtho[2,1-d]thiophene				0.070							0.10
	benzo[e]pyrene				0.079							0.086
	benzo[g,h,i]perylene				0.077							0.15
	benzo[g,h,i]fluoranthene				0.056							0.078
	benzo[j]fluoranthene				0.033							0.12
	benzo[k]fluoranthene				0.022							0.18
	chrysene				0.048							0.13
	coronene				0.037							0.088
	cyclopenta[c,d]pyrene				0.29							0.48
	dibenz[a,h]anthracene				0.013							0.16
	dibenzo[a,e]pyrene				0.026							0.070
	dibenzo[a,h]pyrene				0.074							0.32
	dibenzo[a,i]pyrene				0.11							0.049
	dibenzo[a,l]pyrene				0.052							0.076
	fluoranthene				0.19							0.13
	fluorene				0.23							0.12
	indeno[1,2,3-cd]pyrene				0.033							0.16
	phenanthrene				0.38							0.073
	pyrene				0.095							0.11
	u 0 :value of standard uncertainty at zero concentration								
	rsu: value towards which the combined relative standard uncertainty tends for high concentrations of analyte
	Measurement results should be reported as	y	±	2	×	u	2 0	+	rsu	2	y	2	where y is the measurement result and
	the range of values is equivalent to a confidence interval of approximately 95%.

Table 6 : Measurement Uncertainty for PAHs in vegetable oil % Relative Standard Uncertainty

 6 

	Spike level (µg/kg)	0.1	1	10	100
	pyrene	29.0	21.1	21.0	21.0
	chrysene	25.5	15.9	15.8	15.8
	benzo[k]fluoranthene	26.2	17.0	16.9	16.9
	benzo[a]pyrene	26.2	17.0	16.9	16.9
	indeno[1,2,3-cd]pyrene	25.5	15.9	15.8	15.8
	benzo[g,h,i]perylene	25.5	15.9	15.8	15.8

Table 7 : Measurement performance for low concentrations of PAHs in vegetable oils
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	Analyte	Critical	Minimum	HORRAT=1
		level / µg/kg	detectable	/ µg/kg
			concentration /	
			µg/kg	
	5-methylchrysene	0.27	0.45	0.44
	acenaphthene	0.74	1.3	1.30
	acenaphthylene	0.66	1.1	1.09
	anthanthrene	0.28	0.74	rsu>HoR
	anthracene	0.24	0.41	0.42
	benz[a]anthracene	0.078	0.14	0.15
	benzo[a]pyrene	0.48	0.86	0.98
	benzo[b]fluoranthene	0.19	0.34	0.44
	benzo[b]naphtho[2,1-d]thiophene	0.21	0.36	0.36
	benzo[e]pyrene	0.24	0.40	0.39
	benzo[g,h,i]perylene	0.23	0.41	0.49
	benzo[g,h,i]fluoranthene	0.17	0.29	0.27
	benzo[j]fluoranthene	0.099	0.17	0.18
	benzo[k]fluoranthene	0.067	0.12	0.18
	chrysene	0.14	0.25	0.27
	coronene	0.11	0.19	0.18
	cyclopenta[c,d]pyrene	0.88	14	rsu>HoR
	dibenz[a,h]anthracene	0.039	0.069	0.087
	dibenzo[a,e]pyrene	0.078	0.13	0.12
	dibenzo[a,h]pyrene	0.22	0.53	rsu>HoR
	dibenzo[a,i]pyrene	0.32	0.53	0.49
	dibenzo[a,l]pyrene	0.16	0.27	0.25
	fluoranthene	0.58	1.0	1.1
	fluorene	0.69	1.2	1.2
	indeno[1,2,3-cd]pyrene	0.098	0.18	0.22
	phenanthrene	1.1	1.9	1.8
	pyrene	0.28	0.49	0.50

Table 8 (b): Detection of the addition of
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		2 µ µ µ µg/kg PAH to grapeseed oil	
	Analyte	Unspiked /	Spiked	Difference	Critical	Addition
		µg/kg	/ µg/kg	/ µg/kg	Level /	Detected
					µg/kg	
	5-methylchrysene	0.03	2.22	2.19	0.27	y
	acenaphthene	0.35	2.36	2.01	0.74	y
	acenaphthylene	0.19	2.13	1.94	0.66	y
	anthanthrene	2.47	2.41	-0.06	0.28	N
	anthracene	0.84	2.80	1.96	0.24	y
	benz[a]anthracene	9.62	11.56	1.94	0.08	y
	benzo[a]pyrene	20.49	22.31	1.82	0.48	y
	benzo[b]fluoranthene	12.12	13.08	0.96	0.19	y
	benzo[b]naphtho[2,1-d]thiophene	0.68	2.36	1.68	0.21	y
	benzo[e]pyrene	16.90	19.80	2.90	0.24	y
	benzo[g,h,i]perylene	20.63	23.50	2.87	0.23	y
	benzo[g,h,i]fluoranthene	13.20	15.59	2.39	0.17	y
	benzo[j]fluoranthene	9.80	10.75	0.95	0.10	y
	benzo[k]fluoranthene	3.95	5.44	1.48	0.07	y
	chrysene	19.81	20.94	1.13	0.14	y
	coronene	8.46	10.804	2.34	0.11	y
	cyclopenta[c,d]pyrene	52.74	53.35	0.61	0.88	N
	dibenz[a,h]anthracene	0.86	2.73	1.87	0.04	y
	dibenzo[a,e]pyrene	1.21	3.50	2.29	0.08	y
	dibenzo[a,h]pyrene	0.04	0.466	0.43	0.22	y
	dibenzo[a,i]pyrene	0.19	2.302	2.12	0.32	y
	dibenzo[a,l]pyrene	1.51	3.71	2.20	0.16	y
	fluoranthene	18.75	22.84	4.08	0.58	y
	fluorene	0.56	2.58	2.02	0.69	y
	indeno[1,2,3-cd]pyrene	12.82	14.62	1.81	0.10	y
	phenanthrene	7.34	9.09	1.75	1.13	y
	pyrene	47.67	49.94	2.28	0.28	y
	y = yes; N = no					

Table 8 (c): Detection of the addition of 2µ

 8 

		µ µ µg/kg PAH to toasted sesame oil
	Analyte	Unspiked /	Spiked	Difference	Critical	Addition
		µg/kg	/ µg/kg	/ µg/kg	Level /	Detected
					µg/kg	
	5-methylchrysene	0.02	2.22	2.19	0.27	y
	acenaphthene	3.88	5.48	1.60	0.74	y
	acenaphthylene	1.65	3.68	2.03	0.66	y
	anthanthrene	0.02	1.07	1.05	0.28	y
	anthracene	1.75	3.94	2.18	0.24	y
	benz[a]anthracene	0.52	2.56	2.05	0.08	y
	benzo[a]pyrene	0.26	2.19	1.93	0.48	y
	benzo[b]fluoranthene	0.39	2.36	1.97	0.19	y
	benzo[b]naphtho[2,1-d]thiophene	0.56	2.44	1.88	0.21	y
	benzo[e]pyrene	0.36	2.52	2.16	0.24	y
	benzo[g,h,i]perylene	0.23	2.24	2.00	0.23	y
	benzo[g,h,i]fluoranthene	0.29	2.09	1.80	0.17	y
	benzo[j]fluoranthene	0.18	2.35	2.17	0.10	y
	benzo[k]fluoranthene	0.15	2.04	1.90	0.07	y
	chrysene	1.59	3.56	1.97	0.14	y
	coronene	0.058	2.19	2.13	0.11	y
	cyclopenta[c,d]pyrene	0.04	2.06	2.01	0.88	y
	dibenz[a,h]anthracene	0.07	2.07	2.00	0.04	y
	dibenzo[a,e]pyrene	0.04	2.23	2.19	0.08	y
	dibenzo[a,h]pyrene	0.006	1.16	1.15	0.22	y
	dibenzo[a,i]pyrene	0.016	2.12	2.11	0.32	y
	dibenzo[a,l]pyrene	0.09	2.19	2.10	0.16	y
	fluoranthene	3.51	5.62	2.11	0.58	y
	fluorene	10.24	12.47	2.23	0.69	y
	indeno[1,2,3-cd]pyrene	0.20	2.23	2.02	0.10	y
	phenanthrene	21.73	20.24	-1.50	1.13	N
	pyrene	1.64	2.35	0.71	0.28	y
	y = yes; N = no					

Table 8 (d): Detection of the addition of
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		2 µ µ µ µg/kg /kg PAH to olive margarine
	Analyte	Unspiked /	Spiked	Difference	Critical	Addition
		µg/kg	/ µg/kg	/ µg/kg	Level /	Detected
					µg/kg	
	5-methylchrysene	0.01	2.33	2.33	0.27	y
	acenaphthene	0.29	2.30	2.01	0.74	y
	acenaphthylene	0.08	2.07	1.99	0.66	y
	anthanthrene	0.01	0.37	0.36	0.28	y
	anthracene	0.04	2.07	2.04	0.24	y
	benz[a]anthracene	0.16	2.14	1.98	0.08	y
	benzo[a]pyrene	0.28	2.19	1.91	0.48	y
	benzo[b]fluoranthene	0.26	2.21	1.95	0.19	y
	benzo[b]naphtho[2,1-d]thiophene	0.07	1.95	1.87	0.21	y
	benzo[e]pyrene	0.29	2.52	2.23	0.24	y
	benzo[g,h,i]perylene	0.29	2.32	2.03	0.23	y
	benzo[g,h,i]fluoranthene	0.07	1.94	1.87	0.17	y
	benzo[j]fluoranthene	0.13	2.28	2.15	0.10	y
	benzo[k]fluoranthene	0.12	2.07	1.95	0.07	y
	chrysene	0.36	2.36	2.00	0.14	y
	coronene	0.11	2.414	2.31	0.11	y
	cyclopenta[c,d]pyrene	0.04	1.26	1.21	0.88	y
	dibenz[a,h]anthracene	0.07	2.00	1.93	0.04	y
	dibenzo[a,e]pyrene	0.06	2.46	2.40	0.08	y
	dibenzo[a,h]pyrene	0.00	0.354	0.35	0.22	y
	dibenzo[a,i]pyrene	0.02	2.092	2.07	0.32	y
	dibenzo[a,l]pyrene	0.13	2.37	2.24	0.16	y
	fluoranthene	0.38	2.35	1.97	0.58	y
	fluorene	0.43	2.46	2.03	0.69	y
	indeno[1,2,3-cd]pyrene	0.24	2.22	1.98	0.10	y
	phenanthrene	0.71	2.81	2.10	1.13	y
	pyrene	0.40	2.41	2.00	0.28	y
	y = yes; N = no					

Table 8 (d): Detection of the addition of
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		2 µ µ µ µg/kg PAH to palm oil	
	Analyte	Unspiked /	Spiked	Difference	Critical	Addition
		µg/kg	/ µg/kg	/ µg/kg	Level /	Detected
					µg/kg	
	5-methylchrysene	0.02	2.33	2.31	0.27	y
	acenaphthene	1.26	3.20	1.94	0.74	y
	acenaphthylene	0.20	2.12	1.92	0.66	y
	anthanthrene	0.01	0.40	0.39	0.28	y
	anthracene	0.12	2.14	2.02	0.24	y
	benz[a]anthracene	0.05	1.97	1.92	0.08	y
	benzo[a]pyrene	0.14	2.03	1.89	0.48	y
	benzo[b]fluoranthene	0.14	2.04	1.90	0.19	y
	benzo[b]naphtho[2,1-d]thiophene	0.08	1.86	1.77	0.21	y
	benzo[e]pyrene	0.17	2.32	2.15	0.24	y
	benzo[g,h,i]perylene	0.28	2.26	1.99	0.23	y
	benzo[g,h,i]fluoranthene	0.10	1.93	1.83	0.17	y
	benzo[j]fluoranthene	0.07	2.14	2.07	0.10	y
	benzo[k]fluoranthene	0.05	1.93	1.88	0.07	y
	chrysene	0.16	2.09	1.93	0.14	y
	coronene	0.17	2.478	2.31	0.11	y
	cyclopenta[c,d]pyrene	0.03	1.10	1.07	0.88	y
	dibenz[a,h]anthracene	0.04	2.02	1.98	0.04	y
	dibenzo[a,e]pyrene	0.04	2.41	2.38	0.08	y
	dibenzo[a,h]pyrene	0.01	0.36	0.35	0.22	y
	dibenzo[a,i]pyrene	0.02	2.018	2.00	0.32	y
	dibenzo[a,l]pyrene	0.05	2.30	2.25	0.16	y
	fluoranthene	0.81	2.72	1.90	0.58	y
	fluorene	1.97	3.93	1.96	0.69	y
	indeno[1,2,3-cd]pyrene	0.19	2.16	1.97	0.10	y
	phenanthrene	4.63	6.78	2.15	1.13	y
	pyrene	1.15	3.06	1.92	0.28	y
	y = yes; N = no					
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